
4.3 Speeds

Speeds are most conveniently discussed in the format used in
NASA TN D-5594 (Reference 2). Angle of climb is plotted against speed
for the configurations and power settings of interest. "g" marg ins,
etc., are then superposed. Figures 13 through 16 show these data for
the 953-801 airplane at 132,600 pounds, at 2500 feet, 93°F. Only the
takeoff power setting is shown, but the whole range of available a's
are given. Figures 13 and 14 correspond to the engine-out condition,
for determination of "normal" STOL performance, in free air and in
ground effect. Figures 15 and 16 present the all engines operating
data, for determination of "assaul t " performance.

4.3.1 Reference Minimum Speeds

V. can be read or interpolated on the free air charts
(Figures 13 ~~~ 15) as the extreme left end of the curve for the ap­
propriate value of a.

V
rnlo

is the point at which the climb gradient curve at the
appropriate ~ crosses the y = 0 axis, provided that this point is not
at a lower speed than V . Here, V does not even appear on the

ha b . i bmca V . meac rts, ecause lt s eiow . ln every case.mln

V is here determined by stall in ground effect, since
stall in groN~g effect occurs at the body attitude limit, and the des­
cent angle provides additional clearance.

Table III summarizes these values, and also lists minimum
control speeds.

Table III

Reference Minimum Speeds (Knots)

Condition
Vmin V V

a mlo mtd

Nonnal Takeoff 30 0 71.5 80.9
Assaul t Takeoff 30

0
67.0 70.0

Normal Landing 65
0

70.0 74.0
Assaul t Landing 75

0
62.0 66.0

Minimum Control Speeds

(Vmca ) 66.0 knots 0Air (Roll, a = 75 )

(V
mcg

) 68.5 knots (Yaw,
0Ground a = 30 )

32



1.2 V Min

10 1-----+----+----+-- - --+

5

II>
III
III a = 4So...
g-
c
I

s: 0
III Normal Landing01
c Approach a =6So«
s:...

%/5 = 10 FtlSec IIf

-S a == 750

I
-10

Power Off
(Ref)

-15 t------t----ft----.!f------+------Jr--------+-----+-------l

60 70 80 90 100 110 120

True Airspeed - Knots

Figure 13: Operational Envelope - Engine Out, aGE

33



12011010090807060

2,500 Ft

930F

/~,m" Liftoff
~300 -

Gradient = .03t / -An=.lg

I a = 650
Normal---

~ -
Vm10

--An= .15g

V ---/ V""'"
Power ott

(Ref)

/'
Normal ___

I '1/Vmtd

1/
I
I
•

.A.,

5

10

15

-10

-15

~
0

~

~
Cl
I

F
CI)

C. -5c
~
.J:.

cf

True Airspeed - Knots

Figure 14: Operation Envelope - Engine Out, IGE

34



15 2,500 Ft Alt
- 930F

(
~ ,/-- -- -~Oo

10 I--------+------j-+----------h~Anault Tak""lf CUmbou' o "I
JOo

_

II A~ U"1 45o

o:~1t IVJt..------
5 I--G1I/1!~ lIn".3o --+----------+-~

I t If Ir+ '.2 VM;n

Gradien~ = .03If ~ I

r (/:' ~~ I

'/ :~~ - ---+-' -t
-5 1-------+-

/
/,

-15 t-----t----t----+----t----+----+-----+- ----j

60 70 80 90 100 110 120

True Airspeed - Knots

Figure 15: Operational Envelope - All Engines, OGE

35



12011010090807060

2,500 Ft
930F

0=300 _

an'oK ---
Assault Liftoff

A,,"'It_VV m10

Gradient = 0.3 0=750

->
.-----

~an=o159
V

~ ..~---A_It,! Power

V mtd / Off (Ref)

~/
/

/

"•
'"..

5

10

15

-15

0...
i:
~

g'
0
I

?--
Q,> -5'Clc:
<{
s:..
t!.

-10

True Airspeed - Knots

Figure 16: Operational Envelope -All Engines. IGE

36



4.3.2 Operating Speeds

Normal Takeoff

1. 08 x V 1m 0
87.3 knots

.lg ~n IGE ~ 84 knots

3% gradient IGE ~ 82 knots

1.1 x V. = 78.9 knots
m1n

IVLO = 87.3 knots

1.2 V .m1n 86 knots

.3g ~n OGE ~ 91 knots

3% gradient OGE ~ 78 knots

IVCO = 91.0 knots .]

(Note: In this case, VCO does not restrict speed or f12p
setting, and so does not affect field length.)

Assault Takeoff

1.08 x V 1 = 75.6 knotsm 0

.lg ~n IGE ~ 78.5 knots

3% gradient IGE ~ 70 knots

IVLO = 78. 5 kno t s

VCO: 1.2 Vmi n = 80.5 knots

.3g ~n OGE + 80 knots

3% gradient OGE + 67 knots

IVCO = 80.5 knots

(Note: In this case, VCO does not restrict speed
setting, and so does not affect field length.)
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Normal Landing

1. 2 V im n 84 knots

.3g ~n aGE + 89.5 knots

1.1 V = 72.5 knotsmca

IVTH = 89.5 knots I
(10 ft/sec rate of sink limit requires y = -3.8 0

, which
determined a = 65 0

. )

VTn : 1.1 Vmt d = 81.5 knots

.15g ~n IGE + 86.7 knots

VTH = 89.5

IVTD = 89.5 knots I
Assault Landing

1.2 V. = 74.5 knots
man

.3g ~n aGE + 76.3 knots

(Reduces rate of sink to 9 feet per second at a

IVTH = 76.3 knots I
1.1 V d = 72.6 knotsmt

.15g ~n IGE + 76 knots

4.4

VTH = 76.3 knots

IVTD = 76 •3 kno t s

Field Lengths

Normal Takeoff

The takeoff procedure used here is as follows: At the
start of roll, a is set to 0 0

• At VFR, a is rotated to 30°, and the
acceleration continues until the airplane lifts off.

VFR = 68.5 knots, set by Vmcg
length is not balanced.
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The speeds and distances are as follows:

Go:
,----------:...1

~VLO ;; 87.3 knots
Distance;; 1060 ft.

VFR ;; 68.5 knots
Distance;; 545 ft.

Lrakiog,
Distance;; 900 ft.

v ;; 0
Distance = 0

Abort:

= 61.8 knots

v = 0 koots~
Distance = 1550 ft.

Assault Takeoff

Distance - 740 feet, at VLO 78.5 knots.

Normal Landing

1
50 ft

~-
VTH - 89.5 knots VTD = 89.5 knots

Dlstance Q 753 ft.
v = 0 knots
DistanCe{= 2075 ft.

(Dry)
=2200 ft.

(wet runway with
reverse thrust)

Assault Landing

v = 0 knots
Distance;; 780 ft.

knots

I..... 300 f t --~__

2---
VTH - 76.3 knots
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4.5 Concluding Remarks

The field lengths given in the preceding section do not
match the values to which the 953-801 airplane was designed. This was to be
expected. since the "STAl Baseline" rules were used to obtain the design
values.

The "normal" takeoff field length was reduced from 2000 feet
to 1550 feet, because the climb to 50 feet was eliminated.

The landing distance increased from 1700 feet to 2075 feet
because of the increase in threshold speed due to the .3g maneuver
requirement (versus .2g in the STAI), despite credit for a slightly
higher braking coefficient.

Airplanes designed to the proposed rules will tend to have
bigger wings and less installed thrust than for the STAl. The authors
consider the shift in emphasis prudent. since landing tends to be a more
difficult phase of flight.
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APPENDIX

PERFORMANCE CALCULATION PROCEDURES

1. Introduction

This appendix contains a description of the methods used to
determine the takeoff and landing performance of the 953-813. There
were some differences between the AFFDL rules for updating the STAI
baseline configuration and those recommended here in Volume III. The
sizing of the 953-813 and all performance shown in Volume I was deter­
mined in accordance with AFFDL rules.

2. Normal Takeoff

Normal takeoff distances were based on the total distance
to accelerate on four engines to the critical powerplant failure speed,
experience a critical powerplant failure, then continue the takeoff
with the remaining three powerplants, or stop in the remaining distance
(Figure 3).

Forces acting on the airplane during ground roll are shown
in Figure 17. The aerodynamic coefficients (CL and CD) contain the
vertical and horizontal components of the gross thrust vector. During
ground roll, CL and CD were obtained from the drag polar at a body 0 0

as a function of C
J

• Thrust vector was set at 70 (to clear the flap
trailing edge) from brake release to V

R,
then rotated to the maximum

angle that would provide a climb angle of 3 0 with the critical engine
inoperative.

The acceleration was obtained from the following expression:

a =
CnqS + Dram + ~ (W-CLqS)

Wig

where: a = acceleration

2
g 32.2 ft/sec

q = dynamic pressure

S wing area

W = airplane weight

D
ram

ram drag

.1 (rolling friction coefficient)

Note: C
L

and CD include propulsive forces.

41



The distance for segments A, B, and C were obtained from
the expression:

VdV
a

where: s = distance to accelerate from Vi to V
f

Vi initial velocity

V
f

final velocity

The distance required to stop (Segment E) was also obtained
from Equations (1) and (2). The acceleration term to be integrated is
then negative. However, since the limits of integration go from large
velocity to zero velocity, the stopping distance is positive. ~~en

stopping, thrust was set at idle, the friction coefficient was increased
to ~ = .3, the lift was decreased due to spoilers, and the drag was
increased due to spoilers.

2.1 Speed Definitions

Minimum Flight Speed

V. - The lowest speed at which the aircraft is controllable
in steady 19m1nflight out of ground effect:

(1) With powerplants supplying power output levels for normal opera­
tion in the applicable flight configuration.

(2) At appropriate weight, elevation, and temperature for which the
minimum speed was used.

(3) At the most favorable center of gravity within the allowable
limits.

(4) With the critical powerplant component supplying propulsion
inoperative (except for "assault").

Minimum Liftoff Speed

V - The lowest speed at which the airplane can lift off
the ground aWaocontinue the takeoff.

(1) With powerplants supplying power output levels for takeoff.
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(2) At the appropriate weight. elevation and temperature for which
the minimum speed was used.

(3) At the most unfavorable center of gravity within the allowable
limits.

(4) With the critical powerplant component supplying propulsion and
lift inoperative. (Except for "as saul.t"; )

v - Ground minimum control speed. The minimum speed atmcg
which controllability by aerodynamic controls and nose gear steering is
adequate to permit proceeding safely with the takeoff using average
piloting skill. when the critical powerplant is suddenly made
inoperative.

v - Critical powerplant failure speed.
Ii'.

2.2

3.

VFR - Critical powerplant failure recognition speed.

Takeoff Speed Limitations

VF - Critical powerplant failure speed> V- mcg

V
R

- Takeoff rotation speed. VR is the speed at which rota­
tion was initiated. V

R
was ~ VFR

VLO - The liftoff speed.

> 1.05 V 1 with the critical powerplant inoperative.m 0

> The speed providing l.lg normal acceleration with the
critical powerplant inoperative, in ground effect.

V - The climbout speed was assumed equal to the liftoff speed
co and in all cases:

V > 1.1 V. with the critical powerplant inoperative.
co mln

> The speed providing 1.3g normal acceleration in
free air with the critical engine inoperative.

Assault Takeoff

Assault takeoff distances were based on the distance to
accelerate on four engines to liftoff (Figure 18). Thrust was set at
7° from brake release to rotation and then vectored to the angle that
would provide a 3° climbout with all four engines operating. Liftoff
and climbout speed and maneuver margins were the same as for normal
takeoffs except they were determined with all engines operating:
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> 1.10g normal acceleration

Vco > 1.10 V .
- mln

~ 1.30g normal acceleration.

4. Normal Landing

Normal landing distances were based on the total distance to
stop from a threshold height of 50 feet. The landing distance was deter­
mined in three segments as shown on Figure 19.

Air Distance was based on (1) crossing the threshold at a
steady 10 fps rate of sink, (2) no flare and (3) touching down at the
threshold rate of sink.

where:

Air Distance =

tan y z sin y

Y
-_ 10 fpssin -VTR

50 ft

tan Y

VTR = threshold speed, fps

Transition Distance - Two seconds were allowed to lower
the nose, deploy spoilers and apply brakes.

Transition Distance = 2 VTR (fps)

Braking Distance - The distance required to stop was deter­
mined from the basic distance equation:

Braking Distance VdV
a

The forces acting on the airplane during braking are shown on Figure 22.

a =

D + D + T (cos a ) + ~ (W-L+T sin a )ram rev rev rev rev
Wig

where: L aerodynamic lift with spoilers deployed

D aerodynamic drag with spoilers deployed

D engine ram dragram

T reverse thrust (two engines)rev
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a = reverse thrust vector anglerev

W gross weight

]J .3

Minimum Touchdown Speed Definition

V
mt d

- The lowest speed at which the airplane can touch down:

(1) With powerplants applying power output levels for normal opera­
tion at touchdown.

(2) At the appropriate weight, elevation. and temperature for which
the minimum speed was used.

(3) At the most unfavorable center of gravity within the aliowable
limits.

(4) With the critical powerplant component supplying propulsion and
lift inoperative. (Except for "assault".)

Landing Speed Limitations

The normal threshold speeds were selected to provide the
following margins with the critical engine inoperative:

V
TH

~ 1.1 minimum flight speed, V .mJ.n

> The speed providing a 1.3g normal acceleration in
free air

> 1.1 minimum touchdown speed. V dmt

> The speed providing a 1.lSg normal acceleration in
ground effect.

Landing vector angles were selected to provide waveoff capa­
bility from 100 feet with the critical engine inoperative.

5. Assault Landing

Assault landing distances consist of a 300 ft. air distance,
a 2 second transition and a braking segment utilizing maximum braking
and maximum four engine thrust reversal (Figure 21).

Equations used for assault transition and stopping distances
were the same as those for normal landing.
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Assault Landing Speeds

The assault landing speeds were selected to provide the same
margins as the normal landing speeds. However, assault landing margins
were determined with all engines operating.

VTH ~ 1.1 minimum flight speed, V .
m~n

> The speed providing a 1.3g normal acceleration in
free air

> 1.1 minimum touchdown speed.

> The speed providing a 1.15g normal acceleration in
ground effect.

Thrust vector angles were selected to provide waveoff from
50 ft. with all engines operating.
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