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1. INTRODUCTION AND SUMMARY

As part of its V/STOL research program, NASA intends to conduct flight
investigations of the stability, control and handling qualities of highly
augmented V/STOL aircraft. Specific plams include the flight tests of a
YAV-8B aircraft, Figures l-1 and 1-2, modified to include an advanced
avionics and flight control system for improved flying qualities and perform-
ance.

As an initial phase to this program, NASA will conduct flight tests of
the YAV-8B vehicle in order to extract aerodynamic and propulsion character-
istics, update existing simulation models, validate handling qualities and
design criteria, and to improve V/STOL flight test techniques. This program
will also include tests using a statyc test stand located at the Dryden
Flight Research Center, where flight tests of the YAV~8B will take place.

In order to perform high quality parameter estimation and analysis of
the YAV-8B characteristics, it is necessary to construct mathematical models
of varying complexity and linearity from existing wind tunnel and flight
test data.

The McDonnell Aircraft Company (MCAIR) recently completed a V/STOL simu-
lation and modeling study under contract tc NASA Dryden. This study defined
and documented detailed mathematical models of varying complexity representa-
tive of the YAV-8B aircraft. These models will be used by NASA in parameter
estimation and in linear analysis computer programs while investigating
YAV-8B aircraft handling qualities. Both a six degree of freedom nonlinear
model and a linearized three degree of freedom longitudinal and lateral
directional model were developed.

The nonlinear model is based on the mathematical model used on the MCAIR
YAV-8B manned flight simulator. This simulator model has undergome periodic
updating based on the results of approximately 360 YAV-8B flights and 8000
hours of wind tunnel testing. Qualified YAV-8B flight test pilots have
commented that the handling qualities characteristics of the simulator are
quite representative of the real aircraft. These comments are validated
herein by comparing data from both static and dynamic flight test maaeuvers
to the same obtained using the nonlinear program.

The linearized mathematical model uses stability derivatives and is
formatted exactly as the models traditionmally used in conventional flighct
dynamic analysis. Aircraft characteristics were predicted using this
lirearized model and compared to both the flight data and the nonlinear
predictions. To document the aircraft characteristics throughout the flight
envelope tria conditions and stability derivatives are provided for 24 flight
conditions.

A FORTRAN batch simulation of the nonlinear model nas been produced.
Documentation for this simulation consists of a description of the software
including top level flow charts, program structure, subroutine interfaces,
modeling equations, data format, a user's guide, source listings and plots
of the over 17,000 aerodynamic and propuision data points used in the model.
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This report is divided into two voliumes. Volume I contains the descrip-
tion of the aircraft, documentation of the nonlinear and linmear mathematical
models, stability derivarives, the comparisons of predicted and actual flight
test data which validate the nonlinear model and a discussion of models
appropriate for use in parameter estimation programs. Volume II contains the
source listings for the nonlinear program and plots of the aerodynamic and
propulsion data used in the nonlinear program.

1-2
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2. AIRCRAFT DESCRIPTION

2.1 GENERAL ARRANGEMENT

The YAV-8B is a single seat transonic light attack V/STOL aircraft
powered by a single YF402-RR-404 turbo-fan engine. The YAV~-8B aircraft is
an advanced version of the AV-8A aircraft with greatly expanded and improved
capabilities. It retains the characteristic appearance of the AV-8A while
incorporating an improved inlet design, a larger wing with an advanced tech-
nology airfoil, zero degree scarf of the forward nozzles, and under-fuselage
modifications called Lift Improvement Devices (LIDs). A three-view geueral
arrangement drawing of the YAV-8B is shown in Figure 2.1-1.

Conventional aerodynamic controls are utilized in wingborme flight and
engine bleed air reaction controls are used in jetborme flight, with both
systems operative during transition modes.

An all-movable tailplzne and front and rear pitch reaction control
system (RCS) valves, blowing downward, provide longitudinal control. Lateral
control is provided by outboard ailerons and I.CS valves, blowing down or up
and down for large lateral inputs. Directional ~ontrol is provided by a
conventional rudder and a yaw RCS valve in the aft fuselage tail cone,
blowing sideways, left or right.

In the high lift mode for VTO and STO, the ailerons are drooped 15
degrees and the flaps are interconnected with the engine nozzle control.
This ~'7 s maximum longitudinal acceleration and good longitudinal ccatrol
mar o be obtained during ground runs and transition to wingborne f%ight.
Shou Andingg and vertical landings can be made with either the mid 25 o°F
the 011 61.7 flap setting. Conventional landings are made with the 25
flap positionm.

é maneuvering flap, which can be positioned at any deflecticn from zero
to 257, is provided for increasea maneuverability throughout the flight
envelope.

The LIDs consist of a retractable fuselage fence located at the forward
end of the gun pods and two fixed strakes on the gun pods. Larger strakes
are provided for attachment to the fuselage when gun pods are not carried.

The YAV-8B has provisions for external store loadings on six wing sta-
tions and the fuselage centerline. In addition, guns in two pod can be
attached to the fuselage. Recent flight testing of the YAV~8B has been
performed using a removable Laading Edge Root Extension (LERX). This dev.ce,
designed to increase the wingborne maneuverability, has ocnly a small effect
on the V/STOL flight characteristics. Since considerably more flight data
exists on the aircraft without the LERX this report assumes the aircraft to
be configured without the LERX in the Basic configuration of (5) pylons and
(2) gun pods.
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Details cf YAV-8B physical characteristics are presented in this sectiom.

2,2.0 WEIGHT AND FUEL CAPACITY

Operating Weight, Flight Test Aircraft - Lb
Internal Fuel - Lb

2.2.1 WING DIMENSTONAL DATA

Area (theorectical) - Fr2

Span (projected) -~ Ft
Aspect Ratio
Taper Ratio
Chords (projected):
Root (theoretical) ~ In
Tip (theoretical) - In
Mean Aerodynamic - In
Thickness Ratio (t/c) (FIGURE 2.2-1)

Root - %
Tip - %

Incidence (with respect to FRL):

Root (exposed theoretical) - Deg.
Tip - Deg.

Sweepback (projected):

Leading Edge - Deg.
1/4 Chord Line - Deg.

Dihedral - Deg.
Tweist (FIGURE 2.2-2) - Deg.

Airfoil (FIGURES 2.2-3 and 2.2-4)

2.2.2 HORIZONTAL TAIL DIMENSIOLAL DATA

Area (projected) - Ft
Span (projected) - Ft
Aspect Ratio

Taper Ratio

13847
7185

230.0
30.33

4.0

6.3

139.99
42.0
99.79

Modified
Supercritical

47.54

13.92
4.079
0.201
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Sweepback (projected):
Leading Edge (theoretical) -~ Deg.
1/4 Chord Line (theoretical) - Deg.
Trailing Edge - Deg.
Dihedral - Deg.
Chords:
Root (centerline of airplame) - In.
Tip (theoretical) - In.
Mean Aerodynamic chord - In.
Pivot Line Location: 32 MACHT
(F.S. 559.05 and W.L. 22.35)
Airfoil Section:
Thickness Ratio (t/c):

Root (centerline of airplane)
Tip (theoretical)

Tail Length (from 25% wing MAC to 25Z tail MAC) -~ Im.

Horizontal Tail Volume Ratio

Deflection (with respect to water line plane)
(Includes + 1.5° Autostab)

Maximum Nose down - Deg.
Maximum Nose up - Deg.

VERTICAL TAIL DIMENSIONAL DATA

Area (theoretical above W.L. 126.5Q) - th

Span (W.L. 126.50 to W.L. 194.00) - Ft
Aspect Ratio
Taper Ratio

Chord:

Root (W.L. 126.50) - Imn.

Tip (theoretical) (W.L. 194.00) - In

Mean Aerodynamic Chord {(W.L. 153.76) - 1ln
Airfoil Section:
Thickness Ratio (t/c):

Root (W.L. 126.50)
Tip (theoretical) (W.L. 194.00)

MDC A7910
Volume 1

39.81
33.91
10.77

-15.84

67.39
13.56
§.44

22.42

HSA Symmetric

.07
.07

199.01
412

-11.75
+12.75

25.83
5.63
1.23

.268

86.93
23.3
61.24

HSA Symmetric

.082
.052
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Sweepback: !
Leading Edge - Deg.
1/4 Chord - Deg.
Trailing Edge - Deg.

Tail Length (from 25% wing MAC to 25X tail
MAC) - In
Vertical Tail Volume Ratio

FUSELAGE DIMENSIONAL DATA

Length (maximum) (parallel to water line) - Ft

Width (meximum) - Ft

Depth (maximum) - Ft 2

Maximum Frontal Area (fuselage aslone) - Ft

Maximum Frontal Area (including inlets) - Ft
Thrust Axis (zero nozzle deflection) (with
respect to W.L.) - Deg.

2

FLAP DATA
Area (per side) - th
Span (per side) - In
Daflection:
STO Mode
8.2 50° - Deg.

a7 < 25° - Deg.

NORMAﬂ Mode - Leg.

AILERON DATA
Area (per side) - th
Span (per side) - In
Deflection (including + 2° Autostab)
Undrooped - Deg.
With 15° droop - Deg.
NOTE (Lateral stick travel restricted to 75%
of full deflection above 253 KIAS)

RUDDER DATA
Area - th
Span - In

Hinge Line Location - 2 W.L. Chord

Root (W.L. 126.50)
Tip (W.L. 187.25)

Sweepback of Hinge Line -~ Deg

Deflection - Deg

MDC A7910
Volume I

& o

RO
. - .
0 W
(W B s

187.99
.058

42.89
8.00
5.60

19.2

1.5

1.50

+12/-27
+27.2/~10.4

o
(]
.

~4

11.87
33.68

+15.0
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2.2.8 REACTION CONTROL SYSTEM

Front Fuselage Pitch Nozzle (thrusting upward)

Positiom - In F.S.
w.L.
B.L.
Thrust Incidence (with respect t> J.L.) - Deg
(with respecc t» B.L.) - Deg

Rear Fuselage Pitch Nozzle (thruastirny upward)

Position - In F.S.

W.L.

B.L.
Thrust Incidence (with respect to J.lL.) - Deg
(with respect to 3.L.) - Deg

Rear Fuselage Yaw Nozzles (thrusting port and starboard)

Position - Ir F.S.
w.L.
B.L.

Thrust Incidence (with respect to B.L.) - Deg
(with respect toc W.L.) - Deg

Wing (port and starboard) roll nozzles
(thrusting upward)

Position - In F.S.
W.L.
B.L.
Thrust Incidence (with respect to V.l..) = Deg
(with respect to B.L.) -~ Deg

Wing (port and starboard) roll nozzles
(thrusting downwarc)

Position - In F.S.
wW.L.
B.L.
Thrust Incidence (with respect to W.L.} - T3
(with respect to B.L.) Deg

2-6
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137.48
70.36
0.00
97.63
0.00

605 .51
114.63
0.00
82.00
0.00

599.00
120.50
0.00
+90.00
0.00

432.45
83.89
177.84
83.00
Outbd 5.00

432.45
83.89

177 .84
263.00
Inbd 5.00
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Reaction Control System moments versus control surface deflection or
stick position

0% of maximum moment for stabilator @ 2°
1002 of maximum moment for stabilator @ + 10° and -3°

02 of maximum moments for neutral lateral stick
100Z of maximum downblowing moments fo: 552 (2.31 in) of maximum
lateral stick deflaction

0% of maximum upblowing moments for neutral to 55% (2.31 in) of
maximum lateral stick deflection

100% of maximum upblowing moments for 80% (3.365 in) lateral
stick deflection

0% maximum moments for rudder @ 0°
100% of maximum moments for rudder @ +10° and -10°

0.127
/] -
Ve \
/] L\
/ \
/1 \
0.10 L 'S\
7 ~~
/]
/]
y/ N
0.08 4
Approximate lower surface \
wing-fusetage intersection
0.08
0.04
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Fraction of semispan, n
GP21-0992-1

FIGURE 2.2-1
YAV-38 SPANWISE THICKNESS DISTRIBUTION COMPARISON

2-7



Twist angle - deg

MDC A7910
Volume I

ORIGINAL PAGE 13
OF POOR QUAL\TY

(=]
>
r ]
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TN

\ FRL

Approximate lower surface \
wing-fuselage intersaction

SONONNNRNNNY

0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Fraction of semispan, g
GP21-0092-2

FIGURE 2.2-2
YAV-88 GEOMETRIC TWST DISTRIBUTION
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0.02 T T Ll
Note: Actual camber for sections with n<21.3%
differs trom design values due to fuselage-wing fairing.
0.01 +
Fraction of semispan, 5
0 - 7 - V
/ n=0.154
-0.02 l
0.02
0.01
Q
\ 1=0.294
-0.01 \—:’
-0.02
0.02
0.01 —
n=0.560
-0
-0.02
0.02 ~r
0.01 ,ZK_\
g™
n=0.772
0 “EZ’
0.02
0.01 7
/ ‘ n=1 .000
0 ————
0 0.2 0.4 0.6 1.0
Fraction of streamwise chord
aP21.09823

FiG

URE 2.2.3

YAV-88 DESIGN STREAMWISE CAMBER DISTRIBUTION
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2.4
° (f Q
-] 7 \
£
e 20 7 %—K
H 7
§ 16 7

. 7,
& 7
! ;; X
a 42
% Approximate lower surtace
8 wing-fuselage intersection
g 08
®
e
3 0.4
[
]
-t

0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Fraction of semispan, »

GP21-00924

FIGURE 2.24
YAV-88B LEADING EDGE RADIUS DISTRIBUTION

2.3 WEIGHT AND BALANCE DATA - Included within this section are the weight,
inertia, and center of gravity data for the YAV-8B flight test configuration
oL clean aircraft with (2) gun pods, (2) inboard pyloms, (2) intermediate
pvlons, and centerline rack. The moment of inertia and C.G. position data
for this configuration are shown in Figure 2.3-1. In addition to the effect
of pylons and gun pods, the zero fuel weight includes the pilot, oil, trapped
fuel, and oxygen. A center of gravity envelope is presented in Figure 2.3-2.
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Takeoff gross weight

. Water axpended

Wing fuel partially expended

. Combat weight (40% fuel expended)
Wing fuel expended

Fuselage fuel partially expended
Fuselage fuel expended

. Feed tank fuel expended

DNPRE LN

Gross weight - 1,000 Ib

-
»

14

12

T N
e Full internal fuel
¢ (5) pylons
|_* Guns and ammo N
O Gear up 2 LD 1
0 Gear down §V f
N
o \
Y Forward C.G. limit §
D ‘ N\
Q
Q
b
)
§§§7 Aft C.G. limit
N 7
% o
\ 8
N
N
N
2 4 6 8 10 12 14 16 18
C.G. - percent & GP210M2.29

FIGURE 2.3-2

YAV-8B FLIGHT TEST AIRCRAFT
CENTER OF GRAVITY ENVELOPE
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2.4 TFLIGHT CONTROL SYSTEM

The YAV-8B flight control system consists of conventional ailerons,
rudder, and stabilator, with a reaction control system (RCS) acting about
all three axes during hover and transition., The srabilator and aileroms
are power operated while the rudder is connected directly to the rudder
pedals. In view of the ineffectiveness of aerodynamic controls at low
speeds, high pressure compressor bleed air is fed to the aircraft extremi-
ties and ejected through variabla shutter valves connected to the conven-
tional controls to provide reaction control.

A single channel limited authority stability augmentation system (SAS)
is provided to facilitate control in hover and transition. It may be
selected "on" whenever the aircraft is flying below 250 KIAS with either
the gear or flaps extended.

2.4.1 LONGITUDINAL CONTROL SYSTEM - Longitudinal coutrol of the aircraft is
maintained by a combination of a stabilator and reaction control system as
shown in Figure 2.4-1. Control stick movement is transferred to the stabi-
lator as shown in Figure 2.4-2. Longitudinal feel is provided by a hydraulic
q-feel unit, augmented by nonlinear backup springs and a tobweight. The
bobweight contributes 1.5 lb/g at the stick, generated by vertical g forces.
The stick force gradient and dynamic pressure relationship is shown in
Figure 2.4-3. This gq-feel unit is operative above 250 KIAS and provides a
stick stiffness increasing in proportion to dynamic pressure. Longitudinal
trim is obtained by electrically biasing the q-feel unit which ensures full
control authority. Trim capability is from -4 to +7.5 degrees of stabilator
and operates at 2.2 degrees/sec. The effect of trim range on spring force
is shown in Figure 2.4-4.

Low speed pitch control is by reaction control valves at the nose and
at the rear fuselage extension, the latter being fed through the same ducting
as the yaw valves. The front pitch shutter is linked to the control column,
and the rear shutter is linked to the stabilator. The relation of stabilator/
stick position to pitch valve opening is shown in Figure 2.4-5. The pitch
RCV valves thrust upward.

The pitch autostabilizer has an authority of +1.5 degrees of stabilator
and works through the forward and aft reaction control valves. The forward
RCS SAS can be diseagaged separately.

2.4,2 LATERAL CONTROL SYSTEM - Conventional a.lerons in combination with
reaction controls provide lateral control as shown in Figure 2.4-6. The
allerons are power-operated with artific.al feel derived from a nonlinear
spring, which can be biased by an electrical trim motor. Trim

capability is equivalent to 1/3 of iateral stick deflection and operates at

1 deg/sec of aileron. The aileron deflectioa and spring force due to stick
movement are shown in Figure 2.4-7, Lateral stick travel is restricted to
75% of full deflection above 250 KIAS, but the pilot can override the limiter
in an emergency.
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FIGURE 2.4-3
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Pitch reaction control valve

oL ¢ o MDC A7910

> -~

OF POOR CuneiV Volune 1

E 16
Vs
12 ,/“\\
iy
g b’
/
0 \\
e N Trim rnnge-————-—{ \
. .
S -12
& 12 -8 -4 0 4 8 12
TEU TED
Stabilator angie - deg
GP2100028
FIGURE 244
YAV.-8B EFFECT OF TRIM RANGE ON
LONGITUDINAL SPRING FORCE
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FIGURE 2.4-§
YAV-88 LONGITUDINAL RCS VALVE OPENINGS
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FIGURE 247
YAV-88 LATERAL STICK CHARACTERISTICS
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Roll control valves on the wing tips are linked to the ailerons and
thrust either up or down. Lateral stick position versus roll valve opening

is shown in Figure 2.4-8.

A roll auto stabilizer, similar to the pitch system, is also provided
in the stability augmentation system (SAS) and has an authority of +2° of

aileron.

2.4.3 DIRECTIONAL CONTROL SYSTEM - Directional control is provided by a
combination of a conventional unpowered rudder and directional reaction
controis as shown in Figure 2.4-%. Rudder feel is primarily aerodynamic

but a centering spring is fitted to produce some feel at low speeds. Rudder
deflection and spring force versus pedal deflection are shown in Figure
2.4-10. The rudder trim has a capability of +9.5° of deflection.

100 - .
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Upblowing  =3.10in2 t3 .

0 M '
- 30 -20 -10 0 10 20 30
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FIGURE 2.4-8
YAV.8B LATERAL RCS VALVE OPENINGS
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GP21-0082-12

FIGURE 2.4-10
YAV-8B DIRECTIONAL CONTROL SYSTEM CHARACTERISTICS

Reaction control im vaw is bv port and starboard valves in the rear
fuselage extension, the shutter being openad by rudder movement as shown in
Figure 2.4-11.

The vaw autostabilizer is provided in the SAS and has a yaw reaction
jet authority of +5 degrees of equivalent rudder.

2.4.4 FLAPS AND DROOPED AILERONS - The YAV~8B high 1lift system conesists of
single slotted flaps and drooped ailerons. Operation of the flap aud aileron
droop system is controlled by three switches (flap actuation switch,

flap mode switch and flap position switch). The flap switches and system
logic are presented in Figure 2.4-12 and discussed below.

2.4.4.1 Flap Actuation Switch - This 3-position, toggle lever-lock, flap
switch is located on the left aft console. Switch positions are ON (neutrzi),
OFF (aft) and RESET (forward). Selection of the ON position activates the
ertire flap system and locks the switch out of the OFF p(sition with the
lever-lock. RESET is a momentary position which reactivates the normal

modes of flap operation if the system has failed due to a transient e‘ectrical
problem. Flap asvmmetry must be corrected before RESETting the flap syvstem.
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Fiap mo@e switch
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Flap Up 0°* - 25°tilap
actuation 0° dgroop
switch Airspesd > 165 kias
OFF e 25° flap
U, | ¥ Rpe— 0° droop
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FIGURE 2.4-12
YAV-88 FLAP SYSTEM/AILERON DROOP LOGIC
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2.4.4.2 Flap Mode Switch - This 2-position switch is located on the left
forward comsole. Switch positions are DOWN and UP. The DOWN position is
used for both takeoff and landing. The DOW! DOWN mode e switch positmn activates
the flap-nozzle intercommect schedule (shown in Figure 2.4-13) if the air-
speed is less than approximately 165 KIAS (actual airspeed limits are 175
KIAS accelerating and 155 KIAS decelerating). The flaps move down at 45.9
degrees per second and up at 64 degrees per second (no load rates). The
flap-nozzle interconnect is overridden at higher than the above-mentioned
airspeeds, and the flaps are drivem to the 25 degrees position at a 7 degree
per second no-load rate, The maximum nozzle rotation rate is about 90
degrees per second.

The DOWN flap mode swi.ch position also activates the aileron droop
system, deflecting the ailerons down 15 degrees (at a no-load rate of 8
degrees per second), whenmever the pilot commands the nozzles to 76 degrees or
greater and the airspeed is less than approximately 165 KIAS (actual airspeed
limits are 175 KIAS accelerating and 155 KIAS decelerating). Aileron
retraction is at 5.5 degrees per second no-load rate. Aileron droop is
available at any nozzle angle while on the ground by a wei on wheels
switch with a 3 second time delay. This system allows che_kout on the
ground, and assures full droop at the moment of nozzle rotation during
short takeoffs. The 3 second time delsy prevents premature droop retraction
if the aircraft becomes light on the gear during lightweight takeoffs prior
to nozzle rotationm.

70 !
Full flap 61.7° 8¢ °
60 /
50
o
L]
° 40 8 =39.7°
2 o Example
=4
©
e 301 nHalf flap 25° 5 / [
i Nozzles 35'
20
Aileron: Drooped position 5, = 15°
10
0
0 10 20 30 40 50 60 70 80 90
Nozzie angle - deg GP2ICHE14
FIGURE 2.4-13

FLAP-NOZZLE INTERCONNECT SCHEDULE
Static Relative Angles
Flap Mode Switch — DOWN
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When UP, the switch energizes the flap position switch on the throttle
handle allowing pilot comtrol of flap position. If UP flap mode is selected
from the DOWN mode, the flaps will retract to 0° at a 7° peg second no-load
- rate and the ailerons will undroop at a no-load rate of 5.5 per sacond.

2.4.4.3 Flap Position Switch - This 3-position switch on the throttle lever
is thumb operated, momentar> spring-loaded to the OFF position. Switch posi-
tions are UP (forward), DOWN (aft) and OFF (neutral). With the UP flap mode
selected, this switch allows the pilot to select any flap position from 0°

to 25° at a 7° per second no-load rate. Flap travel continues so long as

the pilot displaces the switch in the selected direction or uatil 0° or 25°
flap travel is reached.

2.4.4.4 TFlap Asymmetry - If flap position asymmetry reaches 5°, the flaps
stop at the failed position., The flaps can be raised by using the throttle
lever switch. No asymmetry comparison is provided in this mode.

2.4.5 LIFT IMPROVEMENT DEVICE SYSTEM (LIDS) - The LIDS consists of a
retractable fence located between and forward of the gun pods and external
strakes mounted on the gun pod fairings. These strakes and fence provide
lift improvement in ground effect during VIO operation and inhibit engine
exhaust reingestion. Below 165 KIAS, the retractable fence extends and
retracts with the landing gear. Above 165 KIAS, the fence automatically
retracts.

2,4.5.1 LIDS Switch - A two-position LIDS switch labeled AUTO and RETRACT is
on the lower left side of the main inscrument panel. Below 165 KIAS with

the switch in AUTO, the LIDS fence extends and retracts with the landing
gear. Above 165 KIAS or with the switch in RETRACT, the LIDs fence retracts
or will not extend when the landing gear is down or selected down. The

LIDS switch should be in AUTO except for conventional takeoffs and landings.
In emergency operation the LIDS fence extends pneumatically with the landing
gear regardless of the LIDS switch position or airspeed.

2.4.6 REACTION CONTROL SYSTEM (RCS) - Compressor delivery (eighth stage)
air is available on demand for the aircraft reaction control system. The
quantity demanded is a function of pilot control inputs. The master valve
is mounted on the utderside of the engine, and is geared to the main nozzle
rotation so that maximum airflow is provided at approximately 15 nozzle
deflection. The bleed air is ducted to the nose (front pitch valve), tail
(rear pitch and yaw valves) and wang tip (roll valves), as shown in Figure
2.4-14. Locations of the reaction control valver are presented in Section
2.2.8.
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2.5 STABILITY AUGMENTATION SYSTEM

The Stability Augmentation System (SAS) of the YAV-8B is a limited-
authority three-axis simpliex autostabilization system. The SAS is provided
to improve controllability in hovering and transitional flight conditioms.
The SAS is controlled by the AUTO STAB MASTER and AUTO STAB ENGAGE switches
located on the left console. A separate switch is provided for the forward
reaction control valve (RCV) series servo. Although the axes cannot be
selected individually, failure oi. one channel does not affect operation of
the others except that the yaw SAS is inoperative without the roll SAS.
Position switches in the flap and landing gear linkage disengage the SAS when
the flaps are selected UP, or the landing gear is retracted. When the aircraft
weight is on the main gear the yaw SAS is disengaged. If the flaps are selected
DOWN, the retraction of the landing gear does not disengage the SAS. Above
250 KIAS & signal from the air data computer disengages the SAS. The
authority of the system about each axis is shown in Figure 2.5-1.

SAS AUTHORITY
AXIS 2 CONTROL SURFACE 2 RCS OPENING
DEG % OF FULL OPEN
FORWARD RCS 1.5 28
PITCH AFT RCS +1.5 19
ROLL +2.0 16
1A% +5.0 50 |

FIGURE 2.5-1

STABILITY AUGMENTATION SYSTEM AUTBORITY

Functional bloci diagrams for the longitudinal and lateral-directional
stability augmentation control systems are shown in Figures 2.5-2 - 2,.5-4.
Feedback gains are summarized im Figure 2.5-5 to 2.5-7.

Figure 2.5-2 shows the longitudinal stability augmentation comtrol sys-
tem. The pitch rate feedback loop is closed through the stabil.izer actuator.
The aft pitch reaction comntrol valve is driven mechanically by the stabilizer
actuator and exhausts downward only. A series servo actuator on the forward
pitch RCV enhances stability augmentation whan the forward RCV is demauded
open and the RCS is activated such as in the hover mode or during short
takeoff and accelerating tramnsition flight.
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A diagram for the roll and yaw stability augmentation system is shown

in Figure 2.5-3 and 2.5-4. It consists of a rate feedback loop for roll and

cancelled rate damping and turn coordination for yaw. Cancelled rate damping

consists of a yaw rate feedback processed through a high-pass filter which

cancels the steady state signal. This feedback is combined with a lateral

ac .eleration feedback in a manner to improve turn conrdination at the

transition speeds. The yaw SAS only operates through the yaw RCV; therefore,

the yaw SAS is only effective when the RCS is activated.

Selected gains for stability augmentation are summarized in Figures 2.5-5
to 2.5-7.
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PARAMETER

\FT GEARING

AFT RCV GEARING

FWD GEARING

FWD RCS SERIES SERVO
FWD RCV COXVERSION
Kq

PITCH DEADSPACE

PITCH RATE STRUCTURAL FILTER

STABILATOR ACTUATOR

VALUE

2.75-1.75827488
+.09038152 &g
-.01149626 693

1.085 (64-2.0)
2.126 (8, - .5)
1/(1 + .01758)
1.205

.22
+.06

(1/(¢1 + .02225))*
(171 + .0448%))

1/(2 +.0258)

FIGURE 2.5-5
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UNITS

DEG/1IN

.
IN"/DEG
DEG/IN
IN2/DEG
DEG/DEG/SEC

IN

LONGITUDINAL STABILITY AUGMENTATION PARAMETER VALUES
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PARAMETER

ATLERON ACTUATOR

DOWNBLOWING GEARING

PORT GEARING

ROLL RATE COMPENSATION

ROLL RATE STRUCTURAL FILTER

STARBOARD GEARING

UPBLOWING GEARING

LATERAL STABILITY AUGMENTATION PARAMETER VALUES

ORIGN A ¥/
QE POCR Qo

VALUES

1/ + .0138)

778

. 346

0+

-+

1+ .781S)/(1 + 1.298)

3.4388869
.4106176¢2

.06090558¢°

1/(1 + .0164S)

J -

3.438886¢
410617592
040905554°

477

FIGURE 2.5-6
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PARAMETER
CROSS GEARING
Kay
Kr

LATERAL ACCELERATION COMPENSATION

LATERAL ACCELERATION NOTCH FILTER

LATERAL ACCELERATION
STRICTURAL FILTER

PEDAL GEARING

ROLL TO YAW COMPENSATION
YAW RATE STRUCTURAL FILTER
YAW RATE WASHOUT

YAW RCV GEARING

YAW RCV SERVO

Volume I
VALUE ONITS
3.05 DEG/IN
.83 DEG/FT/SEC2
.669 DEG/DEG/SEC
(1 + .258)/(1 + .1255) -
(s? + 2.010625 + 404.26)/
(S2 + 20.10625 + 404.26) -
164/ (S2 + 45 + 164) -
-7.07 DEG/IN
.58/(1 + .0435S) -
1/(1 + .0435S) -
s/(1 + 3.118) -
.35 IN2/DEG

1/(@1 + .01758)

DIRECTIONAL STABILITY AUGRMENTATION PARAMETER VALUES

)

(W]
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2.6.1.1 General Description - The YF402-RR-404 engine retains the same basic
dimensions and features of the F402-RR-402. The engine consists of fan and
compressor assemblies, an annular combustor, two turbine assemblies, and

the thrust-vectoring exhaust nozzle system. The significant engine features
are:

0 Non-mixed-flow turbofan

o Two-spool construction - High Pressure (HP) and Low Pressure (LP)
rotors are contra-rotating to minimize gyroscopic effects. Four
main bearings are used to support the two rotors (two bearings per
rotor).

o Three~-stage fan - The first two stages are overhurz from the front
fan bearing. Inlet guide vanes are not used, thus reducing Foreign
Object Damage (FOD) susceptibility and eliminating the requirement
for anti-icing.

o Eight-stage high-pressure compressor - Incorporates variable inlet
guide vanes and int.rstage bleed valves. Aircraft services bleed
is extracted from the 6th stage, and compressor discharge air (8th
stage) is provided for the aircraft reaction control system (on
demand) .

0 Annular combustor with J-tube vaporizing fuel injection

o Combustor water injection

o Two-stage air cooled HP turbine
o Two-stage LP turbine

These engine features are illustrated in Figure 2.6-2 and significant
design characteristics are tabulated in Figure 2.6-3.

An uprated gearbox driven by the high pressure rotor is .ounted on tor
of the engine. Drive pads are provided for the engine fuel pump, HP tach-
ometer generator, inlet-guide vane control, gas-turbine starter, and (2)
hvdraulic pumps. A shaft reared to the low-pressure roror is used to drive
the LP tachometer-generator.

The engine fuel control is a hydromechanical unit mounted to the accessory
gear box. The fuel control unit incorporates low pressure and high pressure
fuel pumps, a low-pressure 10tor speed governor, and acceleration and flow
control units.

The engine oil system is self-contained and is of the scavenge-return
tvpe, incorporating a fuel-cooled o0il cooler. The oil tank is mounted on
the engine.
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Vaporizing burners

Qverhung fan Smoke-free annuiar
combustion chamber
/- Varigble HP
S Compressor IGVs Main

],I\ |1||uﬁ.'ﬁm@lll| !_
% .4""

‘-"I.‘&y ' '

o
q- ) N,
\' Water Cooled HP

Contra-rotating shafts injection turbine blades

P09

FIGURE 2.8-2
PEGASUS ENGINE DESIGN FEATURES

PaNSIa0es ... .. ... ...t 3
Fanairflow ... ... ... it 430.7 ibisec
Fanpressureratio . ................c.c.coiviennnnn. 229
Fanspeed ............... ... 6,500 rpm
Compressorstages .........................0nunn 8
Compressorairfiow .....................c00nvennnn- 184.2 ib/sec
COmMPpPressorspeed . .............c.covrennnnenannn 11,000 rpm
compressorpressursratio ........................ 6.0
Overallpressureratio .. ...................coovn... 13.7
Bypassratio ................ i 1.34
HPturbwestages ...................cccovvennnnn. 2
LPturbinestages ........................c.nnunn, 2

GPr21-0002.20

FIGURE 2.6-3

YF402-RR-404 SPEC ENGINE CHARACTERISTICS
100% Corrected Fan Speed
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The engine is equipped with four rotatable nozzles, two on each side
of the engine. All four nozzles are a fixed area, convergent type. The
nozzles are mechanically interconnected and are positioned simultaneously
by an air actuated drive mechanism which provides the desired degree of
thrust vectoring. The front (cold) nozzles are airframe mounted on each
side of the fan delivery duct and are interchangeable between sides. They
incorporate a zero degree scarf angle. This configuration was developed in
an extensive test program conducted jointly by Rolls-Royce (RR) and MCAIR. It
was originally conceived to reduce an adverse exhaust plume/wing/pyloms
interaction that exists with the AV-8A front nozzles. The zero scarf nozzle
successfully demonstrated a8 reduction in these adverse interactions in full
scale tests at NASA Ames Research Center. In developing this configuration
to a flight worthy nozzle for the YAV-8B, RR has also improved the nozzle
efficiency and flow characteristics. Test stand calibration of the first
YAV-8B engine, conducted by Roll -Royce during April 1978, demonstrated a
200 1b. thrust improvement at the Short Lift Wet rating.

The rear (hot) nozzles are mounted on the turbine exhaust duct, are
also interchangeable and are unchanged from the AV-8A/F402-RR-402. The
combined effective flow areas are 389 sq. in. for both front nozzles and
530 sq. in. for both rear nozzles. Each nozzle incorporates two airfoil
section turning vanes spaced equidistant across the nozzle exit.

The nozzle control system consists of a nozzle control lever mechanically
connected to duplicate independent air motors which are, in turm, connected
to the nozzle drive system. The nozzle system is shown in Figure 2.6-4.
The YF402-RR-404 retains the current version of the Dowty hydromechanical
fuel control unit, including all approved Reliability and Maintainability
modifications.

Other features incorporated in the YF402-RR-404 include:
New bulkhead to watch the new wing lower moldlines
Fire extinguisher pipes deleted
Simplified electrical harness

External dimensions and details of the engine are presented in Figure
2.6-5.

2.6.2 ENGINE OPERATION - Engine operation involves three basic modes; engine
starting, V/STOL flight, and conventional flight. The engine is controlled
through two primary systems. These are the engine fuel control and the
nozzle vectoring control. The fuel control regulates engine speed and
temperature (and therefore thrust) while the nozzle control system controls
the direction of the engine gross thrust vector.
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Sth stage MPC air

Air motors

To cockpit nozzle controi

Trangverse drive shafts
Connection to RCS butterfly vaive
Longitudinal drive shafts

Transverse drive shafts
GP21.0002-21

FIGURE 2.6.4
PEGASUS NOZZLE DRIVE SYSTEM
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2.6.2.1 Fuel Contrecl Svstem ~ The YF402-RR-404 engine is controlled by a
hydromechancial fuel control system which governs fan speed and maintains
operation within seiected design limits. The control system components

are: fan speed governor, limiters, pressure drop regulator for the main
metering valve, acceleration control unit, air bleed .eset unit (which
provides additional fuel flow whenever reaction control system (RCS) bleed

is demanded), water bypass solenoid, fuel gallery and check valves, igniter-
jets and main-jets. Engine operating limits are maintained by a set of
limiters which operate on engine internal pressure and temperature signals.
The control system also has the capability to override the limiters and to
select an alternate manual fuel control circuit which serves as a backup
control system. Additional engine control is provided by the Inlet Guide
Vane (IGV) control unit, which regulates compressor IGV position and Blow-off
(bleed) Valve operation. The engine controls are illustrated in Figure 2.6-~6.

The governing function of the control operates above 852 fan speed by
controlling the fuel metering orifice area as a function of fan speed, thus
maintaining a constant relatiomnship between engine speed and power lever
angle. Acceleration and deceleration circuits override the govermor when
an error exists between the actual fan speed and the power lever commanded
fan speed. The Acceleration Comtrol Unit (ACU) schedules maximum fuel flow
as a function of compressor discharge pressure (P3), and fan delivery pres-
sure (P13) through positioning of the main metering valve. At less than 85%
fan speed the throttle position directly selects a metering orifice area
independent of fan speed, thus directl; controlling fuel flow. In this
regime, the fuel flow is independent of altitude and ambient temperature.
The engine speed is determined by the fuel flow with no control or feedback
into the governing system. Fan speed will vary at a given throttle position
as ambient conditioms vary.

o Limiters - The limiters sense pressure and temperatures and compare
the observed values against reference limit values (termed datums). When
a limit is reached or exceeded the fuel control reduces fuel flow as
necessary to maintain engine operation within the specified limits. The
limits usad to control the engine are exhaust gas temperature (EGT),
compressor discharge pressure, and HP compressor pressure ratio.

The EGT iimiter is an electronic coutrol unit which senses EGT. When
the EGT exceeds datum level, the limiter acts through the fan speed governor
to reduce tan speed until the corresponding EGT is within the proper limits.
The EGT limiter has three temperature datums, Short Lift Wet (SLW), Short
Lift Dry (SLD) and Maximum Thrust. The specified datum to which the limiter
operates is dependent on the aircraft mode of operation. The EGT datums are
interlocked with the nozzle position and landing gear electrical circuits
so that the V/STOL datums, SLW and SLD, can only be used when either the
landing gear is selected down or the nozzles are rotated to greater tham 1f
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FIGURE 2.6-6
ENGINE CONTROL DESCRIPTION
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The Pressure Ratic Limiter (PRL) maintains stable engine operation
at high altitude/low speed conditions by limiting maximum engine speed, and
therefore maximum airflow. Corrected fan speed is limited to a maximum of
101% through limitarion of the pressure ratio across the HP coupressor.
This is achieved by the PRL, which senses fan and HP delivery pressure,
bleeding fuel from downstream of the main metering valve back to pump inlet.
A sighal from the air data computer renders the PRL inoperative at altitudes
belov 10,000 ft where corrected speed limiting is neither needed nor desired.

1..e Compressor Pressure Limiter (CPL) senses HP compressor exit

pressure and operates at approximately 255 psig to restrict the Pj pressure
signal to the ACU, thus controlling the metered fuel supply. The effect is

to limit the maximum combustion chamber pressure and also the LP shaft
torque to values which permit the design cyclic fatigue life to be achieved
on these items.

In case of emergency,. the limiters, with the exception of CPL, can be
overriden by the pi.ot. A switch on the throttle quadrant cuts the pressure
ratio and exhaust gas temperature limiters out of the control circuit. The
switch can be actuated either by hand or by pusting the throttle hard against
the forward thrcttle stop. Once the limiters have beemn overridden, it is
necessary for the p.lot to manually control engine speed and temperature
through the thurottle.

o Inlet Guide Vane Control - The Inlet Guide Vanme (IGV) Comtrol
regulates cthe ZF compressor variable inlet gulde vanes. They are operated
on a linear schedule against corrected compressor speed from +40° to =2°,
The IGV control uses fuel as its hydraulic medium but is otherwise completely
separate from the maip fuel system.

o Blow 0ff Valve Control - The Blow Off Valve (BOV) Control regulates
the HP compressor bleed valves on the 5th stage which bleed approximately
102 of the core airflow into the plem . chambe These are closed by a
rotary valve mounted on the IGV operating shaft. The BOV closes/opens at
18° IGV angle which corresponds to approximately 70Z2 HP RPM/S55% fan RPM,
Wicth the BOV open, additiomal EP compressor surge margin is obtained at
low speeds to assist starting and acceleratiom.

o Water Injection - Water can be injected into the combustion chamber
to augment thrust for V/STOL operation. The control system resets to
higher speed and temperature limits since the use of water allows increased
turbine inlet gas temperatures without increasing metal temperature above the

gg;resoondinz 4ry value. The water flow rate is approximately 350 pounds per
ute.

o Manual Fuel Concrol - In the event of a malfunction in the primary
fuel control, the pilot can select msnual fuel control operation. In this
mode all governing, acceleration, deceleration, and limiting functions are
bypassed and fuel flow is directly and mechanically controlled by the power
lever. All limits must be pilot observed.
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2.6.2.2 Nozzle Control Jystem - The vectored thrust featur: of the Pegasvs
engine enables the pilot to rotate the engine gress thrust vecto: co the
optimum angle for a given flight condition. Thrust vectoring is accomplished
through the simulczneous rotation of the four nozzles within the range of

0° to 98.5° relative to the engine centerline. This rotation is initiated

by, and ic proportional to, the m~vement of the nozzle controel lever. This
mo" zment is transmitted via pulley and cable to duplicate air motors -shich are
driven by sixth stage compressor bleed air. The air motors drive the nozzles
through a system of shafts, gears, and chains. The norzle control lever is
the only additional cockpit con’ 1 required for V/STOL operatiom; the only
additional cockpit instrument is che gauge which displays the angular position
of the rozzles.

2.6.2.3 Operating Limits - The YF402-RR-404 engine control and time limits
ave shown in Figure 2.6~7. The time limitations shown are cumulative and
include any time spent at higher power settings. The pilot must .sanually
control the throttle so as not to exceed the fan <peed limits at high
ambient temperatures while using the Short Lift ratings at zero or low
bleed rates. The Normal Lift and Maximum Continuous ratings also require
pilot contiol over 2ngine speed and temperature. Selection of dry limits
by the fuel control is dependent uvon the operating mode of the aircraft, i.e.,
V/STOL or conventional flight. This iniormation is supplied by =lectrical
signals taken from the nozzle and main larding gear posicioms. Wr: limits
are actuated by pilot selection of water injection. Beluw 10,000 ft the
pilot must maanually control engine speed to stay within corrected speed
limits since the PRL is inoperative.

For flight test purposes, the YF402-RR-404 engines have be=n cleaced to
operate at Combat EGT levels for wingbornme flight and for extended periods
within Normal Lift Dry for hover. Combat EGT levels of 650°C or 675°C are
available for a maximum of 2.5 minutes in wingborme flight. This is
achieved through the use of special EGT Limiter datum temperature selector

Corrected | Maximum | Compressor
Fan speed | (an speed | 9xhaust gas | discharge | Cumuiative
Rating limit | ymit (% N/ | temperature |  pressure time
(% Ng) JG-— fimit limit limit*
1) (*C) (psig)
Short 1ift (wet) 107.0 106.5 745 255 15 sec
Short lift 103.5 715 15 sec
Normal iift (wet) 104.5 720 1-1/2 min
Normal lift** _ 100.0 695 2-1/2 min
Maximumthr. , 955 .1:;{2 610 18 min
Maximum cont |  89.0 | 10.000 ft 540 None
QP21-1992-24

*Inciudes time at all higher ratings
**May aiso be used in flight as a combat power setting

FIGURE 2.6-7
YF402-RR-404 ENGINE OPERATING LIMITS
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plugs, which substituote either 650°C or 675°C for the normal Max Thrust

limit of 600°C. When either of the special plugs is installed, the Max Thrust
EGT limitation must be manually controlled by the pilot. In addition, when
operating in the Combat EGT regime, .he fan speed must be limited to 100%

at airspeeds between 250 to 450 knots, and to 95.52 at airspeeds above

450 knots. An engine life penalty is also assessed ~ :ach flight using
Combet EGT.

For the purposes of achieving steady state conditions during sustained
performance hover activity, the YF402-RR-404 has bccn cleared to operata for
4 miputes at exhaust gas temperat: res below 68s° C, in lieu of the mor-.l 2.5
minute limitation within Normal Lift Dry (NLD). Four minutes at 685°C
*-qults in the same n'mber of Engine Life Recorder counts as does 2.5 minutes

zhe NLD EGT limit of 695°C, therefore no engine life penalty is associated
~ith this exteunsion.

2.6.2.4 Engine Starting - The YAV-8B propulsion system is completaly self-
sufficient for engine starting. An engine mountad gas turbine starter

(GTS) is started using internal battery power. The YAV-8B incorporates an
improved Lucas GT<, which is derived from the Lucas Mk I and Mk II GTS units
used on the AV~8A. The aircraft boost pumps are actuated by switches on

the righthand instrument psnel. Opening the LP fuel valve then ailows

fual to be delivered to the angine LP fuel pump. Moving the START switch

to ON opens a solenocid valve to deliver fusl to tha GTS and arms the starting
circuits. The momentary movement to the START position initistes the GTS

and engine starting cycle.

The GT3 1is scarted by a 3.0 horsepower alectrical motor powered by an
aircrafc battery. The electric motor automatically disengages when the
GTS reaches self-sustaining sreed. For engine starting, the GTS power turbine
drives the engine through the auxiliary gaarbox. Rotation of the HP spool
allows fusl to be delivered to fuel-actuated engine accessories such as
the IGV control. Afcer che GTS has started, the HP fuel valve must be
opened by advancing the engine throttle to the IDLE position. This allows
fuel to be delivered through the fusl cont~-l units to the engine combustor.
By the time the GTS oucput shaft and the HP rotor of the engine have acceler-
ated tc 3200 RPM, the engine is »..f-sustaining and starter assist is no longe:
required. The GTS is then automatically shut down by shutting off its
fuel supply. The engine continues to accelerate up to its idle speed of
approximately 25X fan speed.

Tn order to shkut doww. the engine, the throttle is simply retarded to
the cutoff position, which closes the HP fuel valve aan¢ stops the fuel flow.

2.6.2.5 V’STOL Oparation - In tha V/STOL flight mode, the EGT limiter is
reset from the wingborne flight limit to the lift rating limit. The thrust-
vectoring exhsust nczzles are down and compraessor bleed air is provided to
the aircraft reaction control systam.
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Whenever the nozzles are defiected more than 16° below the aft position
or the main landing gear is locked down, the exhaust gas temperature limiter
is reset to the Short Lift Dry value to allow operation at higher engine
speed. Thrust augmentaticn is available by water injection into the combus-
tor if the fan speed is at least 95%. Selection of water injection by the
pilot turns on the water pump and resets the fan speed governcr to a higher
limit. The EGT lim.cter is reset to a higher value as soon as the water
begins to flow. Automatic reversion to the Short Lift Dry rating will occur
if the water supply is exhausted, the fan speed drops below 75X, or the pilot
shuts off the water injection system switch.

Automatic engine control within the applicable speed and temperature
limits is provided only in the Short Lift ratings; the pilot must manually
control the engine tc the Normal Lift speed and temperature limits.

Rotation of the nozzles beyond 36° fully opens a butterfly valve in the
aircraft reaction control system duct that makes compressor discharge bleed
air available for attitude control during takeoffoand landing. Maximum air-
flow is available for nozzledeflections beyond 15 . When the lift ratings
are used, total thrust (including the thrust from the reaction control system)
is maintained approximately constant over a range of bleed rates. (The
extent of this range is dependent upon ambient temperature and power setting).
This is accomplished by increasing fuel flow and the turbine inlet tempera-
ture as the bleed rate is increased. An air-bleed-reset within the fuel
control unit provides the additional fuel flow during accelerztion whenever
bleed air is being extracted. As bleed is increased, the exhaust gas tempera-
ture will eventually reach a selected limit. Further increases in bleed then
cause a reduci.on in thrust at the limiting temperature. When the nozzles
are rotated aft, reactior control bleed is shut off. Also, when the nozzles
are rotated aft to their -onventional flight pos.:iors and the main landing
gear is retracted, the EGl limiter resets to conventional flight limits and
the engine is controlled to the Maximum Thrust rating.

2.6.2.6 Conventional Flight Operatior - Engine operation in the conventional
flight mode is similar to that of other engines. The highest power setting
in normal operation is a 15 minute Maximum Thrust rating. The YF402-RR~404
engine., have been clexsred to a 2.5 minute Corsat rating for flight test.
Thrust vectoring may be used as an aid to aircraft maneuvering, within th~
flight envelope restrictions. The nozzle system can be rotated through 98.5
to obtain reverse thrust either in flight or on the gzround.

2.6.3 AIR INDUCTION SYSTEM - The air induction system for the YAV~8B is the
direc: result of an inlet development program which follows a minimum change
ouilosophy. The basic AV-8A inlet concept has been retained with modifica-
tions incorporated to achieve desired performance and distortion improuvements.
The inlet development program was directed toward an increase in V/STOL total
pressure recovery and reduction in high speed distortiom at high positive and
negative angles of attack. Extensive inlet model testing at static, low
speed and high speed coaditiuns, combined with full scale test results at
NASA Ames Research Center facilities, has shown that these objectives have
been achieved with the YAV-8B inlet.
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2.6.3.1 Physical Description - The YAV-8B inlet is a subsonic bifurcated pitot
tvpe and incorporates two side inlet ducts each of approximately 130° circular
arc at the highlight plane. The ducts merge two inches ahead of the engine
face. The main lip incorperites a large contraction ratio (highlight area
divided by lip throat area, 1.24) where the lip throat is defined as the
junction besween 8 2:1 quarter-ellipse lip and the intermal duct lines.

This lip shape is being used on the YAV-8B inlet because of its excellent
V/STOL and high speed performance characteristics.

A large auxiliary inlet around the periphery of each cowl provides
additional inlet area for takeoff and low speed operation. The double~-
door auxiliary inlet configuration is showm in Figure 2.6-8. Each asuxiliary
inlet contains seven passages which converge to form a comtinuous slot
before entering the main Imlet duct. The passages are separated by fore-
and-~aft struts which comnect the front and rear sections of the inlet cowl.
Each auxiliary inlet passage incorporates two free floating blow-in-doors
hinged at their leading edges. The door extermal surface is flush with
the aircraft moldline in the closed positionm.

The boundary layer bleed system, shown in Figure 2.6-9, is similar to
that of the AV-8A. A {lush bleed slot is located on the inboard wall of
each inlet, immediately aft of the entry plame. The slot is covered by
a tvo piece door (split into upper and lower halves,) which is hinged at
its leading edge and is spring-loaded closed. Boundary layer air from each
slot is ducted upward to an exit at the rear of the canopy, from which it
discharges overboard at an angle of approximately 45°.

The inlet plan and side views previously showr in Figure 2.6-8 illustrate
the short highly curved nature of the inlet ducts. TLe duct lenzth is
roughly equal to the engine face diameter due to comstraints set by the
overall airframe layout. Figure 2.6-10 presents the inlet design parameters.

2.6.3.2 Operation - The YAV-8B inlet has two separate and distinct operating
acdes, i.e., V/STOL and conventional flight operation. These modes are
determined by tha positions of the auxiliary inlets and the boundary layer
tleed doors. S:ztic pressure differential across these compoments

determines thelr pcsitions and hence the operating mode. The auxiliary inlet
doors are fr---floating, their positions determined omly by static pressure
differenr . The spring-loaded boundary layer bleed doors are poasitioned
by a st pressure differential and an opposing spring force.

o V/STOL Cperation - The engine airflow required for vertical or short
takeoif is supplied at high total pressure recovery through use of a
large inle: contraction ratic and auxiliary inlets. The auxiliary inlets
increase available flow area, thus maintaining low velocity past the main
inlet lips and minimizing total pressure less. During V/STOL operation the
free-floating auxiliary inlet doors open due to the pressure differential
caused by the duct static pressure being less than ambient pressure. The
combined effects of spring force and pressure differential hold the boundary
layer bleed doors closed. TFigure 2.6~11 illustrates inlet operation in the
V/STOL regime.
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FIGURE 2.5-8
GENERAL INLET ARRANGEMENT

FIGURE 266
SOUNDARY LAYER BLEED SYSTEM
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Minimum duct area (#2) 9.7

Lip shape 2:1 ellipse
Highlight area ) 1253
Mean lip contraction ratio 1.24
Auxiliary throat area {f12) 8.41
Auxiliary entry area (3| 12.38
Auxiliary contraction ratio 1.49
Maximum cowl area A9 1778

ornoses?

FIGURE 2.6-10
INLET DESIGN PARAMETERS
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FIGURE 2.6-11
INLET OPERATING MODES
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o Conventional Flight Operation - During conventional flight (cruise
or high speed) the auxiliary inlet doors are closed as a result of the inlet
duct pressure being higher than ambient. The boundary layer bleed doors
are positioned as a function of the duct static pressure which is established
by flight Mach number and engine power setting, the bleed exit static pressure
(usually ambient), and the opposing spring force. At cruise power settings
the reduced inlet mass flow ratio results in reduced inlet velocities with
resultant increased duct static pressure. As the spring force is overcome
by the pressure differential across the door(duct pressure minus bleed exit
pressure), the doors open to remove the boundary layer from the inlet flow.
The boundary layer bleed doors are free to operate individually in response
to static pressure gradients across the doors during operation at angles of
attack. The split upper and lower door configuration developed for the AV-8A
and retained for the YAV-8B is used to prevent recirculation of boundary
layer air from a high pressure region Lo & low pressure region, which would
cause separation and increased inlet pressure distortion. Figure 2.6-11
illustrates conventional flight operation.
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3. YA5&3§"RG*¥5HEQ&JI?kULATION PROGRAM

The nonlinear program that has been devéloped to simulate the YAV-8B
aircraft is named YAV8B. The program computes six degree-uvf-freedom aircraft
motion plus a large number of aircraft performance parameters. The program is
written in FORTRAN ip a manner to make it easy to use. Program organization,
structure and data card input format are described within this section.

3.1 PROGRAM STRUCTURE

The YAV8B program .s structured into two primary categories: the
executive routines and the aircraft math model routines. For simplicity, all

computations are performed at the same iteration time. The program computes
aircraft metion as well as performance parameters. A great deal of flexibility
is available to the user with respect to which parameters are to be recorded.

Figure 3.1-1 diagrams the structure of the YAV8B program. The executive
(exec) routines include ISO@NCE, IS0OMS, ACO7, CARDS and RTPDATA. The IS50¢NCE and
I50MS routines are top level exec routimes for the program. The ACO7 routine
is the aircraft math model exec. The CARDS routine reads the input data from
the EXFCUTE card deck and the RPTDATA routine is the exec for the output data
logic. The program computes in rhree different modes: INITIAL (first pass
initialization), IRESET (400 passes for dynamic stabilization), and OTERATE
(real time computation). The run time for each particular case can be
designated. The iteration time (DT) is defaulted to 50 milliseconds but can be
changed by the user.

Initial condition data, as well as the instructions for (ata printout,
are irput to the program using the EXECUTE card deck. The EXECUTE card deck
loads the appropriate software files and executes the program. Dvnamic
inputs to the aircraf* controls, aircraft motion, etc. can be inpat to the
program with the IS0MS card deck. The I50MS deck modifies the I5SIMS sub-
routine. Because the ISOMS subroutine is a top-level exec routine, this is
a convenient location to math model a forcing function. A more detailed
description of user procedures is provided in Section 3.4, A sample case is
also provided in Sectiom 3.4.

The aircraft math model flow diagram is shown in Figure 3.1-2. Each
subroutine in the aircraft math model is described in Section 3.3 along with
top-level flow charts. All of the subroutines for the aircraft math model
can be modified and changed »y the user if required.

3.2 MATH MODEL EQUATIONS

The YAV8B program computes aircraft velocities, accelerations and
position at the aircraft c.g. The airframe is considered to be a rigid body.
The atmosphere data base is the U,S. Standard Atmosphere, 1962 - sea level to
100,000 feet. The following paragraphs describe some of the theory and math
model equations comprising the aircraft simulation model.

3.2.1 NUMERICAL METHODS - There are three general numeric methods used in

the YAV8B ‘rogram that require some discussion. They are integratiom
techniques, digital filter techniques, and data table look-up methods. Each
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FIGURE 3.1-1
YAV8B PROGRAM STRUCTURE
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FIGURE 3.1-2
AIRCRAFT MATH MODEL FLOW DIAGRAM
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method will be addressed briefly in order to familiarize the program user
with the techniques incorporated into YAVSB.

3.2.1.1 1Integration Techniques - There are four types of integration schemes
used in the simularion program: Euler (rectangular), Tustin, Reddy Parabolic
and Adams third order. These methods fall into two general classes. The
first class is the predictor integration scheme. In this class, the most
currently svailable input is valid for the beginning of the integration inter-
val and the ocutput is "predicted" for the end of the interval. The second is
the corrector integration scheme. This scheme is used when the input is
available at the same time that the output is desired. The Adams third order
method is used primarily in computations for the equatioms of motion. The
general form of these numerical integration methods are as follows:

o Euler (Rectangular)

X * - Zero Order Predictor
X=X g v Xy ¥ At - Sample period
o Tustin
X * ear Corrector
xn = Xn_l + (.5 xn + .5X -l) At Lin

o Adams Third Order

23 ¢
xn- xn—l + (12 xn-l

<% b +== X .) * At Third Order Predicter

o Reddy Parabolic

xn - Xn-l

_n) * At Parabolic Corrector
3.2.1.2 Digital Filtering Techniques -~ Digital filters are needed to obtain
an acceptable model of bydraulic actuators in the control system model and

for other lead and lag filters used in the simulation model. Two methods are
used in the YAVSB program: Tustin's and Reddy's. The Tustin method is quite
good for modeling digital filters, as it has a simple relationship between the
laplace transform and the Z transform operators S and Z:

% - .ATC %—j—% Z - Z Transform operator

The equivalent computer difference equation for C/R = 1/S would be:

. At -

- + —— -+ .
Cn Cn-l 3 [Rh Rn-l] Where Rn is the present value of the input
Using the same method, the difference equation for the first order filcer,

C/R = 1/tS+1, can be derived as:

L 1 - 31)
¢, - 2% (R + Rn-l) - 21 Co-1 T - system ti~e constant
1+ 1+

This difference equation would give the output sequence (Cn) of a first order
lag from the input sequence (Ry). Note that the coefficient terms involve only
the constants At and T, and so are only computed once at the beginning of a rum.
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For better accuracy and stability, some filters with short time constants
are modeled using Reddy's method. For a first order transfer function and
linear input, the output at the ena of each step is a constant times the
output at the beginning of each step plus other constants times values
of the input at the beginning and erd of the step. A first order system
response to a linear input can be represented by the following recursion
formula:

(e°At/T "At/T)]

C =C¢C

a ® Cno1 )+ R [1- (/o)L - e

-at/t

+R _, [t/ot - (e )(1 + t/4t)]

3.2.1.3 Data Table Look-Up Techniques - The method used in the table look-up
program, TBLKP, ior even increments is simple and straightforward. It
requires the program to compute an index and a ratio. The index represents
the position in the table of dependent variables such that the corresponding
value of the independent variable is just below (or equal to) the input
variable. The input variable is bound by this value and the next value of
the independent variable. The ratio is the percentage distance of the input
variable between these two values.

For a single dimension table, the lookup function performs as shown:
RI =((Input - low bound) (number of points - 1)/(high bound - low bound)) +1
Index = integer part of RI
Ratio = fractional part of RI

Once the index and ratio are found, it is only necessary to look up the
corresponding dependent variables and linearly interpolate:

Output = Table (Index) + [Table (Index +1) - Table (Index)] x Ratio

The lookup method for a table with uneven breakpoints is similar, but
each set of breakpoints must be checked to determine wnich ones bracket the
input value.

Since the values of the independent variable will cover the allowable
boundaries, the table lookup program does not extrapolate outside the
boundaries of the tables. If an independent variable exceeds the boundary,
the corresponding dependent variable boundary value is used in the lookup.
Finally, to save additional time with either method, the index into the table
and the ratio between points is saved, so that if more than one table uses
the same breakpoints, the index and ratio need not be recomputed.

3.2.2 EQUATIONS OF MOTION - The parameters that determine the aircraft motion
are described by a set of six second-order differential equations, three to
describe the translational degrees of freedom and three to describe the
rotational degrees of freedom. This system of equations is used to describe
the aircraft state relative to a fixed coordinate reference frame.
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The earth is modeled as a spherical surface, rotating relative tc a fixed
inertial frame. Rotation is about the polar axis with no "wobble". The
acceleration due to gravity (g) is assumed to be constant and always acting
perpendicular to the ground.

Four coordinate reference frames are¢ used in describing the aircraft
position, velocity and acceleration:

(1) 1Inertial Axes

(2) North-East-Down (NED), or local vertical
(3) Body Axes

(4) Stability Axes

The inertial coordinate frame is an orthogomal triad with its originm at
the center of earth (see Figure 3.2-1). The first and second components (or
X and y axes) define the equatorial plane and the z uxis is positive toward
the North Pole. The x axis orieatation is initialized at the beginning of
the mission to pass through the zero latitude and lorgitude point. The y
axis passes through the point of latitude = 0°, longitude = +90°. ter the
mission begins, the rotation of the earth will cause an earth fixed lomgitude
point to increase in inertia. loagitude (relative to the "fixed in space”
inertial axes reference frame). It is in this axis sysctem that accelerations
and velocities are integrated to obtain aircraft positiom.

North Pole

A - Longitude, first rotation
L - Lautuce, second re ation
O - Ongin, earth center

X, Y, Z - inerual coordinate triag Zero Meridian Plane

FIGURE 3.2-1
INERTIAL COORDINATE FRAME
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The NED frame is ceutered at the aircraft c.g. The x axis is directed
toward true North, the y axis is directed toward true East, and the z ax.s ‘s
directed down perpendicular to the ground. Figure 3.2-2 illustrates this
system. Aircraft translational velocities are transformed from inertial axis
into this frare for the addition of wind and computation of ground speed and
flight path angles. The aircraft Euler angles (pitch, roll, yaw) are defined
from the body axes orientation relative to the NED reference frame.

— G — —— . cha—
p— g — —

\ J, L6
\\ /\_——

— G— e— — e et este

C  6P79-0269-343

FIGURE 3.2-2
RELATIONSEIP OF BODY TO NED AXES

The equations of motion and their computational arrangement are
illustrated in Figures 3.2-3 and 3.2-4.

The translational equaticns are a summation of the total aerodvnamic,
engine thrust, and RCS forces in the body axis coordinate system. Newton's
Second law of Motion is applied to compute the body axis accelerations and
these are transformed to> the inertial frame through a direction cosine
matrix, as shown on Figure 3.2-3. The acceleration due to gravity is added
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and the acceleration components are integrated to produce inertial velocity
and position components. These are transformed back to the NED axes for the
introduction of wind components and to the body axes for the computation of
the body axis velocity components and the velocity vector angles (a, 8, v, 0).

The rotational equations of motion are derived by summing the moments due
to aercdynamics, engine thrust, and RCS effeczts. The body axis rotatiomal
acceli<rations are computed from these moments, the aircraft moments of
inertia, and the cros' coupling terms. The body rates are determined by
integrating the rotational accelerations.

The attitude angles of the simulated aircraft are calculated using the
quaternion method. The quaternion method uses four parameters for specifying
the orientation of & coordinate system. The quaternion rates are calculated
from the body axis angular rates and then integrated to update the quater-
nions. The earth-to~body axis transformation matrix is computed directly
from the quaternions, thereby defining the aircraft orientation with respect
to the fixed frame. A correction factor is applied to compensate for inte~
grator drift and to emsure that the coordinate system remains orthogonal.
This correction factor is based upon the constraint that for am orthogonal
systen, the sum of the squares of the quaternioms must be unity. The gquater-
nion method offers the advantage of allowing an all-attitude oriemtation that
is free from discontinuities.

3.2.3 AERODYNAMIC EQUATIONS - The aerodynamic forces and moments acting on
.the aircraft are fully described by algorithms for three lomgitudinal and
three lateral-directional coefficients. Th: longitudinal terms are the
coefficient of lift (C;) or normal force (Cy), drag (Cp) or axial force (C,),
and pitching moment (Cp). The lateral-directional terms are the coefficients
cf side force, (CY)’ rolling moment (Cy), and yawing -woment (Cn).

3.2.3.1 Aerodynamic Reference Systems ~ The aerodynamic data base is divided
into two separat- and distinct regioms: low speed (M < 0.3) and high speed
M > 0.5). The data for the low speed region are derived in the body axis
syster. The aircraft body coordinate system is shown in Figure 3.2-5a. It
has its crigin at the aircraft's center of gravity. The x exis is directed
toward the nose of the aircraft coincident with the Fuselage Raference Line
(FRL). The y axis is divected toward the right wing of the aircraft (ortho-
gonal to the x axis). The 2z axis is directed downward, perpemndi..ular to

the X3 - Yp Plane.

The data for the high speed region are referemced to the stability axis
frame. Figure 3.2-5b illustrates the stability axis system. It has its
origin at the point of reference of thc aerodynamic data. The x axis is
formed at the projection of the body axis on the velocity vector (rotated
through the aircraft amgle of attack a). The y axis is directed out the
ti.ght wing of the aircraft and is oriented perpendicular to the airecraft
plane of symmetry. The z axis is directed downward, perpendic_.ar tc the
x~y plane.

3-10
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~ +Cy, (Defined as positive up in

~ ~ \ wind tunnel data system)

(b} Stability Axis Coordinates R

FIGURE 3.2-5
BODY AXIS AND STABILITY AXIS
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For ground hover and low speed flight, another reference frame is
used. This reference frame is a blerd between the body axis and stability
axis reference frame. The ground effects are introduced into the simulation
for altitudes of approximately 7C feet or less. The longitudinal refereace
attitude for ground effects is as follows:

a'-a*&l+6 *Kzfor0.05<Veq<0.10
Where K = (Veq - .05)/20. and K, = (i - Kl)
for Veq < 0.05, ¢' = & and for Veq > 9.10, o' = o
The FORTRAN name for o' is THALP.

The parameter Veq is defined as the square root of the ratio of the freestream
dynamic pressure to jet dynamic pressure:

/ Y%
9
The lateral-directional reference angle is defined as below:
8" = Tan t (v'/u')

Where u' = u/cos a and v' = v * cos ¢
The FORTRAN name for 8' is BETAP.
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3.2.3.2 Aerodynamic Algorithms - Each component of the respective coefficient

is summarized for the low speed and high speed data in the following equations.
The FORTRAN name of each component is also included in parenthesis.

o Low Speed Aero (M < 0.3) - Bodv Axis Svstem

o Normal Force

FN = [cN + ACN - (ACN + AcN ) + AL.N
GH 6F GF FJ1
L R
N * *
+ (A("NS * 2%, ) + N ScEar ¥ S, $11p
AL AR GEAR LID
. . & -
+C, *q+ *G) * —— + A ] *xg*S+4
N CN& 2Vp C“Powsn CN@
Where
CN Baseline normal force coefficient as a function of
o a, (CNBASE).
ACN Increment or normal force coefficient due to stabilator
GH deflection as a function of CpaATL? eJ, Veq and altitude,
(DCNSTAB) .
ACN Increment of normal force coefficient due to left and
GF right flap deflection as a function of «, eJ and Vegq,
L,R (CNFLAP).,
ACN Increment of normal force coefficient due to flap-jet
FJI impingement as a function of §

POWER

P eJ, a and Veq, (CNFJI).
Increment of normal force coefficient due to left and
right aileron deflection as a function of a, (DCNAIL).

aCN/QGGEAR’ where GGEAR is the normalized gear

deflection, (DCNGEAR),

BCN/ , where § is the normalized LIDS deflection,
36LID

(DCNLID) .

LID

Increment of normal force due to ground effects as a
function of altitude, a, 8; and engine thrust, (CNGE).

BCN/Bq’ normal force coefficient due to pitch rate, (CNQ).

BCN/ad, normal force coefficient due vo angle of attack

rate, (CNALPD),

Tncrement of normal force coefficient due to power effects
as a function of q, 8 and Veq, (DCNPOW).
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o Axial Force

T =ICA +ACA +(.3(;A + AC ) + AC

A 0 5 5z b n
L R
* %*
+ .(ACAS + ACACS ) + CAG GGBA.R + CA& GI.ID
Ay Ap GEAR LID
+ AC -
1 * q*%8S <+ AC
ApowER Acg
Where:
CA - Baseline axial force coefficient as a function of
° a, (CABASE).
AC A - Increment of axial coefficient due to stabilator
8y deflection, (DCASTAB).
ACA - Increment of axial coefficient due to left and right flap
6}, deflection as a funciion of a and Veq, (CAFLAP).
L,R
ac - Increment of axial force coefficient due to flap~jer
Arnn impingement as a function of &y, 6, and a, (CAFJD).
ACA - Increment of axisl force coefficient due to left and
L right aileron deflection as a function of a, "DCAAIL).
93 )
C:As - aCAIBGGm where GGEAR is the normalized gear deflec-
GEAR tion, /DCAGEAR).
CA& - acA/ adLID where GLID is the normalized LIDS deflection,
LID (DCALID).
ACA - Increment of axial force due to ground effects as a
GE function of a, GJ, altitude and engine thrust, (CAGE).
AC - Increment of axial force coefficient due to power effects
A'POWER as a function of 8., Veq and a, (DCAPOW).

J!
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o Pitching Moment

= | ’ c 2 L
PM 1m+.;cm +(.\m +_,Cm Y+ 2C

o 3 ¢ g A
H Fr, FR
* *
+ (AC1116 + ACmG ) + cm(s GGEAR + Cm(s SLID
AL AR GEAR LID
3 - -
+ (C *q+C *a) * o= + AC ] *q*585 * o + AC + AC
Tq n 2y TPOWER "GE "rp
Where
Cm - Baseline pitching moment coefficient as a function of
() a, (CMBASE).
ACm ~ Increment of pitchijag moment coefficient due to stabilator
6 i ) .
3 deflection as a function of uTAIL’ 7 Veq and altitude, (DCMS
ACm ~ Increment of pitching moment coefficient due to left and right
GF flap deflection as a function of @ and Veq, (CMFLAP).
L,R
AC ~ Increment of pitck:ng moment coefficient due to flap-jet
PEI1 impingement as a function of GP’ 93, @ and Veq, (CMFJI).
ACm = ImcL aent ¢ rtitching moment coefficient due to left and
6 right .i . .+ ueflection as a function of angle of attack,
AL R (DOMAIL).
Cm5 - acn/BSGEAR where GGEAR is the normalized gear deflec-
GEAR tion, (DCMGEAR).
Cm6 - bbm/abLIDS where GLID is the normalized LIDS deflec-
LID tion, (DCMLID).
ACM - Increment of pitching moment due to ground effects as
GE a function of «a, GJ, altitude and engine thrust, (CMGE).
Cm - 3Cm/3q, pitching moment coefficient due to pitch rate, (CMQ).
q .
Cm& - acm/a&, pitching moment coefficient due to angle of attack,(cm
AC - Increment of pitching moment coefficient due to power

TpoWER  effects as a function of o, Veq and 85 (DCMPOW) .

ac - Increment of pitching moment due to flat plate drag
Trp . motion for u < 50 KTAS. Simulates aerodynamic damping
in hover and low speeds, (TEMPX3),
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o Side Force

S A AR T M

§ OWER
no 'y R ’
+ AC + A + &
Yo chm Yocz
Where:
CY - Baseline side force coefficient. For u > 50 KTAS
c defined as CY * g, side force due to sideslip angle
as a function of a, R, and average flap deflectionm,
(CYBASE). For u < 30 KT4AS, CY is 0.
°
Ac\z - Increment of side force coefficient due to left and
6AL right afleron deflection as a function of a, (DCYAIL).
R
: 4
CY - acY/ask, side force coefficient due to rudder reflection,
‘R (CYDR).
ACY - Increment of side force coefficient due to power effects
POWER as a function of Veq,c and £ for u > 50 KTAS, (CYPOWER).
ACY - Increment of side force due to ground effects as a
GE function of a, altitude, engine thrust, €y and 8°, (SFIGE).
ACY = Increment of side force due to roll attitude in
PHI ground proximity (h < 70 ft.) as a function of altitude, Veg,
¢, 8', u, GJ and engine thrust, (YDSFIP).
ACY - Increment of side force as a function of a, 6., engine
OGE thrust, and Veq for u < 30 KTAS, (SFOGE). Fog u > 50
KTAS, ACY is 0.
OGE
© Rolling Moment
RM = [C, + (aAC + AC Y+ C * §_ + AC + AC
“o s of s, * laower %
A AR R F
2

*"'*'Cz * p) *

] * g %S *b+aC,
“rI1 r P

Vy vRI
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Where:

X Baseline rolling moment coefficieat. For u > 50 KTAS

° defined as C, * 8, rolling moment due to sideslip

angle as a fugction of a, B and average flap deflection,
(CLLBASE). For u < 30 RTAS, C_ is O,

)
o

ac - Increment of rolling momert coefficient due to left and
$ right aileron deflection as a function of «, (DCLLAIL).

c - 3C£/36R, rolling moment coefficient due to rudder
R dailection, (CLLDR).

AC - Increment of rolling moment coefficient due to power effects
POWER as a function of Veq, a and B for u > 50 KTAS, (CLLPOWR).

AC - Increment of rolling moment coefficient due to asymmetric
25 flaps, (DCLLF).

AC - Increment of rolling moment coefficient due to flap-jet
FJI impingement, (DCLLFJI).

C - BCQ/ar, rolling moment coefficient due to vaw rate as a
r function of a, (CLLR).

c - 3C2/ap, rolling moment coefficient due Lo roll rate as a

P function of a, (CLLP).

AC - Increment of rolling moment due to ground effects as
2(;1; a function of o, altitude, engine thrust, Veq, eJ and B',
(RMIGE) .

AC - Increment of rolling moment due to roll attitude imn
PHI ground proximity as a function of altitude, Veq, ¢, 8!,
u, 8¢ and engine thrust, (DRMPHI).

AC - Increment of rolling moment due to flat plate drag
Jz1='1> motion for u < 50 KTAS. Simulates aerodynamic damping
in hover and low speeds, (TEMEXS),

AC - Increment of rolJling moment as a function of ', a,
ROG:'. Veq, eJ and engine thrust, (RMOGE). For u > 50 KTAS,
acC = 0,

%oGE
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o Yawing Moment

™= [C + (AC +#AC. ) +C k& +AC + aC + AC
B Te 8 25 R BpoWER

% AR R F

b -
+(C *pr+C *p)* o=] *qg*§5*hH+AC + AC + AC + C
B % 2y “pgr  PFP  DGE  OGE

c - Baseline yawing moment coefficient. For u > 50 KIAS
B defined as C; * g8, yawing moment due to sideslip angle

as a function of a, B and average flap deflection,
(CLNBASE). For u < 30 KTAS, Cn is 0.

°
Acn - Increment of yawing meﬁ: coefficient due to left and
Sy right aileron deflection as a function of «, (DCLNAIL).
L,R
Cn - acn/ aaR, yawing moment coefficient due to rudder
% deflection, (CLNDR).
aC - Increment of vewing momemnt coefficient due to power

BpOWER  effects as a function of Veq, o and 8 for u > 50 KTAS, (CLNPOWR).

ACu - Increment of yawing moment &dcefficient due to asymmetric
8 flaps. (DCLNF).

ac -~ Increment of yawing mowent coefficient due to flap-jet
Byt impingement, (DCLNFJI).

Cn - acn/at, yawing moment coefficient due to yaw rate as a

function of o, (CLNR).

c - 3Cn/ ap’ yawing moment coefficient due to roll rate as a
function of a, (CLNP).

AC - Increment of yawing moment due to ground effects as a function
GE e, altitude, eagine cthrust, Veq, BJ and g°, (YMIGE).

. 4C - Increment of yswing moment due to roll attitude in giound
UpEI proximitv (alititude < 70') as a function of altitude,
Veq, ¢, 8', u, SJ eand engine thrust, (DYMPBI).
ACn - Increment of yawing moment due to flat plate lirag
P motioz for u < 50 KIAS. Simulatus serodynamic damping
in hover and lov speeds, (T%4PX5).

AC - Increment of yawing mcuent as a functiom of 8', a, Veq,
BJ and engine thrust, (YMOGE). For u > 50 KTAS,

4AC = 0

BagE
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o High Speed Aero (M > 0.5) - Stabilitv Axis System
o Lift
= A * g %
FL [CL + (ACL, + 4C, ) + (ACL + ACL ) + ACL ] *q*5S
o 8¢ éF 8 g POWER
L R A AR
+ AC
Lsrap
Where:
CL - Baseline 1lift force coefficient as a function of o
o and M, (CLBASE).
ACL -~ Increment of 1lift force coefficient due to left and
§ right flap deflection as a function of a and M,
FLLR  (DCLFL and DCLFR).
ACL - Increment of 1lift force coefficient due to left and
QA right aileron deflection as a function of M, (DCLAL
1,R and DCLAR).
ac - Increment of lift force ccefficient to power effects
LPCWER as a function of BJ, a and Veq, (DCLPOW).
ACL - Increment of lift force due to stabilator deflection.
STAB as a function of o and M, (CLSTAB).
o Drag
FDt[CD+(ACD + 8CH )+(AcD + AC, )+ACD
o GF $ 8 $ STAB
L FR AL AR
+C *}6 |+‘AC + C 8 * - .
DGR R Derou DGGEAR GEAR + CDG GLID] * g *s
LID
Where:
CD - Baseline drag coefficient as a function of a, M and
o CL , (CDBASE).
o
ACD - Increment of drag force due coefficient due to left and right
6p flap deflection as a function of o and if, (DCDFL and DCDFR).
L,R
ACD - Increment of drag force coefficient due to left and right
6AL aileron deflection as a function of o and M, (DCDAL and DCDAR).
R
4
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4¢, - Increment of drag force coefficient due to stabilator
STAB deflection as a function of « and M, (CDSTAB).
CD - aCD/BGR, drag force coefficient due to rudder deflection
GR as a function of o and M, (CDDR).
ACD - Increment of drag force coefficient due to pylons amd

STOW gun pods, (HCDSTOW).

CDé - BCD/ 26 , Where 6G‘BAR is the normalized gear deflec~

GEAR tion. GEAI

CD - acD/ 3. " where GLID is the normalized LIDS deflection.
GLID LID

o Pitching Moment

PM= [Cm + (Acm + Acm ) + (Ar.:m + AC )

o 6 § § Bs
L Fp ) Ap
. T - -
+AC +(C, *q+C *a) %~ +4C + AC J*g*s*g
DSTAB Bq Ta T BpOWER BSTING
Where:
Cm - Baseline pitching mament coefficient as a function of
o a and M, (CMBASER).
ACm - Increment of pitching moment coefficient due to left and
GF right flap deflection as a function of ¢ and M, (DQMFL
=R and DCMFR). :
ACm - Increment of pitching moment coefficient due to left and
) right aileron deflection as a funntion of a, (HGMDAL and
AR HODAR).
AC - Increment of pitching moment coefficient due to stabilator

BSTAB deflection as a function of a and M, (DCMST).

Cm - 3Cm/ 3’ pitching moment coefficlent due to pitch rate as
q a function of M, (CMQH).

Cm- - 3cm/aa, pitching moment coefficient due to angle of
¢ attack rate as a function of M, (CMALPOR).

ac - Increment of pitching moment coefficient due to power

TPOWER  effects as a function of a, Veq and 8, (RQMPOW).

Acm - Increment of pitching coefficient due to sting
STING interference corre tion to wind tunnel data, (CMSTING).
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SF-[CYB*B+ACYB*B+(ACY6 +ACY5 )+CY6 *GR/ls
A A R

-+ *
CYr
Where:

C’i

B

L R
b

r*=—1]q*s5

ZVT

9C,/,,» 8ide force coefficient due to sideslip .ngle as
a function of o and M, (HCYB).

Increment of CY due to flaps as a function of M, a
and flap deflection, (HCYBF).

Increment of side force coefficient due to left and
right aileron deflection as a function of o, (HCYDAL
and HCYDAR).

acY/aéR, side force coefficient due to rudder deflection
as a function of M and o, (HCYDR).

- achar, side force coefficient due to yaw rate as a

function of M, (HCYR).

o Rolling Moment

* * ; *
RM= [C, * B+ 4C, * B+ (8C, +4C, ) +C,  *5./15
[ B8 ) 8 GR
Ap AR
b
+(C, *r+C, *p) ¥t ( ] *q*S *b 4+ A4C
v 2 q
2r zp 2 T POWER lGF
Where:
Cl - acz/as, rolling moment coefficient due to sideslip
g angle as a function of M and o (HCLLB).
AC2 Increment of CQB due to flaps as a function of M, o
B and flap deflection, (ECLLBF).
ACQ Increment of rolling moment coefficient due to left
s and right aileron deflection as a functicn of a
AL R and M, (HCLDAR and HCLDAL).
b4
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- 3C,/,; » rolling moment coefficient due to rudder
deflection as a "unctiorn of ¢ and M, (HCLLDR).

- acz/ar, rolling moment coefficient due to yaw rate as
a function of M and a, (HCLLR).
aczlap, rolling moment coefficient due tc roll rate as
a function of M and a, (HC'LP).

Increment of rolling moment due to asymmetric flaps,
(HDCLLF).

Increment of rolling moment coefficient due to power
effects, (HCLLBF * BETA).

¢ Yawing Moment -

- * . 2
™ [cn8 B + (Acﬂ‘s + Acné ) + Y 15
AL Ag ’ ..
b -
+ (C *::+Cn"'p)""-z-‘T]*q*S"’l:o-‘ACn
r P T (.
Where
. - acn/ sg» Yawing momert coefficiert due to sideslip uagle
8 as a function of M and a, (CNB).
ACn - Increment of yawing moment coefficiert due to aileron
) deflection as a function of M and o, (CNDAR and CNDAL).
AR
¢, - BCn,-’ 55 yawing moment coefficient due to rudder derlection
%2 as a fincticn of M and o, (CNDR).
¢, - acn/ar’ yawing moment coefficient due to yaw rate as a
T function of M and a, (CNR).
c, - ?’,'n/ap, yawing moment coefficient due to roll rate as a
P function of  and M, (CNP).
ACn = Increment of yawing moment due to asymmetric flaps,
§ (HCDNF) .
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3.2.3.3 Center of Gravity Effects - The 2ffects of center of gravity dis-
placement are included in the moment equatioms. All of the forces

are referenced to a peint on the aircraft at Fuselage Station 346.%, water-
line ©-.2:zion 96.0 and coinciding with the X.axis of the aircraft. Incremental
distences fruom tte reference pcint to the center of gravity are computed and
vsed in the following equations: .

o Pitching Moment

PM = PM - Fi * (346.6 - COpg)/(12) + F, * (CG - 9€.)/(12)

© Rolling Moment

RM = RM - SF * (CGWL - 9€,)/(12) + Fy * CGBL/"Z)

o Yawinz Moment

T = M + SF * (CGp - 346.6)/(12) + F, * Gy, /(12)

3.2.3.4 Reference Axes Transformations - The a=srodynamic force and moments
ave derived in the body axic system for use in the equations o>f mocion. The
following equations transform the high speed aerc forces and mcmanis fr.m the
stahility to body axis system.

o w-Body Force (Positive down)

= &7 * o - T *
FZB LIFT <0Sa TDRAC SINc

o X-Bowy Force (Pocitive forward)

- * x
FXB = FDRAG COSa + FLIFT SINa

o X-Body Rolling Moment (Positive righ~ wing down)

= Ri| * - *
RMXB R“SIAB COSa YMSTAB SINo

¢ 2-Body Yawing Moment (Positive nose right)
= 4 * 1 *
YMZP YYST[q CQsa + RhSIAB SINa

3.2 4 ENGINE AND REACTION CONTROL SYSTEM FOR.E AND MOMENT EQUATITONS - All
angire and RCS ferces and monents ere resolved in the oody axis system
(Figure 3.2-5) for use in rhe equations of motion. The engine forces and
mosents include iniet momentum effects and scrub and boundary layer drag

increments.

3.2.4.1 Eogine Thrust Geometry - Figure 3.2-6 shows the relative geometry of
the effe~tive thrvst center with respect to the moment reference cemter used
for the aevodyramic dita. The £ollowing equaticus define the resulting engine
thrust fcrees and momcuts about the = 'recraft c.g. in the body axis system.
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AERODYNAMIC DATA
EFFECTIVE THRUST ’////f-_.gogzugagsz. CENTER
CENTER -5. 34€.

TCFS \ W.L. 96.

TG N f} i
() N | 1.5°
l ; 4 ENGINE AXIS

6 NOZZLE POSITINN

7 -

Y
z, TOTAL THRUST VECTOR, T,

FIGULE 3.2-6
ENGINE THFJST GEOMETRY

X-Body Force (Positive forward)
FTXB = Tc * COS (6, + 1.5®%)

J

Y-Body Force (Pnsitive ocut right

PTY = (.

B

2~-Body Force (Positive uown)

= o % ®
FTZB T. * SIN (93 + 1.5%

Pitching Moment

PM, = T. * ((346.6 - TCFS)/12.) * SIN (9, + 1.5°)
+ T, * ((96. - TCWL)/12.) * COS (8, + 1.5°) - FI, *

ZB

((CGFs - 346.6)/12.) + FT, * ((CGWL - 96.)/12.)

%

Yawggg_unmcnt

YEB - FTXB * CGBL/12. + FIY * ((CGFS ~ 346.6)/12.)
B

Rolling Moment

RMB = -FTZB * CBGL/12. - FTY * ((CGAL ~ 96.)/12.)
B

=24
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Where:
Tc is the total thrust vector.

TCFS is the thrust center fuselage station “ocation.
TCWL is the thrust center waterline station location.

3.2.4.2 Ram Drag and Inlet Effects - Incremental forces and moments at the
inlet are derived from ram drag forces as a func.ion of inlet flow angle and
from air mass flow as a function of aircraft bcdy rates. The following

equations summarize these inlet contributions at the aircraft c.g. The force
application point on the inlet is defined as F.S. 220.63, W.1L. 90.77 and R.L. 27.

o

X-Bodv Force

——————————

FLXB--RamDrag*coss*cos«:-il*q*Az

o Y-Boay Force
0 ]
FIY = -Ram Drag * Sinf + — % p * AZ - — * ¢ * AX
B g 4
o Z-Body Force
FI, =-RamDrag*COSB*SINa+-§*q*&X
B
o Pitching Moment
PMI = Ram Drag * COSB * ({STNa * AX) - (COSec * AZ))
- %-* q * (ax? + AZZ)
o Yawing Moment
YMI = Ram Drag * ((COSE * COSa * CGBL/12.) - (SINS * AZ))
+§*p*AX*AZ—§*r*(AX2+AYZ)
© Rolling Moment
RMI = Ram Drag * ({ SINB * AZ) - \COS8 * SINa * CGBL/12.))
-%*p*(AZ +AY)+-§*r*AX"AY
Where:

Ram Drag =<§ * VT - 1bf

AX = (PGFS - 220.63)/12. - ft.
aY = (27, - CGBL)/12. - ft.
AZ = (CGWL - 90.77)/12. =~ ft.
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3.2.4.3 RCS Thrust Geometry - The relative geometry of the YAV-83 RCS is
shown in Figure 3.2-7. To compute the pitch and roll forces due to the RCS
requires ac~ounting for the off-axis orientation of the pitch and roll valves.
The followiang ejuations are used to derive the RCS forces and moments in the
body axis system at the aircraft c.g.:

o ZX-Body Force
rrxk - ﬂn,v * SIN (7.63°) - F‘Im * SIN (8°)
cs
- COS (5°) * SIN (7°) * (F’IRWD + HRWU)
NOTE: Subscripts defined in Figure 3.2-7.
o Y-Body Force
FTY 'F'ZYV-SIN (5°) * COS (7.) *((thm"'%)m
RCS
= CTpmp * Mo
o Z-Body Force

- - 4 (] L
nzgﬁ F'Im*COS\7.63)+E'LRPV*COS(8)

+ COS (5°) * COS (7°) * (Flyger + Floo)
o Pirching Moment

o 605.51 - CCFS o 1146.63 -
mgw-nm,v*(cos(s)*( 13 )+sm(8)*(——-—-—-—-—12_m"))

+ Flgpy * (COS (7.63°) * (QJ_-.‘:%.Z.}.@G_FE) + SIN (7.63°) * (cml-z:/o.ss))

- cos (5% * s1n (7%) « (228 = (O,

432.45 - CGFS)
12.

+ (nm + I"Im) * ((COS (5°) * COS (7°) * (

- 20S f5%) * SIN (7°) * (ﬁ-'.’_'_s%z.:_ﬁ:ﬂt.))

o Yawing Moment
CGFS - 399 .
Moo = Flpy * (F=e=a) = ((Flpp + Flopdes
- ° .
Flgmwp ¥ Flgwwp)rp) * (SIN (5°) * COs (7°) * (
+ COS (5°) * SIN (70) % (17708;2. CGBL))

* SIN (8°)) * CGBL/12

432.45 - CGFS)
12,

+ ( * SIN (7.63°) - FT

Flepy XPV
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Yaw Vaive (YV)
FS 590.0
WL 120.5
BLO

Fuselage Datum i o
Wy 96,00 z@\r—\\Yb;’
—.r=<C— x '

Rear Pitch Vaive (RPV)

| g~. |\ _ Fse0s51
Front Pitch Valve (FPV)/ | | P wLt1ae3
FS 137.48 | o Roir "/2ive (RV) BLO
BLO e WL 83.89
BL 177.84
(RVYWU) o
5.

All dimensions in inches
FS - Fuselage station
WL - Water line

BL - Butt line

——177.84 (RVWD) ¢ 0P21.008245

FIGURE 3.2.7
YAV-88 REACTION CONTROL GEOMETRY
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© Rolling Moment
Ries * (Flpup * Flepurdrr = Flrwwp + ey *
(sIN (5%) * cos (7%) » (SBL=83:89) | cos (59) % cos (7%

* (177.81102r CGBL)) - (nm * COS (7.63°) + FTm * COS (8°)) =

CGBL/12 + FIyy * A28:3 - cout,

12.

3.2.5 WEIGHT AND BALANCE EQUATIONS - The total weight of the aircraft is
computed by summing aircraft dry weight (inmcluding the pilot), fuel weight,
apnd water weight. Because the weight distributiom in the aircraft is
constantly changing due to fuel transfer and water usage, the center of

weight moment for each factor is computed in all three body axes. In addition
the moments of inertia and the cross product of inertia, IXZ' are computed as
a function of these factors.

The body axis coordinates of the center of grav.ity of each fuel tank and
the water tank are stored in the subroutine, WIBALO7, data tables as a
function of fuel and water remaining. The weight moment of the dry weight
aircraft about the aircraft reference point in each axis is stored as well.
With the relative aircraft geometry determined, the body axis coordinates
of the center of gravity are ccmputed:

Mx .TM(I)*W1+M(2)*wZ+"'
= WATER *

anzo xﬂzo

X

cc = (nyRY + M + an o)/WT , etc.
2

Similarly the y and z component of the center of gravity can be determined.
The x <omponent is referenced back to the wing leading edge and expressed as
a percept of mean aerodynamic -zhord.

CGPC = ((XCG - 336.3)/(99.792)) * 100

The moments of inertia and product of inertia are computed in a similar
manner using the parallel axis theorem:

I Tank (1) * (YZW 1"'X2'wm NE

Ixxuzo = WATER * (22320>{g
- A Ixxazo
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txz IXZDRY H‘ZFUEL XZyoo

These inertias are used along with the aircraft mass to determine the
aircraft mass matrix which is used in the equations of motiom.

3.3 AIRCRAFT SUBROUTINES

The YAVSB Program includes 6 subroutines which comprise the neces ry
logic for math modeling the YAV-8B aircraft. The subroutines are the weights
and balance routine (WIBALO7), the primary flight comtrols routine (PFCG7),
the reaction control system routine (RCS07), the engine routine (ENGOS),
the secondary flight control routine (SFC07) and the aerodynamics routine
(AER@Y8B). The sequential order of execution is shown in Figure 3.1-2.

A brief description of the inputs ¢ 1 outputs of each subroutine as
well as top-level flow diagrams are prov ded to familiarize the program user
with the purpose of each subroutine. A more commlete description of necessary
program input and output variables is given in the user's guide, Section 3.4.
The flow diagrams are simplified in order to aid the program user to interpret
the program listings. Although the lis-ings contain many useful comments,
the flow diagrams can be useful if it ! ecomes necessary to modify or change
existing logic. ~ more detailed description of the math model equatioms
for the aerodynamic algorithms, the engine and RCS force and moment calcula-
tions, and the weights and balance breakdown is given in Section 3.2.

3.3.1 WIBALO7 SUBROUTINE -~ The WIBALO7 Subroutine (weights and balance)
computes current values of the moments of inertia, center of gravity location,
wiight and mass of the YAV~8B. This subroutine in*terfaces with the engine
subroutine (L 'GO8) which dctermines the remaining .nternal fuel and water.
The WIBALO7 subroucine is not designed to include stores configurations
although it could be modified to simulate extermal stores cn the aircraft.

The total weight of the aircraft is computed by'summing aircraft dry
weight, fuel weight and water weight. The moments of inertia about each
body axis and che cross product of inertia, IXZ’ are cont? :uously compuated
as a function of the remaining fuel and water. The center of gravity
locevion is determined by computing the weight moment of each factor (dry
weig " of aircraft, fuel weight and water weight) along the respective body
axis and dividing by the gross weight. A selective bias in the weight
moment for each axis is included if it is necessary to simulate a c.g. offset.
This moment bias also will alter the respective moment of inertia.

The inputs ¢o this gr-7 -~ fuel weight, water weight, and gear
and LIDS positions. The : o -~ .ocation, inertias, gross
weight and mass. The ¢ § CoLa + the body axis system. Figure

3.3-1 depicts the logy- .« i+ cvhroutine.
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3.3.2 PFCO7 SUBROUTINE - The YAV-8B primary flight control system consists
of conventional ailerons, ..dder, and stabilator, with a Reaction Control
System (RCS) whict acts about all three axes during hover and transition.
Longitudinal contreol of the YAV-8B is maintained by a combination of stabil-
ator and reaction controls. Likewise, conventional ailerons, in combination
with reaction controls, provide lateral control. Both longitudinal and
lateral controls operate directly through mechanical linkage to the control
stick. The directional control system is a combination of rudder and
reaction controls as a function of rudder pedal position. The stabilator and
ailerons can be trimmed by electro-mechanically moving the control stick. A
limited authority Stability Augmentation System (SAS) provides rate stabil-
ization.

The PFCO7 subroutine computes the control surface defleciions and the
RCS area openings. The control actuators are represented by first order
transfer functions. The closed loop technique used for real time digital
simulation of these actuators is based o-. equations derived from a pre-
dictive method known as the "Reddy' metaod, (see Sectiom 3.2.1.2). The
math model includes rudder hinge moment limits applied to the total rudder
travel.

A simplified f ow diagram cf the PFCO7 subroutine is shown in Figure
3.3-2. Typical inputs include percent stick and rudder pedal, body rates,
dynamic pressure and lateral acceleration. Outputs from the subroutine are
surface deflections and RCS valve area openings.

3.3.3 RCS07 SUBROUTINE - The Reaction Control System (RCS) is used during
hover and transition between full wingborne flight and fully jet-borne
flight. The system is fully activated when the nozzles are rotated below

15 degrees. It uses high pressure compressor bleed air, which is fed to the
aircraft extremities and ejected through variable shutter valves comnnected
to the aerodynamic surfaces (stabilator, rudder, etc.).

The RCSO7 subroutine computes the RCS pressure dynamics and mass flow
characteristics. The RCS model in this subroutine is based on modified
Rolls-Royce engine data and MCAIR determined aircraft installation losses.
Included in the model is the RCS geometry for computing the resulting forces
and moments in the body axis system (see Sectiom 3.2.4).

The inputs to the subroutine are the valve areas (calculz.ed in the PFCO7
subroutine), compressor discharge temperature and pressure and nozzle deflec-
tion. Other inputs include aircraft c.g. location and ambient pressure and
temperature. The outputs are the total mass flow rate, the individual valve
thrust values and the resulting forces and moments. The forcees and moments
are added to the engine produced forces and moments in the FNGO8 subroutine.
The forces and moments are in the body axis system. Fogure 3.3-3 shows the
logic :slow used in the RCS07 subroutirne.
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3.3.4 ENGOE SUBROUTINE - The ENGOS subroutine computes YAV-8B engine perfor-
mance. The program data is baced on Rolls-Royce engine data and MCAIR aircraft
installation losses for an "average' YF402-RR-404 engine. Engine performance
was obtained using a Rolls-Rovce steady state engine performance computer
program. JInstallation losses include inlet total pressure recoveary, inlet

drag, boundary layer bleed drag, compressor bleed (for aircraft services and

the reaction control system) and mechanical power extraction. Engine performance
is corrected for atmosphere changes from standard day.

To give a representative engine, thrust, fuel flow, EGT, P4, and fan RPM
are assembled in data tables as functions of commanded throttle angle, air-
craft Mach number, commanded nozzle angle and altitude. The steady state
values are retrieved from the tables ar” modified for the type of day, water
and bleed corrections. The results are used to compute:

Engine forces and moments (including the RCS values computed in RCSG7)
Resction control system bleed

Fuel depletion

Water depletion

0 00O

Engine transients in RPM and EGT are modeled using first order time
constants that vary with flight condition. The engine compressor discharge
pressure limiter, EGT limiter and RPM limiter are aiso modeled. These are
functional to limit fan speed and compressor discharge pressure. Selection
of the limiters everride causes all limiters except the compressor discharge
pressure limiter to be bypassed.

There are a relatively large number of inputs tc the EMGO8 subroutine.
Some of the more important inputs are percent throttle, altitude, atmosphere
parameters, airspeed, c.g. location, initial fuei and water quan:tities,
percent nozzle lever position and RCS forces and moments. Outputs include
the total engine + RCS forces and moments in the body axis system, various
engine performance parameters (RPM, EGT, etc.), nozzle position and remainiigz
fuel and water quantities. A simplified flow diagram of the ENGO8 routine s
shown in Figure 3.3=4.

3.3.5 SFC07 SUBROUTINE - The YAV-8B secondary flight control system includas
flaps and drooped ailercns. The flanms are operated by an electro-hvarzuiic
system consisting of an electronic flap controller and two dual tandem
actuators. Flap positioning is provided by the flap controller in Jaccordenc:
~ith switch (mode) selection. There are two flap modes: up and down. Thre up
mode provides either a constant 0 degree flap deflectior ur the capab.ilit; to
wenually "beep" the flaps to any position from O to 25 degrees. The dovmn
mode schedules flap deflecticn as a function of nozzle position and airsre._..
In addition the down mode switch also activares :the ailercn droop system,
extending the ailerons to 15 degrees whemever the nozzles are 16 degrees or
greater and the airspeed is less than 165 KIAS (with a #10 KIAS hysteresis).

Other secondary flight comtrol systems modeled in the SFCO7 subroutine
include gear and LIDS deployment. Figure 3.3-5 outlines cthe SFC(7 subroutine.

All exrension and retraction rates, time delays surface lcad effects and
esgsertial loeic characteristics relating to the YAV-8R sacondary flight contrel
systems ave simulated. The inputs tc the subroutine irclude nozzle positionm,
flap mode selection, gear selection, LIDS selection switch, eight-on-Wheels
(WOW) switch and airspeed. Outputs are flap position, .iLS{ and gear positionms
and ailerorn droop position.
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3.3.6 AERQYBB SUBROUTINE - The AER@YSB Subroutine computes all of the aero-
dynamic forces and moments acting on the siaulated YAV-8B aircraft. These are
computed through the use of stability and performance characteristics. The
¢haracteristics are stored in data tables and accessed through tabie look-up
routines. When combined with the aerodynamic reference dimensions of the
YAV-8B (e.g., wing area, mean aerodynamic chcrd, and wing span) and the
coutrol =surface positions, these coefficients are used to calculate total
forces and uoments in the body axis systam. The aerodynamic equations for
computing the total coefficients are givem in Section 3.2.3. The serodynamic
data cover tae full range of aircraft performance, from hover to wingborne
flight. Tre aerodynamic forces and moments are primarily functions of air-
craft attitude, Mach number, power setting (with nozzles down) and control
surfaze position. The baseline coefficients represent the aircraft with five
bare pylons and the gun pods and LIDS onboard. Increments due to gear and
LIDS extension, flap deflection and power effects are included. Ground
effects fcr altitudes from 0 to approximately 70 ft. are also included in the
data base. The ground effects data include LIDS contribuzioms.

The AER@Y8B subroutine is divided into two distinct sections. The first
section is the low speed (M < 0.3) region which includes ground effects. The
aerodynamic data for this section are referenced in the body axis system. The
second section is the high speed (M > 0.5) region. The data here are
referenced in the stability axis system. For Mach numbers between 0.3 and
0.5, table lookups are dome in both sectioms and a linear in-erpolatiomn is
done to compute the respective total coefficient. The total aerodynamic
forces and moments are deri 'd in the body axis system.

The hover (u < 30 KTAS) and low speed regimes for the YAV-8B require
special consideration when determining aerodynamic foices and moments (see
Section 3.2.3.1). The low speed baseline aerodynamic coefficients are input
for aircraft angles of attack between + 18C Jegrees. The angle of attack
definition for the low speed table lookups is a .iend of body axis pitch
attitude and true angle of attack. Likewise, in the lateral-directional
axis the technique for determining aerodynamic forces and moments in hover
differs from wingborme flight. For the aerodynamic table look-ups in hover
(u < 30 KTAS), the sideslip angle definition is a unique variable tht is a
function of axia! velocity, roll attitude ani pitch attitude. For u > 50 KTAS,
the conventionsl definition of 8 is used. For u from 30 to 50 KTAS a blend
of the twro definitions is used.

Power effects or the aerodynamic forces and moments are input as incre-
mental data. Ope of the parameters for determining the power effects is tbe
equivalent velocity ratio (Veq). This vari le is defined as *
This vepresents the square root of the ratic of freestream dynamic pressure
to the average anzzie exit dynamic pressure.

Scze of the more significant inputs to the AERGYS8B subroutine are the
contril surface deilections, angle of attack, sideslip angle, gear and LIDS
positions, body attitudes and rates, Mach number, velocity components in the
body axis, dynamic pressure, thrust, nozzle position and flap positiom.
Outputs include the total aerodynamic forces and moments in the body axis
system and a large number of incremental aerodynamic coefficients. Figure
3.3-6 represents the functional flow diagram for the AERGYSB subroutine.
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3.4 PROGRAM YAVSB USER'S GUIDE

Execution of program YAVSB is initiated by reading the EXECUTE deck imio
the computer. For most digital simulation runs, the EXECUTE, I50MS, and
RIP™.™* card decks will contain the input variables required, depending on the
&, . a oI a desired run. Each of these decks is described in this sectiom,

are ti. ~able look-up subroutine, program defaults and overrides, array
surfuctures .nd subroutine modification capability.

3.4,1 VARIABLE ARRAY STRUCTURE - There are two primary arrays in the YAVSB
prog ‘a. for eauivalencing program variables. These two arrays are the F

array (FARRAY) and the A array. The F array is dimernsioned as F (3000)
whereas the A array is dimensioned as A (1000). The first 1000 locatioms of
the F array are generally reserved for non-aircraft dependent variables such
as program directives. The first location of the A array is aquivalenced to
F (1001). Thus, A (100) is equivalent to F (1100), etec. This array is gener-
ally used for aircraft dependent parameters such as aerodynamic coefficients,
engine parameters, etc.

Throughout the following discussion, the user will be referred to
variables assigned to the F or A arrays. Program variables are equivalenced
to F or A array locations foz ease in agssigning the variables common storage
locations. Each subroutine of the program contains equivalence statements
dafining the variables reguired for input or outpu.. A listing of cthe F and
A array equivalenced variables is given in Appendix B of Volume II. The array
locations that have no assignment are available as spares.

3.4.2 EXECUTE DECK - The EXECUTE deck loads files, reads data cards necessary
for program initialization, executes program YAV8B, and executes the p—ogram
SPRINT to output the desired parameters for a simulation 1un. Figure 3.4-1
ouklines the EXECUTE deck card sequence.

3.4.2.1 load and Execute Card Sequence The load and execute card sequence
for the EXECUTE deck is shown in Figure 3.4-2. The exscutive first gets the
needed compiled files, described below:

FILE NAME DESCRIPTION

YAVEB MAIN PROGRAM; MUST BE LOADED FIRST

150Ms TIMING SUBROUTINE

YAER® CONTAINS SUBROUTINES AERODAT AND AERQY3B

YENGN CONTAINS SUBROUTINES YENGD AND ENGO8

YAVAC CONTAINS SUBROUTINES ACO07, RCS07, PFCO7, SFCO7, WTBALO7?

EdM EQUATIONS OF MOTION SUBROUTINES

ATM@S STANDARD ATMOSTHERE TABLE AND ATMOSPHERE SUBROUTINE ATM@S

FMMPLY MATRIX MULTIPLY AND TRANSPOSE SUBROUTINES

CARDS SUBROUTINE CARDS TO READ DATA CARDS IN EXECUTE DECK

TBLKP DATA TABLE LOOK-UP SUBROUTINES (FCALC, FSRCH) AND FUNCTIONS
(F1A, F1B, etc.)

RTP SUBROUTINE RTP TO BUFTFER DATA INTO STORAGE LOCATION

RTPDATA SUBROUTINE RTPDATA 10 SPECIFY WHICH DATA IS BUFFERED;
MUST BE LOADED BEFORE RTP

MSGABT CONTAINS DIRECTIVES FOR PRINTING EZRROR MESSAGES

SPRINT PROGRAM TO PRINT LATA TO OUTPUT
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These are loadec into temporary -oad file, YLLTL, after which the program

is executed. During execution, the RIPDATA and RTP subroutines are buffering
values of selected variables into temporary storage location TAPE3. Program
SPRINT buffers these data out of storage and into a format suitable for the
printer, based on a user's NAMELIST inputs (see section 3.4.2.3).

3.4.2.2 Data Card Format - Program YAV8B requires initial values of some
variables for execution. These data are entered through cards located behind
the first end-of-reccrd in the EXECUTE deck. The data cards are read by
subroutine CARDS, which is called from program YAV8B. Card input format is
shown in Figure 3.4-3. Column 5 contains one of the feollowing control or
data type identification numbers describing the data tu be presented:

COLUMN 5 INPLUT INDICATION

INTEGER DATA
FIOATING PCINT DATA
OCTAL DATA
ATPHANUMERIC DA.A
CONTROL NUMBER INDICATING END OF A SET OF DATA CARDS
CONTROL NUMBER INDICATING END OF ALL SETS OF DATA CARDS
OPTIONAL ALPHANUMERIC DESCRIPTION OF TYPE 1 THROUGH &4 DATA;
START 25 OR LESS CHARACTERS FOR COMMENTS IN COLUMNS 6,
31, AND 56

DN« N WA RV VU NC S

Up to three data points may te included on one data card for a given identi-
1ication numbar. Types 1 through 4 cards require array locations of the
input variable:s (in the F array), and each specification must end in colummns
10, 35, and 6C. Input data itseif 1s 20 or less characters ending in columms
30, 55, and 80.

Th= inputs shown in Figure 3.4-3 are generally what is required for a
simulation run. Cnly one data point per card has bteen input here for flexi-
bility in changing cf single values. The data displayed is that used for a
YAV-8B conventional Dutch Boll case. Variable names corresponding to the
array locations of Figure 3.4-3 are defined below:

F ARRAY LOCATION VARIABLE NAME DESCRIPTION
150 TSTYPD LENGTH OF RUN IN SECONDS
1011 H ALTITUDE
1030 VT TRUE AIRSPEED IN FT/SEC
1031 GAMMA FLIGHT PATH ANGLE
1040 RMACH MACH NUMBER
1103 THETA PITCH ATTITUDE
1117 ALPHA ANGLE OF ATI..CK
1118 BETA SIDESLIP ANGLE
1195 INSTD NON-STANDARD DAY FLAG
1273 BSM@MX INPUT FOR FUSELAGE STATION CG BIAS
1274 BSMOMY INPUT FOR BUTT LINE CG BIAS
1275 BSMEMZ INPUT FOR WATER LIKE CG BIAS
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N 4
DESCRIPTION

1495 ISASLON PITCE SAS SWITCH

1496 ISASLAT ROLL SAS SWITCH

1497 ISASDIR YAW SAS SWITCH

1627 IM@DE FLAP MODE SWITCR

1635 IFLAP MANUAL FLAP SWITCH
1776 PCTHR PERCENT THROTTLE

1777 PCNOZ PERCENT NOZZLE CONTROL
1782 PQFUEL FUEL WEIGHT

1819 PWATER WATER WEIGHT

1882 IGEAR GEAR UP/DOWN FLAG

1959 ICASE OPTIONAL CHECK CASE IDENTIF_ _ATION

NUMBER

3.4.2.3 NAMELIST options -~ Program SPRINT is used to print data from the
local file TAPE3. The printout consists of start of run data, time historv
data, and end of run data. The user may select various cortrcl options over
the following categories via NAMELIST input:

NAMELIST CONTROL CATEGORIES

© Run Selection

©  Ovtput Print Selection
¢ Parameter Selection

o Time to Print Selection
¢ Names Override

o Claossification Override

o Low Core Execzution

The data cards for the NAMELIST options are contained in the EXECUTE deck
and follow the data cards described in the previous section. NAMELIST
input options are available in each of these categories and are the following:

Run Selection

NRUNS Number of consecu-ive runs to be printed, starting at
the current file position. After NRUNS runs have been
printed, the program will terminate wich a ST@P 1,
unless a double end-of-file has been encountered before
NRUNS has been satisfied. 1If thizs occurs, the program
will terminate with a ST@P 2. Parameter NRUNS is not
used i. IFILEs(l) is non-zero.
IFILES(20) File numbers of runs to be printed, starting at the
current file position. File nrmbers must be in
ascending order s no more than 20 separate runs may
be specified by the user. A zero in the array termin-
ates the sequence. After all runs have been printed,
the program will terminate with a ST@P 1, unless a
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double end-of-file t.as been encountered before all rums
selected have been sezrisfied. ~f this occurs, the
program .1l termina“e with a ST@P 2. Parameter IFILES
overrides the parametavr NRUNS.

Qutput Print Selection

IBLOCK

Format selectica fo printing time history data. Llegal
values are as fall¢ ss:

Column Format (IBLAZK=0) prints the complete time

his-ory of ten rarimeters at a time in columms ur to 441
parameters out of « maximum of 881 parameters. I1f the
data exceeds 441 psrameters it can be read bv using
NPLIM for the first 441 parameters and then using NPLIM
in conjunctisn witb the IXR array for the remaining
parameters; see lIJ array description.

The Column ‘crmat 1 :quires more core since local files
are used to svrt the time histery data for separate
pages, and each {ile requires a separate buffer. 1If
core 1s a problem the user should consider the Low Core
Execution Optimum.

Block Format (IBL¢CK=1) prints all time history para-

meters for onme time pass in a block, ten per line. The
maximum pumber «f parameters that can be printed is 881.

Block Formar witi Names (IBLACK=2) prints all time
history paramete 's for one time pass in a block, five
per line with pa ameter names embedded within the block.
The maximm numb:r wf parameters that can be printed is
881.

Column Format with lncreased Accuracy (IBL@CK=3) prints

the complete time history of five parameters at a time
in columns up to 22.. parameters out of a maximum of 881
parameters. If the uata exceeds 221 parameters the
data car be read by using NPLIM for the first 221 para-
meters and then using 1PLIM in conj'mction with the IXR
arrav for the remaining parame-er.:; see IXR array
4escription for more details.

This Columm Format prints wu. the values of the para-
meters to 8 decimal places. And if used in conjumction
with the IX@CT array ~an print out the octal value of
the parameter in 20 octal -Jigits (where 20 octal digits
= o 0C-hit word).



“arameter Selection

NPLIM

IP(176)

IXR(881)
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Zimit number of time histcryv parameters to be printed.
If NPLIM is non-zero the first NPLIM parameters will be
printed. Normally, all the time historv pointers and
names are printed on a start of run page. However, if
parameter NPLIM is used, then only the pointers and
names up to NPLIM will be priuted. Also, for the
Column Format printout, less core will te required,
since only the sort file buf: :rs needed for NPLIM
parameters will be allocated.

Page print selection array. Each array element is a
flag that corresponds to ter time history parameters
for the Column and Block Format Options. For the
Block Option with names each flag corresponds to five
parameters up to a maximum of 88l. For the Column
Option with increased accuracy each flag corresponds to
five parameters up to a maximum of 221. If IP flags
are set to zero, the corresponding time hi.tory para-
meters will not be printed, but the pointe:'s and names
will still appear on the start of run page.

Parameter re-~ordering array. For the Column Format
(IBLOCK=0) this array allows printing up to 441 time
history parameters in any desired order from a set of up
to 881 time history parameters. For the Column Format
(IBLO@CK=3), this array allows printing up to 221 time
history parameters in any desired order from a set of

up to 881 time history parameters. TFor both Block
Formats this array allows printing up to 881 time
history parameters in any desired order. Each array
element corresponds to a parameter position. If any
array element is non-~zero, the original time history
parameter corresponding to that element will be replaced
by the parameter number indicated by the value of the
array element. Only the parameters to be re-ordered
need specification in the IXR array. Also, for the
Column Format Option some time history parameters can
be duplicated to appear on more than one page, for
example, by specifying the parameter number in move than
one array position. This option can be used in combina-
tion with the namelist parameters NPLIM and IP.

NOTE: 1f the user wants Columm Format (IBL@®CK=0) and
has a tape with NP “442<NP<881) time history parameters,
the first 44] parameters may be printed by using NPLIM=
441, The remaining parameters (NP-441) may be printed
by using NPLIM=NP-440 and IXR(1l)=-442, which will auto-
matically generate the correct IXR array. If the user
wants Column Format with Increased Accuracy (IBL@CK=3)
and has a tape with NP (Z222<NP<881) time uistory para-
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meters, a similar method is used to read the data in.
The firet 221 parameters may be printed using NPLIM=221.
If NP < 441, set NPLIM=NP-220 and IXR(1)=-222 and it
will automatically generate the correct IXR array for
this set of 221 parameters.

If NP < 661. set NPLIM=NP~440 and IXR(1l) =-442. Other-
wise, on this third pass leave NPLIM=22]1, set IXR(1l)==422
and it will generate the IXR array for paramezers 442 to
661. For printing out the remaining parameters from
662<NP<88l, set NPLIM=NP-550 and IXR(1l) =-662.

Parameter octal print array. This array allows for
printing of time history parameters in octal format.
Each array element is a flag chat corresponds to a time
history parameter to be printed. That is, the second
array element is associated with the second time history
parameter to be printed, the third array element with
the third parameter to be printed, and so on. This
matchup is made regardless to whether or not the nth one
to be printed is actually the nth time history para-
meter or one that has been reordered using the IXR array.
To have the parameter printed out in octal, its related
IX¢CT array element should be set high.

For the Columm Format with Increased Accuraczy (IBLOCK=3),
which prints out five parameters per page, the local re-
presentation is 20 characters long. For the Block Formats
and the Column Format with ten parameters per page
(IBLOCE=2,1,0) the octal representation is 10 characters
long. The wmaximm number of parameters printed out for
IBLOCK=0,1,2,3 is 441, 881, 881, and 221, respectively.
These limits hold for the IX@CT array also.

Time to Print Selection

DP

Print interval. Time history data will be printed once
every data pass that TIME excaeds or equals (within a
small tolerance) successive integral multiples of JP.
Thus if the parameter DP is less than or equal to the
smallest time increment, a3ll the data will be printed.
If DP=0.0, all passes of data will be printed regardless
of the time increment  This could be useful {f, because
of sowe error, TIME was equal to or less than a pre-
vious pass. 1f DP=0.0, the namelist parameters TSTART
and TSTOP are not operatiomal.
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Start/Stop times. Sections of time history data to be
printed can be specified by use of the TSTART/TST®P
arravs. The arrav elements, up to a limit of ten,
correspond to the sections to be printed. The start
time is specified bv the TSTART element and the stop
time is specified bv the TST@P element. The stop time
must be greater thaan or equal to the start time, and
each start time must be greate: than or equal to the
previous stop time. All array elements beyond those
desired must be zero.

Print last pass of data. This parameter, when non-zero,
causes the last pass of time history data to be printed
regardless of the p=int interval or start/stop times.

Names override. When this parameter is non-zero, the
progran will read data cards to input parameter names
up to 8 maximum of 881. If names are on the data tape,
they can be overridden using this option. 1If there are
no names on the data tape, they can be supplied via data
cards for the printout. Data cards must be in an (I10,
74A10) format immediately following the namelist cards.
The first field is for an index indicating the para-
meter number of the first name appearing in the second
field. Up to seven names may be input per card. All
the names on & card will be iaput in sequential order
starting with the index for the first name. A blamnk in
the name field will terminate input from that card. If
seven names are put on a card, the names on the follow-
ing card will be input sequentially even without index
specification. A blank card terminates the data card
input.

If the program is executed more than once in the same
job, the names need to be entered only from the first
namelist. If INAMES=2, names entered from a previous
ner. _ist will be de-selected, and new names can be

+ .ered by the user.

Classification Qverride

ICLASS

Classification override. The classification is normally
specified in the data tape start of run data, and will
print out sutomatically unless this override option is
specit.ed by the user. Llegal values and the resulting
printout are as follows:

ICLASS=] - Prictout will have no classification, blanks
will be printed instead of start of run classification
data.
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ICLASS ICLASS»2 - Printout will have "Ccufidential"” classifi-
(Cont'd) cation.

ICLASS=3 - Printout will have "Secret" classificatiom.

Low Core Execution

LOWCORE Small buffer option for Column Formats priatout. For
these printouts (IBLOCK=0,3), each sort file has a
buffer which is defaulred to a length of 1002B for
maximum efficiency. I1If the parameter LOWCORE is set
non-zero, the buffer lemgth is set to 102B, so there is
a corz savings of 700B for everv tan parameters to he
printed. The cost does not differ significantly, so
the normal option is recommended because the job runs
faster. The low core option car be used, however, when
the available core is limited. This option does not
apply to Block Formats (i.e. IBLOCK=l or 2), which
always use less core since no file buffers are necessary.

Program SPRINT can be executed more than once in the same job in order
to change the NAMELIST parameters for a different run or series of rums. All
NAMELIST parameters not changed will retain their previously assigned values.
The only exception is the parameter INAMES. This parameter will not stay
non-zerc om a subsequent execution so names do not have to be re~entered
unless desired by the user. However, the names will be retained unless the
parameter INAMES is set non-zero and new names are entered via data cards.

Figure 3.4-4 shows the NAMELIST options input for the YAVBB conventionel
Dutceh Roll simulation run. This set of cards is inserted behind the second
end-of-record card in the EXECUTE deck. A summary of NAMELIST parameters
is printed in the output for each run. and shown for this case in Figure
3.4~5. The colum format has been selected, and one page of the time history
output for this run is shown in Figure 3.4~6. An example of block format
output can be seen in Figure 3.4-7.

3.4.3 I50MS DECK - Calls to the YAV8B aircraft subroutines and equations of
motion are made in the ISOMS subroutine. Within this subroutine, both
dynamic time histories and static check cases can be modeled. In additiom,
initialization of variables can be perforrei and miscellaneous parameters
can be defined. These features can be incorporated into the simulation with
the use of the I50MS modify card deck. This deck modifies the I5SOMS sub-
routine to include any pilot control inmput time histories and/or program
initializations.

3.4.3.1 Dynamic Time Histories - Any simulated pilot inputs during a time
history rur. are modeled in I50MS before the operate loop call to ACO7, a
subzoutine which calls the aircraft subroutines and equations of motion in
the proper sequence. The pilot inputs can include stick and rudder pedal
movements as well as throttle and nozzle changes. Any cockpit switches which
need to be activated during a run, such as flap mode switch or water switch,
can also be modeled.
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The simulation require. that stick inputs be made in percent of full
stick deflection in both the longitudinal (100% full aft, 0% full forward)
and lateral (-1007% full left, 100% full right) axes. Rudder pedal is input
in percent of total rudder pedal deflection (~100% full left pedal, 100%
full right pedal). Varying throttle and nozzle control inputs are alsc made
in percent for use in subroutine ENGO8. See Figure 3.4-8 for ¢ommanded
surface positions. RP™M and nozzle angle as a function of percent stick,
rudder, throttle and nozzle lever respectively.

Pilot control inputs to the program are normally modeled as functions of
run time. Figure 3.4-9 shows the location in I50MS where control inputs have
been made for a YAV-8B wingborne Dutch Roll case. Data tables have been
utilized in storing both the percent stick and rudder pedal movement as a
function oi time. The format cf the table look-~up functions used to access
these data tables is discussed in Sectiorn 3.4.5. It is acceptable to program
step .uputs of the controls as 2 function of time using IF statements in lieu
vif da.a tables. For example, tais is the procedure to use when modeling
changes in cockpi* switch positions. However, the table look-up functions
provide the capability of modeling more reali.cically the pilot contrul
inputs due to linear interpolation between data points.

3.4.3.2 Static Check Cases - When the ouiput cof a simulation run is desired
simply as a function of input and no zuntzol variations, the control input
definitions can either be modeled as constants in the I50MS subroutine or
defined in the EXECUTE deck data cards. It may at some time be desirible

to isolate a particular subroutine in order to examine data or logic. The
analysis of a particular subroutine can be simplified by excluding the
equations of motion and any aircraft subroutines irrelevant to the topic of
interest. This modification can be made by replacing the call to AZ07 with
a call to the desired subroutine(s; in the L50MS subroutine. These sub-
routines must be examined for necessary inputs, however, because s.ne
variables used in the logic will no longer be provided values wne~ the
irrelevant subroutines are excluded. Additional parameters can be initialized
through data card inputs to the EXECUTE deck.

3.4.3.3 Parameter Dafinition and Initialization Capabilities - The user may
define zdditional parameters of interest in the I1I50MS subroutine. Once
equivalenced to available array locations, the parametexrs can be output in

the RTPDATA subroutine (see Saction 3.4.4). The advantage to defining a
variable in I5S0MS is that the definition can be made after calculations within
all subroutines have been completed for a given pass. The user can be assured
that the variable is using curre..” and not past values in its definitionm.

The entry point ISO@NCE is coutained in I50MS, and provides an alternate
means of initializing parameters for use in a simulation run. Greater flexi-
bility is generally available in initializations made through the EXECUTE
deck data cards. For necessary inputs which the user will not often be
varying, hrwever, entries made in IS50@NCE before t“e call to ACO7 (+ - otne~
subroutines) can eliminate having to handle more EXECUTE data cards than are
needed.
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3.4.4 RTPDATA DECK - Program variables in common arrays can be deleted from
or added teo the output listing by modifying the subroutine RTPDATA with the
modify deck RTPDATA. Subroutine RTPDATA specifies which array locations will
be buffered out during a simulation run. The user needs to know the array
locations of variables desired to be a part of the output. The format for a
variable print-out request is:

Nsp+l § IB(N)=INa + xox $ IN(N)=10H ccc,

where "xxx" is the array location of the output, and "ccc” represents a ten
character name which will identify the data of location "xxx" in the print-
cut listing. INA in this statement specifies that the data is coming from
the A array, which begins at F(1001). If the variable address is defined in
the T array and is less than 1000, INF shculd be used instead of INA.

The capability exists for the user to output start of run data, time
history data, and/or end of run data. Start of run and ead of run va-iables
are printed omnly once in the output, while time history variables can be
recorded throughcut the simulation run. The same statement format shown
above is utilized for any of these three cases. Placement of a variable
print-out statement within subroutine RIPDATA will determine the order that
the variable name and its value are printed. An example of the output
variables in RIPDATA specified for a YAV-8B wingborme Dutch Roll case is
shown ir Figure 3.4-10. Ir this example, time history and start of run variables
will be displayed, but no end of run output will be produced.

3.4.5 DATA TABLE LOOK-UP FORMAT - Data tables such as those containing aero-
dvnamic and engine performance data are accessed using subroutines and funec-
tions contained in file TBLKP. The appropriate interpolation ratio, index,
and data poiat selectioas are based on given independent -..%2ble values and
inputs provided in the TBLKP funcrions and subroutine calls.

3.4.5.1 Datz Table Structure - The aerodynamic and engine data tables are
defined in subroutines AER@DAT and YENGD respectively. The tables may be
one~, two~, or three-dimensiomal. The order of the data within the tables
is important when using a table look-up ‘unction. The first dimension of a
data table is a function of the first independent variable, the second
dimension likewise is a function of the second independent variable, etc.
Figure 3.4~ll displays the structure for three~dimenmsional table CNFLAPT.
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- DIMENSION 1 -
DAT: (CNFLAPT(I),I=1,64)/
.8%0. 1,
Y . caon. c.195, 183, 0.160, 0.133, 0.125, 0.120,
~ . 0.122
Z . U.360, 0.345, 0.33%, 0.305, .268, 0.235, 0.218,
= . 0.203,
£ .0.455, 0.448, 0.438, 0.430, 0.380, 0.330, 0.280,
T . 0.2c%,
2 .0.50,, 0.505, 0.505, 0.505, 0.490, 0.405, 0.308,
§..0.243,
8%0,
. 6.198, 0.185, 0.178, 0.153, G.130, ©.125, o0.120,
. 0127
. 0.35%, 0.133, 0.318, 0.295, 0.2€3, 0.235, 0.218,
. 0.:03/
DATA (CNFLAPT(I),1=65,120)/
. 0.448, 0.440, 0.428, 0.410, 0.375, 0.330, 0.280,

. 0.228%,

. 0.508, 03.508, C.508,
.. 0.243,

.8%0.0,
.18, (.l6., 0.155, O
120,
.308, 0.298, 0.293, O
.203,
.405, 0.400, 0.393, 0.370,

0

o

.508, 0.435, 0.405, 0.308,

.143, 0.130, 0.125, 0.120,

272, .255, 0.235, 0.218,
0.330, 0.280,
.228,
.470, 0.470, 0.470,
.243/

o o o
L]
[
o
(=]
-

.470, .465, 0.405, 0.308,

OO0 O0O000O0

8 x 5 x 3 TABL:
DIMENSION 1 INDEPENDENT VARIABLE = CORRECTED ANGLE OF ATTACK
DIMENSION 2 INDEPENDENT VARIABLE = FLAP DEFLECTION
DIMENSION 3 INDEPENDENT VARIABLE = NOZZLE ANGLE

FIGURE 3.4-11
DATA TABLE STRUCTURE

3.4.2.2 Tuncticns - The format for a one-dimensional table lesk-up with ao
previoucly caiculated ratios or indices is:

XPUT = FlA(RIN,NUMPTS,BOUNDS,VALUES)

where RIN is input independent variable
NUMPTS is number of points
BOUNDS is minimm and reximum values of input variable, defined in
sutroutine DATA statements, and
VALUE is table of outout function values corresponding to each breakpoint.

For a twc- c¢r three-"imensional table look-up, the arguments have the same
meaning. but RIN will need to be specified as a temporarv array whose elements
are in two (or trree) independent variables:

TEMP/1)=RINI
TEMF(2)=RINZ
XpUT=r2A(TEMP, NUMPTS ,,BOUNDS, VALUES)
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Herec alsc NUMPTS becomes a two-dimensional arrav defined in subroutine data
statements ar! expressed as: DATA NUMPTS number in dimension 1, number in

dimension 2 . BOUNDS becomes a four- rather thar two-dimersional arrav,
de€iri-g the endpoints in both dimensions.

Whenever a table look-up function is used, the inteivpelacion .atios and
indices for each dimension of the functior are stored in a temporary locatior.
If the next rogical function uses the same independent variable, number of
points ad boundaries as acguments, the praviously calculated ratios and
indices can te retrieved from storage fdr use ir this interpolation. Seven
diffarent functions are available in TBLKP:

DIMENSION FUNCTION USE (RATIQ MRANS RATIO AND INDEX)
w={f (x) FlA Find x ratio; calculate f(x)
F1B Calculate f(x) using previous x ratio
w=f(x,¥) F2A Find x,v ratios; calculate f(x,¥)
F2B Use previous x ratio; find new v ratio;
calculate f(x,y)
F2C Calculate f(x,v) using previous x,¥ ratios
wei(x,v,z) F3A Find x,v,z ratios; calculate f(x,v,z)
F3D Calculate f(x,v,z) using previous x,v,z
ratios

The breakpoints of all curves must be evenly spaced whenever an "A"
function is used to calculate the ratios and indices. These functiomns do
not extrapolate bevond the boundaries; chey interpolate within the boundaries
only. Out-of-bounds inpu: arguments will receive the closest boundarv value
of the function. Previous ratios can be calculated by an "A" or "B" function,
or by subroutines FSRCH or FCALC.

3.4.5.3 Subroutine FSRCH - When the breakponints of a curve are unevenly
spaced, a call to FSRCH will initiate a calculation of the interpolation
ratio and index to be stored and subsequent’'r "sed by one of the table look-
up functions. Each dimension requires a unique call to FSRCH if more than
one dimension has unmeven breakpoints. The format for a call to FSRCH is:

CALL FSRCH (RIN,BRKPT,NUMPTS,IPREV,IDIM)

where RIN is input independent variable,
BRKPT is array name of uneven breakpoints defined in DATA statement,
NUMPTS is number of breakpoints in BRKPT array,
IPREV is index position where search is to begin, ..d
IDIM is for which dimension in the data table the search is being done
(1,2, or 3).

The interpolation index ZI~r a given call to FSRCH is stored in IPREV, sc that
this index will be a starting point the next time this particular FSRCH call
is made. IPRE\ must therefore be & unique name for all calls which do not
have the same independent variable and breakpoint table specified in the call
arguments.
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3.4.5.4 Subroutine FCALC - FCALC assumes that breakpoints for a curve are
evenly spaced. The format for a call to FCALC is:

CALL FCALC (RIN,BOUNDS,NUMPTS,IDIM)

where RIN is input independent variable,
BOUNDS is low and high boundary of input variable,
NUMPTS is number of points in direction considered, and
IDIM is for which dimension ir the data tables the search is being
done.

An interpolatiorn ratio and index are calculated and stored for use by one of
the table look~up functioms.

3.4.6 PROGRAM DEFAULTS AND OVERRIDES - Each subroutine comprising the YAVSB
progran may have a number of variables assigned with default values. The
prograr iser should be familiar with the more impcrtant variables with
default values. The following paragraphs describe these variagbles for the
YAVE8B, ATM@S and aircraft routines. Overrides to the defaults can be incor-
pordted in the data cards of the EXECUTE deck.

3.4.6.1 YAVS8B ~ All variables defired in the DATA statements can be changed,
bur the foilowing will be of chief interest to the user:

NPASSD Number of passes in reset; currently defaulted to 400 for
dynamic stabilization of the simulatiom.

FDT Basic program update time increment in seconds: default
value is .05.

CoT Current update time increment in seconds; default value is
.0S.

TST@PD Run time limit; usually specified in the EXECUTE deck, but

defsulted to 10 here in case user iradvertently excluces
this ipput (in secunds).

DTBUF Rate at which subroutine RTP will buffer data to storage;
should coincide with value of CDT (in seconds).

3.4.6.2 ATM@S - The basic ATM@S subroutine defines temperature, speed of
sound, pressure, and demnsity as a function of altitude for a standard day.

£ a non-standard day mogel is desired, the user must modify the ATM@S sub-
routine to include the values for these atmospheric variables In additiom,
a flag must be set fo integer 1 in the EXECUTE data cards to bypass the
standard day calculaztivns in faver of the non-standard day inputs. This flag
is INSTD, located in A(195) and specified as F(1195) on the data cards.

3.4.6.3 AERQYBB - No formal options exist ir the aerodynamic subroutine to

affect the logical sequence ~f computations. Any inputs necessary which are
relative to cockpit controls c: aireraft configuracion are provided by other
subrourines.
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3.4.6.4 ENGO8 - The engine routine has a number of switches to consider,
which are summarized below:

F-ARRAY LOCATION VARIABLE NAME  DEFAULT VALUE DESCRIPTION
1781 IDEFUEL 1 Flag for fuel burn during

run; default value in-
hibits fuel depletion

1835 IWATER 0 Watrer switch off
1831 IENGF® 0 Engine normal; no flame-out
1874 ILIMCFF 0 All engine limiters on;

when set to 1, EGT and °PM
limiters are bypassed

3.4.6.5 RCS07 - No formal optioms exist in the reaction centrol system
stbroutine to affect the logical sequence of computations. Variable PTBLD

is initialized to (1.) in IS5SO@NCE because it is used in the denominator of an
equation here before it is defined by subroutine ENGOS8.

3.4.6.6 PFCO7 - Stability augmentation system switches are defaulted off vith

a value of zero. The variables and locations are:
PITCH SAS ISASLON F(1495)
ROLL SAS ISASLAT F(1496)
YAW SAS ISASDIR F(1497)

Although it is not necessary to include these flags as inputs in the EXECUTE
data cards when the switches are off, they are included simply for user
information.

3.4.6.7 SFCO7 - The secondary flight controls subroutine has a number of
options available which are summarized below:

F-ARRAY LOCATION VARIABLE NaME  VALUE DESCRIPTION
1882 JGEAR 0 Default; gear up
1 Gear down
1628 ILID 0 Default; LIDS will extend and
retract with gear
1 Emergency LIDS retract
1627 IM@DE 0 Default; flaps in UP mode; move-

ment of flaps must be commanded
by IFLAP switch

1 Down mode; flaps operate automat-
ically as a function of nozzle
position and airspeed; aileron
droop activated in this mode;
IFLAP ignored
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F~ARRAY LOCATION  VARIABLE NAME  VALUE DESCRIPTION
1635 IFLAP 0 Default; no manual flap movement
-1 Retract flaps as long as IFLAP
has this value
1 Extend flaps, as long as IFLAP

has this value, up to 25°

1900 IWONW Default; no weight on wheels
Weight on wheels; should be set

when aircraft is on the ground

- O

If the flap mode switch is P and the user wishes to extend the flaps less
than 25°, logic must be irserted into ISOMS, before the call to ACO7, to
limit the duration of time that the IFLAP switch is set to 1.

3.4.6.7 WTBALOC7 - A user may wish to bias the center of gravity to match a
particular test configuration. This can be done by adding increments to the
tczel moments used in the cente:r of gravity calculations. The defaults for
all biases are zero.

When a particular C.G. is desired, the total moment needed can be cal-
culated for 2 given aircraft weight, i.e., for the fuselage station C.G.:

TOTMOMX=CGFS*WE IGHT
where TOTM@MX=DRYMOMX + FUELMX + ... + BSM@MX

Since the moment contributions due to the dry aircrafr (DRYMEMX), fuel
(FUELMX), etc., and the total aircraft weight are known, the bias (BSM@MX)
required for a particular C.G. locat.on may be determined. The same procedure
is followed for burt line and waterline C.G. biases, and the results for each
are entered on EXECUTE data cards in the following locatioms:

BSMOMX F(1273)
BSMEMY F(1274)
BXMEMZ F(1273)

These biases are added into the total moment calculations used to calculate
the aircraft C.G. location in WTBALO7Z.

3.4.7 SUBROUTINE MODIFICATION - MPDIFY is a utility available on the Network
Operating System (NOS) for Control Data Corporatiom (CDC) Cyber 170 Series
Computer Systems; CDC Cyber 70 Series, Models 71, 72, 73, and 74 Computer
Systems; and the CDC 6000 Series Computer Systems. M@DIFY is used to main-
tain and update subroutines that are on the decks of wodify file YAVMOD.
These decks and the subroutines defined in them are summarized below:
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DECK OX YAVM@D SUBROUTINES IN DECK
YAV8B (Program) YAV8B
I50MS I50MS
YAERQD AER@DAT
AERQYSB
YENGN YENGD
ENGO8
YAVAC ACO7
RCSO7
PFCO7
SFCO7?
WTBALO7?
ATMPS STNDAY
ATMPS
RTPDATA RTPDATA

Figure 3.4-12 is an example of a modify card deck for incorporating
changes into subroutine I5S0MS. Insert and delete cards are placed between
the *DECK and *EDIT cards after the first end-of-record. The insert caxd
will be of the format (beginning in column 1):

*INSERT or *I nnn

where nnn is a deck line number. Deck line numbers are those displayed to
the right of subroutine statements, as shown in the listings of Volume II,
Appundix A. Input cards following a given insert card will be placed by
MODEFY in the IS0MS deck immediately after nnn. The delete card will have
the format (beginning in colummn 1):

*DELETE or *D nnn
or *D nnn, mmm

where nnn, mmm specifies the first anl last deck line numbers of a group of
lines to be deleted. Additional statements on cards following a given delete
card are permitted, and theso will replace the lines removed.

fo make modifications *o a deck other than ISIMS in Figure 3.4-12, the
user must replace the name I50MS on the FTX, REPLACE, *DECK, and *EDIT
cards with that of the desired deck. Further details of the MPDIFY utility
can be found in Reference (7).
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4. YAV-8B LINEAR MATHEMATICAL MODEL

This section presents the linear mathematical model of the YAV-8B air-
craft. The model is composed of small perturbation stabilityv derivatives in
the form traditionally used in the analysis of conventiomal aircraft.

AV-3 project experience ha- shown that this form is adequate for control
svst.m design and handling qualities analysis in the V/STOL flight regime
providing the linear analysis is supplemented by nonlinear six degree of
freedom analyses. The nonlinear analyses can be obtained through real time
pilot in the loop flight simulation or non-real time digital computer runms.

4.1 LINEARIZEL EQUATIONS OF MOTION

The linearized equations of motior in stability axes are presented in
Figure 4.1-1. The corresponding sign convention and nomenclature are pre-
sented in Figures 4.1-2 and 4.1-3. The variables in the equations are
perturbation quantities from the initial conditiom.

4.2 TRIM CONDITIONS AND STABILITY DERIVATIVES

The stability derivatives presented in this section include the effects
of aerodvmamics, gross thrust and inlet momentum. These derivatives were
obtained by perturbing the nonlinear model about a 3 degree of freedom wings
level trim condition. Using a 3 degree of freedom trim emnsures that the
effectiveness of the RCS, which is a strong function of engine fan speed, is
represented accurately in forming the control effectiveness derivatives.
Figures 4.2-1 and 4.2-2 present the trim conditions and the corresponding
stability derivatives used to generate the linear results that are compared
to YAV-8B flight test data in Section 5. The corresponding weight and
balance data are presented in Figure 5.1-5. Figures 4.2-3 to 4.2-5 present
trim conditions and the corresponding stability derivatives for 24 flight
conditions that characterize the YAV-8B throughout its flight envelope. The
weight and balance data are presented in Section 2.3.
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VARIABLE DEFINITION
AND, €, L. R Aircraft nose down, up, left, right
C Mean aerodynamic chord
FRL Fuselage Referenca Line
FS Fuselage Station
3 ~Cceleration due to gravity
Gear Landing Gear
h Altitude
Ixx Moment of Ipertis about X-axis
Iyy Moment of Inertis about Y-axis
Izz2 Momant of Inertia about Z-axis
Ixz XZ Product of Ipertia
L Rolling Moment (positive is RWD) or Left
LID Lift Improvament De.ice
M Pitching Mcoment (positive is ANU)
N Yawing Moment (posi:tive is ANR)
NF Engine Fan Speed
o Load Facter
P Rolling Velocity
qQ Picching Velocity
q Dynamic Pressure
T Yawing Velocity
RCS Reaction Control System
RWD Right wing down
TEU, D, L. R Trailing Edge Up, Down, Left, Right
u Forwarc speed
v Total freastresm velocity
WL Waterline
Force in X direction (positive 1ig forward)
Y Force in Y direction (positive is out vight wing)
z Force in Z direction (positive is down)
a Fuselage (WL) angle of attack
8 Angle of sideslip
r Initial flight path angle

e Y

ORILINAL Eﬂun-;
OF POOR QUALIIY

FIGURE 4.1-3

LINEARIZED MATHEMATICAL MODEL AND STASILITY DERIVATIVES

HOMENCLATURE
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UNITS

ic
in
s
32.174 ft/sec”
ft
Slug-ft
Slug-~ft
Slug-ft
Slug-ft
ft-1b, -
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fe-1lb
fr-1b
p3
rad/sec
rad, sec
psf
rad/sec

‘~/sec
ft/sec
in

radian
radian
radian
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VARIABLE DEFINITION UNITS
6A Allercn deflection (positive is left aileron

TED radiacn
GAD Drooped sileron deflection (positive is TED) radiac
éARCS Aft RCS deflection in equivalent horizon:tal radian

tail deflecticn for &y > 2° SarcS * Oy
6y < 29 farcs = 0
Trailing edge flap deflection (positive is TED) deg

F
6FRCS Forward RCS deflection in equivaient horizontal radian
tail deflection for &y > 2° gpgpg = O
GH < 20 GFRCS - 63
5H Rorizonzal tail deflection (positive is TET) radian
éR Rudder deflection (positive is TEL) radian
I Roll RCS deflection in equivalent aileron radian
RRCS deflection & =3
RRCS A LEFT
8 Yaw RCS deflection in equivalent rudder radian
TRCS deflection 8 = §
YRCS R
¢ Roll angle {positive right w-.g down) radian
6 Pitch angle radian
¥ Yaw angle radian
FIGURE 4.1-3

LINEARIZED MATHEMATICAL MODEL AND STABILITY DERIVATIVES
NOMENCLATURE (CONTINUED)
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5. VALIDATION OF THE MATHEMATICAL MODEL

5.1 BACKGROUXND

The YAV-8B mathematical model is based on AV~-8A and YAV-8B wind tunnel
test and flight test results. The model has been periodically refined since
the first AV-8A air-to-ground attack simulations at MCAIR in 1972. The
development of zhe V/STOL model cummenced in 1974 with the definition of an
engineering simulation of a hover, short takeoff and landing and tramsition
mode for the AV-8A. During this period the coordinate system used for hover
and :he jet induced velocity parameter (Veq) were developed. Subsequent studies
added data to simulate ground effects. To help validate the AV-8A simulacion,
John Farlev, Chief Test Pilot for Hawker-Siddley, flew the simulator in hover
using the motion base simulator. During 1975, additional improvements were
made to the model including new air-to-ground weapon delivery modes and dis-
plays, improved ship and land-based .anding aids, and continued use of the
rodel for air-to-air combat. All the changes were evaluated by the USMC
using the flight simulation f2cilities. Between early 1972 and late 1975,
there were 13 contractual AV-8A simulations. AV-8A modeling was refined
throughout each of these programs basec upon additional test data and
engineering analyses. This simulation capability and experience permitted
MCAIR to desig.. and conduct a preliminary AV-8B Simulation Evaluationm im
June, 19753.

This evaluation utilized a previously-developed simulation of the AV-84
aircraft modified with AV-8B 1lift, drag and pitching moment characteristics.
Following this evaluation, the AV-8B simulation was further modified to
include wind tunn:l~derived AV-8B aerodynamic and flight control characteris-
tics in conjunction with AV-8B weight and balance, and propulsion character-
istics. During October and December 1975, a second simulation was conducted
to demonstrate flving qualities and perrcrmance improvements estimated for
the AV-8B. Two experienced USMC AV-8A pilots participated in this simulation
and their comments and evaluation contributed to improvements in the refined
AV-8B model.

Simulator modeling of the prototype AV-8B (YAV-8B) began in 1977.
Luring 1978, the simulation was used for V/STOL flying quality evaluatioms
and for pilot fexaliarization of the flight envelope prior to first flight
of the YAV-8B.

The YAY .8 simulation was used very effectively during the entire
prototyrp- ight test program in the following areas of activity:

o Pilot famillarization prior .. the first flights

o Determiration of control time histories and flight profiles
for maximum performance VIC's and STO's

o Determination of handling qualities and pitch transients
during landing approvaches and transitions to and from
wingborne and jetborme flight



A MDC A7910
ORI OR QURLT Yolme 1.

o Simulared conzrel faiiures

3

(o]
(3]

light trajectories following simuiated engine flame-outs
¢ Handling qualities in wingborme £light

The YAV-8B simulator proved to be representative of the aircraft and very
useful during each of these activities.

Prior to the YAV-8B enyine/inlet compatibility testing in 1980, flight
trajectories and approach/landing techniques following a simulated engine
£lame-out (SFO) were developed and practiced on the simulater. Landing pro-
files, flap angle, and the nozzle/power setting needed to represent engine
windmilling were developed. During actual flight SFO practice, pilots
reported that the flight SFO's were very close to those experienced in the
TAV-8B simulator. Also, the aircraft sertimgs (idle power/aoo nozzle) chosen
to simulate engine out conditions were representative of the actual engine
out cha.acteristics.

The YAV-8B mathematical model is based on extensive flight test and
wind tunnel test results. TFigure 5.1-1 summarizes the flight test conditioms
flown. A total of 364 flights were flown prior to the start of a store
separation flight test program in 1982. A summary of both aerodynamic and
propulsion wind tunnel test programs is presented in Figure 5.1-2. The
aerodvnamic tests consisted of both powered and unpowered tests om & 15%
scale and full scale models over the entire Mach range. They covered the
jetborne, semi-jetborme and wingborme modes of flight in and out of ground
effect. Over 6600 hours cf tests are shown. A similar wind tunnel test
program was performed on tue YAV-8B inlet to provide a firm data base for
the propulsion performance package. Approximately 2000 hours of wind tunnel
testing are showmn.

The YAV~8B aircraft is equipped with both a noseboom angle of atrack
(A0A) probe and a production angle of attack indicator. The relationsaip
between the noseboom AOA and the production AOA, in units, is shown in
Figure 5.1-3. Note that the data fairing

a =35 ~-Y = ,864 +1

FRL % PRODUCTION

was used exclusively in this report to compare flight test and predicted
angle of attack. Previously published reports such as Reference 1 used
production angle of attack exclusively. A similar situation exists with
Tespect to the pitot static system position error corrections shown in
igure 5.1-4. Reference 1l used the estimated values while this report
uses a fairing approrimately halfway between the estimated and tower

flyby results to compute calibrated airspeed.

e
[}
2
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The time history comparisons, presented in this section between flight
test results and predictions from the YAV-8B mathematical models, were
done using the weight and balance data presented in Section 2.3 adjusted to
the actual weighc and c.g. location defined by the flight data. These weight
and balance data are presented in Figure 5.1-5.

5.2 JET BORNE AND SEMI-JET BORNE VALIDATION

A time historv comparison of predicted and flight test results during
hover stability tests is presented in Figures 5.2-1 to 5.2-3. The predicted
include both nonlinear and linear mathematical models defined previously.

The predicted landing approach characteristics of Figure 5.2-4 shcw
good correlation with flight test results. The predicted data were obtained
bv fixing .czzle angle and angle of attack and iterating on tail deflection,
fan speed and airspeed until a 3 degree of freedom wings level trim was
obtained.

A comparison of angle of attack stability for flap settings of 25° and
61.7° (STO) is presented in Figures 5.2-5 and 5.2-6. The predicted longitudinal
stability and trim tail deflections are representative of the actual aircraft.

Longitudinal dyvnamics in Semi-Jet Borne flight are compared in Figure
5.2-7 for both the nonlinear and linear mathematical models.

The predicted Semi-Jet Borne SAS on steady heading sideslip character-
istics shown in Figure 5.2-8 were obtained by using stability derivatives
and a three degree of freedom approximation at the flight test condition.

The predicted Semi-Jet Borne SAS on Dutch Roll characteristics are
compared to flight test data and the requirements of MIL-F-83300 in Figure
5.2-9. The Level 1 requirements are satisfied. A time history comparison
of Dutch Roll characteristics is presented ip T“gure 5.2-10.

5.3 WINGBORNE VALIDATION

A comparison of horizontal tail and ang’ie of azciack to trim at medium
and high altirudes is presanted in Figure 5..-1. 1he predicted data were
computed using the same Mach number, nozzle angle and fan speed as the flight

test data.

The predicted and fiight test short period response characteristics are
compared in Figure 5.3-2 to 5.3-3. The short peric® freqrency of Figure
5.3-2 shows the characteristics are within the Level 1 boundary. The damping
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ratios of Figure 5.3-3 are essentially Level 1 below 20,000 feet

and Level 2 above 20,000 fee:. However, MIL-F-8785B states that above 20,000
feet the Level 1 damping requirements mav be relaxed to the Level 2 require~
ments. The longitudinal maneuvering characteristics are compared ror the
svmmetrical pullup showr in Figure 5.3-4. The predicted characteristics
correlate well with the flight data.

Figure 5.3-5 summarizes roll rate capability and maximum sideslip angles
generated during lg rolls. 1Tne flight data are primarily for low to moderate
altitudes. The pregicted characteristics were computed for 7500 feet altitude
using a aominal gross weight, and nominal command input time history.

The comparison of steady heading sideslip characteristics presented in
Figure 5.3-6 indicate the predicted static lateral; directional stability
and control characteristics are very representative of the actual aircraft.

The predicted Dutch Roll characteristics are compared to flight test data
and the requirements of MIL-F-8785B in Figure 5,3-7. The YAV-§B meets the
Level 1 requirements below 20,000 feet and Level 2 above 20,000 feet. A
time historv comparison of Dutch Roll Characteristics is presented in
Figure 5.3~8, The predicted characteristics ccmpare well with flight test
resu’ rs.

5.4 PROPULSION SYSTEM VALIDATION

The validitv of the propulsion system model is demonstrated bv the
comparison of flight data and predicted performance in Figures 5.4+l and
5.4-2., These flight data include wet and dry Vertical Takeoffs (VI0O's) with
stick neutral (minimum RCS reactiorn control system bleed), hence these cases
are for a singular demand conlition. The predicted engine acceleration
characteristics show similar slopes as that of the flight data. Absolute values
will not necessarily agree due to the following:

o Engine to Engii= Variation: The propulsion system model represents
an "average" YF402-RR-404 engine. Actual engines used in the YAV-8B
exhibited higher Exhaust Gas Temperatures and higher fuel flow at
steady state conditions than an "average' engine.

o Reaction Control Bleed: Bleed, whic¢h affects all engine parameters
shown, is a function of coantrol requirements which were not
included in these cases.

o Fuel Control Unit (FCU) Variations: Engine acceleraticn character-
istics are influenced bv FCU settings which differ with each
engine/TZU combination.

The stepwise characteristics of the measured fuel flow is due to the

low sampling rate of the flight data system and does not represent the true
schedule actuallv used by the engine/FCU,
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Roll Angle to Sideslip, ¢/8 ~ deg/deg

Rudder Per Degree of Sideslip, 853 ~ deg/deg
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Dutch Roll Natura! Frequency, w, - rad/sec
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The simulator results auring the drv VIO, Figure 5.4-2, appear to have

a faster respcnse than the actual engine. This discrepancy is due to a

calibration errer inp the throttle position of the flight aata.
the initial engine fan speeds are offset.

5.5 CONTPOL SURFACE ACTUATOR/SERIES SERVQO VALIDA ON

As a resulcz,

A comparison of tue frequency respounse characteristics of the control
surface ac-uators and series servos is presented in Figures 5.5-1 to 5.3-4.
The test data were ootained for small amplitude inputs while the predicted
characteristics used the transfer functions presearted in Section 2.5.
agreement is shown for frequencies less than 1 Hertz, which are most pertinent
to handling qualities analysis. Adequate gain margin and phase margins are

shown.

10
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o
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Actual

06
‘%-\O\o\

-10 $ g
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FIGURE 5.5-1
YAV-88 STABILA, QR ACTUATOR -~ SAS MODE
Small Amplituge Frequency Response
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FIGURE 5.5-2
YAV-8B FORWARD RCV SERIES SERVO
Small Amplitude Frequency Response
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6. PARAMETER EZTIMATION

The impor-ance of determining the aircraft stabilitv and control deri-
vatives from flight test data has been recognized for many vears. The flight
determined derivatives are of much value to the flight test analyst. These
results may be compared to other sources, such as wind tumnel test and
theoretical calculations, to substantiate the predicted behavior of the air-
craft. The extraction of stability a'd control derivatives from flight test
data is a problem in parameter estimation.

Over the past 30 vears, considerable work has been done in extracting
-he stability and control derivatives from flight test data. Various tech-
niques have been investigated, some of which lend themselves to automation.
As documented in References 2 and 3, techniques used by NASA include the
Maximum Likelihood Parameter Estimation technique. To date, these efforts
have concentrated on tbe conventional flight regime; however, with the
acquisition ¢ the YAV~8B, NASA intends to extend this investigation into che
V/STOL flight regime.

This section contains suggestions on the forms of mathematical models to
use in the estimation of V/STOL aircraft stability and control derivatives.
In addition, some significant nonlinear effects, included and documented in
the six degree of freedom mathematical model presented in Section 3, are
discussed.

6.1 JET BORNE AND SEMI-JET BORNE

As discussed in Section 4, MCAIR uses the linearized representations of
the airc aft in control syster design and handling qualities analysis in the
V/STOL flight regime. The comparisons to flight data of Section 5 show that
the linearized moael is represe. ative of the actual aircraft. This form of
the model was also used by CALSPAN in a study that assessed the feasibility
of simulating the AV-8A in the terminal operation area, with the X-22A vaciable
stability aircraft (Reference 4). A follow-on study that included flight test
evaluation by 2 qualified AV-8A pilots concluded that the simulation was
representative of the actual aircraft,

In hover and at very low speeds (<35 KTAS) the simplifying assumptions
detailed in the MIL-F-8330 Background Information and Users Guide (BIUG),
Reference 5, may be applied to the linearized equaticzs of motion. These
assumptions include:

o Hover (VT = 0)

o Vertical motion decoupled from pitching and horizontal translational
motion

0 Yawaing moticn decoupled from rolling and lateral translational
motions

¢ Constant thrust magnitude and direction

6-1
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Applving these assumptions to the linearized equations of Section &4, and
recognizing that angle-of-attack, «, and sideslip angle, 2, are no longer
defined in hover, results in the simplified equations shown in Figure 6.1-l.
This form of the equations was usec to analyze the flight test and flight
simulation data available when formulating the hover and low speed dymamic
response requirements of Reference 6.

No matter which form of the equations is used, the following first order
effects must be included in the formation of YAV-8B stabilityv derivatives
taken at fixed operating points in the V/STOL flight regime. Note that if
the nonlinear model of Section 3 is used to establish a trim point and to
formulate the stability derivatives, the following effects will be taken
into account.

o Thrust level and control effectiveness At low speeds the aero-
dynamic controls are naturally ineffective and the primary source of
control is the Reaction Contrel Svstem (RCS). The effectiveness of
this system is proportional to engine RPM as shown in Figure 6 1--2.

¢ Simultaneous demand and control effectiveness - Tne effect of multi-
control usage is to reduce the effectiveness of the individual
controls. This effect is showm in Figures 6.1-3 and 6.1-4 for the
pitch RCS.

¢ Thrust vector application point - The application point of the thrust
vector varies with engine RPM as shown in Figure 6.1-5.

One additional effect may be considered wher evaluating the effectiveness
of the RCS. AV-8B static tests using the individual Reaction Control Valves
(RCV), show2d the direction of the RCV zhrust vector to be a function of
the valve opening. These AV-8B ¢ a have been combined with TAV-8B valve
orientation geometry to produce the estimated variations shown in Figure
6.1-6. These variations are rcot iacluded in the models defined in
this report. Both the nonlinear and iinear mathematical models u @ the
"Gesign' RCV thrust vector angles.

6.2 WINGBORNE FLIGHT

The linearized equations of motion presented in Section 4 are aprlica-
ble to wingborne flight, The effects of Vectorinmg ir Furward Flight (VIFF)
should be invest_gated using stability derivatives based on perturbations from
a trim point obtained using the nonlinear wathematical model.
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7. CONCLUDING REMARKS

A six degree of freedom FORTRAN batch simulation of a nonlinear mathe-
matical model of the YAV-8B aircraft has been produced and documented. The
documentation includes top level flow charts, a discussion of program struc-
ture, subroutine interfaces, modeling equations, data format, a user's guide
and plots of the over 17,000 data points used by the program. The model is
based on the YAV-8B model used on the MCAIR manned flight simulator. The
nonlinear mcdel has been shown to be representative of the actual aircraft
by comparison to both static and dvnamic YAV-8B flight test data.

Two simplified models have been suggested for use in parameter estima-
tion, one of which is the traditional longitudinal and lateral-directiomal 3
degree of freedom linearized model used in the analvsis of conventional air-
craft. A second model, applicable for hover and low speed analysis, is
suggested. Aircraft stability derivatives, which characterize the aircraft
throughout ite flight envelope, are provded at 24 flight conditions. These
derivatives were formulated uy perturbing the nonlinear model after estab-
lishing control settings corresponding to a 3 degree of freedom 1 'g' wings
level trim. These stability derivatives include the effects of aerodynamics,
inlet momentum and gross thrust.

For reference a description of the major aircraft systems modeled in the
FORTRAN program is included.
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AOA
AR
Autostab

AYacc
b

B.L.
BOV

9.

SYMBOLS AND ABBREVIATIONS

DESCRIPTION

Acceleratrion control unit
Aircraft nose down
Aircraft nose left
Aircraft nose right
Aircraft nose up

Angle of Attack

Aspect ratio

Autostabilization or SAS
Lateral acceleration at the accelerometer location

Wing span
Butt Line

Blow off wvalve

Chord

Mean aerodynamic chord

Coefficient
Coefficieant
Coefficient
Coefficient
Coefficient
Coefficient
Coefficient
Coefficient

of
of
of
of
of
of
of

of side force (positive out the right wing)

axial force (positive forward)
drag (positive aft)

lift (positive up)

rolling moment (positive RWD)
pitching wmoment (positive ANU)
normal force (positive up)
vawing moment (positive ANR)

Center of gravity

Centerline

Compressor pressure limiter

Center
Root chord
Tip chord

Iteration time

Quaternions

Exhaust gas temperature. Same as JPT
Force Axial (positive forward)

Fuel control umnit

Flap jet impingement

Force normal

Foreign object damage

Flat plate

Fuselage reference line. Same as W.L.
Fuselage Station

Forward

Acceleration due to gravity
Ground effect
Gas turbine starter

Gross weight

Altitude

High pressure
Hawker Siddeley Aviation

Horizontal tail

Inlet guide vane

Inboard

9-1
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9, STMBOLS AND ABBREVIATIONS (CONTINUED)

DESCRIPTION

Roll moment of inertia

Product of inertia

Pitch moment of inertia

Yaw mowent of inmertia

Jet pipe temperature. Same as EGT
Lateral acceleration feedback gain

Knots calibrated airspeed

Knots indicated airspeed

Roll rate feedback ga.n

Pitch rate feedback gain

Yaw rz-e feedback gain

Knots true airspeed

Lefz, Latitude

Leading edge of the mean aerodynamic chord
Lift improvement device system

Low pressure

Low speed wind tunnel (located at MCAIR)
Left

Linear variable differential transformer
Mach number

Mass flow

Mean aerodynamic chord

McDonnell Aircraft Company

Mags flow calibration facility (located at MCAIR)

Minispeed wind tumnel (located at MCAIR)
Rolling moment (positive is RWD)
Pitching moment (positive is ANU)
Yawing moment (positive is ANR)
North, East, Down

Fan speed

High pressure :ompressor RPM
Normal 1ift dry

Lateral load factor

Normal load factor

Origin

Outboard

Operating weight empty

Roll rate

Compressor discharge pressure
Fan delivery pressure

Power lever angle

Pitching moment (positive ANU)
Pressure ratio limiter

Reaction control pressure

Power spindle angle

Absolute pressure

Gauge pressure

MDC A7910
Volume I

UNTTS

slug - f£r2
slug - ft2
slug - ft2
slug - ft2
‘c, %
des/fr/sec?
knots
knots
deg/deg/sec
deg/deg/sec
deg/deg/sec
knots
-, deg
in

fr - 1b
fe 1ib
fr 1b

[

1b
deg/sec
1b/1n2
1b/in2

£z - 1b
1b/1n2

1b/in?
1b/in?
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S. SYMBOLS ANC ABBREVIATIONS (CONTINUED)

DESCRIPTION

Pitch rate

Dvnamic pressure
Freestream dynamic pressure
Jet dynamic pressure
Radius, Right

Yaw rate

Reaction control syvstem
Reaction control valve
Radius of the Earth

Rolling moment (positive RWD)
Revolutions per minute

Rolls-Royce Limited

Right

Right wing down

Right wing up

Wing area, Laplace transform

Stability augmentation svstem

Side Force (positive out the right wing)
Simulated flame out

Short lift dry

Short lift wet

Short takeoff

Temperature, thickness

Temperature at engine face

Compressor discharge temperature
Trailing edge down

Trailing edge left

Trailing edge right

Trailing edge up

Velocity in X direction (positive forward)
Velocity in Y direction (positive out the right wing)
Equivalent velocity ratio fqm/qJET
Vectoring in forward flight

Speed of sound

Vertical/Short Takeoff and Landing
Total velocity

Vertical takeoff

Velocity in Z direction (positive dowm)
Wind velocity, down comy “nent

Wind velocity, east comp.nent

Fuel flow

Fuel flow

Waterline

Wind velocity, north component

Wing reference plane (parallel to W.L.)
Weight on wheels

Weight

MDC A7910
Volume I

UNITS

deg/sec
1b/in<
1b/in?
1b/in2
in, -
deg/sec

ftz, -

°C, °K
°C, °K

ft/sec
ft/sec

ft/sec

ft/sec
ft/sec
ft/sec
£r./sec
1b/min
1b/min
in
ft/sec

1b
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9. SYMBOLS AND ABBREVIATIONS (CONTINUED)
SYMBOL DESCRIPTION UNITS
Xcg Fuselage station of c.g. in
™ Yawing moment (positive ANR) ft-1d
Z Z transform operator -
GREEK SYMBOLS

a Angle of attack deg
a Angle of attack rate deg/sec
g8 Sideslip angle deg
Ty Initial flight path angle deg
Y Flight path angle deg

4 Incremental quantity -
Sa Aileron deflection (positive is TED) deg
$r Flap deflection (positive is TED) deg
Sy Horizontal tail (stabilator) deflectiom (positive deg

is TED)

iR Rudder deflection (positive TEL) deg
63 Longitudinal stick deflection in

de Lateral stick deflection in

Sy Rudder pedal deflection in
3d Dutch roll damping ratic -
Sep Short period damping rativ -

n Fraction of semi-spsn -

e Pitch angle deg
93 Nozzle deflection deg
A Sweep angle of leading edge deg

) Longitude deg

£ Density of a’r slug/ft3
T Time constant sec

¢ Roll angle deg

v Yaw angle deg

Q Rate of rotation deg/sec
wg Dutch roll natural frequency rad/sec
wgp Short period natural frequency rad/sec

9=4
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APPENDIX A
CONTRACT STATEMENT OF WORK
1.0 INTRODUCTION

As part of its V/STOL research program, NASA intends to conduct flight
investigations of the stability, control and handling qualities of highly
augmented V/STOL aircraft. Specific plans include the flight tests of a
YAV-8B aircraft modified to include an advanced avionice and flight control
system for improved flying qualities and performance.

As an initial phase to this program, NASA will conduct flight tests of
the YAV-8B vehicle in order to extract aerodynamic and propulsion character-
istics, update existing simulaticn models, validate handling qualities and
design criteria, and to improve V/STOL flight test techniques. This program
will also include tests using a static test stand location at the Dryden
Flight Research Center, where flight tests of the YAV-8B will take place.

In order to perform high quality parameter estimation and analysis of
the YAV-8B characteristics, it is necessary to construct mathematical models
of varying complexity and linearity from existing wind tunnel and flight test
data. This procurement is intended to produce models and to compile existing
data for the Harrier aircraft.

2.0 SCOPE

The contractor will assess existing wind tunnel, analytic, and flight
data for V/STOL aircraft especially in VIOL-unique flight regimes in order to
compile aerodynamic, propulsion, and system models. Detailed models of
varying complexity will be derived for the YAV-8B aircraft for use in para-
meter estimation as well as linear analysis programs. A simplified batch
simulation of the YAV-8B, utilizing the best nonlinear representation of the
airplane will be generated. Finally, flight data and wind tunnel predictions
will be used to compare YAV-8B characteristics with flying qualities criteria
and design quidelines.

3.0 CONTRACTOR TASKS

The contractor shall:

3.1 Assemble and compile sufficient availatle Harrier aerodynamic, pro-
pulsion system, and flight control system data, a3 well as available flight
test data to support completion of tasks 3.2 through 3.8.

3.2 Formulate the most complete model of the YAV-8B from the results
of 3.1, to characterize the vehicle 1in hover, transitiorn, cruise, and vectoring
in forward flight (VIFF) flight conditions.

3.3 Producz a simplified FORTRAN batch simulation of the YAV-8B
(including engine) using non linear equations of motion, capable of execution
on the Dryden Cyber 73-28 computer.
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3.4 Formulate linear models of the YAV-8B for distimnct flight conditions
in hover, transition, cruise, and VIFF modes of flight. Select a sufficient
number of f£light conditions to characterize the aircraft throughout its flight
envelope.

3.5 Validate the models of 3.2 and 3.4 (with the exception of the VIFF
mode), and the simulaticn program of 3.3 by generating time history responses
and comparing them with actual flight data. liake adjustments to the models to
correct gross discrepancies.

3.¢ Recommend simplified (not necessarily linear) models appropriate
for use in parameter estimation programs for each of the unique flight modes
of 3.4,

3.7 Provide MCAIR Report MDC A4€37, Revision C, dated 1l January 1980,
"YAV-8B Aerodynamic Stability and Control and Flying Qualities Report" at no
cost.

3.8 Provide MCAIR Report MDC A5032 Addendum No. 1 dated July 1981
"YAV-8B Bulletin No. 158394" at no cost.

4.0 REPORTING
The contractor shall provide the following document@n:

4.1 Tables, functiomal plots, and equations of motiom for the non linear
model of 3.2.

4.2 Linear coefficients and equations of mction for the models of 3.4.

4.3 Listing and tape of the FORTRAN program of 3.3. Also, a complete
description of the software, including top-level flow charts, program struc-
ture, subroutine interfaces, and data format.

4,4 Tiz=z nistories from non-linear and linear models for each of the
flight rnditions analyzed.

4.5 A Final Report in contractors format which documents all analysis
and results of th's pcocurement.

4.6 Montuly letrer progress reports.



