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SYMBOLS AND NOMENCLATURE

’ AF Main Fan Area, total for two fans, t‘t2
2
f ANF Nose fan area, ft
| AVE Subscript denoting average of right and left wing fans.
b Wingspan, ft.
’ c Wing mean aerodynamic chord, ft.
|
1 Ee Elevator mean aerodynamic chord, ft.
“
fe c. g Center of gravity
C Drag coefficient B
D g ’ qs
w
3
5 c.® Slipstream drag coefficient,
D 8
QA
F
CD Drag coefficient at zero lift
o
Dt
CD Tail drag coefficient, a-s-
l t t
; C Lift coefficient, _L |
| L a5
! w
|
[ - ‘
| C Slipstream lift coefficient, _L
| L L 8
: t q A 1
C Tail lift coefficient, — F
| L, aS
\ CM Complete model
C Pitching moment coefficient, M
m qS_ ¢

w

xiii
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Slipstream pitching moment coefficient, M
8

a4 ApDg

Normal force coefficient, N
qS

Slipstream normal force coefficient, N

8
qAF

N

Tail normal force coefficient, S—t

9w

Axial force coefficient, X
q8 ,

Slipstream axial force coefficient, X

q A

X
Tail axial force coefficient, -s—t

w

Sideforce coefficient, Y

qSy

Y
q°®Ss,,

Slipstream sideforce coefficient,
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-

cps

Rolling moment coefficient, _ &
qS b

Slipstream rolling moment coefficient,

Yawing moment coefficient, N
qub

Slipstream yawing moment coefficient,

9C

oo

Slipstream normal force coefficient,
q

Slipstream normal force coefficient at

B =8 _ =a=0

v \4

Cycles Per Second

2
q%s,,b

_K
a®s,b

8A

F

Xv
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H

e
BeCe

Elevator hinge moment coefficient,

h
e
96
e
0
Ch
—E
9«
acN8
YR evaluated at ﬂs =0
v
8c_® .
5 , evaluated at ﬁv corresponding to proper T, value.
8
8 8
9 ]
CN cN CN
o _ o . 0 o ap
oT oT 9p 9T v'
Bv=0

variation of CNB with wing fan thrust and vector angle
a

xvii
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9C__ s
NT 5
Slope of C_. . Change in slipstream normal force
da 8 =0 NT
V' coefficient due to fan thrust with angle of attack at 8 =0.
8 8
) 9 CNa 9 CNa
3 ﬁv 3T Variation of BT with vector angle change.

ACN8 (8in ) Low speed variation of CNs with angle of attack over

entire range of angles of attack.

8
9
C 8 CX
X da
o
. sc_®
AC ——— , evaluated at 8 corresponding to proper T s
X 9B \ c
B 8
8
value.
] 8c, "
ACx 28 evaluated at ﬂs =0
B v
v
C e Same as C__ ° term, with N replaced by X
X N
T T
)
C CL
LG 8 6e
€
]
c N
N 6 9 Ge
e
Cm 8 Slipstream pitching moment coefficient at ﬁv = ﬂs =a=0
o

xviii
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aC
m

m da

ac °
m
9B

, evaluated at ﬁv corresponding to proper
T . value.
c

ac °

m
98

v

,» evaluated at ﬂs = 0,

Variation of pitching moment coefficient with
sideslip angle.
Fuselage side force coefficient multiplied by the

fuselage projected side area, f:“ :

Low speed variation of CmB with angle of attack

over entire range of angles of attack.

Xix
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Nose-fan power coefficient,

Nose-fan power coefficient at

Main fan power coefficient,

Main fan power coefficient increment due to ﬁs

ocC

s

PNFpl/Z

o W WL P

Rt



Original low-speed data from which ACN

derived.

Original low-speed data not used in this simulation.
Its omission is explained in Section 2. 2. 2.

Original low-speed data from which ACmB (Sin (a-50°))

was derived.

Nose fan normal force coefficient. Not used in this
simaulation.

Nose fan axial force coefficient. Not used in this
simulation.

Drag, 1bs., damping, 1b. /ft. /sec.

Drag of the horizontal tail, lbs.
Fan Diameter, feet.

Input voltage.
Output voltage
Force, lbs., Also Subscript Denoting Main Fan.

Net J-85 thrust in the turbojet mode.

frequency, cycles per second.
gravitational acceleration, ft./sec. 2

gravity component along body x axis.
gravity component along body y axis.

gravity component along body z axis.

(Sin a) was

xxi

=



xxii

I
Xz

> =

Frequency response of a system or component.
sltitude, ft.

rate of olimb, -(ut_+vm_+ wa ), ft. /sec.
Angular momentum component along body x axie.
Angular momentum component along body y axis.
Angular momentum component along body ¢z axis.
Elevator hinge moment, ft. lbs.

Tall incidence angle, degrees nose up from waterline.

Unit vector along body x axis.

Input

Body moment of inertia about x axis.
Body moment of inertia about y axis.
Body moment of inertia about z axis.

Body product of inertia between x and y axes.

Complex operator, / -1
Unit veotor along body y axis.
Unit vector along body % axis.

Elevator system spring constant referred to elevator
hinge line.

Term used in caloulating induced drag on horizontal
tail.
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Kplir

NF

NF

ma

mv

Horizontal tail efficiency factor.

Thrust spoiler effectiveness.

Function describing variation of nose fan thrust with
thrust reverser door position.

Not used in this simulation.

Rolling moment, ft. 1bs.
Lift, lbs.
Refers to left wing fan.

Cosine of angle between body x axis and inertial x axis.
Cosine of angle between body x axis and inertial y axis.
Cosine of angle between body x axis and inertial z axis.
tail moment arm, feet.

Milliamps
Millivolts
Pitching moment, ft. lbs.

Cosine of angle between body y axis and inertial x axis.

Cosine of angle between body y axis and inertial y axis.

Cosine of angle between body y axis and inertial z axis.

Refers to main fans.

Mass, slugs.

xxiii
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MNF

NF

OouT

NF

POT

Main fan mass flow rate, slugs/sec. (both fans).
Nose fan mass flow rate, slugs/sec.

""MODIFIED NEW FUNCTION", used in conjunction
with Acm" (8in (-50° )) in generating the low speed

angle of attack caused variations in pitching moment.
Normal force, 1bs. ; al80 100 - N , percent

£
Yawing moment, ft. lbs.

Cosine of angle between body z axis and inertial x axis,
also load factor in x direction, g's.

Cosine of angle between body z axis and inertial y axis,
also load factor in y direction, g's.

Cosine of angle between body z axis and inertial & axis,
also load factor in z direotion, g's.

Right wing fan RPM, percent of maximum.
Percent gas generator RPM.

Left wing fan RPM, percent of maximum.,
'¥ing fan RPM, percent of maximum.
Nose fan RPM, percent of maximum.

Output

Wing fan power, a funotion of Ng. ft. 1b. /sec.
Nose fan power, a funotion of Ns. ft. 1b. /seo.

Potentiometer



Gomt OGEEBY Sy S 02 G,

-

tu&‘

POF #1

POF #2

RT

RMS

e

SA

Pounds per square foot.

First phasing function used with low speed terms.
Second phasing function used with low speed terms.

Body axis roll rate, rad./sec.

2
T \'

_ﬁ + p -L. lbs/ft'z
AF 2

Slipstream dynamic pressure,

Average qs for right and left wing fans.
Right wing fan slipstream dynamic pressure.

Left wing fan slipstream dynamic pressure.
Dynamic pressure, % VTZ, 1bs. /ft. .

Body axis pitch rate, rad./sec.

Body axis yaw rate, rad. /sec.

Ratio of free stream to slipstream dynamic pressure,
2. Alsois equivalent to 1-Tce.

8
q

Refers to right wing fan,

Root mean square.
2
Wing area, ft.

Velocity along inertial x axis, ulx + vm_ + wn_, ft. /sec.

Stability augmentation




xxvi

Velooity along inertial y axis, uly + vmy + wny. ft. /sec.

Velocity along inertial z axis, -fx. uf +vm_+wn,,
z z z
ft. /sec.

] §xdt. ground distance in inertial x direction.

f aydt. ground distance in inertial y direction.

f §zdt. ground distance in inertial z direotion.

Tail area, ft. 8
2
Elevator area, ft.

Laplace opera‘or
time, seconds
Turbojet thrust. Equivalent to FN.

Right wing fan thrust if 8 of pv and VT were reduced to
gero. A funotion of N l‘,and p only.

Same as above for left wing fan.

Nose fan thrust.

Noseé fan thrust if VT were reduced to zero. A funotion

of NN and p only.

F

Short Notation for Transfer Function

—— @ Omey emne Omse exme OGues oy B
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1/2

»®|

T
ooo/ Ap

2
L
P

Thrust coefficient,

T
ooo/
AF
8
Also average Tc .

Time to one-half amplitude
Time to double amplitude

Inertial velocity along body x axis.

Component of wind velocity along body x axis.

Aerodynamic velocity along body x axis. u =u +u .,

w

2
Total velocity, ft./sec., \/u + v2 + w2

Volts

Inertial velocity along body y axis.

Component of wind velocity along body y axis.

Aerodynamic velocity along body y axis. VAE vk V'

Weight, lbs.

Inertial velocity along body z axis.

Axial force, lbs.

Distance along body x axis, ft., Positive fwd.

Distance along body x axis from a point to c. g.

XXvii
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NF

|

N

R N I

LIM

LIM

Distance from center of nose-fan to c. g., ft.
Tail moment arm, ft. Equivalent to £ ¢

Distance along body y axis, ft., positive out rt. wing.
Sideforce, 1lbs.

Wing fan moment arm, ft.

Distance along body y axis from a point to c. g.
Distance along body z axis, ft. Positive downward.

Tail moment arm in xz plane.

Distance along body z axis from a point to c. g.
Force along body Z axis, -N, pounds

-1 w
Angle of attack, Sin —————, degrees.
J 2
u + w2

Angle of attack, limited to some maximum value for
purposes of this simulation, average.

Sideslip angle, Sin”~ 1 VL’ degrees.
T

Sideslip angle, limited to some maximum value for
purposes of this simulation,

Right wing louver stagger angle, B , degrees.

-Bl

2
R R

Left wing louver stagger angle, 8 S Bl , degrees.

L 15
Bv + B .
RT LT
Average louver vector angle, 5 , degrees.
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RT

LT

RT

A 1 ¥ ﬂz
R
Right wing louver vector angle, 2 , degrees.
+
ﬁlL A 2
Left wing louver vector angle, > , degrees.

Forward right wing louver set angle, degrees, meas-
ured from the z axis direction, positive aft. The
reference on the louver is a tangent to the rear louver
surface, and the 7th Jouver used as the reference.

Aft right wing louver set angle, degrees, measured
from the z axis direction, positive aft. The 8 louver
is used as the reference.

Forward left wing louver angle.
Aft left wing louver angle.

Flight path angle, equal to pitch angle minus angle of
attack.

Percent lateral stick, positive right.
Elevator deflection, positive trailing edge down.

Total aileron angle, Ga - Ga
L R
Right aileron angle, positive trailing edge down.

Left aileron angle, positive trailing edge down.

Flap angle, positive trailing edge down.

XXix

-



¢ (jw)

Nose fan thrust reverser position, positive in decreasing
thrust direction, measured from maximum thrust
position.

Aileron droop angle, positive trailing edge down.
Rudder position, positive trailing edge left.

Downwash angle at tail.
Damping ratio.

Tail efficiency factor.

Euler pitch angle.

Rigid body pitch angle.
Tail total pitch angle.

Tail pitch angle due to bending at the tail.

Sea level standard day density, . 002378 slugs/ft. 3
- 3

Air density, slugs/ft.

Density ratio, -::— , density at altitude compared to
o
density at sea level.

Standard Deviation of normal distribution.

. th
Normalized slope of i ~ flexible body mode at point j.
Time constant, seconds, or torque, foot-pounds.

Euler Roll Angle.

Power Density spectrum.
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Ohms

Normalized deflection of ith flexible body mode at point j.
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PREFACE

Results of flight simulation and analysis of systems during the final design
phase of the XV-5A Aircraft Program are given herein. This is Volume I
which discusses procedures used in mechanization, checkout, and valida-
tion of the six-degree-of-freedom flight simulator. Volume II, under
separate cover, presents the results of the simulator studies as well as
details of supplementary analyses.

The work accomplished during this later design period and the coverage of
this report is restricted principally to operation in the lift fan mode. It
was necessary, however, to set up the simulator to permit conventional
flight in the preconversion configuration in order to study the conversion
maneuver, The simulation ultimately utilized a large analog computer
facility; a six-degree-of-freedom wide screen visual display; cockpit with
aircraft type controls and display instruments, and a hydraulic-electrical-
mechanical controls fixture made up of actual airplane components. Aero-
dynamic control surface inertias and hinge moments for pilot-feel were

also simulated.

The simulation program was conducted in phases, as aircraft equipment
became available. This served to validate conclusions drawn earlier in

the program which had provided the basis for hardware acquisition. The
simulator was also used for pilot familiarization, including system failure
effects and development of measures for correction. Pilot procedural and
systems optimization studies also were conducted. Additionally, the simu-
lator permitted extensive installed functional testing of components, demon-
strating a high level of reliability and providing operational maintenance
experience.

Analysis and simulation results are:

1. Stability augmentation (SA) system gains were optimized by
piloted flight simulator evaluation of hovering under gusty wind
conditions. A Cooper rating of 2.3 was derived for the aircraft
with the selected gains. The final SA system configuration pro-
vides pitch and yaw rate damping without position reference;
both rate and position signals are used in roll with the position



reference removed as a result of lateral stick control command.
In the primary SA system, individual pitch, roll or yaw channels
may be independently selected and gains are adjustable by the
pilot. The secondary system configuration is ground-adjustable
over the same range as the primary system.

Stability augmentation was not required above 40 knots IAS.

For tke 2, 500 feet hot day conditions simulated, the rapidity
with which a constant altitude transition from hovering could be
accomplished was limited by power available and, at the more
aft c. g. locations when using a nose fan thrust reversal capa-
bility of 30%, by longitudinal trim capability. No power or con-
trol limitations appear to exist in a landing transition.

An automatic horizontal trim feature has been selected for transi-
tion which programs the tail to the full 20 degree incidence limit
louver vector angles of 40 degrees or less. For vector angles
greater than 40 degrees, tail trim may be manually commanded
at 2. 8 deg. /sec.

Conversion between conventional and fan flight modes is accom-
plished by timed sequencing ot the wing fan door opening and
horizontal tail incidence change as a function of diverter valve
motion. The introduction at the proper time of a constant hori-
zontal tail trim rate of 7.5 deg./sec. programmed to a pre-
established end point was shown to permit smooth conversions
over a range of initiation flight velocities.

Failure studies have shown that uncomman-ied tail motion could
result in a dangerous flight condition. As a result, both aural
and visual cockpit signals have been incorporated into the air-
craft to indicate lack of commanded tail motion or tail runaway.
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1.0 INTRODUCTION

This report presents system analysis and flight simulation results
and methods covering work performed during the final design phase for
the U.S. Army XV-5A Lift Fan Flight Research Aircraft. The XV-5A

was designed and built by the Ryan Aeronautical Company for flight
test evaluation of the General Electric X353-5 1ift fan propulsion
system. It is a V/STOL aircraft capable of conventional operation at
high subsonic speeds. Preliminary systems analysis and simulator
studies accomplished during the earlier phases of design are detailed
in Report No. 127.

In general, because of the timing, the work discussed herein involved
somewhat less design synthesis and more systems design validation
than that reported for the earlier stages of the aircraft development.
The effort was restricted primarily to investigation of the aircraft
in the low speed flight regimes which included hovering, transition,
conversion, and conventional flight in the conversion configuration.
The simulator provided the principal tool for the investigations.

A comprehensive documentation of the flight simulator study is given.
by this publication. Simulator investigations of high speed
conventional flight are described in the first report. Given herein
is an explanation of the methods by which the present simulator

study was made, as well as results of the study.

The large amount of material to be presented makes it necessary to
publish this report in two volumes. The construction of the XV-5A
flight simulator from initial development of methods for incorporation
of the aircraft aero-propulsion characteristics into the analog
computer to final checkout of the completed hydraulic and controls
simulator is giver. in Volume I. The results of studies carried out

on the simulator are given in Volume II under separate cover.

Volume II also contains the Appendix, Section 6.0, covering work of
special interest. More detailed explanations of some items discussed
in the main body of the renort are presented, along with results of
studies of real or suspected problems that arose in the initial
phases of the flight test program.



Methods presented herein will be useful as a guide in future simulation
programs, especially of lift fan aircraft, and useful to flight test person-
nel in the present program.

1.1 GENERAL FLIGHT SIMULATION OBJECTIVES

The objectives of the flight simulation study can be summarized as
follows:

° Determine the compatibility of the aircraft and its control
system.

° Determine the adequacy of the stability augmentation system.

° Provide a check of the low speed conventional flight and fan
powered flight performance predictions made in earlier design
phases of the XV-5A Program,

0 Provide future test pilots of the XV-6A with preliminary simu-
lated flights of the aircraft which would be realistic enough to
allow development of preliminary flight procedures.

° Perform studies of possible problem areas.

The simulation program was performed using ANA Bulletin 421 Hot Day
atmospheric conditions for an altitude of 2, 5600 feet. This selection was
made because of the plan for conducting the initial flight test program
at Edwards AFB and was considered to be consistent with the objectives
stated above. This condition was also given by the U.S. Army as a
basis for quotations of VTOL performance objectives.




2.0 CONSTRUCTION AND CHECKOUT OF THE
XV-5A SIMULATOR

Volume I is devoted principally to a presentation of the build-up and
check-out of the XV-5A simulator. Aerodynamic and propulsion system
characteristics developed for the aircraft are given along with weights
data. The manner in which these characteristics have been mechanized
for analog computer solution of the equations of motion are presented.
The hydraulics, controls, and cockpit display portion of the simulator is
described in detail. This is followed by discussion of the simulator

checkout procedures.

2.1 DESCRIPTION OF THE AIRCRAFT

2.1.1 Weights Data

Weight data is referred to fuselage axes.

Nominal weight is 9, 200 pounds.
c.g. at Fuselage Station 246.

Ix moment of inertia about x-axis
Iy moment of inertia about y-axis
Iz moment of inertia about z-axis

Ixz product of moments of inertia

Geometry:
Sw Wing Area
St Tail Area
E Mean Chora
[ ¢ X Tail Moment Arm

4,252 slug-ft2
2

15, 139 slug-ft
2

17, 418 slug-ft

919 slug-ft2

260 £t
52.86 ftz

9.4 feet

20. 6 feet




Geometry: (Continued)

%

*NF

7. Tail Moment Arm

Nose Fan Moment Arm

Total Main Fan Area

Nose Fan Area

Diameter Main Fans

Wing Span

y Fan Moment Arm

x Fan Moment Arm

7.82 feet
16. 6 feet
42,61t

7.07 ft2

5.2 feet

29. 83 feet

5.07 feet

10 inches
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2.1.2 Aerodynamic Functions Presented for Simulation

The following Figures 1 through 33 are aerodynamic characteristics de-
veloped by the XV-5A Aerodynamics Group for the aircraft simulation.
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