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2 
A Main Fan Area, total for two fans, ft 

i 2 A Krsaa (an o VAQ      ft 
NF 

A Nose fan area, ft 

AVE Subscript denoting average of right and left wing fans. 

b Wingspan, ft. 

c Wing mean aerodynamic chord, ft. 

c Elevator mean aerodynamic chord, ft. 
e 

c. g. Center of gravity 

C Drag coefficient, -—- 
D qS w 

s D 
C Slipstream drag coefficient, 

L 

D 

C Drag coefficient at zero lift 
D 

o 
Dt 

C Tail drag coefficient, -— 
Dt OS, 

C Lift coefficient,    _JL_ 
qS w 

C  8 Slipstream lift coefficient, L 
L Lt qBA 

CT Tall lift coefficient, -7- F 
Lt qSt 

CM Complete model 

C Pitching moment coefficient, M 
m """ qSwc 
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B 
C Slipstream pitching moment coefficient, M, 

m 

"VF 

CN 
Normal force coefficient.        N 

qSw 

< 
Slipstream normal force coefficient.   N _ 

'Y 

,8AF 

N 
C

N Tail normal force coefficient, — 
t qSw 

Cx Axial force coefficient,      X 
qSw 

a 
Cv Slipstream axial force coefficient, 

*\ 

C„ Tail axial force coefficient, -— 
X. qS t ^ w 

Cy Sideforce coefficient. 
qS w 

Cv
8 Slipstream sideforce coefficient,   X_ 

q8S w 
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Rolling moment coefficient, ^ 
qSwb 

Slipstream rolling moment coefficient,    _*_ 

q8Swb 

n 
Yawing moment coefficient,     ßl_ 

qSwb 

n 
Slipstream yawing moment coefficient,        A 

w 

N 
a 

ac s 
N 

da 

N 
Slipstream normal force coefficient, 

N 

qV 

N 
Slipstream normal force coefficient at 
/3     = ^     = a = 0 v v 

cps Cycles Per Second 
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8C 
n 

«(i) 
BC 

8 (i) 
ac 

a (fv) 

e 

H 
Elevator hinge moment coefficient, 

e 
qS c 

e e 

8C. 
e 

dö 
e 

a 

8C 
e 

8a 

AC 
N 

ß. 

8C 
8 

N , evaluated at /3    =0 
8^ Ks 

AC 
N 

ß. 

8C 
B 

80 
—, evaluated at /3   corresponding to proper Tc   value. 
8 

N. 

8C 
8 

N 
a 

N 
a 

8T 8T 

^C 
N 

a    A/ + Ä"lT^   ^V« 
fl =0/ v x 

v 
8 variation of C.T   with wing fan thrust and vector angle 

N 
a 
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8V T 
da ß =0 

v 

8 
Slope of C     .   Change in slipstream normal force 

T 
coefficient due to fan thrust  with angle of attack at ß =0. 

f8C 
8 

8/3. 

N 
8C 

a 
N 

8T 
Variation of 

a 
8T 

with vector angle change. 

I 
I 
I 
I 

8 8 AC      (Sin a)    Low speed variation of C     with angle of attack over 
N N 

entire range of angles of attack. 

a 

8C, 
s 

da 

AC, 
8 

ß 
S 

8Cx 
-?—— , evaluated at ß   corresponding to proper T 

^8 V C 

value. 

AC, 
8 

ß. 

8C, 
s 

. ~    , evaluated at fl   =0 
8/3 s 

g 
Same as C        term, with N replaced by X 

T 

8C, 

e 
8d 

e 

N 6 
e 

8C 
N 

86 
e 

8 

m 
Slipstream pitching moment coefficient at/3   =/3   = a = 0 
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c 
8C   " 

m 
m da 

a 

8C   8 

s m AC -r-z— , evaluated at ß   corresponding to proper 
m „ op v 

B 

T    value, 
c 

8C   8 

s m 
AC -r-r— , evaluated at /3   =0. 

m „ op s 
fl v 

V 

8C 
m 

B\ß\ 
Variation of pitching moment coefficient with 
sideslip angle. 

Q g Fuselage side force coefficient multiplied by the 
D 

fuselage projected side area,   

8 8 
AC      (Sin (a-5(f ))    Low speed variation of C     with angle of attack 

m m 
over entire range of angles of attack. 

C 

dC 
c -1 

o a 
a 

c   B 
9c

n 

^ dß 

C 
n dö 

6 a 
a 
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8C n 
86 

ß 

8C i 
80 

8C 

a 
86 a 

6 

BCj 

86 

8 

NF 
Nose-fan power coefficient, 

("T    väTJT 

5) NF 

C        8 

0NF 

8 

ß 
Nose-fan power coefficient at        T =1.0 

CNF 

Main fan power coefficient, V 1/2 

( 

T     \3/2 ooo \ 

8 Main fan power coefficient atT    =l,/3   = ß   =0 
C V 8 

8 

■ß 
8 

Main fan power coefficient increment due to ß s 

a. 

8C. 

da 
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I 
ig 8 

, . AC.,  {a) Original low-speed data from which AC..   (Sin a) was 
N N 

derived. 

8 
AC     (a) Original low-speed data not used in this simulation. 

i 

X 

NF 

Its omission is explained in Section 2. 2. 2. 

s s AC      (a) Original low-speed data from which AC      (Sin (a- 50°)) 
m J _J    J m was derived. 

o 
C    "* Nose fan normal force coefficient.   Not used in this 

o „„ simulation. 
NF 

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

Drag, lbs., damping, lb. /ft. /sec. 

D Drag of the horizontal tail, lbs. 

D„ Fan Diameter, feet. 
F 

E_VT Input voltage. 
IN 

E Output voltage 
F Force, lbs., Also Subscript Denoting Main Fan. 

F Net J-85 thrust in the turbojet mode. 
N 

f frequency, cycles per second. 

2 
g gravitational acceleration, ft. /sec. 

g gravity component along body x axis. 
■A 

g gravity component along body y axis. 

g gravity component along body z axis. 
z 

xxi 
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t. 

G(Jw) Frequency response of a system or component. 

h altitude, ft. 

h rate d climb, -(ul + vm -f wn ), ft. /sec. 
EBB 

H Angular momentum component along body x axto. 

H Angular momentum component along body y axis. 

H Angular momentum component along body z axis. 

H Elevator hinge moment, ft. lbs. 

1 Tall Incidence angle, degrees nose up from waterline. 

1 Unit vector along body x axis. 

IN Input 

I Body moment of inertia about x axis. 
x 

I Body moment of Inertia about y axis. 
y 

I Body moment of inertia about z axis. 
E 

I Boc^y product of inertia between x and y axes. 

1 Complex operator,   / -1 

J Unit vector along body y axis. 

K Unit vector along body z axis. 

K Elevator system spring constant referred to elevator 
hinge line. 

K Term used in calculating induced drag on horlaontal 
tail. 
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Kr? Horizontal tall efficiency factor. 

K-. Thrust spoiler effectiveness. 
•■ To 

1 K Function describing variation of nose fan thrust with 

I 

I 
I 

i 

NF thrust reverser door position. 

K Not used in this simulation. 
XNF 

£ Rolling moment, ft. lbs. 

L Lift, lbs. 

LT Refers to left wing fan. 

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

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

i Cosine of angle between body x axis and inertial z axis. 

I tail moment arm. feet, t 

ma Milliamps 

mv Millivolts 

M. Pitching moment, ft. lbs. 

m Cosine of angle between body y axis and Inertial x axis. 
x 

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

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

MF Refers to main fans, 

m Mass, slugs. 
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Ik 

m Main fan mass flow rate, slugs/seo. (both fans). 
MF 

"W Nose fan mass flow rate, slugs/seo. 

MNF "MODIFIED NEW FUNCTION", used In conjunction 

with AC     (Sin (tt-6(f)) in generating the low speed m 
angle of attack caused vai i&tions in pitching moment. 

N Normal force, lbs.; also 100 - N .   percent 
g 

ßi Yawing moment, ft. lbs. 

n Cosine of angle between body z axis and inertlal x axis, 
also load factor in x direction, g'a. 

n Cosine of angle between body z axis and Inertlal y axis, 
y also load factor in y direction, g'a. 

n Cosine of angle between body z axis and inertlal z axis, 
also load factor in z direction, g*B. 

N Right wing fan RPM, percent of maximum. 

N Percent gas generator RPM. 

Nt uv> ^^ wln8 fan RPM» Potent of maximum. 

N Wing fan RPM, percent of maximum. 
r 

N Nose fan RPM, percent of maximum. 
N* 

OUT Output 

P Wing fan power, a function of N , ft. lb. /sec. 
F g 

P Nose fan power, a function of N , ft. lb. /sec. 
NF g 

POT Potentiometer 

xxlv 



PSF Pounds per square foot. 

POF#l 

; 
POP #2 

P 

s 
q 

8 
qAVE 

8 
qRT 

8 
qLT 

• 
,■, 1 

q 

First phasing function used with low speed terms. 

Second phasing function used with low speed terms. 

Body axis roll rate, rad. /sec. 

T V 
Slipstream dynamic pressure, -r— + p ~T—f lbs/ft. 

a 
Average q  for right and left wing fans. 

Right wing fan slipstream dynamic pressure. 

Left wing fan slipstream dynamic pressure. 

p      2 ,2 
Dynamic pressure, ^ V    , lbs. /ft. 

q Body axis pitch rate, rad. /sec. 

r Body axis yaw rate, rad. /sec. 

R Ratio of free stream to slipstream dynamic pressure, 
q q s 

—.  Also is equivalent to 1-T 
8 C 

q 

RT Refers to right wing fan. 

RMS Root mean square. 

2 
S Wing area, ft. 

w 

S Velocity along inertial x axis, ul   + vm  + wn , ft. /sec. 
X XXX 

SA Stability augmentation 
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I 
Velocity along InertUl y axis, ul  + vm + wn , ft. /seo. | 8 

y 

8 
8 ft./aec. 

GOO 

0. 

Velocity along inertlal « axis, -t, ul^ + vmz + wn^, | 

8 
x 

8y 

j S dt, ground distance In Inertlal x direction. | 

J S dt, ground distance in Inertlal y direction. | 

I 8 f 8 dt, ground distance in Inertlal z directton. 
z J    z 

2 
S Tall area, ft. 

2 
S Elevator area, ft. 

S Laplace opera ir 

t time, seconds 

T Turbojet thrust.   Equivalent to PM. 
j N 

T Right wing fan thrust it ß t ß   and V   were reduced to 
RT zero.   A function of N end p only. 

T Same as above for left wing fan. 
000 0   LT 

T M Nose fan thrust. 
NF 

T Nose fan thrust if V   were reduced to aero.   A function 
NF of NM- and p only. 

TF Short Notation for Transfer Function 
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8 o^/Ap 
T Thrust coefficient, 

c  '      V 2      T      , 
T    +    000/A 

P— + "F 

Also average T 

T  . Time to one-half amplitude 

T Time to double amplitude 

u Inertial velocity along body x axis. 

u Component of wind velocity along body x axis. 

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

V2       2 
u   + v  + 

2 
w 

v Volts 

v Inertial velocity along body y axis. 

v Component of wind velocity along body y axis. 

v Aerodynamic velocity along body y axis,   v   = v + v  . 

W Weight, lbs. 

w Inertial velocity along body z axis. 

X Axial force, lbs. 

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

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

i 
■ 

xxvn 



^ % f 

x^,,. Distance from center of nose-fan to c. g., ft. 
NF 

x Tail moment arm, ft.   Equivalent to I . 

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

Y Sideforce, lbs. 

y Wing fan moment arm, ft. 
F 

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

z Distance along body z axis, ft.   Positive downward. 

z Tail moment arm in xz plane. 
Ir 

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

-1 w 
a Angle of attack. Sin , -, degrees. 

v u  + w 

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

-1    v 
ß Sideslip angle. Sin     ——, degrees. 

T 

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

ß Right wing louver stagger angle, ß      -ß     , degrees. 
SRT R        R 

ß Left wing louver stagger angle, ßn   -/3,   , degrees, 
S 2, 1, 

LT L L 

ß        + ß v v 
B Average louver vector angle,  , degrees. 

v 2 
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ß. 
RT 

^. 
LT 

ß      + ß 

Ri^it wing louver vector angle, , degrees. 

ß     + /? 
L         L Left wing louver vector angle, , degrees. 

ß 
RT 

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 louver used as the reference. 

ß. 
RT 

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

ß, 
LT 

LT 

Forward left wing louver angle. 

Aft left wing louver angle. 

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

6 
LAT 

Percent lateral stick, positive right. 

e 
Elevator deflection, positive trailing edge down. 

a 
Total aileron angle, 6     - ö    . 

aL       aR 

6 
a. 

Right aileron angle, positive trailing edge down. 

a. 
Left aileron angle, positive trailing edge down. 

Flap angle, positive trailing edge down. 
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ö Nose fan thrust reverser position, positive in decreasing 
r thrust direction, measured from maximum thrust 

position. 

6 Aileron droop angle, positive trailing edge down, 
d 

6 Rudder position, positive trailing edge left, 
r 

€ Downwash angle at tail. 

s Damping ratio. 

vT Tail efficiency factor. 

6 Euler pitch angle. 

%B 
Rigid body pitch angle. 

«T 
Tail total pitch angle. 

0 
BT 

Tail pitch angle due to 

Po 
Sea level standard day 

P 
3 

Air density, slugs/ft. 

p 
a Density ratio, — , density at altitude compared to 

density at sea level, 

o* Standard Deviation of normal distribution. 

(/ ' Normalized slope of i    flexible body mode at point j. 
J 

T Time constant, seconds, or torque, foot-pounds. 

* Euler Roll Angle. 

* (jw) Power Density spectrum. 
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k 4 W. 

I 

I 

* Euler yaw angle. 

* Wind direction, measured from * = 0. 
w 

u) Angular frequency, rad. /sec. 

a> Natural frequency of second order system, rad. /sec. 
N 

Q Ohms 

0 Normalized deflection of i    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 preconverslon configuration in order to study the conversion 
maneuver.   The simulation ultimately utilized a large analog computer 
facility; a slx-degree-of-freedom wide screen visual display; cockpit with 
aircraft type controls and display instruments, and a hydraullc-electrlcal- 
mechanlcal 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 optimised 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. 

3. For the 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. 

4. 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. 

5. Conversion between conventional and fan flight modes is accom- 
plished by timed sequencing of 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. 

6. Failure studies have shown that uncommanc'ed 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. 



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 lift  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 report  are presented,   along with results of 
studies of real  or   suspected problems  that arose  in the  initial 
phases of  the  flight  test  program. 
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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. 

• 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 2,500 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. 

^p——» ■■' yy       'wt- i WIM      — 
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I 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. 

I      moment of inertia about x-axis 
. x 4,252 slug-ft 

I      moment of inertia about y-axis 
y 

:5, 139 slug-ft 

I      moment of inertia about z-axls 
z 17,418 slug-ft 

I      product of moments of inertia 
xz 919 slug-ft 

Geometry: 

S 
w 

Wing Area 260 ft 

S Tail Area 52.86 ft 

Mean Chord 

X Tail Moment Arm 

9.4 feet 

20.6 feet 

m?f 

) 
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Geometry: (Continued) 

z Z Tail Moment Arm 7.82 feet 

V Nose Fan Moment Arm 15.6 feet 

A,, Total Main Fan Area 42.6 ft 
F 

2 
A Nose Fan Area 7.07 ft 

D„ Diameter Main Fans 5.2 feet 
F 

b Wing Span 29.83 feet 

v y Fan Moment Arm 5.07 feet 

x Fan Moment Arm 10 inches 

I 



358,0' 
29.83' 

534.2 
44.52' 

100.7" 
^-©9200 LBS. 

G.W. 

3-View of XV-5A i 
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I 
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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Figure 3  Exit Louver Vector Effectiveness 
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Figure 4  Incremental Pitching Moment Coefficient Due to Exit 
Louver Vector Angle 
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I Figure 5  Incremental Longitudinal Force Coefficient Variation 
With Angle of Attack {ßv = 0°) 

Figure 6  Incremental Normal Force Coefficient Variation 
With Angle of Attack {0W = 50°) 
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Figure 7 Incremental Longitudinal Force Coefficient Variation 
With Angle of Attack (^v = 50°) 

Figure 8  Incremental Normal Force Coefficient Variation 
With Angle of Attack (^v = 0°) 

14 



. 

. .      _-. V '-"•• 

*V4-t 'fJC..\lt*  Ä^mtt 
-] !  

'r   t '•to&i (kty hn 
r.  ^, .. . 

i 
i  T"  ' 1 i i 

I 
i          • 

I ■• 1 - ..... L.... 
i 

L   .C. K hf** k-w 4 IK j-—T — I -• " 

L  ._!______ 
L .. 

1 
U-- 1— I—i_ 

1 ' "T" 
L 1" ' [ ■ [_,.. L.;_. 

i     i      |      iii' 1      l 1 
t-- 

i 

■-    T— j    c k 
Li._ L... T-- .... L .j- I.... 

|   ' T ' t" ... : j —{ • } • |  

j  i—... " 
r1**' 

r" --t -■ 
1    1 i .-;. .. . J.-;.. :: •■ Lrr-'h" 

1    i 
i - -- i— ..... ...:. [  1       | i ! ■ i • 1 ■• 

...   .,    .    j 

. (. ... 
[    ]    r r r    t 

i 
[,_.. 

L L_ »Vfl 
yime 
tUUUL i     Ml 

1     i 

i       i 

1     ' ; '  i   :  | 
-  1  ■  1 

' - i           .|          ,. [■ — [•• - 
1  \  A 

pecM.    aetn  . - |  - 1 - - 
1      1      i pi- •■■-,-f-r- 1 -i \'-\ 

\" y 1      \M 

  0 iuihco ojiuo itoa r' i   . . 1 _ 

1       1 
1... I - -f -- 

I 
P.:......)..,.. r|,.i 

i -j ■ 
1 •• 

fmofc 
^ 

- 
L._     _ 

1 i   _   1  ..... ..(-. 
■ 1  . ,  ■ 

 \"" "p j...:.  1  .» ... i    ■    ! 
*-■ .-   t 

Y- * 

I   -   • \ _.. 1            1 J...     ,     .     j    .... - - j   j  ... -....   -,.. 1— n T' ,... 
t ' 

;     r-i- ' ^ i -- \ 
J ... __.. 

.  . 
■ — 

.. _. ...A. 
■ [ ■ i ' 

; —i 
I 

- 1    ■    ! 
\ 

\ 
....j    ... 

•■f 
....   .|.   .   . -4  

! 
... 1...  j -f-- -— 

■ 

•  *    i 
1 •     ■    1     ■ 

1 i-TL 

; 1   ^ 
N 

S^i   ... T : 
1 
1 

\ *   ■ 
1 

—   --j-— '— 
1 

'■    '     t 

1  at   
-^ 

""fh 
. . .. ■•[•- 

1 
.......j... .....i...... — , 4 - •   ! 

•  -r i 
...   j.   . .....   i .- ^"rr --re h— ~^ 

'    1 J 
--- _....!_:._ 

1   ■ 

1    L. . "" —- 4-. —r— J.-^ - i~ . _. _i    .,   .-i._   
^~~J 
^ 

■^.r 
• —i—r-- •-• - -*-l ..... [.i.j 

i 
: —r- i 

__... ._!_. ""H   1 
1 

- r - .„,   4- 
i. l^^^r 

i 
..,.' -..    - ! 

i - — ......   —, ""i ... i 
i  , — ~~^\~ .. -1- .j - - 1 ..... ... „_. 

1 -•£ 
....... S .... 

..._,   -..h.. ■H— --t-H ~H | -r-  1-  J - — , ;_J —- • -A --..- —1.   . r- r— ^ j,_ ._,.. 
\: 

.. I 

L -,. -. 
--■ 

—— i _J_, 
| 

—J 
■ 

1 
-i.j ■..t...J —,—i ..... 1 .4.     J ... j 

'I 
■ \1 .:.., A ■ ' 

f"-   1  —i—i 
i  | 

^ —i 
i 

1-1.... -'\-A »-U ~H au  
i 

-_iJ a.;.. 1 M"] -H 0 ;.. -is 
i 

..  J •rH 

L       i— -uj ....—| -   A -r-H I 1 .. j— i 
1 "*"f "j -rH —t-. 

i 1     :     1 -rj 
— i— 

j 
.;... —(■- - -1- _ J . .. .j . I.... • 

—H— ~H -H .... 
.i  1 

j i 1 
i 

1 
~-T — —i— 

i 1 11 
—v ■ ■—'— 

.■_. 
-   T      | "H — 1— ] 

1 .... _ 1 
- i— 

i    \ 

—j—j 

' 
_ ^...j 

"1— 1    j 

Figure 9  Pitching Moment Coefficient Curve Slope 

is 



:-•;■■:•■!■: -■ :''    ••    ■   ■      ••■••■ ■   -               \       ',                  ■ ] \   \   i   4   • 

!:::::i.^:;M,::n.y i!;:;;:::..:,   1 ip:. I:I::..!'..:.:..;::V:.::1:..J:J;.!:J 

Z" Z.\l Il\.-"-~"HJ-J'     - •         \    I1    ■    1   - s h  '   .L..' ' J 

J_J J       - J_ JJJ   JJ     J   ^ j _J          -M i /J_JJJ 

-f\ -::-J/-/-:' j H Z \ It «—; -1 J744H 

LrL,1"     '   i • ' J " t' II       '  i   \>N         ' J\ ' '" " 1 \z ; ..    ...  "l  i.   ^]1i     ii            Tl1,     ■   ■     11.1 flll 

Rl-p--'-    -/•■   y7-!.-   ■  -11 ;-   ■     ...p4...|         J   J        j  ] L.jIpMjqj 

 h (    ('   • -  si j   '     ! i      r       "   '   i ^ ■■■    ■   1/ j, r-'Z T'M 
■ ■; "vss         !                  \    :     pi    ;. 1-H 

mJ:±:_it^JM.::__ i_JJ_£::,-J:±±MM 
^^.JL^m JL. ^L\,L .•IL:::JL:.;.J:J 
.|4J_:J._1J_...,!..:,:UN   :...,.: ...< 1 .JiJ_J..._.<J|,±J=±±J 

■M  r          M ' \ '                ! •]        J J J ...n  .          • f •  \    •     ••       ' \i           T 1 J            _      _      _   -s_Jl      V            Z      h   -              hZ              J   J Air.:.:    ...       f.... H..   . \\ . Z  : ! !..   ^ .., jf :...;■..,..!......'....... 
■ITI--- |_       i       ]■ \ ■    \    * 1    •     - i .   -  l ,...:..::l.:.n 

.■t:':..:.':; '":..'::":.jT,^-i..v"   \'.   TZ'Z'\~/IJ. : ,.r:^ ^■""iiirxn 
"""■"■•■■■■•^ : : ' j | ■"j TH "i     i  H -|---[-+- 44// 4- -- 44 "444  . 

4::l:----^:i::'":-,14r '"     :" firtz:-:Z]±z-zZ±3i L J    i1                  \          '      '         /     '           /I'M                  M ,            ,„     ;,1 
41 i 4 ■"'    '           '      /         M/M               ' ! 4 1."      I'l ■"■ •"■■ $' 'T! '    ' i'    a" 1 14    j ' [/ /1   i   :' |j44 r | 

J4' ■""■'■J JJJJlX-^pA......L. /./:.-.. i...... --4-2'.   4l.ij4id 4                   «1 i   M1'     /        '   1/ ''      "               M    ä 1    i-l 1 ■Jq ir   VM"   1 4   Vi    ' 4   1 u' \ 1 LI! 44 J 
J^iiJD l-,J] ; -s i~Jlz     "JjL. J -s  .5Q ■ ■' did"d 

44^ti-j (fl i I   1' ■ 4 ' f -.«.'^4-4- 1       1   1   M 4   l       !             ll                             r   1 

0) 

U a 

01 
o 

■M 
CO 

Ü 
cd 
$- 
a 

ü 

'So ^ 

l 'S 

I? 
•J < 

v 
^ 
3) 

16 

*■■' m1' 



r 
i 
i 

! 
I 

1 

... 

■ • 
.... 

i 
1 

i 

1   '   '1"   * 

1 
1 
1 

i 
i 

■ 

i   ■ 
i 

... 

i ■ , . ... 

1 

i ... j . 

i 
i 
i 

1 
f 4V 

/ 

• ; ^ r 4" 1 

1    "' 
i 

i J 
.. i ^ 

1   »lr 
i   C r 1           I 

.... 1... 
i 

*' Sy 
... .... ....    I — i 

i  

■ 

| 

1 

/^ 

t 

i 

i ... 

■ r 

\ 

^ A 1 i ■ ■   ■ 

_ 

  
^ 

... ... 

  
... j.. Z^\ KHS<>^^ 

*yr .. . . ! 
 ' 

1 ^^Z~-^\ ^—1 -^ ^ k-Oi>3 ̂  

^j ** r^T^1 ̂  J ̂ - yS   ■ ■ \- ■ 
.... . ... 

^.—■ 
^^, 

^' ^ 
. i 

. .     1     •     "I 

!    1 

i. 

r*^1   j i 

i 

.. i 
' " 

I 
i 1 

1 
  *.    .y ....   

, r? 

' 

■ 

i ■ 

i 1    i 

. ... . 
! 

..... 

■ ■(■• 

  
I 

1 

"• 
~& (   , A >       ] :   0 :f 

i .. . 

/ » • : 'f 
i \ 

■ -.,   1 

i    1 
6U flP 

1 
r^ c^ -.V^ ^ 

i 1 
i 
i 

t 
i 

1 
'"I 

1 

.. 

Figure 11  Downwash Angle at Horizontal Tail 
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Figure 13   Basic Airframe Change of Lift Coefficient with Pitch Rate 
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Figure 15  Basic Airframe Lift Coefficient Due to Rate of Change 
Of Angle of Attack 
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Figure 17  Change in Pitching Moment Coefficient With Sideslip Angle 
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Figure 18  Longitudinal Characteristics Coefficient During Conversion 
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Figure 19  Incremental Normal Force Coefficient Variation with 
Angle of Attack {ßv = 50°) 

Figure 20  Incremental Longitudinal Force Coefficient Variation 
With Angle of Aitack (^v = 50°) 
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Figure 33   Basic Airframe Yawing Moment Coefficient Due to 
Roll Rate 
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2.1.3  Tabulated Aerodynamic Coefficients 

Tall Lift Curve Slope .053/degree 

dCT   /d3eElevator E^ectivene88 .023/degree 

D 
Tail Zero Lift Drag Coefficient .015 

K. Tail Induced Drag Coefficient    . 10 

Side Force Due to Rudder 
Deflection 

.00195/degree 

a 

n. 

Side Force Due to Aileron 
Deflection 

Yawing Moment Due to 
Rudder Deflection 

-.006/degree 

-.00122/degree 

n 

t. 

a 

Yawing Moment Due to 
Aileron Deflection 

Rolling Moment Due to 
Rudder Deflection 

-.0001 -.00031 T    /degree 

.00025/degree 

I 
a 

Rolling Moment Due to 
Aileron Deflection 

.00088/degree 

I 
/ 
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2.1.4 Fan and Engine Functions Presented for Simulation 

The following Figures 34 through 43 are fan and engine characteristics 
developed for simulation of the aircraft. 
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Figure 39 Pitch Fan Lift Variation Ratio with Thrust Reverser 
Door Position 
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Figure 40  Pitch Fan Normal and Longitudinal Force Ratio 
Characteristics 
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2.2       GENERATION OF FORCES AND MOMENTS 

The analog computer generation of forces and moments acting on the 
vehicle required considerable thought and analysis. 

In the low speed region of flight, from 0 to 50 feet per second, the 
vehicle has unlimited freedom of translation.   In the higher speed region 
of flight from 50 feet per second up to the maximum transition and 
converted velocities of the aircraft, the motions of the aircraft tend to 
be restricted to the longitudinal axis, with only small perturbations 
laterally, around zero sideslip and zero roll angle. . 

The difficulty In representing the low speed force and moment behavior 
lies In the necessary use of data presented using flight speed corre- 

i latlng parameters. 
. 

. Since all the coefficients, both lateral and longitudinal, are functions of 
Tc

e, velocities along any axis (which will cause a Tc
8 variation) will 

cause force and moment coefficient changes along all other axes.   For 
example, side translations couple Into the longitudinal mode through 
variations In Cm

s, Cx
s and CN

S with Tc
s.   This coupling does not In 

reality occur, and If ail moments and forces were generated Indlscrlml- 
■ nately as functions of Tc

s In all flight regimes, "correction** functions 
would have to be generated to wipe out these erroneous variations. 
These correction functions themselves would lead to errors If there 
were combinations of velocities along 2 or 3 axes. 

With this problem In mind, and the realization that low speed behavior 
Is governed mostly by fan effects, the lateral and longitudinal low speed 
coefficient data were converted to force and moment data and plotted 
versus velocity along the three aircraft body axes.   The resulting data 
agreed closely with momentum theory for the 0-50 feet per second 
velocity range In which Tc

s coupling Is a problem. 

With this basic information in mind, the generation of force and moment 
data was divided Into two separate regions.   Terms generated In the 
low speed region are generated on the basis of momentum calculations, 
with force and moments calculated based on velocity components along 
the three body axes, while the data was "used as presented*' for the 
higher speed flight region where the flight path (total velocity) was 
referred to the body axes. * 

1 

i 

i 

♦''Used as presented'* Is a phrase meant to signify no basic change has 
been made In the Input Information.   See also Paragraph 2.2.2. 
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Transfer from low speed terms to high speed terms Is accomplished 
with two phasing functions explained in the term explanation port ion of 
this report.  In some cases, the higher speed terms are phased out 
without using these phasing functions, simply by forcing the output 
of whatever function generation equipment employed for generation 
of the term in question to go to zero at TG

S|s at and above those corre- 
sponding to a velocity of 50 feet per second. 

Presented in the following Paragraph 2.2.1 is a summary of the equa- 
tions used to generate the total forces and moments about each axis of 
the aircraft. 

2.2.1   Simulation Force and Moment Equations 

Normal Force Term No. 

PVT
2 

T   «0 
c 

(SSV 
q RT ^ q LT   ) 

s F   /A„   8 _   s 

2N 

RT   2    f       ^ SRT        N/5 VRT 
8RT VRT 

+  q        —^- / AC 0 + AC B 5N 4 LT   2   IN PS N HV ! 
i      i^ BLT i^ vLT 

8LT VLT 

46 



Normal Force (Continued) Term No. 

B 
+ q 

c B 

V   NT 
LT 2\   da dB 

ß =0      P\ 
v 

ß. 
a. 

50    /UM 
6N 

+ Ä— ANF KN ANF    W       NNF 

+  4.38(w-qxNF) 

7N 

8N 

PV^S c 

(C^ + C^ 

9N 

PV 

{\VT) 

+ .mTjK^ 

+  (3|u|+10|v|)(POF#l) 

+ qB      A^ (ACJ (stn a))  (POF #2) 
AVIT     F   \ W ' AVE 

Axial Force 

ION 

UN 

12N 

13N 

Term No. 

IX 2      AF {%•■''"") 
IX 

+  A, 
8 8 

q M(w^) 2X 
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Axial Force (Continued) 

^ RT /3 RT 
8 V 

RT RT 

Term No. 

3X 

■ 

+ q 
s        F öCXT

8 

RT   2   \     da + 8      \   da / 50 /"LIM 
0 =0      ß 

v v 

4X 

A,, . a        F /       s s 

/3 LT /3 LT 
s v 

LT LT 

5X 

+ q 
8        F/ T1 
LT    2 \    da 

d 
'Sc T r v 

n   dß   \   da  / SO I  UM 
3 =0       v J 

v 

6X 

pvr 

  S    C     K   T) 
2 w   Xt    T 'T 

7X 

+  TJKT8 

- 4.38u 

8X 

9X 

+   (qS       A„Sln40-27.42 u) (POF#l) 
AVE   F 

Pitching Moment 

10X 

Term No. 

ZM   = q8        A^D  /c 8 \ 
AVE    F   F^  mo J 

IM 

+  q8 A„D„ /c 8   aTT„\ 
AVE    F   F (   m      UM I 

2M, 
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I 
I Pitching Moment (Continued) Term No. 

qRT    2      \   ^/RT        ^/RT, 

qLT 2 I -. '8LT -^ VLT; 
X SLT LT 

2 

+     2 w    \a|/3|    |P|   LIM^ 

VXtC     CNt   c/    T^T 

2 - 
pV^ S c r  T    w 

+     —^  

PV^S . c2 

+ 4 
TW       /C       +C      \q 7^ Yc    +c    \« (   m        m» I 

\     q        «/ 

T _ 

+ ^F ANF XF XNF 

(W " qXNF) + 4-38fw-qxNF   xNF 9>l 

10M 
+ ( 134u " "'ave AFJF)   (POF #1) 

+ aS       \   D     (iC   S(Sln(c«-50O) + MNFVpOF#2)    ilM n ^    F   \      m / AVE 

J 
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Side Force Term No. 

2Y  = C
V

S    /3      q8      S 
Y - HLIM  AVE  w 

1Y 

PVr 

+ s 
w    2 V V" 6aR I 

a    16    -6 

A 

2Y 

pvr 

+ s 
(\'.) w     2      V Y,     r 

0 r 

•JV 

^   T w (v) 4Y 

[ -31.8V - n 
pv. 

m^,„x r -— (C 
NF NF 2    ^ .^) 

(POF #1) 5Y 

Yawing Moment Term No. 

Z;V   = C S   /JTTlk/iq
8      S    b n „   LIM     ave   w 

ß 

^(\(v\)' 

IW 

2^ 

PV,,, S  b T    w    f ,., 
4    C       Ö 

2 V  n6     r 
r 

i\ -■) 3> 
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Yawing Moment (Contlnued) Term No. 

+ --4—I0»/ 
4*1 

pV  SI  b 
'    T w (v) 5A 

+   q
s       _Jly     Ac  S ^       +AC S ß +  qLT    2yF(     x^     \T        X^       v. 

\ 6^ 

LT LT 

- q8    — y„ UcB       ß     +Ac 8       ß q RT    2  yF (     X \T        *ß        \T 

8RT RT 

ißl 

"  ^NF XNF r 
8^ 

+ (47.0v + 560-f ^--2r^MFy^F ] (POF #1) 
T ■) 

9A 

Rolling Moment Term No. 

Z£   =  C^LIMqSaveSW
b 

l£ 

pVr 

J_S b 
2      w 

(\( 

aL      aR 
2£ 

pv 
+ —L s b/C,      ör 

2      w l   fö 
r 

3£ 
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Rolling Moment (Continued) Term No. 

PV^S b 

TMV) 4£ 

pvTs.b 
6£ 

o /3 LT fl LT 
8 V 

LT LT 

6£ 

q8RT^yF(CN8 + ACNfl       VT
+ACN!       ^ 

o /3 RT /3 RTi 
s v 
RT RT 

(- 
+ ( .l34v-2mMFy2

Fp) (POF #1) 
■) 

7« 

8£ 
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2.2.2   Explanation of Generated Terms 

The following la an explanation of the terms shown in the previous sec- 
tion, In terms of its function in the corresponding force or moment 
summation, and its modifications, if any, from the corresponding term 
presented for simulation by aerodynamics. 

The terms POF #1 and POF #2 deserve special note.   These terms are 
explained in the over-all explanation of the terms in which they first 
appear, 12N and 13N.   Their use in subsequent terms is identical. 

It should be further noted that the statement "used as presented" is only 
meant to signify no basic change has been made in the input Information. 
The approximation of any piece of data by a constant value is a possibility 
covered in the section on function generation. 

IN:   This term is the power off normal force variation with angle of 
attack.   It is based on fan area instead of wing area and is taken directly 
from Figure 21 of the presented aerodynamic coefficients. 

2N! This term is the basic lan normal torce coefficient lor both fans at 
£s * £v ■ 0. It is phased toward 1.0 starting at a Tc

8 of. 98 and ending at a 
Tc

s of . 99. It is held tol. 0 for . 99 ^ T^8 * 1. 0. Variations in fan thrust 
due to velocity changes at higher Tc

s values near hover are taken care of by 
low speed ram drag terms which are phased in at this time. This term 
is developed for both right and left fans by using the average value of 
Tc

B
t or (TC

8    + Tc
8    \ -r 2 as the independent variable.   However, the 

normal force is calculated individually for both the right and left fans by 
using separately calculated values of qSRT and qST »r-   The basic infor- 
mation is taken from Figure 1 of the presented aerodynamic coefficients, 
modified as called out above and generated as presented in Figure 44. 

3N:   This term represents the changes in normal force due to deviations 
of the right fan exit louvers from their /3V = /3S = 0 positions.   The firbt 
part of the term generates changes corresponding to stagger deflections 
and the second part generates changes corresponding to vector louver 
deflections.   Both portions of the over-all term are generated as func- 
tions of the Tc

s specifically computed for the right wing fan. 

The term is retained after conversion at the /3V = 50^ value in order to 
sum with CN

S   to give zero total contribution to lift from the fans after 
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conversion.   This is merely an artifice used to simplify simulation of the 
conversion.   Both ^Cfj/  and ACN 8 are taken directly from the pre- 

santed aero coefficients.   Refer to Figures 2 and 3, of the presented 
aerodynamic coefficients. 

4N:  This term represents the variations in normal force with angle of 
attack that are due to the right wing fan.   This term is shut off when the 
fan doors CIOSP.   The data for this term is presented in Figures 6, 8, 
and 21 of the input aerodynamic coefficients which shows CN

svarying 
with a, Tc

s, and /3V.   To understand the conversion of the coefficients 
presented to the coefficients of this term, it is necessary to understand 
the method of converting a standard aerodynamic function to slipstream 
notation. 

As defined in the list of symbols: 

2 

and 

2.     T 

T          pVm s         * ooo +y   T 

F 

T ooo 
T xooo 

TB_           AF              _ 
AF 

T            PV„, iooo            T 

AF             2 

s 
q 

and 

s q 
3.    R   = 1 - T      = -2—        =_a_ 

q c T q 4   ooo s 

AF 
q 

p      2 
where:  q = "g  V

T 

Now if there is a standard, constant aerodynamic function such as 
CN  , we may write: 

PVT
2 

T 
NlM =  CVT    ■  a ■   —r— S     -   qS  C \   / N 2        w w w   N 

Q! a 

a 
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If we wish to put the coefficient into slipstream notation and base it on 
fan area we write: 

N(oi)-  CN
S   • aq8    AF 

a 

Since Nfa) in either notation must be the same, 

s B 
C„ a • q • A^ = c a • q S 

N F          N w 
a a 

or 

CN   qSw ,8 
C  8    -—2    = C        -^ M- 

a q  AF a ^   F     q 

K^J^-O = c 
a 

It is seen that a constant conventional aerodynamic coefficient slope 
transforms into a family of slopes when based upon slipstream notation. 

With this in mind we may now operate on the curves of Figures 6 and 8 
of Paragraph 2.1. 2 using the curve of Figure 21 of Paragraph 2.1. 2 
as a basis. 

Figure 21 was ratioed to the various Tc
s values and then two new 

families of curves were determined by subtracting the ratioed Figure 21 
values from Figures 6 and 8. 

The slopes of /3V = 0 and a = IQf, and ßv = 50° and a = 4° of the 
families thus derived are plotted in Figure 45. 

It is noted that the ßv = 0 slopes are only plotted down to Tc
s «= . 86, 

while the /3V = 50° slopes are plotted to Tc
8 = . 54.   This is a sufficient 

range for both, since a Tc
s of . 99 is the minimum attainable Tc

s at a 
/3V = 0 and at /3V = 50°, the minimum attainable Tc

8 in fan powered mode 
is about . 5, which occurs as the fan doors close and all the fan thrust 
terms disappear. 
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Figure 45  Variation of Normal Force Coefficient Slope with 
Angle of Attack Due to Fan Thruat with Tc

8 
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The functions finally generated are the /3V = 0 slope, and the difference 
between the /3V = 0 slope and the /3V = 50° slope.   The difference is mul- aA 
tiplied by /3v/50 which is then added to the /3 v = 0 curve.   This proce- 
dure in effect affords linear interpolations between the 0V = 0 and the 
/3   = 50° data for CN8 variations with T„8. V *   Q, c 

The functions as generated are given in Figure 46. 

5N:   This term corresponds to term 3N and is identical in all respects, 
except left wing parameters are used where shown. 

6N:   This term corresponds to term 4N and is identical in all respects, 
except left wing parameters are used where shown. 

7N: This term represents the static lift contribution of the nose fan. 
The fan loading portion of the term is explained in the section on fan 
parameter generation. 

The nose fan effectiveness portion of this term is a function of thrust 
reverser door position and is taken from the power curves as presented 
in Figure 39 of the presented aerodynamic functions. 

8N:   This term represents the variation of normal force with vertical 
velocity of the nose fan.   It is computed on the basis of ram drag con- 
siderations (nominal nose fan mass flow is 4. 38 slugs/sec.). 

This term has no replacement term at higher transition-speeds and 
therefore remains in the summation from hover to conversion. 

9N:   This term represents the normal force due to pitch rate and the 
rate of variation of the angle of attack.   For this study, both portions of 
the term were approximatad as constants and pitch rate was assumed 
equal to rate of variation of angle of attack. 

The coefficients as approximated are öhown in Figures 13 and 15 of the 
presented aerodynamic coefficients. 

ION:   This term represents the normal force generated by the horizontal 
tail.   Its generation is based on the following auxiliary equations 

I 
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'igure 46 Final Configuration of Functions Used to Generate the Curve Family of 
Figure 45. The upper curve is given the title "CNTSA," and the lower 
curve is given the title "CNTSAB" in the simulation. 
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where: 

;
VT   

a I
C

T   " C
T> Sine] -—(Cos aTTm, I Nt \ H Dt  /sw\   LiMy 

♦IC^+C,   Sine)-^ I Sin a ) 

CL   =CL    («+i
t-0 + C      ■  «e 

Generation of the term from these equations uses coefficients as pre- 
sented in the tabulated data. 

Downwash angle, € , is generated as a function of average R and is 
valid for vehicle angles of attack of 20 degrees or less. 

The downwash angle of this term is generated as presented in Figure 11 
of the presented aerodynamic coefficients. 

At low speeds, near hover, the angle of attack of -he tail can be ±90°, 
In this simulation, the maximum angle of attack used in calculation 
CL. is 20°, and this value can cause the tail CL to overload.   This can 

only occur at very low velocities, and the effect of high CT. at these 

velocities is negligible. 

UN:   This term represents the normal force due to thrust developed by 
the gas generator in conventional flight mode. 

Ti is the thrust of the gas generator and is taken directly from the power 
information presented in Figure 42 of Paragraph 2.1.4. 

K      represents the spoiling factor of the thrust and was assumed to be a 

linear function of thrust spoiler position, as shown in Figure 43 of 
Paragraph 2.1. 4. 

«Mmmmm   m — - —-,.;_'    ■       ■^■.my. 
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Figure 48  Phase Out Function No. 1 
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12N:   This term is the low speed normal force variation due to u and v. 
This term was derived from Figure 47 which is a replot of Figures 10 
and 26 of Paragraph 2.1. 2 at their 90° points, plotted versus velocity 
instead of Tc

s, at a fan disc loading corresponding to 9200 lbs. total lift. 

POF #1 is used in the generation of this term for the purpose of phasing 
it out for replacement by its corresponding high speed terms.   Its use in 
subsequent terms is identical. 

POF #1 is shown in Figure 48.   It has a value of 1 from TC
S = 1. 0 to . 99 

and linearily decreases to zero from Tc
8 = . 99 to Tc

s - . 98.    At Tc
s 

values below . 98, POF #1 remains at zero. 

13N:   This term represents variations in normal force with angle of 
attack near hover.   It was derived from Figure 10 of the presented 
aerodynamic coefficients. 

Since o; near hover can vary from 0 to 360°, the information as presented 
was replotted versus sin a, w/V^, as shown in Figure 49. 

The information of Figure 49 in turn is approximated as shown for gener- 
ation.   Small errors must be accepted as a consequence of this approxi- 
mation but not at the critical points of ±90°. 

POF #2 is used in the function for two purposes.   Reference to Figure 50 
showing POF #2 shows that as Tc

s progresses from Tc
s,s below . 98 to 

Tc
s = . 98,  POF #2 is zero.    For Tc

s,s from . 98 to . 99; POF #2 
progresses from 0 to 1 linearly, and from Tc

s =- . 99 to Tc
8 = 1. 00, 

POF #2 goes to zero.   The purpose of POF #2 from Tc
s = . 98 to 

Tc
s =. 99 is to phase in this term; from Tc

s = . 99 to Tc
s = 1. 00, POF 

#2 scales the term as shown in the input aero functions for various 
Tc

ö's.   The use of POF #2 in all other instances is identical to its use 
here. 

IX:   This term is the high speed, power off, variation of drag with angle 
of attack.   At low speeds its function is taken over by term 10X. 

This term is based on fan area rather than wing area and is taken 
directly from the presented aerodynamic coefficients.    (Refer to 
Figure 22.) 

2X:   This term represents the basic fan drag for both fans at /3   = 0V 

= 0.   It is phased to zero starting at Tc
s = . 98 and ending at   Tc

s = . 98, 
and replaced near hover by the corresponding ram drag term (10X). 
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Figure 50   Phase Out Function No. 2 
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This term is handled in the same manner as Term 2N.   An average value 
of Tc

s is used as the independent variable in the generation of C^ 8i but 

the individual q8 values are used in generating the right and left axial 
force contributions of this term. 

The coefficient of this term is taken from the aerodynamic coefficients 
as presented.   (Refer to Figure 1.) 

3X: This term represents the variations in axial force due to variations 
in the right fan exit louver positions from the positions corresponding to 
/3V = /3S = 0. 

The first portion of the term accounts for variations due to stagger 
louver changes and the second position corresponds to variations due to 
vector louver changes. 

Both ACv8    and ACv     are generated as functions of the specific T„8 
A/3V 

X/3S 
c 

corresponding to the right wing. 

This term is not shut off when the doors close.   It sums with Cv s at 
a 

ß   = 50° (when the doors close) to provide the correct total C^ 
after conversion. 

The coefficients of this term are taken directly from Figures 2 and 3 of 
the presented aerodynamic coefficients. 

4X:   This term represents the variations in axial force with angle of 
attack that are due to the right wing fan.   This term is shut off when the 
fan doors close. 

The basic data for this term is presented in Figures 5, 7 and 22 of the 
input aerodynamic coefficients which show Cx   varying with a, T     and 

This data is reduced for use from the presented form in the same 
manner as the data for term 4N. 

The final result of the reduction is shown in Figure 51, and the functions 
finally generated are the /3V = 0 slope and the difference between the 
ßv = 0 and the ßv = 50° slope,   which are shown in Figure 52. 
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Figure 51 Variation of Axial Force Coefficient Slope with 
Angle of Attack Due to Fan Thrust with TcS 
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Figure 52  Final Configuration of Functions Used to Generate the 
Curve Family of Figure 51.   The upper curve is given 
the title "CXTSA," ami the lower curve is given the 
title "CXTSAB." 

68 

^ f.i •»fT» qwrnwy     ' 



•# 

I 
! 

I 

5X:  This term corresponds to the right wing term 3X.   Its use and 
generation are identical except that all functions of T_8 are generated 

I for the Tc
8 corresponding to the left wing. 

6X:  This term corresponds to the right wing term 4X.   Its use and gen- 
eration are identical except that all functions of Tc

8 are generated for 
Tc

8 corresponding to the left wing. 

7X:  This term represents the axial force due to tail drag.   It is gener- 
ated directly from the information presented in the tabulated aero- 
dynamics in accordance with the following equations: 

I 
I 
I 
| V(VV-)r 
I 

s 
—- Cos a 

UM 
w 

st 
I   L        D )S LIM v      t t '      w 

where: 

CT    =  CT      (o + i-€)+CT öe 
t a t ^ e 

and 

Dfr D i   L. tot 
V 

Downwash angle,  e » is generated as a function of average R   and is 
valid for angles of attack of 20 degrees of less. 

8X:  This term represents the gas generator thrust contribution to axial 
force.   It is composed of two parts, T. (refer to Figure 42 of the fan 
and engine input coefficients) which is the basic thrust of the engines as 
a function of   N  , and K  _ (refer to Figure 43 of the fan and engine input 

g TS 
coefficients) the spoiler effectiveness, which is a function of spoiler 
position. 
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9X:   This term represents the contribution to axial force by the nose fan. 

It is based on ram drag considerations and is turned off after conversion 
when the nose fan inlet louvers close. 

10X:   This term represents the low speed variation of axial force with 
axial velocity due to the fans.   This term was derived from the presented 
aerodynamic coefficients Cx s in Figure 1 near hover. 

There is an error in the Cx s curve presented in Figure 1.   Cx Si as 

presented, is for /3V = /3S = 0.   However, due to the camber of the*exit 
louvers, a forward thrust exists at a louver tangent line angle of zero 
degrees, which amounts to about 4° turning of the fan thrust, which in 
turn results in a Cx_8 at Tc

s = 1 of about -. 04.   If the axial force 

resulting from CY 
8 near hover as presentee1 in Figure 1 is plotted 

o 
versus Tc

s using the offset at /Jv = 0, the axial force variation from the 
zero velocity point is almost exactly equal to the theoretical value of 
ram drag using momentum considerations. 

Figure 53 shows the comparison of the actual and theoretical values 
using the offset at /3V = 0. 

The two parts of term 10X then, are respectively, the thrust due to 
camber at zero velocity, and the momentum drag. 

Multiplication of this term by POF #1 effects the replacement of this 
term at higher velocities by term 2X, which itself is phased to zero 
near hover in the process of its generation. 

1 M ' This term represents the variation in pitching moment with 
velocity.   It is phased to zero near hover in the process of its genera- 
tion, for replacement at low speeds by term 10.At explained below.   It 
is taken from Figure 1 of the presented aerodynamic coefficients. 

2M '. This term represents the variation in pitching moment with angle 
of attack. The term is phased to zero near hover in the process of its 
generation for replacement by term llM explained below. 

Since the angle of attack cannot become large   at the velocities where 
this term is in effect, the particular angle of attack used in this term is 
limited to ±20° for purposes of generation of the over-all term. 

l 
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Figure 53  Drag at /3 v = 0,a = 0 versus Tc
8 
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The coefficient of the term is taken from Figure 9 of the presented 
aerodynamic coefficients. 

3Jii'  This term represents the variation in pitching moment due to varia- 
tions in the right fan exit louver positions. 

The first portion of the term represents the variations due to louver 
stagger deflections, and the second, variations due to louver vector 
deflections. 

s s 
Both Cm     and Cm'    are generated as unctions of the specific Tc 

Pa P\ 
generated for the right wing fan. 

B This term is not shut off when the doors close.   It sums with CL,   at m0 
g 

ßv = 50° (when the doors close) to provide the correct total Cm after 
conversion. 

The term coefficients are taken from Figures 2 and 4 of the presented 
aerodynamic coefficients. 

4jK'.  This term is the left wing term corresponding to the right wing 
term 3 ß/i- Its use and generation are identical except that all functions 
of Tc

s are generated for the Tc
s corresponding to the left wing. 

bM,: This term represents the variation in pitching moment with 
sideslip.   Since it does not change sign with the sign of sideslip angle, 
the absolute value of sideslip angle is used to generate the term. 

The sideslip angle used is limited to 20 degrees as no larger sideslip 
angles can be reached at velocity values large enough to make the term 
significant. 

ac 
The coefficient      .   .   is approximawd as a constant as shown in 

Figure 17 of the presented aerodynamic coefficients. 

%M:  This term represents the variation in pitching moment with varia- 
tions in tail lift and drag. 

The individual portions of the term are taken as generated for the axial 
and normal force summations, multiplied by the appropriate moment 
arm, and summed. 
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Refer to term explanations ION and 7X for details. 

TM:  This term represents the pitching moment due to pitch rate and 
angle of attack rate of change. 

For purposes of generation the coefficients required (presented aero 
coefficients, Figures 14 and 16) have been approximated as constants. 
Further, rate of change of angle of attack is assumed equal to pitch rate. 

SM;  This term represents the contributions to pitching moment of the 
nose fan. 

The term is generated by multiplying the normal force of the nose fan as 
generated for the normal force summation by the appropriate moment 
arm. 

For details refer to the explanation of term 7N. 

9/li:  This term represents the variation in pitching moment of the nose 
fan with vertical velocity. 

It was developed from ram drag considerations and is present throughout 
the transition velocity range.    It is switched off after conversion when 
the doors close. 

lOM:  This term represents the variation with forward velocity of pitch- 
ing moment near hover. 

Plotting pitching moment variation with velocity (refer to Figure 54) 
shows that the low speed pitching moment variation with velocity can be 
generated as a linear function of velocity and phased out by POF #1 at 
velocities about 50 feet per second. 

For details on POF #1, see the term explanation 12N. 

Note that the magnitude of the pitching moment variation with u is equal 
to the magnitude of the rolling moment variation with v.   Using this 
fact as a basis, it was assumed that both moment variations with 
velocity were due to center of pressure shilts in the direction ot the rel- 
ative wind.   This was the key to resolution of the low speed problem, 
where combinations of forward and side velocities occur. 
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llM:  This term represents the variation of pitching moment with angle 
of attack near hover.   The term is phased in and out by POF #2. This 
term is equivalent to the moment coefficient data of Figure 10.   The data 
of Figure 10 was plotted versus sin (« - 50°), and a correction factor, 
the "modified new function", MNF, was used to care of the hump in the 
curve of Figure 10 between 0° and 40° angle of attack.   The resulting fit 
is accurate to within ± . 04 pitching moment coefficient over the entire 
angle of attack range. 
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1Y:  This term represents the side force due to sideslip at velocities above 
50 feet per second.   It is phased to zero near hover in the process of its 
generation for replacement by the corresponding low speed term 6Y. 

The coefficient C   8 is used directly as presented and is generated as a 

function of average R . q 

The sideslip angle used in the generation of the term Is limited to + 20 
degrees for convenience In generation.   At velocities large enough to make 
the term significant, sideslip angles larger than 20 degrees are not attain- 
able. 

2Y:  This term represents the contribution to sldeforce of the ailerons. 

The coefficient C       is used as presented in the tabulated aerodynamic 

«a 
coefficients. 

3Y:  This term represents the contribution to side force of the rudder. 

The coefficient C,      Is used as presented In the tabulated aerodynamic 

«r 

coefficients. 

4Y:  This term represents the variation in side force due to yaw rate at 
velocities above 50 feet per second. 

It is effectively phased to zero near hover by its diminishing velocity 
multiplier for replacement by the second portion of term 6Y. 

The coefficient Cy   is approximated as a constant for use in generation. 

Refer to Figure 29 of the presented aero coefficients. 

5Y:  This term represents the total low speed aerodynamic and fan con- 
tribution to side force.   It consists of three parts. 

Part one is the variation with side velocity of the side force.   This part 
of term 5Y was derived from Figure 47 showing side force plotted versus 
velocity corresponding closely to momentum theory. 

Part two is the ram drag computed value of side force due to side velocity 
of the nose fan. 
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Part three is a conventional aerodynamic contribution to side force based 
on the profile flat plate area of the fuselage. 

The entire term is phased in near hover by POF #1. 

For detail on POF #1 refer to the explanation of term 12N. 

\M:  This term represents the variation in yawing moment with side 
velocity. 

The coefficient Cn
8  is generated as a function of average R  and phased 

to zero in the process of its generation for replacement by the corre- 
sponding part of term %)l which is based on ram drag considerations. 

At velocities where this term becomes significant, sideslip angles 
larger than 20 degrees cannot be attained, so ß is limited to 20 degrees 
for use in the generation of this term. 

2M:   This term represents the variation in yawing moment due to 
aileron deflection. 

The coefficient of this term Cn     is used directly as presented in the 
öa 

tabulated aerodynamics. 

3/:  This term represents the variation in yawing moment with rudder 
deflection. 

The coefficient of this term Cn.   is presented in the tabulated aero- 
ör . 

dynamics as a constant plus a linear variation with Tc .   This linear 
variation with Tc

s is neglected for use in generation of the term. 

4 N:   This term represents the variation in yawing moment due to yaw 
rate. 

The coefficient of this term Cn   (refer to Figure 32 of the presented r 
aerodynamic coefficients) is approximated as a constant for ease of 
generation. 

5#:   This term represents the variation in yawing moment due to roll 
rate. 
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The coefficient of this term Cn   (refer to Figure 33 of the presented 

aerodynamic coefficients) is approximated as a straight line for ease of 
generation. 

6#/7 Mx   The difference of these terms represents the yawing moment 
due to differences in the axial forces developed by the right and left fans. 

The axial force terms developed for the axial force summation are used 
as generated. 

9 M-.   This term represents the variations in yawing moment near hover 
due to aerodynamic and fan effects.   It is made up of three parts. 

Part One:   This part is the yawing moment due to side velocity of the 
nose fan.   It is derived from ram drag considerations. 

Part Two:   This part is due to the aerodynamic yawing moment developed 
by the fuselage in sideslip.   It is based on the flat plate area of the 
fuselage profile and the estimated displacement distance of the profile 
center of pressure from the eg of the aircraft. 

Part Three:   This part represents the yawing moment which arises from 
yaw rates of the main fans.   It is based on ram drag considerations. 

The term is phased in near hover by POF #1.   For further details on 
POF #1 refer to the explanation of term 12N. 

1£:   This term represents the rolling moment variation with sideslip. 

The coefficient of the term C^   s (refer to Figure 25 of the presented 

aerodynamic coefficients) is broken into two parts each of which is 
generated as a function of average R . 

The first part is the variation of C«   s with Ra at a constant angle of 

attack of zero, while the second is the variation of C«   s with angle of 
*/? 

attack, also generated as a function of Rq. 

At velocities high enough to make this term significant, sideslip angle 
cannot exceed 20 degrees, so ß in this term is limited to values of 20 
degrees or less for generation of this term. 
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22:   This term represents the rolling moment due to aileron deflection. 

The coefficient of the term C«     is taken directly from the tabulated 
öa 

aerodynamic coefficients. 

3£:   This term represents the rolling moment due to rudder deflections. 

The coefficient of this term is taken directly from the tabulated 
aerodynamics. 

4£:   This term represents the rolling moment due to roll rate. 

The coefficient of the term Cjj   (see Figure 30 of the presented aero- 

dynamic coefficients) is approximated as a constant for use in generation. 

5£:   This term represents the rolling moment due to yaw rate. 

The coefficient of the term Cjj   (refer to Figure 31 of the presented 

aerodynamic coefficients), is approximated as a constant for use in 
generation. 

6£/7£:  The difference of these two terms represents the rolling moment 
due to differences in the normal force developed by each fan. 

The terms are used as generated for the normal force summation. 

8£:   This term represents the rolling moment due to low speed aero- 
dynamic effects of the fans.   It consists of two parts. 

Part One:   This part represents the rolling moment due to sideslip.   It 
is generated on the basis of ram drag considerations (see explanation of 
term IQM). 

Part Two:   The part represents the rolling moment due to roll rate of the 
main fans.   It is generated strictly on the basis of ram drag considerations. 

POF #1 is used to phase in this term near hover.   For details on POF #1, 
see the explanation of term 12N. 
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2. 2.3   Fan Equations ^ 

Main Fan Equation I 

T                   2/3         1/3 I 
000  _   .r>   v „    P  i*                                             I =   (PJ        x   -^-r-rrx II A_        l   F7 .    2/3 — 

F A„ 
F 

2F 3F 

Nose Fan Equation 

ANF NF A     2/3 

NF 

c s        2/3 
P

o 
NF 

c8 

P NF 

I 

To 2/3        /p1/3    , 
=   (PXTJ        x   /   H   0/0     x INF 

2NF 
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2.2.4   Generation of Aerodynamic and Fan Parameters 

Fan Parameters 

All forces and moments developed by the aircraft, that are strongly 
influenced by the fans, are non-dimensionalized with respect to Tc

s 

which is defined as: 

„, s 000/   ] 
T 

c s 
q 

where 

s T 
q    = —-— + T       .A^ and M 2 000/   F 

T       is the value ol' the fan thrust t\i 3 , ß   and velocity were 
000 s     v 

all suddenlv reduced to zero.   T000 is strictly a function of fan rpm 
and air density. 

For use in generation, all coefficients that were non-dimensionallzed 
with respect to Tc

s as presented, are generated as functions of Rq 

which is defined as 

r   T 

s          2 
R    =  1 -T      =     = 

q                c            s 
q 

q 
s 

q 

,   the ratio of free-stream to 
slipstream q. 

The generation of RQ and correspondingly T000/^   involves the implicit 

solution of the following equation which relates To00/^   to its control 

parameters. 

CP8 _ (v1/2) 
c 8   h  /A \2/3K Po I   ooo/AF J F 
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where 

cs 

   =  f (T    , ß  , ß ) and is the power coefficient ratio. 
s cvs 

Po 

P_ =  f (N J and is the fan power. 

Generation of R , q8 and T0/A   „ for the nose fan is carried out in the 

same way as for the main fans except the corresponding nose fan 
parameters are used.   In this case, T0 is the thrust that would be 
generated by the nose fan at zero velocity. 

Signals taken from various points within the closed loops performing the 
implicit solutions for T000/A    and T0/A       provide all the required fan 

and combined fan and aerodynamic parameters. 

Explanation of Terms 

The terms required in the generation of the fan equations are explained 
below: 

IF 

The coefficient of this term Pp is the fan power.   It is a direction func- 
tion of gas generator rpm and an indirect function of atmospheric con- 
ditions, altitude and temperature (density). 

This curve was generated as presented and then shifted up or down by an 
increment in fan power to represent changes in estimated gas generator 
characteristics.   (Refer to Figure 34 of the fan and engine coefficients.) 

2F 

This term is the fan power coefficient ratio at zero louver stagger.   It 
represents changes in TOO0/A„ due to vector angle and velocity. 

F 
(Figure 35 of the fan and engine characteristics.) 
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This term is the change in fan power coefficient ratio with stagger 
angle.   (Figure 36 of the fan and engine coefficients.) 

INF 

The coefficient of this term , ^NF* 
1S ^e nose fan power.   It is a direct 

function of gas generator rpm and an indirect function of atmospheric 
conditions, altitude and temperature (density). 

The curve was generated as presented in Figure 37 of the fan and engine 
coefficients and then shifted by an increment in fan power to represent 
changes in estimated gas generator characteristics. 

2NF 

This term is the nose fan power coefficient ratio.   It accounts for the 
changes in fan thrust due to forward velocity.   (Figure 38 of the fan and 
engine characteristics.) 

Aerodynamic Parameters 

The aerodynamic parameters required are total velocity and the angles of 
sideslip and attack. 

Total velocity is generated by taking the square root of the sum of the 
squares of the body axis velocities of the vehicle.   Two separate total 
velocities are generated; one,VT, based on the u and w velocities only, 
which is used to generate the angle of attack, and the othe^V^ based on 
u, v, and w which is used for all other purposes. 

Both angle of attack and sideslip angle are generated as sin a and 
sin ß respectively.   For small angles, the approximations are made 
Bin ß & ß and sin a * a, and all functions of these angles which require 
large angles have been generated in such a way as to use the sin of 
the required angle rather than the angle itself. 
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2.3       FUNCTION GENERATION 

2.3.1   Generation Methods 

Two forms of function generation were used in the process of generating 
the more complex functions in the XV-5A simulation.   These are diode 
function generation and pot padding function generation. 

Pot padding function generation is done by modifying the characteristics 
of the servo multiplier pots by adding or subtracting portions of the ref- 
erence voltage to each of 17 taps equally spaced from top to bottom of the 
pot. 

Diode function generation utilizes biased diodes to provide variations in 
output slope as a function of input voltage.   As available in the Ryan Ana- 
log Computer Laboratory, ten-twenty segment or twenty-ten segment 
diode function generators are available. 

Each form of function generation has its advantages.   Diode function gen- 
eration, since it does not depend on any mechanical elements, has a 
much I, rher frequency response than pot padded function generation. 
Dicoc function generation has been used in the generation of all functions 
where the input variable varies rapidly, such as in the generation of 
K^      where Op, a variable capable of extremely rapid change, is the 

input. 

Diode function generation is also easier to change.   A diode function gen- 
erator can be set up in 10 minutes or less, while set-up of the simplest 
function on a pod-padded function generator takes from 45 minutes to an 
hour for even the most well trained and nimble-fingered assistant. 

Diode function generation has the third advantage that the starting points 
for each segment can be spaced at will, which allows the user to place 
the segments closer together where more accuracy is required (the func- 
tion is changing slope rapidly) and use few slope changes where the func- 
tion is changing slowly. 

Pot padding function generation has two advantages over DFG.   Pot pad- 
ding function generation is cheaper and therefore much more of it is 
available in the facility, and, since the reference for each cup is open, 
multiplication by one variable is possible simultaneous with change in the 
function due to change in the value of a second variable. 
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This possibility allows a function of two variables such as Cps/Cp  s to 
be broken into three parts, each of which is padded on a separate pot: 

1. A first part to represent the constant level of Cps/Cp 8 at any 
value of Rq, which is referenced to ±100 volts. 

2. A second part to represent the linear variation with ßv (slope) of 
Cp8/Cp   at any value of R«, which is referenced to a scale factor ■ 

times ±ßv. 

3. A third part which represents the 2nd order variation with ßyp I 
(curvature) of CpS/Cp s at any value of Rq, which is referenced 

to a scale factor times i/fy2. I 

The sum of the outputs of these 3 padded cups represents the value of 
Cps/Cp s and will assume the correct value at any ßv due to changes in 1 
reference level for the 2nd and third pots, and the correct value for any 
Rq due to variations in the input voltage ' vch moves the wiper arms to 
the correct positions for all the pots.   In some cases functions of a 
single variable were required, and where possible these simple func- 
tions were generated using a polynomial curve fit with constant coeffi- 
cients.   As an example, function 3F was generated in this manner and 
was accurately fit as a constant multiplied by the value of stagger angle 
squared. 

A detailed explanation of the use of padded-servo cup function generation 
is given in Appendix 12. 

2.3.2   Summary of Functions as Generated 

Each of the more complex nonlinear functions, then, was generated by 
either one or the other of the methods called out above. 

Shown in the following pages are the functions which were generated by 
pot padding or diode function generation. 

In the case of pod padded functions, the digital computer or manual resistor 
computation sheets are also given.   These sheets provide voltage check 
levels at each of the 17 tap positions. 

The functions generated are given labels identifying the function as well 
as the particular piece of equipment used which can be located by refer- 
ring to th3 circuitry section, paragraph 2. 6. # 
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JOÜ  NO.    lOU   PÜT   PAODtH   RESISTOR   CALCULATION b/7/63 

EN 
-0.42I0OOE 01 
-0.1B00OOE 02 
-0,20l/00t 02 
-0.1)8BUOE 02 
-0.121400E 02 
-0.BB8300E 01 
-0.67A20ÜE 01 
-0.6363ÜOE 01 
-o.smooE oi 
-O.blOOOOF 01 
-0.4ll3ÜOt 01 
-0.269100E 01 
-0.127<«OOE 01 
0.136100E-00 
O.lb'.OOüE 01 
0.293VOOE 01 
0.4331Ü0E 01 

RN 
0.i72426E 00 
O.lS^O^bE 02 
0.221006E 02 
0.4253&7E 02 
O.W1273E 02 
O.U92'><iE 02 
ü,717-i.3»E 01 
0.9<i3921E 03 
0.n2804E 0* 
0.615701E 03 
3.4133Ü6E 03 
0.100913E 0* 
0.3<.61Vüe 03 
0.302006E 0» 
0.376760E 0» 
0.2i99e<.E Oi 
0.12e86<#E 03 

E P RS CODE 

0. O.IOOOOOE 00 O.IOOOOOE 01 8-16   R 
-0.100000E 0 3 O.IOOOOOE 01 0.I3O0O0E 02 8-16 
-O.IOOOOOE 03 O.bOOOOOE 00 0.220000E 02 8-16 
0. O.bOOOOOf 00 0.430000E 02 8-16 
0. O.IOOOOOE 00 O.WOOOOE 02 8-16 
0. O.&OOOOOE 00 O.lbOOOOE 02 8-16 
0. 0.600000E 00 0.7bOOO0E 01 8-16 

-O.IOOOOOE 03 O.IOOOOOE 00 0.910000E 03 B-16 
-O.IOOOOOE 03 O.IOOOOOE 00 0.130000E 0* 8-16 
-O.IOOOOOE 03 O.IOOOOOE 00 0.620000E 03 8-16 
-O.IOOOOOE 03 O.IOOOOOE 00 0.430000E 03 8-16 
0. O.IOOOOOE 00 O.IOOOOOE Ok 8-16 
0. O.IOOOOOE 00 0.360000E 03 8-16 
O.IOOOOOE 03 O.IOOOOOE 00 0.300000E 0» 8-16 
O.IOOOOOE 03 O.IOOOOOE 00 0.39000'JE 05 8-16 
O.IOOOOOE 03 O.IOOOOOE 00 0.270000E OS 8-16 
O.IOOOOOE 03 O.iOOOOOF 00 0.13QOOOE 03 8-16 

OUTPUT 100 CN
9     (SLOPE: POHTION) 

JOB   NO.    1014   POT   PAOUFR   HESISTOM   CALCULATION 6/7/63 

EN 
-0.SB230OE 00 
-0.1823O0E 01 
-0.8237O0E 01 
-0.12e2O0E 02 
■O.lt.V'.OOE 02 
-0.179000E 02 
■0.177900e 02 
■0,l<.2600t 02 
-0.113t<OOE 02 
-0.966900E 01 
-O.B21^00E 01 
-0,698<.0OE 01 
-Ü.bV76ÜÜE 01 
-O.blVlOOE 01 
•0.462900F 01 
-0,<t29000t' 01 
-o.^mooE oi 

RN 
0,8799V7t 00 
0,66072'.e 00 
0,9396«1F 0^ 
0.11 I 731E 03 
0.13iö/3E 03 
0,7V36t)9C 02 
0,*50713E 02 
0.<,31260K 02 
Ü,1731^9E 02 
0.79ö6ilE 02 
0.690723E 02 
0,5«722(IE 02 
Ü.!>02<>66E 02 
OtUlbhltit 02 
0.3e92IOE 02 
0.359096E 02 
Ü,6H0706F. 02 

0. 
0. 
-O.IOOOOÜE 03 
-O.IOOOOOE 03 
-O.IOOOOOE 03 
-O.IOOOOOE 03 
-O.IOOOOOE 03 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

O.bOOOOOt 00 
O.IOOOOOE 00 
O.bOOOOOE 00 
O.bOOOOOF 00 
O.bOlMIOOE 00 
O.IOOOOOE 00 
O.'.OOOOOE 00 
O.IOOOOOE 00 
O.IOOOOOE 00 
O.bOOOOOF 00 
O.IOOOOOE 00 
O.IOOOOOE 00 
O.bOOOOOE 00 
O.IOOOOOE 00 
0.500000E 00 
O.SOOOOOE 00 
O.IOOOOOE   00 

O.IOOOOOE 01 
O.IOOOOOE 01 
0.9IO0OOF. 02 
O.IIOOOÜE 03 
O.ltOOOOF 03 
OW^OOOOE 02 
0.47Ü0OOF 02 
0.<»30000F 02 
O.IHOOOOF 02 
0.820000E 0? 
0.6H000OF 02 
0.660000t 02 
O.blOOOOE 02 
0.<.30000F 02 
0.390000E 02 
0.360000E 02 
0.6HO0O0E   02 

CODE 
33-'.0 H 
33-'t0 
33-^.0 
SS-'.O 
33-'.0 
33-<.0 
33-40 
33-40 
33-40 
33-40 
33-40 
33-40 
33-40 
33-40 
33-40 
33-40 
33-40 

OUTPUT 100 CV8     (SI.OPK) 

^Ml 

JOB  NO.    1014   POT   PAOOER   RESISTOR   CALCULATION 

EN 
-0.*35600E-0) 
o.n.nooE 02 
0.I80400E 02 
0.1423OOL 02 
0,1043O0E 02 
0,632900E 01 
0,288 TOOK 01 
O.I99300E-00 

-0,20HOOE 01 
-0,299300f 01 
-0,399üOOE 01 
-0,!>0?BOOE 01 
-O,l>0tt?00t 01 
-O.TUOOOI: oi 
-0.l)?^^oo(; oi 
-0.939OOOF   01 
-o,i0'}40()r 02 

aitTlMlT 

RN 
0.141tt74E 02 
0,1969lbE 02 
0,17Se30E 02 
0,?66«13E 04 
0,S57'>!»2E 03 
0,1HO()74C 02 
0.7l7636r 01 
0,702 7^ftF. 00 
0,14<»^üOE 03 
0,2439V'>(; 03 
0,29Vfli>lF 03 
0,39?ni4E 03 
0,47Slb'jr 03 
O.'j37O03l 03 
0,6'.,i'j4?r 0 3 
0,765497F 03 
0,I4SH,J9(.   03 

O.IOOOOOE 03 O.IOOOOOE 01 
O.IOOOOOE 0 3 O.bOOOOOE 00 
O.IOOOOOE 03 0,bOOOOOE 00 
0. CbOOOOOF 00 
O.IOOOOOE 03 0,6UOOOOE 00 
0, OtbOOOOOH 00 
o. O.bOOOOOE 00 
0. 0,bOOOOOE 00 
O.IOOOOOE 0 3 0,bO0000£ 00 
0. O,b000(i0t 00 
0, 0,b()0()00(- no 
0. 0,')00000E 00 
0. 0,,JOOOOOE 00 
o. o.'jooooor no 
o. 0,,.000()0r on 
0. o.soooooi 00 
O.IOOOOOE 0 3 O.'.DOOOOI. 00 

too r-,* (Hi.ni'i:) 
fl> 

RS 
0,l*OOOOE 02 
0.200000t 02 
o.inoooor 02 
0,270000E 04 
0,!»60000E 03 
O.IHOOOOE 02 
0,7bOOOOE 01 
0,IOOOOOE 01 
0,lb000OF 03 
0.240000E 03 
0,3O000()t" 03 
0.390000E 03 
0.4 70ÜOOK 03 
0.560000F 03 
0,6200()0(: 03 
0,/bOÜOOF 03 
O.I'iOOOOr 03 

6/7/63 

CODE 
!>0-b7 |j 
50-57 ' 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-5 7 
50-57 

$ 
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Figure 57 One Hundred Times the Second Degree Coefficient of the 
Polynomial Fit to CM®   , CY o    and Cm

8
ö    Plotted va 

625 Rq for the Left Wing s 

Figure 58 One Hundred Times the Second Degree Coefficient of the 
Polynomial Fit to CjA , Cx i

5   and Cm «    Plotted vs 

625 Rq for the Right Wing       s s 
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I 
JOB  NO.   10U  POT   PADDER  RESISTOR  CALCULATION b/7/63 

EN RN E P HS CODE 

0.4mOOE 02 0.24S186E 02 -0.10000CE 03 0.500000E 00 0.240000E 02 8-16   B, 
0.37bOüOE 02 O.lOSd^E 02 0. O.IOOOOOE 00 O.llüÜÜÜE 02 8-16 
0,39SZÜOE 02 0.396387E 02 0. 0,5000006 00 0.390000E 02 8-16 
•o#<.34.oooe 02 0.9560fllE 02 -0.100000E 03 0.5000006 00 O.IOOOOOE 03 8-16 
•0,461700E 02 0,22i.292E 03 -0.100000E 03 O.!>000006 00 0.22OOOOE 03 8-16 
'0.4a<>9ÜOE 02 0,399096E 02 -O.IOOOOOE 03 O.&OOOOOE 00 0.390000E 02 8-16 
'0.4B3900E 02 0.2&26bOE 02 -0.100000E 03 O.SOOOOOE 00 0.2400006 02 8-16 
•0.'.'t<.600E 02 O^Oa^ObE 03 0. 0.500000E 00 0.200000E 03 8-16 
'0.4093OOE 02 O.U^eOOE 03 0. 0.500000E 00 0,150000E 03 8-16 
•0,379JÜOE 02 0,^741/166 03 0. 0,5000006 00 0.470000E 03 8-16 
•0.3&08OOE 02 0.1604276 03 0. 0.500000E 00 0.160000E 03 8-16 
■0.326^OOE 02 0.350633E 03 -O.IOOOOOE 03 0.500000E 00 0,3600006 03 8-16 
•0.29B<»OOE 02 0.37b857E 03 -O.IOOOOOE 03 0.500000E 00 0,3900006 03 8-16 
■0,26690OE 02 0.392732E 03 -O.IOOOOOE 03 0,5000006 00 0,3900006 03 8-16 
■0.23190OE 02 0.4000526 03 -O.IOOOOOE 03 0.5000006 00 0.390000E 03 8-16 
•0.193300E 02 0.4321606 03 -O.IOOOOOE 03 0,5000006 00 0,4300006 03 8-16 
•0.1612OOE 02 0.673397E 01 0. 0,5000006 00 0.6300006 01 8-16 

OUTPUT 100 CN» (CURVATUHE) 
•> 

I 

I 
I 
I 
I 

JOB   NO.   1014   POT   PADOER  RESISTOR   CALCULATION 6/7/63 

EN RN E P RS CODE 
0.229800E 01 0.1089266 02 0,1000006 03 0,1000006 01 0,1100006 02 33-40   B, 
0.14S200E 02 0.9071496 01 -0,100000E 03 0,1000006 01 0.910000E 01 33-40 
•0.13670OE 02 0,6V27J7E 02 0, 0,5000006 00 0,6800006 02 33-40 
•0.1319Ü0E 02 0,2668346 03 -0,1000006 03 0.5000006 00 0.270000E 03 33-40 
0.1210006 02 0,7988976 02 -0,100000E 03 0,5000006 00 0.820000E 02 33-40 

■0.894700E 01 0,7386896 01 0, 0,5000006 00 0,7500006 01 33-40 
0,6065006 01 0,3993106 01 0, 0,5000006 00 0,3900006 01 33-40 
0,1097006 02 0,2153956 03 -0,100000E 03 0,5000006 00 0,220000E 03 33-40 
0,131000E 02 0,9756746 02 -0,100000E 03 0,5000006 00 O.IOOOOOE 03 33-40 
0,135600E 02 0,9004166 03 -0,100000E 0^ 0,5000006 00 0.910000E 03 33-40 
0,1384006 02 0,1009696 04 -O.IOOOOOE 03 0,5000006 00 O.IOOOOOE 04 33-40 
0,1396006 02 0,94897'JE 03 -O.IOOOOOE 03 0,5000006 00 0.91000CE 03 33-40 
0,139100E 02 0.9495226 03 -O.IOOOOOE 03 0,5000006 00 0.910000E 03 33-40 
0,136900E 02 0,1011446 04 -O.IOOOOOE 03 0,5000006 00 O.IOOOOOE 04 33-40 
0.133100E 02 0,9030206 03 -O.IOOOOOE 03 0,5000006 00 0.910000E 03 33-40 
0,127500E 02 0.102246E 04 -O.IOOOOOE 03 0,5000006 00 O.IOOOOOE 04 33-40 
0,1203006 02 0.3132816 02 0. 0.500000E 00 0.300000E 02 33-40 

OUTPUT 100 Cxl     (CUKVATUHK) 

JOB  NO.    1014  POT   PAOOER RESISTOR   CALCULATION 

EN 
0.8790OOE 01 

-0.991900E 01 
-0.2040ÜOE 02 
-0.184300E 02 
-0.160500E 02 
-0.1283006 02 
-0.100800E 02 
-0.773900E 01 
•0,6008O0E 01 
-0,604800E 01 
-0,592700E 01 
-0,5645006 01 
-0,5202OOE 01 
-0,459700E 01 
•0.3831006 01 
-0,2903006 01 
-0.181500E 01 

OUTPUT 

RN 
0,9140996 01 
0,2052776 02 
0,1198706 02 
0,3730J4E 03 
0,1873886 03 
0,5118356 02 
0.462103E 02 
0.237879E 02 
0,6360616 01 
0,1094166 04 
0,109557E 04 
0.1098856 04 
0.1097206 04 
0,1111066 04 
0,1113076 04 
0,1137866 04 
0,3127876  01 

O.IOOOOOE 03 
-O.IOOOOOE 03 
-O.IOOOOOE 03 
-O.IOOOOOE 03 
-O.IOOOOOE  03 
0. 
0. 
0, 
0. 

-O.IOOOOOE 03 
-O.IOOOOOE 03 
-O.IOOOOOE 03 
-0,100000E 03 
-O.IOOOOOE 03 
-O.IOOOOOE 03 
-O.IOOOOOE 03 
0. 

O.IOOOOOE 01 
0.500000E 00 
0,1000006 01 
0.500000E 00 
0.500000E 00 
0.500000E 00 
O.500000E 00 
0.500000E 00 
O.5O0000E 00 
0,5000006 00 
O,500000E 00 
0.5000006 00 
0,5000006 00 
0.500000E 00 
O.5O0000E 00 
0.5000006 00 
0,5000006   00 

RS 
0.910000E 01 
0.2000006 02 
0,1200006 02 
0.360000E 01 
O.IBOOOOE 03 
0,5100006 02 
0.4TOOOOE 02 
0,2400006 02 
0,620000E 01 
0,1100006 04 
0,1100006 04 
O.llOOOOE 04 
0,1100006 04 
O.llOOOOE 04 
O.llOOOOE 04 
O.llOOOOE 04 
0,3000006   01 

6/7/69 

CODE 
50-57 B 
50-57 * 
50-57 
50-57 
»0-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 
50-57 

100 Cm"     (CUIIVATUUK) 

• 
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Figure 59  One Hundred Times the Linear Coefficient of the 
Polynomial Fit to CNg , Cxg   and Cmg   Plotted va 

625 Rq for the Left Wing J 
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Figure 60  One Hundred Times the Linear Coefficient of the 
Polynomial Fit to CN # » Cx^    and C^    Plotted 

625 Rq for the Left Wing 
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k ftj 

EN 
-0.126bOOE 02 
-0.163i.00E 02 
-0.192bü0E 02 
-0.2U2Ü0E 02 
-0.227700E 02 
-0.2<>9300E 02 
-0.263700E 02 
-0.270900E 02 
-0.270600E 02 
-ü,2!)2200t 02 
-ü,233VUOE 02 
-0,216000t 02 
-OtlVBbüOE 02 
-O.187800E 02 
-0,173300E 02 
-0.1S4U00E 02 
-0.132400E 02 

OUTPUT 

RN 
0»bkt>Okil 01 
0.206398E 03 
O.U2Biet 03 
0,7042ä6E 03 
O.S37133E 02 
0,19b<»95E 03 
0.1917<»%E 03 
0.187269E 03 
0.7390b<(E 02 
0.15762<»E 0«, 
Ü.1096<»1E 0<i 
0,1012iOE Ott 
0.5<.731iE 02 
ü.4007t)6E 03 
0,3a75l6E 03 
0.<*063'«6E 03 
0.nO826E 02 

TOH   CALCUI .ATI ON 6/6/63 

E P RS CODE 
0. O.büOOOOE 00 0.6200O0E 01 -7    n 
0.10000ÜE 03 O.iüOOOOE 00 0.20Ü0OOE 03 - 7        l 

0.10000ÜE 03 O.iüOOOOE 00 O.lbOOüOE 03 - 7 

0.100000E 03 O.bOOOOOE 00 0.680000E 03 -7 

0. 0.?>OOÜOOE 00 0.b20000E 02 - 7 
0.100000E 0? O.iOOOOOE 00 0.200000E 03 -7 
0.10CÜ00E 03 O.IOOOOÜE 00 0,200OO0E 03 -7 
0..O0OO0E 03 O.bOOOOOl 00 0.1B00OOE 03 - 7 

0.100000E 03 O.bOOOOOE 00 0,/^0000E 02 - 7 
0. O.SOOOOOE 00 0.1600ÜUE 0* -7 
0. O.IOOOOÜE 00 0.110000E Oh -7 
0. O.SOQOOOF 00 0.100000E o^ -7 
0. O.iüOOOOE 00 0.^60000t 02                        1 -7 

O.IOOOOÜE 03 O.iüOOOOt 00 0,390000E 03 -7 
O.lOOOOÜE 03 O.büOOOOE ÜÜ 0,39ÜÜ00E 03 -7 
O.IOOOOÜE 03 O.bOOOOOE Oü 0.39ü000f 03 -7 
0. O.bOOOOOE 00 O.UOOOOE 02 - 7 

loo cN*    fSLOPKy 

JOB  NO.   1014   POT   PAODER   RESISTOR  CALCULATION 6/6/63 

EN RN E P Rr> 
0.975400E 02 0.240234E 01 O.IOOOOÜE 03 O.bOOOOOE 00 0.240000E 01 
0.95620OE 02 0.582^7E 01 O.IOOOOÜE 03 O.iOOOOOE ÜÜ 0,^6ÜOOOE 01 
0.922900E 02 0.612it.3t 01 O.IOOOOÜE 0 3 O.bOOOOOE 00 U.620000E 01 
0.866000E 02 0.3'.!>479E 03 0, U.bÜOOOOE 00 O.ibOOOOE 03 
0.B13800E 02 0.203'.5üE 03 0. O.bOOOOüE 00 0.2()00O0E 03 
0.7691Ü0E 02 0.6ie'<68E 03 O.IOOOOÜE 0 3 O.bOOOOOE 00 0,620000F 03 
0.723700E 02 0.268426E 02 0.100000E 03 O.&OOOOÜE 00 Ü.270000E 02 
0.6&9000E 02 0.3348b8E 02 0. O.bUOOOOE 00 Ü.33ÜOOOE 02 
O,63120OE 02 0.167872E o;? 0. O.SOOOOOE 00 0.1600Ü0E 02 
0.673900E 02 0.205180E 02 O.IOOOOÜE 03 O.IOOOOÜE 00 0.20000ÜE 02 
ü.6B6äü0E 02 Ü.ll<.697£ 02 O.IOOOOÜE 03 O.bOOOOOE 00 O.UOOOOE 02 
0.6<.e!jü0E 02 0.93i337E 02 0. O.^OOOOOE 00 0.910000E 02 
0.623200E 02 0.285697E 02 0. O.IOOOOÜE 00 0.300000E 02 
0.638800t 02 0.123n6E 01 O.IOOOOÜE 03 o.soaoooE 00 0.120000E 03 
0.6<t8900E 02 0.121910E 03 0.100000E 03 ö,t)OOOüOE 00 0,120000E 03 
ü.6ä3600E 02 0.n5982£ 03 O.lüOOOOE 03 O.bÜOOOÜE 00 0.120000E 03 
0.65270OE 02 0.13&979E O*. 0. 0.5O0000E 00 0.130000E OM 

OUTPUT 100 c  « (SLOPE) 

CODE 
24-32 D 
24-32 
24-32 
24-32 
24-32 
24-32 
24-32 
24-32 
24-32 
24-3? 
24- V 
24- »- 
2k-.Z 
24-32 
24-32 
24-32 
24-32 

JOB NO.   1014   POT   PADOER   RESISTOR  CALCULATION 6/7/63 

EN 
0.323i00E 02 
0.280100E 02 
0.262700E 02 
0.29»600E 02 
0.306400E 02 
0.284100E 02 
0.261B00E 02 
0.244400E 02 
0.217800E 02 
0.170600E 02 
o.meooE 02 
0.124600E 02 
0.109600E 02 
0.816900E 01 
0,5768Ü0E 01 
0,37b900e 01 
0.214100E 01 

OUTPUT 

RN 
0.292267E 02 
0,201995E 02 
0.979250E 01 
0.597624E 02 
O.392n00E 02 
0,999999E 36 
0.100179E 03 
0,153995E 03 
0.7119S4E 02 
0.23S713E 02 
0.1ie750E 02 
0.586206t 03 
0.129318E 03 
0,392741E 02 
0.275893E 02 
0.ia02b9E 02 
0.248107E   01 

E P RS CODE 
0.100000E 03 O.bOOOOOE 00 0.300000E 02 41-4.9    B 

0. 0.500000E 00 0.200000E 02 41-49 
0, O.IOOOOOE 00 O.IOOOOOE 02 41-49 
O.IOOOOOE 03 O.IOOOOOE 00 0.620000E 02 41-49 
O.IOOOOÜE 03 0.5OOOO0E 00 0.390000E 02 41-49 
0. 0. 0.999999E 36 41-49 
0. O.IOOOOOE 00 O.IOOOOOE 03 41-49 

O.IOOOOOE 03 O.IOOOOOE 00 0.150000E 03 41-49 
O.IOOOOOE 03 0.500000E 00 O.6800O0E 02 41-49 
0. O.IOOOOOE 00 0.240000E 02 41-49 
0, O.bOOOOOE 00 0.120000E 02 41-49 
O.IOOOOOE 03 O.5O0000E 00 0.»60000E 03 41-49 
O.IOOOOOE 03 O.SOOOOOE 00 0.130000E 03 41-49 
0, 0.500000E 00 0.390000E 02 41-49 
0. 0.500000E 00 0.270000E 02 41-49 
0. O.SOOOOOE 00 0.180000E 02 41-49 
0. O.IOOOOOE 00 0.240000E 01 41 — 49 

>oo c«,; (SLOPE) 
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Figure 61  One Hundred Times the Linear Coefficient of the 

Polynomial Fit to the Fan Power Coefficient Ratio, 
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JOB  NO.   1014   POT  PADOER  RESISTOR  CALCULATION 6/6/63 

EN RN E P RS CODE 
'0.49B500E 02 0.239876E 02 -O.IOOOOOE 03 O.IOOOOOE 00 0.240000E 02 1-7 
0,i.593OOE 02 0.1b6%79E 03 0. O.büOOOOE 00 0.160000t 03 1-7 
'0.426600E 02 0,11910!>E 03 0. O.iOOOOOE 00 0.120000E 03 1-7 
0.3986OOE 02 0.219816E 03 0. O.IOOOOOE 00 0.22O0O0E 03 1-7 

■0,3750OOE 02 0,616775E 03 -O.IOOOOOE 03 0,5000001 00 0,620ÜOOE 03 1-7 
0,3495OOE 02 0.92297b£ 02 0. O.IOOOOOE 00 0,9100006 02 1-7 
'0.33UOOE 02 0,8743a<.E 02 0. O.&OOOOOE 00 0.910000E 02 1-7 
0.319BOOE 02 0.856b08E 02 0. O.bOOOOOE 00 0.820000E 02 1-7 
0,3155OOE 02 0.306!>09E 02 0. O.bOOOOOE 00 0.300000E 02 1-7 
0,330bOOE 02 0,125&31E O'. -O.IOOOOOE 03 O.IOOOOOE 00 0.130000E O«. 1-7 
0,34<»i00E 02 0.102A21E 04 -O.IOOOOOE 03 0,500000E 00 O.IOOOOOE O«. 1-7 
0.3573OOE 02 ClOVS^lE 04 -O.IOOOOOE 03 O.IOOOOOE 00 O.UOOOOE OU 1-7 
0.3690OOE 02 0.132935E 03 -O.IOOOOOE 03 O.IOOOOOE 00 0.130000E J3 1-7 
Ü,371800E 02 0.170031E 03 0. O.IOOOOOE 00 0.180000E 03 1-7 
0,3787OOE 02 0,173186E 03 0. O.'JOOOOOE 00 0.180000E 03 1-7 
0.3897OOE 02 0.178217E 03 0. O.bOOOOOE 00 0.18C000E 03 1-7 
0.404600E 02 0,739073E 02 -O.IOOOOOE 03 0.5O0O00E 00 0.7^00ÜÜE 02 1- 7 

OUTPUT 100 c, 
^v9 

(CURVATUUE) 

JOB   NO.    10U   POT   PADDER   RESISTOR   CALCULATION 6/6/63 

EN RN E P HS CODE 
•0,370SOOE 02 0.77187SE 02 0. O.bOOOOOE 00 0.7bO0OOE 02 24-32 
•0.379S0OE 02 0.596634E 02 -O.IOOOOOE 03 O.IOOOOOE 00 0.620000E 02 24-32 
0.369000E 02 0.<»10dU7E 02 -O.IOOOOOE 03 O.bOOOOOE 00 0.43Ü000E 02 24-32 
•0.329700E 02 0.628392E 04 -O.IOOOOOE 03 O.büOOOOE 00 O.62OOO0E 04 24-32 
•0,2902ÜOE 02 0.108826E 04 0. O.IOOOOOE 00 O.HOOOOE 04 24-32 
■0.2M200E 02 0,935999E 03 -O.IOOOOOE 03 O.bOOOOOE 00 0.910000E 03 24-32 
■O.2107OOE 02 0.616641E 02 -O.IOOOOOE 03 O.bOOOOOE 00 0.620000E 02 24-32 
O.U6200E 02 0.633083E 01 0. O.bOOOOOE 00 0.620000t 01 24-32 
•0.12SOOOE 02 0.2a0018E 01 0. O.bOOOOOE 00 0.27O0OOE 01 24-32 
0,187SOOE 02 0.409526E 02 -O.IOOOOOE 03 O.bOOOOOE 00 0.390000E 02 24-32 
'0.2128OOE Ü2 0.233914E 02 -O.IOOOOOE 03 O.bOOOOOE 00 0.240000E 02 24-32 
0.17SOOOE 02 0.22<»743F. 02 0. O.bOOOOOE 00 0.220000E 02 24-32 
0.1518OOE 02 0.616071E 01 0. O.bOOOOOE 00 0.620000E 01 24-32 
0.174800E 02 0.2417b8E 03 -O.IOOOOOE 03 O.bOOOOOE 00 0.240000E 03 24-32 
0.191400E 02 0.23689AE 03 -O.IOOOOOE 03 O.bOOOOOE 00 0.240000E 03 24-32 
0.201600E 02 0.233906E 03 -O.IOOOOOE 03 O.bOOOOOE 00 0.240000E 03 24-32 
0.205400E 02 0.392072E 03 -O.IOOOOOE 03 O.bOOOOOE 00 0.390000E 01 24-32 

OUTPUT 100 c/ (CUHVATURE) 

JOU  NO.    1014   POT   PADOER  RESISTOR   CALCULATION 6/6/63 

EN 
0,963400E 01 
o.mvoot 02 
0.1371O0E 02 
0.170bO0E 02 
0,1922OOE 02 
0.196VOOE 02 
0,1992OOE 02 
0,1977OOC 02 
0.194700E 02 
0.190bOOE 02 
0.184800E 02 
0.177800E 02 
0.169400E 02 
0,li9700E 02 
0.148600k 02 
0.1362OOE 02 
0.122400E 02 

RN 
0.973262E 01 
0,b91ü61E 02 
0,227489£ 02 
0.1306H3E 03 
0.896228E 02 
0,627421E 03 
0.39bl31E 03 
0,100287E 04 
0.12b828E 04 
0.101187E 04 
Ü.H7b77E 04 
0.110116E 04 
0.119798E 04 
0.112b40E 04 
0.12279t>E 04 
O.Ub687£ 04 
0.166304E   02 

0. 
0. 
0. 
O.IOOOOOE 03 
O.IOOOOOE 03 
O.IOOOOOE 03 
O.IOOOOOE 03 
O.IOOOOOE 03 
O.IOOOOOE 03 
O.IOOOOOE 03 
O.IOOOOOE 03 
O.IOOOOOE 03 
O.IOOOOOE 03 
O.IOOOOOE 03 
O.IOOOOOE 0 3 
O.IOOOOOE 03 
0. 

O.bOOOOOE 00 
O.bOOOOOE 00 
O.bOOOOOE 00 
O.bOOOOOE 00 
O.bOOOOOE 00 
O.bOOOOOE 0 
O.bOOOOOE 00 
O.bOOOOOE 00 
O.bOOOOOE 00 
O.bOOOOOE 00 
O.bOOOOOE 00 
O.bOOOOOE 00 
O.bOOOOOE 00 
O.bOOOOOE 00 
O.bOOOOOE 00 
O.bOOOOOE 00 
O.bOOOOOE  00 

RS 
O.IOOOOOE 02 
0.620OO0E 02 
0.220000E 02 
0.130000E 03 
0.9I0000E 02 
0.620000E 03 
0.390000E 03 
O.IOOOOOE 04 
0.130000E 04 
O.IOOOOOE 04 
0.120000E 04 
O.UOOOOE 04 
O.UOOOOE 04 
O.HOOOOE 04 
0.120000E 04 
0.120000E 04 
O.UOOOOE 02 

CODE 
83-88 B 
83-H,8 
83-88 
83-88 
83-88 
83-88 
83-88 
83-88 
83-88 
83-88 
83-88 
83-88 
83-88 
83-88 
83-88 
83-88 
83-88 

OUTPUT loo cp
8/cp

B 

o. 
(SLOPE) 
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Figure 63  One Hundred Times the Constant of the Polynomial 
Fit to the Fan Power Coefficient Ratio, One Hundred 
Times the Second Degree Coefficient to the Polynomial 
Fit to the Fan Power Coefficient Ratio, and One Hundred 
Times the Second Degree Coefficient of the Polynomial 
Fit to CA   Plotted vs 625 Rq for the Left Wing 
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Figure 64 One Hundred Times the Constant of the Polynomial 
Fit to the Fan Power Coefficient Ratio, One Hundred 
Times the Second Degree Coefficient to the Polynomial 
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JOh   NO.    IUU   M01   PAÜÜtl»   KtMStOH   CALCUI.AIION 6/6/63 

KN 
0.100000» O'J 
0.9'/1lilOI: 0^ 
U.'yMOOooi. 02 
O.'/'jfc'JOOl- 0^ 
0.93S0ÜOt 02 
O.VUOÜOI. M^ 
o.87tiüüüi. 'K; 
Ü,H78VOl)K 0^ 
O.B64<tOOE 0.' 

o.d'.Oüou! 02 
o.ioo^oot; o^ 
Ü.821V001 02 
o.oiwooi o^ 
Ü.010ÜO0L 0/ 
Ü.IJÜi.'iOllC ÜJ 

o.uo'.'.oüf. oi 

OUTPUT 

MN 

0. 
Ot20tW /Of 0 1 
O.JT'tVVVE 01 
ü.iv.;t>i'>h ()<• 
O.lVtVV^t iX. 
OtUt>bb/2l 1(1 
0.t»/066ht 0 4 
0,J02VV6t 0<. 
o.iouo'jot (><• 

o,v'>7n'jf oJ 
U.'/ICiUtH 0 1 
ü.iojmt ü<. 
O.vfeiUiK oj 
O.lOl'/OOf O't 
0.<><i423IC 0 3 
U.V^'jOOlE 03 

t p HU 

O.IOOOOOt OJ o. 0. 
O.IOOOOOK 0 3 O.SOOOOOt ÜÜ 0.2000üÜf 01 
Ü.IOÜOOÜt 01 O.'XlOüOOt 00 0.36000UE 01 
0. O.'JOOOüüI 00 U, l'jOüüüt 0<t 
0. O.'JOOOOüE 00 Ü.200000E Ok 
o. O.'jUOOOOt 00 ü.tl^OÜOÜI 03 
0. O.bOOOOOt 00 o,'j60üoot: 03 
0, Ü.')OOOOÜL 00 o.loüüüüE 0<. 
0, o.boooüüE 00 0.1IO00OE 0«. 

8: 8:^188881 M 8:188» 8t 
0. o.'.onoooE 00 0,lOOOOÜt 0«. 
0. O.bOOOOOf 00 Ü.IOüOOOt 0<. 
0. Ü.SOOOOOt 00 0, lOOOOOf. 0*, 
0. ü.sooooot 00 0,910000t 03 
0. 0,50ÜOOO£ 00 o.'Jiooooe 03 
0. 0,5 00000t 00 Ü,7^0000E 03 

CUUE 
H3-MH 
Ul-B« 

83-88 
83-88 
83-88 
83-88 
«»-»18 
83-88 
83-88 
83-U8 
83-88 
83-88 
8i-U8 
tti-UH 
83-88 
83-88 

YO 

100 Cp/C|lg    (INTERCEPT) 

EN 
-0.121600E 02 
•0.M6300E 01 
-0.be3100C 01 
-0.159900E 02 
-0.221700t 02 
■0.226aü0E 02 
-0.2262Ü0E 02 
-0.219700K 02 
-0.20e000t" 02 
-0.182300t 02 
-0.169300E 02 
-0.178000E 02 
-0.181b00t 02 
-0.166300E 02 
-0.1&4800t 02 
-0.1*7100f 02 
-O.U3200E   02 

OUTPUT 

RN 
0.27'.637E 02 
0.203983E 01 
0.1042UE 01 
O.ytbUTyE 02 
0.25737i.t 02 
0.2&'.3'./E 03 
0.245911E 03 
0.2813m 03 
0,106071E 03 
0,269X<t4E 02 
O.lUblWylL 02 
0.29639'tE 03 
0.8206H9E 02 
0.842737E 02 
0.763816E 02 
0.72?>e23E 02 
0.688462E 02 

TOR   CALCUIATIUN 6/7/63 

E P RS CODE 

0.1OOOO0E 03 O.bOOOOOE 00 0.270000E 02 'tl-<.9     R 
0. O.bOOOOOE 00 0.200000E 01 M-49 
0. O.IOOOOOE 00 O.IOOOOOE 01 41-49 
0.1OOOO0E 03 O.bOOOOOE 00 0,390000E 02 41-49 

O.IOOOOÜE 0 3 0.t>ÜOOOOF 00 0.2 70000E 02 41-49 

0.100000E 03 0.5Ü0000E 00 O^'.OOOOE 03 41-49 
O.IOOOOOE 03 O.büOOOOE 00 0.?<.00O0E 03 41-49 

O.IOOOOÜE 03 O.IOOOOOE 00 0.27O0OOE 03 41-49 
O.IOOOOOE 03 O.IOOOOOE 00 0.1 10000E 03 41-49 

0. O.IOOOOOE 00 0.270000E 02 41-49 

0. O.^OOOOOt 00 O.liOOOOE 02 41-49 

O.IOOOOOE 03 O.bOOOOOF 00 0,300000t 03 41-49 

O.IOOOOOE 03 O.bOOOOOE 00 0.820000t 02 41-49 
0. 0.500000E 00 0.820000E 02 41r49 
0. O.IOOOOOE 00 O.7t>O0O0E 02 41-49 
0. O.büOOOOE 00 0.7i0000E 02 41-49 
0. O.iOOOOOt 00 0,680000E 02 41-49 

100 c m8 (CUItVATUKi;) 

ßV, 

JOU   NO.    1014   POT   PADOt«   RESISTOR   CALCULATION 

EN RN 
0.362i>0üt 02 0.3JHlt>3t 02 
0.382600t 02 0.304638E 0 3 
0.39(19001 02 0. UOHblE 04 
0,414400L 0 2 0.1 12041t. 0 3 
0.420100t 02 O^bÜ/BE 02 
0,41 1400t 02 Ü.12262bE 04 

0.401HOOt 02 0.747747E 0 3 
O.3907(JOE 02 Ü,1'/040^E 0«, 
0.37VOl)Ot 0/ 0.14'jb47t 04 

0.366'j00t 0 2 0.19 796 7E 04 
0.3!)34<)0t 02 0.15 1^47E 04 
Ü,33Vi(>Ot 02 0,2O64O&E 0*. 

0.32>OOOI. 02 0,1582O)E Ott 

0.309700t 0 2 0.21W17E 04 

0.29380üt 02 0.189160E 04 
0.?7/2('0l 0^ 0, 19360/E ()'. 
0,2t.9V'J0t 02 0,2816U<.E 02 

-O.JOOOOOE 03 
-O.IOOOOOE 0 3 
-O.IOOOOOE 03 
-0.1OO0O0C 03 
-O.IOOOOOE 03 
■O.IOOOOOE 0 3 
•O.IOOOOOE 03 
-O.IOOOOOE 0 3 
•O.IOOOOOE 03 
-O.IOOOOOE 03 
•O.IOOOOOE 03 
-O.IOOOOOE 0 3 
-O.IOOOOOt 03 
•O.lOOOOdE 03 
•O.IOOOOÜE 03 
0. 

O.bOOOOÜt 00 
Ü.bOOOOÜE 00 
O.büOOOOt 00 
O.bOOOOOt 00 
O.büÜOOOt 00 
O.IOOOOOE 00 
0,bOOOOOE 00 
O.^OOOOOL 00 
O.bOOOOOE 00 
O.IOOOOOE 00 
O.bOOOüOE 00 
O.büOOüOE 00 
O.IOOOOÜE 00 
O.^OOOOOE 00 
O.boOO'JOt 00 
O.IOOOOOE 00 
O.IOOOOOE   00 

6/6/63 

RS CODE 
0.330000t 02 83-88   H 
0.300000E 03 83-88      i 

O.IOOOOOE 04 83-88 
O.llOOOOE 03 83-88 
O./iOOOOE 02 83-88 
Ü.120000E 04 83-88 
0,7i0000E 03 83-88 
0.200000E 04 83-88 
O.IOOOOOE 04 83-88 
0.200000E 04 83-88 
O.l'jOOOOE 04 83-88 
0.2Ü0000E 04 83-88 
0. It.OOÜOt 04 83-88 
0.220000t 04 83-88 
0. HtOOOOE 04 83-88 
0.200000E 04 83-8B 
O.V70000K 02 83-88 

OUTPUT 100 Cn'Vc.f    (CimVATUim 
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Figure 65  Plot of 104 CNTSAB and 104 CXTSAB vs 625 Rq for 
Both Left and Right Wings (Plots Superimposed) 
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OB NO*   V> \k  P OT   PAOOtH  1 RESISTOR  CALCULATION 0IJUL63 

EN RN E P RS CODE 
0. 0. 0. 0. 0. CXTSAB 
0. 0. 0. 0. 0. CXTSAB 
0.210000E 02 0.1S9274E 02 -O.IOOOOÜE 03 O.bOOOOOE 00 0.160000E 02 CXTSAB 
0.327OO0E 02 0.»eü26BE 03 -O.IOOOOOE 03 O.bUOOOOE 00 0.1B0000E 03 CXTSAB 
0.437000E 02 o.uoao^E 03 -0.100000E 03 O.IOOOOOE 00 0.I50000E 03 CXTSAB 
OtXtOOOOE 02 0.390927E 02 0. 0.500000E 00 0.390000E 02 CXTSAB 
Ü.668900E 02 0.26<>I7»E 02 -O.IOOOOOE 03 O.SOOOOOE 00 0.270000E 02 CXTSAB 
0.774300E 02 o,iaoa49E 02 -O.IOOOOOE Ü3 O.iÜOOOOE 00 O.IBÜOOOE 02 CXTSAB 
0.a»63U0E 02 0.11)U4.E 02 -O.IOOOOOE 03 O.iOOOOOE 00 0.120000E 02 CXTSAB 
U.914900F 02 0.67a9a9E 01 -O.IOOOOOE 03 O.IOOOOOE 00 0,6öO0ü0E CXTSAB 
O.VJOOOOt 02 0.267Ü9«.E 01 -O.IOOOOOE 03 O.iOOOOOE 00 0.2700006 CXTSAB 
0,950000t: 02 0.999999E 36 0. 0. 0.999999E CXTSAB 
0.9»000ÜE 02 0.999999E 36 0. 0. 0.999999E CXTSAB 
0.9500Ü0E 02 0.99')V99£ 36 0. 0. 0.999999E CXTSAB 
0.9S0Ü00E 02 0.999999E 36 0. 0. 0.999999E CXTSAB 
0.9!>0000E 02 0,999999E 36 0. 0. 0.999999E CXTSAB 
0.9i00O0E 02 0.999999E 36 0. 0, 0.V99999E CXTSAB 

OUTPUT A acx; 
10 ö. 

H 

V. 

POT PADDER RESISTOR CALCULATION 

(1) (2) (3) (4) (5) (6) (7) 

En 2E n -<En+l+ 

En-1 
(l)+(2) E E-En 1.875x 

5 
(6)T(3)      I 

EO 0010 0 0 0 0 
El 0011 0 0 0 0 
E2 0012 0 0 +10 - Gnd. 0 
E3 0013 -10 -20 +4 -16 -100 -90 -169 10.6 K. 
E4 0014 -4 -8 +8.5 +.5 Gnd. +4 +7.5 15 K. 
Es 0015 +1.5 +3 -6 -3 Gnd. -1.5 -2.81 . 936 K. 

1   E6 0016 +10 +20 -21.5 -1.5 Gnd. -10 -18.75 +12.5 
1   ET 0017 +20 +40 -40 0 00 

E8 0018 +30 +60 -60 0 00 

E9 0019 +40 +80 -80 0 00 

ElO 0020 +50 +100 -100 0 00               ! 

En 0021 +60 +120 -110 +10 +100 40 +75 7.5K. 
Ei2 0022 +60 +120 -120 0 00         1 
Eis 0023 +60 +120 -120 0 
EM 0024 +60 +120 -120 0 
Eis 0025 +60 +120 0 ■               1 

Eie 
En 
Ei8 

0026 
0027 
0028 

+60 
+60 
+60      | 

+120 
+120 
+120 

0 
0 
0 

/   4    dCN' 

\          d*ß 0 v / e 
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Figure 66  Plot of 50 CXTSA and 100 CNTSA vs 625 Rq  (Both 
Wings Identical) 
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POT PADDER RESISTOR CALCULATION 

(1) (2) (3) (4) (5) (6) (7) 
En 2En 

n-l' 

(l)+(2) E E-E„ 1.875x 
5 

(6)-(3)      1 

Eo 0010 0 0 0 
El 0011 0 0 0 

1   E2 0012 0 0 -3.3 Gnd. - - 0 

E3 0013 3.3 !  6.6 -5 +1.6 +100 96.7 179 112K 
E4 0014 5 10 -3, 8 +.2 +100 95 176 880 
E5 0015 6.5 13 -13 0 - - 00 

E6 0016 8 16 15.8 +0.2 +100 92 170 850 
E7 0017 9.3 18.6 -18.7 -.10 Gnd -9.3 17.2 172 
E8 0018 10.7 2.4 -21.3 +.10 +100 89.3 165 165 M. 

1   E9 0019 12 24 -23.9 +.10 +100 88 163 1.63M.   1 
Eio 0020 13.2 26.4 -26.5 -.10 Gnd. -13.2 -24.4 2.44 K. 
En 0021 14.5 29 -28.8 +.2 +100 85.5 160 800 K. 
E12 0022 15.6 31.2 -31.2 0 00 

Ei3 0023 16.7 22.3 -33.2 +.2 +100 +83.3 155 775 K.    | 
EH 0024 17.6 35.2 -35.2 0 00                 | 

E15 0025 18.5 27. -36.6   | +.4 +100 81.5 151 378         j 
I   Eie 0026 19.0 38 -37.8 +.20 +100 81 150 750 K. 

En 0027 19.3 28.5 -38.3 +.30 +100 80.7 149 500 K.    j 
/ p„s 

[lOOO a"xT 
da ) 

JOB  NO.   1Ü14   POT   PADDtR   RESISTOR   CALCULATION 

EN RN E P RS 
0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 
0.500000E 01 0.2^4b<>E 02 0. loooooe 03 O.bOOOOOE 00 0.240000E 02 
0.300000E 01 0.5*5679E 03 0. 1Ü0000E 03 0.500000E 00 0.S60000E 03 
0.666700E 00 0.»S638E 03 0. 10OO00E 03 O.iOOOOOE 00 0.560000E 03 
0.200000E 01 0.112*nE 02 0. O.*O000OE 00 0.110000E 02 
0.500000E 01 O.fiOOOOE 02 0. O.bOOOOOE 00 0,7i00O0E 02 
0,ei2%00E 01 0.1904 30E 03 0. 0.500000E 00 0.200000E 03 
o.imooE 02 0.2<.9926E 03 0. 0.5000006 00 0.240000E 03 
0.146200E 02 0,304i83£ 03 0. 0,500000E 00 0.300000E 03 
0.180O0OE 02 0.42IB78E 03 0. 0.5OO00OE 00 0.<t30000E 03 
0.2U600E 02 0.»02966E 03 0. 0.5O0000E 00 0.510000E 03 
0.250000E 02 0,5e59<.2E 03 0. O.SOOOOOE 00 O.S60000E 03 
0.286200E 02 0.596249E 03 0. O.bOOOOOE 00 0.620000E 03 
0,123300£ 02 0.757735E 03 0. O.bOOOOOE 00 O.7S0OO0E 03 
0.)6I200E 02 0.752<ii99E 03 0. 0.300000E 00 0,750000E 03 
0.400000E 02 0.289948E 02 -0. 100000E 03 0.500000E 00 0,300000E 02 

OUTPUT 2000 
ÖCNT 

da 

01JUL63 

CODE 
CNTSA 
CNTSA 
CNTSA 
CNISA 
CNTSA 
CNTSA 
CNTSA 
CNTSA 
CNTSA 
CNTSA 
CNTSA 
CNTSA 
CNTSA 
CNTSA 
CNTSA 
CNTSA 
CNTSA 
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Figure 67  Plot of 10 POF No. 1 and 10 POP No. 2 vs 625 Rq 
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JOB  NO.   1014  POT   PADO£R   RESISTOH   CALCULATION 01JUL63 

EN RN E p RS 
0. 00000E 02 0,9»9999E 36 0. 0. 0.999999E   36 
0.1 OOOOOE 02 0.168750E 02 0.100000E 03 O.iOOOOOE  00 0,160000E   02 
0. 0. 0. 0. 0, 

-0. 0. 0. Ü. 0. 
-0. 0. 0. 0. 0. 
-0. 0. 0. 0. 0. 
-0. 0. 0. 0. 0. 
-0, 0. 0. 0. 0. 
-0. 0. 0. 0. 0, 
-0. 0. 0. 0. 0. 
-0. 0. 0. 0. 0, 
-0. 0. 0. 0. 0. 
-0, 0. 0. 0. 0, 
-0, 0. 0. 0. 0. 
-0. 0. 0. 0. 0. 
-0. 0. 0. 0. 0. 
-0. 0. 0. 0. 0. 

OUTPUT 10 POF 1 

CODE 
POF I 
POF I 
P0F1 
P0F1 
P0F1 
P0F1 
POF» 
P0F1 
POF I 
P0F1 
P0F1 
POF I 
P0F1 
P0F1 
P0F1 
P0F1 
P0F1 

JOB NO. 1014 POT PAODER RESISTOR CALCULATION 01JUL63 

EN RN E P RS 
0. 0. 0. 0. 0. 
0.100000E 02 0.a<»3740E 01 O.IOOOOOE 03 O.IOOOOOE 01 0.&20000E 01 
0. 0. 0. 0. 0. 
0.0667006 01 0.12(i37)E 0 3 -O.IOOOOOE 03 0.500000E 00 0.1300CCE 03 
0.160000E 02 0.1181556 03 -O.IOOOOOE 03 0,500000E 00 0.120000E 03 
0,22OOO0E 02 0.109962E 03 -O.IOOOOOE 03 0.500000E 00 0.110000E 03 
0.2667ÜOE 02 0,1026C7E 03 -O.IOOOOOE 03 0.5(i0000E 00 O.IOOOOOE 03 
0.300000E 02 0.986842E 02 •O.IOOOOOE 03 0.500000E 00 O.IOOOOOE 03 
Ü.320000E 02 0.958646E 02 -O.IOOOOOE 03 0.500000E 00 O.IOOOOOE 03 
0.326700E 02 0.942118E 02 -O.IOOOOOE 03 0.5Ü0000E 00 0.910000E 02 
0.32OO0OE 02 0.9586*66 02 -O.IOOOOOE 03 0.500000E 00 O.IOOOOOE 03 
0.300000E 02 0.986842E 02 -O.IOOOOOE 03 0.500000E 00 O.IOOOOOE 03 
0.266700E 02 Ü.1026Ü7E 03 -O.IOOOOOE 03 0.500000E 00 O.IOOOOOE 03 
0.220000E 02 0.109962E 03 -O.IOOOOOE 03 0.500000E 00 0.110000E 03 
0.160000E 02 0.1181556 03 -O.IOOOOOE 03 0.5000006 00 0.120000E 03 
0.B6670OE 01 0.12e37<iE 03 -0.100000F 03 0,5000006 00 0.130000E 03 
0.996900E- -04 0.215667E- -05 0. 0.500000E 00 -0. 

OUTPUT 10 POF 2 

CODE 
POF 2 
POF 2 
POF 2 
POF 2 
POF 2 
POF 2 
POF 2 
POF 2 
POF 2 
POF 2 
POF 2 
POF 2 
POF 2 
POF 2 
POF 2 
POF 2 
POF 2 

'j 
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Figure 68 Plot of 5000 Cyjj . 104 C^ , (ata= O^.IO.OOO C s and 
The Constant Term of the Polynomial Fit to the DoWnwash 
Angle Plotted vs 100 Rq 
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JOB NO*   1014  POT   PAOOER RESISTOR  CALCULATION 

EN RN E P RS 
0. 0. 0. 0. 0. 
0.317SOOE 01 0.!t671*7E 02 0.1 OOOOOE 03     0,500000£ 00 0.b60000E 02 
0.3U900E 01 0.49<)*04E 01 0. O.bOOOOOE 00 O.blOOOOE 01 
0.*31700t 01 ü,20«K,03E 02 0. O.bOOOOOE 00 0,200000t 02 
O.ieaiOOE 01 0,262i45E 03 0. 0(500000E 00 0.27O0OOE 03 
0*74i8700E 01 0(3190<»9E 03 0. O.BOOOOOE 00 0.33OOOOb 03 
0.913700k 01 0,39»416E 03 0. O.BOOOOOE 00 0.390000E 03 
0.108300E 02 0<43204BE 03 0. O.BOOOOOE 00 0.430000E 03 
0.1297OOE 02 0.785626E 03 0. O.bOOOOOE 00 0.820000E 03 
0.14>3400b 02 0.*4,8125£ 03 0. 0.500000E 00 0.430000E 03 
0.1617U0E 02 0,101062E 04 0. O.bOOOOOE 00 0.1O0O00E 04 
O.ieOiOOE 02 0(676129E 03 0. 0.500000E 00 O.bttOOOOE 03 
0.19940ÜE 02 0.934688E 03 0* O.bOOOOOE 00 0.910000E 03 
0,218900E 02 0<102609E Ok 0. O.bOOOOOE 00 0.100000E 04 
0*238800E 02 0,895^056 03 0. O.bOOOOOE 00 0.910000E 03 
Ot2S9200E 02 O,121S00E 04 0. O.bOOOOOE 00 0.120000E 04 
0.280000E 02 0,6'»9018E 02 0.100000E 03    O.bOOOOOE 00 0.620000E 02 

OUTPUT io4c'.. 

•)/27/63 

CODE 

JOB  NO.   1014 PUT   PAOOER  HESIsfüK  CALCULATlUN 
 __.. 

"09720/63 ' 

in HN t p RS (JöoE 
O.b20000t 
O.VbiVUOt: 

02 
02 

U.132l!>9t   U2 
ü; 116703E   03 

0.100000E   03 
O.iOüÖOüE   üi 

Ü.'JUOUOOE   00 
üibüöÖÜÜE  00" 

O.lioOOOt   02 
0.i2OOOÜE   03 l?-!HY« - 

O.STbOOOE 
Ö. 3 1.2 lOOt 

02 
02 

().5ü22i3t   02 
Ö.1008V4E   03' 

_«!     
0. 

U|boOUUu£  00 
" Ü.büOÜÜOt  00 

otbiuooyt 02 
Ö.lÖÖÜÜÜt   03 7—33 

P. 2 5.5000 £ 02 0.!)62bOüC   02 Ot O.bDOOOÜt  00 ü.>60000t   02 i7-23 
0.2Ü4400E 02 U.4500ÜOE  02 0. O.buüüUOE 00 0.4iüO0OE   02 17-23 
0»l6*400t 02 

02 
u,35tt6^1K  02 
Ö.2980ibE  02 

0. ü4500üÜÜt   00 0,i6'jOUÜt   04 IL-J2- 
0.13.5100E 0. O.bOOOOOE 00 0, 100000t   02 
O.lUJOOt 02. 0.242863^  0^ 0.            ,, . OQOOQOfc  00 fi.2^oüOot 02       . 7-^3 
0»9JI1700£ 01 ü.214432t   02 0. O.bOOOOOE  00 0.22000ÜE   02 17-23 
0.<I^620U£ 01 t».20I6V9f   02 0. O.bOOOOOE  00 0.2000ÜOE   02 17-23 
0.9.S6bOOk 01 ü.209b79C   02 0. O.büOUUÜE   00 0.20ÜO0Ot   02 7—23 
0.107300E 02 0.2317Ü3E  02 -O.i....   OfbOOOOOE  00 0l24OOüOE   02 7-23 
0*12,7bUOE 02 0.27ülVHE  02 0. O.jOüOOüt  00 Ü.27000UE   02 17-^3 
0.1565OOE 02 0«i4b221£  U2 o»       ._.._ O.bOUUUOb   00 0,J60üü0t   02 7-23 
0.19.3900t 02 0.4l7öuflE   02 0. O.bOOOOOE   00 0.43U0OOt;   02 7—2 3 
0.24O0OOE 02 0|?09ll|E  02 P.JOOOOüg   0? O.bOOOOOE  00 O.SOOOOüt   02 1 f-23 

OUTPUT, 
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JOB  NO*   1014 POT  PAOOER  RESISTOR CALCULATION 

EN RN E P RS 
0. 0. 0. 0. 0. 

■0*2»0600E 01 0.9O8555E 02 -0, lOOOOOE 03 0,500000E 00 0.910000E  02 
0.300000E 01 0.U2090E Ok -0. OOOOOE 03 0.500000E 00 O.ISOOOOE  04 
0.336600E 01 0.92S126E 02 0. 0.»OOOOOE 00 0.910000E  02 
o.saooooE 01 0.104779E 03 0. 0.500000E 00 0.100000E  0) 

■0.430200E 01 0.120392E 03 0. O.iOOOOOE 00 0.120000E  OJ 
0.«.e7lOOE 01 0.132364E 03 0. O.SOOOOOE 00 0.130000E  03 
0.S50900E 01 0.1>M70E 03 0. 0.900000E 00 0»1»OOOOE  0) 
0t621<t00E 01 0.171342E 03 0. 0,»OOOOOE 00 0.180000E  0) 
0.&98700E 01 0.ia986<iE 03 0. 0,500000E 00 0.180000E  03 
0«782900E 01 0.2224I5E 03 0. 0.»OOOOOE 00 0.220000E  03 
O.B73700E 01 0.237418E 03 0. 0.500000E 00 0.240000E  03 
0*9714>OOE 01 0.263967E 03 0. 0.»OOOOOE 00 0.270000E  OS 
0.107600E 02 0,315235E 03 0. 0,»OOOOOE 00 0,33O0O0E  03 
0.11B700E 02 0.317946E 03 0. 0.»OOOOOE 00 0.330000E 03 
0*130500E 02 0.349»»4E 03 0. 0,»OOOOOE 00 0.360000E  03 
0.143000E 02 0.I28550E 03 -0.100000E 03 0,»OOOOOE 00 0.130000E  03 

OUTPUT io4 CL 

5/27/63 

CODE 

OB NO.   1014 POT  PADDER RESISTOR   CALCULATION 5/27/63 

EN RN E P RS CODE 
0. 0. 0. 0. 0. 
0.1»0600E 02 0.21»803E 02 -0.100000E 01 0.»OOOOOE 00 0.220000E 02 
0.227400E 02 Ü.538522E 02 -0.100000E 03 0.»OOOOOE 00 0.»60000E 02 
0.277300E 02 0.13416»E 03 -0.1OOOOOE 03 0.»OOOOOE 00 0.130000E 03 
0.317100E Oi 0.21340»E 04 -O.IOOOOOE 03 0,»00000F 00 0.22OOO0E 04 
0,TJ6300E 02 0.2011»»E 04 -0.100000E 03 0.»OOOOOE 00 0.200000E 04 
0.394900E 02 0.189092E .04 -O.IOOOOOE '■ i 0.»OOOOOE 00 0.180000E 04 
0.432900E 02 0.212A62E 04 -O.IOOOOOE OJ 0.»OOOOOE 00 0.220000E 04 
0.470400E 02 0,1650 «E 04 -O.IOOOOOE 03 0,»OOOOOE 00 0.160000E 04 
0.507300E 02 0.18476tE 04 -O.IOOOOOE 03 0.»OOOOOE 00 0.180000E 04 
0.»43700E 02 0.142»93E 04 -O.IOOOOOE 03 0.»OOOOOE 00 0.1»OOO0E 04 
0.»79»OOE 02 0.13140»E 04 -O.IOOOOOE 03 0.»OOOOOE 00 0.130000E 04 
0.61470OE 02 0.144487E 04 -O.IOOOOOE 03 0.»OOOOOE 00 0.150000E 04 
0.649400E 02 0.109»60E 04 -O.IOOOOOE 03 0.»OOOOOE 00 O.UOOOOf 04 
0.683»00E 02 0.989071E 03 -O.IOOOOOE 03 0.»OOOOOE 00 O.IOOOOOE 04 
0.717000E 02 0.IO6123E 04 -O.IOOOOOE 03 0.»OOOOOE 00 O.UOOOOE 04 
0«7i00O0E 02 0*14204»E 02 -O.IOOOOOE OJ 0.»OOOOOE 00 0.150000E 02 

OUTPUT 5000 C« 
V* 
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Figure 69  Plot of Twenty Thousand Times the Linear Coefficient 
Of the Polynomial Fit to C^fl

8, Five Times the Linear 
Coefficient of the Polynomial Fit to c, Five Times the 
Second Degree Coefficient of the Polynomial Fit to f, and 
Twenty Thousand Times the Second Degree Coefficient of 
The Polynomial Fit to C;  s, Plotted vs 100 Rq 
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OB  NO.   101*  POT  PAOOER »ESISTOR  CALCULATION 6/6/63 

EN RN E P RS CODE 

0. 0. 0. 0. 0. i-73    B 
0.166*00E 01 0.1098B1E 03 0.100000E 03 0.300000E 00 0.110000E 03                    61 i—71        ' 

O.16%0ü0E 01 0.263074iE 01 0. O.IOOOOOE 00 0.270000E 01                     64 i-73 
0.281200E 01 0.28623aE 01 0. O.bOOOOOE 00 0.300000E 01                     6( i-73 
0.581600E 01 0.3506<.3E 02 0. O.iOOOOOE 00 0.360000E 02                     6< i-73 
0.V13100E 01 0.30H2<>9E 0*. 0.100000E 03 O.IOOOOOE 00 0.300000E Oh                     64 i-73 
O.lZWOOt 02 0.33b24lE Ot 0.100000E 03 o,e>ooooot 00 0.3J0000E 04»                     6« i-73 
0.1b6000E 02 0.2637^OE Oh 0.100000E 03 0.300000E 00 0.270000E Oh                     64 i-73 
0.ia7*>00E 02 0.1!>28b<>E 03 0. O.IOOOOOE 00 0.1S0000E 03                     64 i-73 
0.221300E 02 0.730032E 03 0.100000E 03 O.IOOOOOE 00 0.7M000E 03                     64 i-73 

0.2t>3100t 02 ü.666a75E 03 0.100000E 03 O.IOOOOOE 00 0.680000E 03                     64 i-73 
0.282800E 02 0,67237<.E 03 0.100000E 03 0.500000E 00 0.680000E 03                     64 i-73 
0,310500£ 02 0.275O66E 03 O.IOOOOOE 0 3 O.SOOOOOE 00 0.270000E 03                     64 )-73 

0«333!>OOE 02 0.10<iUüE 04 0.100000E 03 0.500000E 00 O.IOOOOOE Oh                    64 »-73 
0.355300E 02 0.391B7»E 02 0. O.IOOOOOE 00 O.39000OE 02                    64 »-73 
0.39<)100E 02 0.432127E 02 0. O.IOOOOOE 00 0.430000E 02                    64 i-73 

0.<»SOOOOE 02 0.18<.«.81E 02 O.IOOOOOE 03 O.IOOOOOE 00 0.18.0000E 02                    64 ► —7 3 

OUTPUT 2 x 104 C 'I, (SLOPE CHANGE) 

JOB   NO.   1014  POT   PAOUEH   KESISTOK   CALCULATION 

EN                              RN                                 t                                  P RS 

 0^/20/63   _ 

CODE 
0«3t|44Ü0E  02 
O»29A*00e  02 
0i2889ÖÖE  02 

.Q.2«Qü0t.g2. 
Ot281700E  02 
O.24AÜÜ0F   02 

u,20l7uut   02 
0t)0l284k   92 
0.724626t   02 

_U,l223H.3t.gi_ 
0.561172t   03 
O.S499-yyf   Oi 

0.100UUUE   UJ 
Qt  
OtlOOOOOE  03 

Qt   ^.  
0*10000UE   03 
O.lÜüüOilf   03 

O.^uOUUOE   00 
Of'jOOOOOE   00 
Ö'.ttOÖüiiuE uü 

.fij'iOOOOüe J/O. 
U.'JUUUÜüE   OÜ 
0t5()0urjgf  oo 

0.20OU00E   02 
OilOOOOOK   02 
5.7500000  02 

Qtimwt vi 
U.560000E   Oi 
Ot'jtOpOOK   0| 

iJ:^ |B» 

0«3079Ü0E  02 
o.jnsuof «2- 
0*3247ü0t  02 

.0.32960QE 02 
0.312100E 02 
Ü.1322Ü0E  02 

U.4642121:   03 
-y.5,3iüiL3t-Qi_ 

u.5t»Üilt)E   03 
Q,>2J7>0£  Oi. 
Ü,!>2l7y7£   03 
üt

rj444JlE   03 

OclOOOOuE   Ü3 

Ü.lOOÜOOt"   0 3 
Ü.JQOüOOiLoi. 
O.IüOüOOt   0 3 
O.iOOüüOE   0 3 

O.'JUOUUOE   00 

jo,$."jyuot.JW. 
0,$ 'OÜOÜt   OÜ 

- o,!i«'Oonoe üU._ 

O.oUÜUÜOt   00 
O.IOOOOOE   UO 

0.5bt<000t   03 
JiiiWöVOE. 91 
0.560000E   03 
ö.^oooot 92 
O.SlOüüOt   03 
Ut5bO00ÜE   0} 

i 7**2 3 

.11=23 ._ 
17 - 2 'i 

17—^ 3 

0.330ÜÜ0E  I 
Öi3254ÜüE ( 
0.318!>OOE  ( 
0,30VlÜ0e  ( 
0.2V7t.üOt  I 

0.!»234i6t'   03 
.Ü«>499^<,C   Qi 
U.MIU^E   03 
0,589»36E   Q3 
0.4ttOa73E   02 

O.IOOOOOE   0 3 
QalOOOOOE. 01 
O.IÖÖÖÜÜE  03 
0,100000^ OJ 
0, 

0,'JUÜOOOE  Oü 

0(t>üUOÜUE   00 
0,5Ö06ÖÖt   OU 
O.'jOOOOOt  OU 
ö.'iööböüE Oü 

O.-JIüOOOE   03 
.0,56-0900^03 
0.5IOOOOE   0) 
OtH^OOOE  09 
Ö.47000ÜE   02 

17-23 

OUTPUT B<l   (SLOPE CHANGE) 

I 
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JOB   NO»    l^l«.  POT   PAOOtR   MLblSTOW   CALCULATION OJUO/bi 

EN HN L p KS CODE 

0.2Q.72»nt 01 ü,}2V237L 02 Oi o,;)UüüOot. 00 0, i idüOOt Ü, i7-;;3     B2 
0,2 19000E 02 u,8VBiÖ'>t 02 O.lOOOOüt   (»3 O.'iuOÜOOL 00 0»9lOÜUÜE ü^ 17-.'3 

y.^i'.syyL o«: 0.öi.7'^JL (»1 u« O.^ygoyüL Ou y.Ü^yygüt 01 ll-ti 
U*2*>6VUUE 02 o»2d61oit 02 0,100000b   Oi Ut>>O0OOÜ|. 00 0, iOuOOUt' 0<; 17-/3 
{L.2iütiÜQi__02_ {)t!»220ht)t in Oi Ü.'MJOOÜÜE   ÜÜ      O.SlOVÜOt   ÜJ 17-23 
Ot-"«')^00( 02 U(Vtt97!iuE Ü3 0. 0,'JüOOüOE 00 O.WOOOÜC 03 17-23 
0,..''»OtUiüt 02 JJ,<.!)|bOÜt 0 3 p.  Of'JuOOOOE 00 üf'(70UüoE 03 17-23 

0,^37«.OÜL 02 U,^94t.ö2L 0 3 0. 0,'xiüuüUl 00 O.ilüOOüE 03 17-23 
0,23<.vOOt Ü2 (l,4U03>7F 03 o« ÜjJiiOÜUOt ÜÜ o.ivoooüe 03 17-23 
0.2339(.0£ 02 0,4b6^6<it 03 0. Ü.VOOOOoE f»0 u.'. youooK 03 17-/3 
0*<9 30001 02 0,4,36fl7-E 03 ü. ü,'Ji»l)U(J«L 00 UtViuOüui 03 

OJ 

17-2 3 
Ü,233t)OOt 02 0.<»37ai Jt 03 0. 0,'viiOdUUt oo- U.^JuüOut 17-/J 
Ü.2350ÜÜL 02 U.<.B9bÖbE 03 0. üjt>UÜüüOt uo ü,^ /OüüOF 0 1 17-23                 ' 
0.237^0üL Ü2 O.<»0<i6!>9k Oi 0. Üt'iUOOOOk 00 0, iVCJOOt 03 17-2 3                I 
ü,2i.0900E 02 0,5Ül«77fc 03 0, O.'jOOOOUL 00 O.'JIOÜOOE 03 17-23 
0.2<.&3O0t 02 0,<.i993ÜL 03 0. O.'JOOOUOL 00 0.<«7LiüO'Jt 03 17-23 
0.250700^ 02 tl,26lU /'.( 03 OflOOOOUE   UJ o.'Doouoe. 00 0,^/(iOuui 03 17-23 

OUTPUT 6«2  (CIIHVATUHK) 

JOU  HO.   101«,  POT   PAOOtR   RESISTOR   CALCULATION 6/6/63 

EN RN E P HS CODE 
0. 0. 0. 0, 0. 66-73    B 
0.132B00E 01 0,693!)93E 01 0. 0.500000E 00 0.680000E 01 
O.3O1300E 01 0,196591E 03 O.lOOOOüt 03 O.bOOOOOE 00 0.200000E 03 66-73 
0.377700E 01 0.2!)0b81£ 03 0.100000E 03 O.bOOOOOE 00 0.240000E 03 66-73 
0,38190Ü£ 01 0.6440&9E 04 O.IOOOOÜE 03 O.bOOOOOE 00 0.620000E 04 66-73 
0.3e3300fc 01 0,532361E 02 0. O.bOOOOOE 00 0.510000E 02 66-73 
0.398200t 01 0.b<.ö9ö9f 02 0. O.iOOOOOt 00 0.660000E 02 66-73 
0.426700E 01 0.iB82Ölt 02 0. O.bOOOÜOE 00 0,5600ü0£ 02 66-73 
0.46ai)OOE 01 0.2969S9E 02 0. O.^OOOOOE 00 0.300000E 02 66-73 
O.bAOiOOt 01 0.198713E 03 0. O.SOOOOOE 00 0.200000E 03 66-73 
0.617300t 01 0.22694 9E 03 0. 0.300000E 00 O.2200O0E 03 66-73 
0.699200E 01 0.262200E 03 0. O.bOOOOOE 00 0.270000E 03 66-73 
O.786100E 01 0.788202E 02 0. O.bOOOOOE 00 0.820000E 02 66-73 
0.891700t 01 n,13933ÜE 04 0. O.bOOOOOE 00 0,130000£ 04 66-73 
0.998!>00E 01 0.184861E 03 O.IOOOOÜE 03 O.bOOOOOE 00 0.180000E 03 66-73 
0.101400t 02 0.183139E 03 O.IOOOOÜE 03 0.50000ÜE 00 O.I80000E 03 66-73 
0,937bü0t 01 0.229779E 02 0. 0,400000t 00 0.2Z0000E 02 66-73 

OUTPUT 2 x 104 C/*         (CimVATUUK) 

110 
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Figure 70  (PNF)2/3/l00, Tj/50 and 2 x 10-5PF vs 5 N 

POT PADDER RFSISTQR CALCULATION 

(1) (2) (3) (4) (5) 
En -2En 

+
E
En-1+ En+1 

(2)+(3) E En-E «n 

EQ 0010 58 -116 

I   El 0011 58 -116 110 -6 + -42 13.15 

E2 0012 52 -104 105 +1 0 52 97.5 
E3 0013 47 -94 94 0 0 47 Open 

/        \2/3 

!   E4 0014 42 -84 84.25 +.25 0 42 315.0 /PNF )    1 
I   E5 0015 37.25 -74.5 74.75 +.25 0 37.25 279.1 1100 /    1 

E6 0016 32.75 -65.5 66.5 +1 0 37.75 61.25 

I   E7 0017 29.25 -58.5 58.75 +.25 0 29.25 219.5 
E8 0018 26.00 -52 52.75 +.75 0 26 65 
Eg 0019 23.50 -47 47.7 +.70 0 23.5 63 
E10 0020 21.70 -43.4 44 +.60 0 21.7    I 67.2 

I En 0021 20.50 -41 40.2 -.80 + -79. 5 186 

E12 0022 18.50 -37 37.25 +.25 0 18.5 139 
E13 0023 16.75 -33.5 33.5 0 0 16.75 Open 

El4 0024 15 -30 30.00 0 0        1 13.25 Open 

El6 0025 13.25 -26.5 26.5 0 0          \ 13.25 Open 
E16 0026 11.50 -23 23. 25 +.25 0       1 11.5    1 86.4 

E17 0027 10        | -20 21. 50 +1.50 0 10 12.5 K. 

I   Eis 0028 10     1 -20 

111 
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JOB NO.   101«  POT   PAOOER  RESISTOR  CALCULATION 

EN 
0,7840006 02 
0.702300E 02 
0.626700E 02 
0.5»7200E 02 
0,496300E 02 
0.44UOOE 02 
0.3908OOE 02 
0.349300E 02 
0.304700E 02 
0.269100E 02 
0.238300E 02 
0«2123OOE 02 
0*191300E 02 
0.17620OE 02 
0.143900E 02 
0.157500E 02 
0.I560OOE 02 

RN 
0.49S716E 01 
0.21*a71E 03 
0.192633E 03 
0,121483E 03 
0.163257E 03 
0.168788E 03 
0.1&26&6E 03 
0.132130E 03 
0.114262E 03 
0.10M17E 03 
0.930a60E 02 
0.796125E 02 
0.732016E 02 
0.684376E 02 
0.627168E 02 
0,602679E 02 
0.19*000E 03 

0.100000E 03 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
P. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0.500000E 00 
O.SOOOOOE 00 
0.»00000E 00 
0.500000E 00 
O.SOOOOOE 00 
0.500000E 00 
0.500000E 00 
0.300000E 00 
O.SOOOOOE 00 
0.500000E 00 
O.SOOOOOE 00 
O.SOOOOOE 00 
O.SOOOOOE 00 
0.500000E 00 
0.500000E 00 
O.SOOOOOE 00 
0.900000E 00 

')/27/63 

RS CODE 
O.MOOOOE 01 6E 
0.220OOOE 03 
0.200000E 03 
0.120000E 03 
0.160000E 03 
0.160000E 03 
0.150000E 03 
0.130000E 03 
O.llOOOOE 03 
0.110000E 03 
0.910000E 02 
0.820000E 02 
0,7500O0E 02 
0.6800OOE 02 
0.620000E 02 
0.620000E 02 
0.200000E 03 

OUTPUT M/M 

IÜB  NO.    10 14   P Of   PAOOER   1 i<ES| STOI <   CALCULAII ON 5/23/63 

EN HN E P HS cuot 
0.6760001 0^ 0.739051F 01 0.- icnoooE 03 O.bDOOlJOF DO 0. /SOOOOK 01 5E 
O.SVSHOOE 0 2 0.176726f 03 0. 0,t)OOOOt)E (10 0.lOOOÜ'H 03 
Ü.!)l7900t 02 0.1493V4E 03 0. O.bOOOOOF 00 0,IboÜOOL 03 
0.448b00E 02 Ü,1314U2t 0 3 0. O.bOOOOUL 00 0. 1 il'üOOF 0 3 
0.3B54OOE 02 0.11291UE 03 0. O.bOOOOOF 00 o.moooi; 03 
0.328700E 02 |J,73370IJE 0 2 0. 0,t>uOUÜOt 00 Ü, /M1000E 02 
0.280400F 0? 0,834')<;'.F 02 0. O.^noooof 00 0,H/O000t 02 
0.2384OOE 02 0.8b96l'>t o<; 0. O.'jOüOiKlt 00 Ü.H^(10()ÜF. 0 2 
0,2016OOE 02 0.687272E 02 0. O.bUOOOOF 00 0,6«0üü0t 02 
O.lTOiOOE 02 l), 6 1406 3t" 02 0. O.bOOOUOt 00 u.ft^uOOOF 02 
0.144200E 02 0,t>0l)6l>4f: 0 2 0. O.'JDOOOOE 00 n.hioooof 02 
0,123SOOE 02 0.4 36910t 02 0. O.bOOOOOE 00 0,430000t 02 
O.IOBIOOE 02 O.376044E 0^ 0. 0,'jOOOÜOr 00 0,J90000E 02 
0.980VOOE 01 0.346363E 02 0. o.boooor.e 00 0,360Ü00E 0? 
0,933900E 01 0,327914E 02 0. O.bitOOOOt 00 0.33ÜOOOE 02 
0,940300E 01 0,3J07H1£ 02 0, O.bOÜOOOE 00 0, HOOOOc. 02 
0.100000E 02 0.282663E 0 3 0,1 ;00000E 03 O.bOOOOÜF 00 0,2 700001 03 

OUTPUT 20 x lO-6 Pf. 
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I 

(c s     .2/3 
—£NF]      vs 500 R 
CPNF/ 

«»NF 

/CO 

POT PADDER RESISTOR CALCULATION 

! 

! 

i 

1 

(1) (2) (3) (4) (5) 

En -2En +En   1 + 
En+1 

(2)+(3) E En-E «n 

Eo 0010 50 -100 - - - - 

Ei 0011 50 -100 100.115 +.115 0 50 815 K. 

E2 0012 50.115 -100.2 100.20 -.03 + -49.885 3.118M.   1 

Eg 0013 50.2 -100.4 100.44 +.04 0 50.2 2.353 M. 

E4 0014 50.325 -100.65 100.625 -.025 + -49.675' 3.73 M.      | 
Es 0015 50.425 -100.85 100.90 +.050 0 50.425 1.89 M.     j 
E6 0016 50.575 -101.15 101.175 +.025 0 50.575 379 M. 

E7 0017 50.75 -101.50 101.475 -.025 + -49. 25 3.69 M.     j 

1   E8 0018 50.9 -101.81 101.875 +.075 0 50.9 1.27M. 

Eg 0019 51.125 -102.275 102.275 +.025 0 51.125 3.83 M.     ! 

Eio 0020 51.375 -102.75 102.775 +.025 0 51.375 3.85M. 

En 0021 51.65 -103.3 103.325 +.025 0 51.650 3.87 M. 

El2 
0022 51.95 -103.9 103.850 -.050 + -48.05 1.8 M. 

Ei3 0023 52.50 -104.4 104.55 +.150 0 52.2 653 K. 

!   E14 0024 52.60 -105.2 105.10 -.100 j   + -47.40 894 K. 

i   El5 0025 52.90 -105.8 105.875 +.075 ! o 52.9 1.33 M. 

E16 0026 53.275 -106.55 106. 50 -.050 + -46.725 1.75 M. 
E17 0027 53.60 -107.2 106.875 -.325 + -46.40 267 K. 

1   El8 0028 53.60 -107.2 - - 1   - - ! 

113 
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HMJ 

Figure 72 -10 CN (a)Ap vs -100 sin a , as Set Up on Diode Function 
Generator F65.   This is equivalent to Figure 49. 
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2.4       EQUATIONS OF MOTION 

The standard body axis six degree of freedom equations of motion were 
used for this simulation. 

These equations are: 

2F 
ü   =  rv-qw + g£   +  

z      m (1) 

2F 
y v   = pw-ru + gn   + —~ 

z      m (2) 

2F 
w  = qu-pv + gm   +  

z      m (3) 

P   = — (r + pq) - 
x 

xz / 2    2V —- (r -p ) - 

I    I\ qH   -rH       _ 
z-y\ n  z        y    S£  i) nr + ~ + — 
I    / 4 I I 
X    / XX 

I /I     I \ xz ..     .    / y-   x\ 
r   = — (p-qr) - (—-1 

z \     z   / 

rHx - PHz    ZM pr + —i— + r 
y        y 

pH   -qH       „.. 
.       y         z . Z/f 

nq + —= + — W I I 
z z 

(4) 

(5) 

(6) 

In the interests of conservation of computer equipment, certain of the 
angular acceleration terms were neglected.   The maximum values of p, 
q and r were estimated to be .4, .3, and 1 rad/sec, which are the visual 
display limitations.   Combining this data with the XV-5A inertia data, it 
can be seen that certain of the angular acceleration terms can be consid- 
ered negligible.   These are: 

1. The pq term in the r equation. 

2. The Ixz/Iy term in the q equation. 

3. Thrt Ixz/Ig and pq terms in the r equation. 

) 
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In addition, the angular momentum of the rotating fan and gas generator 
parts has been neglected.   Hand analysis (Appendix 6) shows that at a 
flight condition where fiu  roll control was required steady state (hover 
in a side wind), the gyroscopic coupling terms applied to an inertial body 
would result in a nutation oscillation with a period of around 35 seconds. 
Such a long period oscillation would be completely masked by shorter- 
term effects. 

The modified equation of motion thus become: 

EF 
x ü   = rv-qw + gl   +  (7) 

z      m 

SF y 
v   =  pw-ru + gm   + —- (8) 

'   z      m 

ZF 
w  = qu-pv + gn   +  (9) 

z      m 

xz .     / z     y\ 2£ 

X \        X     ' X 

(10) 

q   =  -prI-V^] + M (11) 
N      V    /        V y  '     y 

r   = ^ (12) 
z 
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2.5       EULER/DISPLAY RELATIONS 

As previously reported In Ryan Report 63B024, the Yaw, Roll, Pitch di- 
rection cosines and Euler angles are continuously calculated by develop- 
ing the Euler angular rates as a function of the direction cosines, which 
are themselves functions of the Euler angles. 

The relationships determining the Euler angular rates are: 

0   =   q +p0(p-r(p 

(p =  p + r0 

* = 
r-p0 
Cos^ 

(13) 

(14) 

(15) 

Over the ranges of 0 and <f> used to drive the DeFlorez display, the approx- 
imation Cos0 = l, CoB(p=l-(i^/2, Sin0=0, Sin(p=(p were used.   The relation- 
ships of the 9 direction cosines are given in equations 16 thru 24 in their 
approximate form. 

(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

«x 
= Cos* 

m 
X 

= -CoB(p Sin* 

n 
X 

= 0Cos*+ </>Sin* 

t 
y 

= Sin* 

m 
y 

s COS* COB(p 

n 
y 

= 0 Sin* - <pCos* 

s. 
z 

= -0 Co8(p 

m 
z 

= (p 

n 
z 

= C0B(P 
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The ground velocities can be computed from the direction cosines and 
body velocity components as follows: « 

S    = ul   + vm   + wn (25) 
X X X X 

S    = u£   + vm   + wn (26) 
y       y      y      y 

S     =-{i=\}t+ym+vm (27) 
z z z z 
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2.6       ANALOG CIRCUITRY EMPLOYED 

This section contains the complete analog schematic drawings for the 
hardware simulation. 

To facilitate checkout and use of the simulation, circuits were broken up 
according to function, which resulted in some extra trunking between con- 
soles but was very worthwhile in all other respects. 

The figures following which show these sectionallzed circuits are arranged 
In a sequence which runs from function generation to pilot displays and 
control commands. 

An explanation of each figure Is given below. 

Figure 81:  This figure shows the functions generated on each of the two 
multigluks (16 cup pot padders).   The functions generated are all transition 
region fan functions.   The numbers and letters given beside each cup (such 
as "S-lGBl" for the "A" cup) correspond to functions similarly labeled In 
the preceding section. 

Cups "H" and "K" show the absolute value of/?v being used as the cup 
excitation.   This was done to Increase the accuracy of the second order 

s s    s 
curve fits made to^C^j.    and Cp/Cp , due to negative vector angles 

occurring on a given wing when yaw control Is applied near hover. 

Figure 82:  This figure shows the generation of some of the aerodynamic 
coefficients which varied nonllnearly with R«. 

Figure 83:  This figure shows the generation of some of the aerodynamic 
coefficients which varied nonllnearly with RQ.   Also shown Is the genera- 
tion of the phasing functions POF No. 1 and POF No. 2. 
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Figure 84:   This figure shows the generation of some of the fan and engine 
parameters which varied nonlinearly with Rn       or N. qNF 

Figure 85:   This figure shows the generation of the required fan parameters 
for the right and left main fans and the nose fan.   Also shown is the circuitry 
which generates the nose fan and main fan overspeed warnings. 

The generation of 625 Rq includes limiters to keep the amplifiers from 
overloading after conversion, when Rq goes to 1.0. 

Pots P12 and P13 are used to shift the fan power by a constant, to bring 
the gas generator output up to date. 

Figure 86:   This figure shows the generation of louver vector and stagger 
angles.   The inputs for this circuit are pots located on the louver hardware 
of the simulation. 

Figure 87: This figure shows the generation of the squares of the louver 
angles and the angle of attack. These squares are required in the second 
order fits to some of the aerodynamic and fan coefficients. 
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Figure 88:   This figure shows the generation of the absolute value of the 
louver vector angle and the mixer vector angle, which differs from the 
louver vector angle by 2. 5 degrees.   At zero mixer vector, ßy = -2. 5 
degrees.    The aircraft cockpit vector indicator reads mixer vector. 

Figure 89:   This figure shows the summation of the right fan normal force, 
axial force and pitching moment variations due to louver angle and Rq 
changes. 

Figure 90:   This figure shows the summation of the left fan normal force 
axial force and pitching moment variations due to louver angle and Rq 
changes. 

Figure 91:   This figure shows the generation of the normal and axial force 
variations for right and left fan due to angle of attack changes. 

Figure 92:   This figure shows the generation of angles of sideslip and 
attack, total velocity and dynamic pressure from the aerodynamic body 
axis velocities. 
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Figure 93:  This figure shows the generation of the low speed (0 to 50 ft/sec) 
pitching moment, yawing moment, side force, and rolling moment. 

Figure 94:  This figure shows the generation of low speed (0 to 50 ft/sec) 
normal force, pitching moment from the nose fan, and axial force. 

Figure 95:  This figure shows the development of the aerodynamic control 
moments. 

Figure 96:  This figure shows the development of roll and yaw aerodynamic 
damping moments. 

Figure 97:  This figure shows the development of aerodynamic damping 
forces and moments in normal force, side force and pitching moment. 

Figure 98:   This figure shows the development of tail forces.   The circuit 
also resolves these forces into the body axis coordinates. 
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Figure 99;  This figure shows the development of the lateral forces and 
moments due to sideslip as well as the pitching moment and normal force 
associated with the large angles of attack encountered near hover. 

Some other assorted circuitry Including the multiplier drives Is also shown. 

Figure 100:   This figure shows the development of the limited sideslip angle 
required for generation of the sideslip functions, the circuitry developing 
thrust In the CTOL mode as modified by the thrust spoiler angle commanded 
by the pilot, and the multiplier drives of board F. 

Figure 101:   This figure shows the generation of pitching moment variation 
with angle of attack, and the thrust of the nose fan as a function of KN 

v/hlch In turn Is a function of 6_. 
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Figure 102: This figure shows the circuitry summing the components of 
the normal force and performing the integration required to obtain the body 
axis ver leal velocity. 

This body axis velocity is summed with a gust velocity to give an alrstream 
velocity for use In the generation of aerodynamic forces and moments. 

Note the relay between pot 42 and amplifier 2.   This relay opens this cir- 
cuit when the doors close during the conversion sequence, which event 
causes the disappearance of the fan effects on the normal force. 

Figure 103: This figure shows the summation of the force components 
making up the total axial force, and the integration of the resulting accel- 
eration to obtain the body axis axial velocity. 

This body velocity is summed with a gust velocity to obtain a total axial 
alrstream velocity for use In the generation of forces and moments. 

Note relay 4 between amplifiers 27 and 4.   This relay shuts off ehe fan 
effects on the axial force upon the closing of the doors. 

Relay 5 she- >; ; vv.een pot 6 and amplifier 4, shuts off the ram drag term 
due to the no^u fan upon the closing of the main fan doors. 

Also shown In this figure Is the circuitry which resolves the steady state and 
gust winds into the aircraft coordinates.   Refer to the wind appendix (3) 
for an explanation of the method by which wind effects were added to the 
simulation. 

Figure 104:  This figure shows the sumna tion of the moment components 
making up the total pitching moment. 

To allow c. g. shifts, a pitching moment equal to the normal force multiplied 
by the c. g. shift from the nominal position of 246 inches is added to the 
pitching moment summation. 
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Figure 105:   This figure shows the summation of the force components 
making up the total side force and the required integration to obtain the 
body axis side velocity. 

The side velocity so obtained is added to a gust wind velocity (shown re- 
solved in Figure 103) to obtain an airstream velocity for use in the gener- 
ation of aerodynamic forces and moments. 

Figure 106:   This figure shows the summation of components making up 
the total yawing moment. 

The resulting acceleration is integrated to obtain the body axis yaw rate. 

Figure 107:   This figure gives the summation of the components making 
up the total rolling moment. 

The resulting acceleration with the appropriate cross coupling terms is 
integrated to obtain the rolling velocity. 

4Z<*j 

JToo 

' JTOO       "*-"—'- 

 25  

* X.6 

-i^fW 
ATs f W- Ai4. -hW. 4 2fy/~,\ 
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Figure 108: This figure shows the resolution of the body axis rates into 
Euler angle rates and earth rates which drive the display. 

Also shown are the following items: 

• The scaling of the earth rates for the two transparencies used on the 
display (pots 59, 66 and 35). 

• The limiting of the angular and x and y drives to the display. 

«     The relays triggering the cockpit display lights which tell the pilot 
he is at a pitch or roll display limit and therefore in danger of losing 
the true angular reference of his aircraft (relays 3 and 4). 

• The function switch allowing a to be used as an initial condition for $, 
forcing y to be zero, for accomplishing trim of the aircraft (function 
switch 3). 

• The touchdown switch which interrupts any downward display rates 
which would allow the aircraft to drive itself down through the ground 
level of the display. 

Figure 109: This figure shows the display and aritficial horizon drives as 
scaled for input to these devices. 

Also shown are the following: 

• The scaling of the computer altitude for drive of the altimeter. 

• The relay controls which allow the display to reset in yaw after the 
computer has gone to reset and the display has reset its altitude to 
the 2-1/2 inch level. 

• Yaw reset is held off until the 2-1/2 inch condition has been met so 
that the rotation of the display will not cause the display projection 
lamp to come into contact with any of the three dimensional objects 
attached to the transparency. 
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Figure 110: This figure shows the simulation of the gas generator.   A 
f| single gas generator was used, both generators being assumed to be locked 

together. 

Relay (RY 1), shown, cuts back the gas generator rpm to 96% (or whatever 
Is called for on pot 21) when opened by a signal from the fan overspeed 
circuitry. 

« 
Figure 111:  This figure shows the fan overspeed circuitry (and the gas 
generator cutback). 

Note Relay 2, which turns on the fan overspeed warning display on the 
cockpit panel prior to gas generator cutback. 

Figure 112: This figure shows the fan door closing relays.   This relay 
interrupts the circuits delivering fan effects to the force and moment sum- 
mations. 

Figure 113: This figure shows the scaling of the body axis angular rates 
for delivery to the SA system modulators. 

Bias pots were included in each circuit to zero out offsets in the modula- 
tor and SA system. 
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Figure 114:  This figure shows the circuits delivering the artificial horizon 
drives to the arificial horizon and the signals indicating closing or opening 
of the diverter and fan doors to the diverter and door relays. 

Figure 115:  This figure shows the development of the cockpit instrument 
displays of sideslip angle, attack angle, tail incidence, and thrust spoiler 
position. 

Figure 116:  This figure shows the development of the signals required for 
cockpit indication of airspeed and rate of climb. 

Figure 117:  This figure shows the development of the signals monitoring 
the stick and collective positions. 

Figure 118:  This figure shows the circuits which scale the inputs to the 
computer from the control surface pots for use by the computer.   Bias 
pots are included for the purposes of matching computer neutral control 
positions to indicated neutral positions, making corrections for possible 
pot slippage and for temperature variations in the high bay (hardware) area. 

Figure 119:  This figure shows the development of the "stick feel" trans- 
ducer excitation. (See Appendix 13) 

Figure 120:   This figure shows the circuitry developing the wind for the 
simulation and the trunking of the total body axis wind velocities through 
inverters for use in the development of aerodynamic forces and moments. 
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2.7 SIMULATION HARDWARE SUMMARY 

Figure 121 is a photograph of the hydraulic simulator and six-degree-of- 
freedom fixed base display used for pilot evaluations. 

The simulator was rigidly constructed to provide a solid mounting for the 
aircraft hardware, with the hardware located as far as possible in the 
correct relative positions, so that cable runs and tubing runs were identi- 
cal. 

There were two major deviations from this goal.   They were: 

1. The nose-fan thrust reverser door hardware was relocated behind 
and under the cockpit so as to keep aircraft hydraulic components 
out of the display projection screen area. 

2. The hydraulic pumps and associated hardware were placed cross- 
wise and under the simulator frame between the wing and the tail. 
This was necessary because of the orientation and location of the 
varidrive units which were used to simulate the engines. 

The location of these two items can be seen in Figure 121. 

This same figure shows the display hardware above the cockpit, as well 
as the curved projection screen. 

Figure 121  Hydraulic Simulator 
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Figure 122  Simulator Cockpit 

The layout of the simulator cockpit is shown in Figure 122 above. 

Active cockpit instruments included: 

1. Instantaneous Vertical Speed Indicator (IVSI) 

2. 0-1000 ft. Altimeter 

3. Indicated Airspeed, Knots 

4. Thrust Spoiler Position 

5. Louver Vector Angle 

6. Left and Right Wing Fan 

7. Nose Fan 

8. Angle of Attack, + 20° 

9. Sideslip Angle, + 20° 

10. Horizontal Tail Position 

11. Artificial Horizon 

12. Right and Left Gas Generator RPM 
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13. Caution Lights and Annunciator Panel 

14. Stability Augmentation, Primary-Standby Indication 

15. Power Pilot Lamps and System Configuration Lamps 

16. Tail Motion Warning Light and Audio Tone 

In addition, two lights were provided to notify the pilot if the vehicle at any 
time exceeded the roll and pitch limitations of the display. 

Active cockpit controls included: 

1. Roll Stick and Pitch Stick 

2. Rudder Pedals 

3. Lift Stick 

4. Gas Generator Throttle Control (left hand only - in this simulation 
there was no provision for independent engine throttle control) 

5. Roll, Pitch and Yaw VTOL Trim 

6. Horizontal Tail Trim 

7. Flap Actuator Switch 

8. Mode Selector Control 

9. Fan Overspeed Power Reset Button 

10. Pri-Standby Electrical Power Control 

11. Louver vector actuator switch 

12. Stability Augmentation,  Primary-Standby Indication 

13. Thrust Spoiler Switch 

14. All Circuit Breakers 

Control variables measured and fed to the computer were: 

1. Elevator Position 

2. Horizontal Tail Position 

3. Rudder Position 

4. Total Aileron Position 

5. Nose Fan Thrust Reverser Door Position 

6. Throttle Position 

) 
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7. Right Wing Louver Vector and Stagger Angles 

8. Left Wing Louver Vector and Stagger Angles 

Output variables fed to the visual display were: 

1. Euler Roll and Pitch Angles 

2. Euler Yaw Rate 

3. Ground x, y and z coordinates 

The nose fan door position as well as the right and left wing louver vari- 
ables were measured by means of rotary potentiometers, since the large 
angles involved caused considerable nonlinearity using the original linear 
potentiometers. 

In addition, a mechanism was developed to enable the direct measurement 
of louver vector and stagger angles.   This was necessary both for the sake 
of accuracy and also to release computer equipment for other tasks. 

The wing louver hardware was not installed on the simulator, so a means 
of introducing the effect of the fan louver stagger mechanical stops was 
required. 

This same hardware with slight modification was used to enable the direct 
measurement of stagger and vector angles. 

/?2 is defined as the angle aft from vertical of the tangent line of the 7th 
louver (counting from forward). 

ß\ is defined as the angle aft from vertical of the tangent line of the 8th 
louver. 

/?8. the stagger angle, is defined as^ ~ ßl» 

ßl+ß2 
ßVt the vector angle, is defined as —. 

The mechanism for stagger and vector measurement, then, had to take 
the sum and difference of the even and odd louver motions. 

Figure 123 on the following page is a schematic of the mechanism. 

Referring to Figure 123, it is seen that the two pot cases {ßs pot and 
/?v pot) are attached to Arm 1.   The shaft of the stagger pot is attached to 
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I Arm 2, and the shaft of the vector pot is attached to Arm 3.   Thus, the 

stagger pot measures the difference in angle between Arm 1 and Arm 2, 
while the vector pot measures the difference in angle between Arm 1 and 
Arm 3. 

If the fore and aft louvers both move in an increasing direction at the same 
rate, Arms 1 and 2 move together, and the stagger change is zero.   How- 
ever, Arm 3 rotates in the opposite direction of Arm 2, and the vector 
pot output will change. 

Arm 3 is driven by the ßi rotation reverser mechanism, which results in 
Arms 2 and 3 having equal and opposite motion. 

Aft Link« 

a 
Aft Servo 

INCR^, 

Stagger Limit Device 

fit" 02- ß\ 

0vm  "  

Both Pot C»«e» 
Tied to Arm 1 

ßl Rotation Reveraer Mechanism INCR^ 

Denotes Pivot on Structure 

! 

Figure 123  Schematic of Mechanism for Stagger and Vector Measurement 
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Figure 124 and 125 below are photographs of the stagger stops and vector 
measurement system. 

The forward and aft links are designed to be identical in dimension to the 
links on the fan, and thus the louver mechanism geometry is reproduced. 

Figure 124   Stagger Stops 

Figure 125  Vector Measurement System 
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The calibrations of the hardware potentiometers are given in Figures 130 
through 135 of Paragrp^h 2.8. 

Simulated hinge moment gradients were required to develop an adequate 
representation of control stick and pedal forces encountered throughout 
the flight regime. 

The principle of the system used to attain these effects is shown in the 
following Figure 126. 

*a 
Control Hinge Line 

Load Cylinder 

Figure 126  Control Stick and Pedal Force 

If a pressure is applied across the load cylinder so that it tends to retract, 
a tension will result between the cylinder and the hinge line.   If a control 
torque is applied around the hinge line, the control will deflect, and the 
tension from the load cylinder will develop a moment around the control 
hinge line which will be proportional to the control deflection, at least for 
deflections sufficiently small. 

For a given load system geometry, the hinge moment gradient as a function 
of dynamic pressure dictates the load cylinder differential pressure re- 
quired as a function of dynamic pressure.   At low Mach numbers, the load 
cylinder pressure is a linear function of dynamic pressure. 

Figures 127 and 128 show the hardware used for the rudder and aileron 
loac' systems.   Two sets of load cylinders at each control surface are in 
evidence.   One set ^he smaller cylinders) is used for low-speed flight, 
and the larger set is used for high speed flight. 

; 
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In Figure 127, the rudder cables 
and quadrant can be seen.   The 
rudder quadrant is attached to 
the simulated rudder torque tube, 
which has a protractor instal- 
led on the other end to measure 
rudder deflection.   The arm 
which drives the rudder position 
pot is seen below the protractor. 

Figure 127   Rudder Cables 
and Quadrant 

Figure 128 is a photo of the left 
wing hardware with the left ail- 
eron system in the foreground. 
Since the aileron system is 
power-boosted, the load reflec- 
ted to the stick is Just the ail- 
eron tab hinge moment.   This 
is quite small, and thus the 
load cylinder has a small area, 
as is seen the Figure. 

Figure 128   Left Aileron System 

The next, requirement was to be able to provide a controlled hydraulic 
pressure differential across the load cylinders which was proportional to 
dynamic pressure. 

This requirement was mechanized by using a manually-controlled pressure 
regulator valve to set the load cylinder extending pressure, and using an 
electrically-controlled pressure regulator valve to set the load cylinder 
retracting pressure. 

The retracting pressure was controlled by a Denison "Elcctroilic" control 
valve. This valve has a large hysteresis loop which made open loop oper- 
ation unfeasible. 

The control valve nonlinearities were straightened out by using the valve 
along with a pressure transducer and an integrating amplifier in a closed 
loop such that the amplifier output adjusted itself to make the commanded 
and actual pressures equal. 
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A schematic of this system is shown in the following Figure 129. 

Manual Pressure 
Control Valve      BSBa 

1500 
psi 

Pressure 
Gauge 

Denison Valve 
Pressure 
Transducer 

Dynamic Pressure Input 

Bias for Zero 
/IP at q = 0 

I 
I 
I 

Figure 129 Schematic of Airload Simulation System 

The manual control valve is set to control the extending pressure at any 
desired level.   This valvo is necessary because the pressure output of 
the Denison valve is not zero at zero current input, and is, in fact, around 
100 psi. 

The back pressure was set so that the pressure commanded at zero dynam- 
ic pressure was around 125 psi. 

Since the load cylinders used were single-ended, the area ratio was not 
unity, and this had to be taken into account in setting up the system for 
zero force at zero q, or dynamic pressure. 

Also, since the aileron load requirements are much lower than those for 
the elevator and rudder, a different load cylinder was used for the aileron 
system, which had a different area ratio and thus required a separate 
pressure control loop.   The same manual pressure regulator was used for 
both return systems. 

As first mechanized, there was oscillation in the load system return line, 
but his problem was eliminated by the use of an accumulator at the return 
outlet of each Denison valve. 

A further problem arose in the aileron system, because the load cylinders 

1 
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originally chosen had considerable friction at zero differential pressure, 
which was reflected into higher roll stick breakout force. |*' 

Referring to Figure 128, the lower aileron load cylinder was the original 
unit, which was to be used for both low and high speed flight.   As a result 
of the friction problems, the smaller cylinder shown connected was in- 
stalled (one on each aileron) and the added system friction was then negli- 
gible. 

A load cylinder is required on each aileron, because in the aileron drooped 
condition the individual aileron displacement is nonlinear with pilot input, 
even though the total aileron is nearly a linear function of stick position. 

The gain of the load-feedback loop is set by varying the size of the capac- 
itor in the integration amplifier.   The capacitor is picked so that the sys- 
tem is stable but still responds rapidly enough to follow input dynamic 
pressure commands.   These requirements proved to be feasible in this 
system. 

* 
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2.8       SIMULATION HARDWARD CALIBRATION 

The aircraft simulation described in this report in actuality consisted of 
two main segments.   The first segment involved a mostly "analytical" 
simulation, where the actual servo actuators were not yet available, which 
made it necessary to approximate their estimated characteristics.   This 
portion of the simulation utilized the cockpit control positions for aileron, 
elevator and rudder positions. 

The mechanical louver (main) mixer and the pitch mixer were completed 
for these tests, and their respective outputs were used to derive louver 
vector, louver stagger and nose fan thrust reverser door position.   The 
main mixer has as its output push-pull rods which position the four louver 
actuators in response to vectoring, roll, yaw, and collective lift inputs, 
as well as an output to the pitch mixer which programs the nose fan thrust 
reverser gain and center position with longitudinal control as a function of 
collective vector command. 

The main mixer push-pull rods were instrumented with potentiometers 
which enabled the four louver command positions to be measured, 
which in turn enabled the computation of vector and stagger angles for both 
main fans. 

This data was then applied to the airframe through first-order lags repre- 
senting the approximate servo transfer functions.   The complete flight 
regime of the vehicle was investigated using this mechanization of the 
hardware, and it was intended that when the hydraulic simulator was put 
into full operation the final phase of the simulation would be a check on the 
previous work in preparation for complete pilot evaluation of vehicle hand- 
ling qualities for normal and emergency operations. 

The simulation progressed according to this plan, and the hardware cali- 
bration data is presented in Figures 130 through 135 following. 

The inclusion of the actual vehicle hardware presented no problems, and 
the previous systems development work was validated. 
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Figure 130  Aileron Calibration 

198 



Figure 131  Horizontal Tail   and Elevator Calibration 
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2.9       SIMULATION CHECKOUT 

In a large simulation such as this, it is essential that sufficient verifica- 
tion be performed so that all persons involved develop confidence that the 
conclusions drawn from the simulation are valid.   The steps followed in 
checking out this simulation after it was designed and wired were as 
follows: 

1. A complete check of computer-generated functions by comparison 
with the original data. 

2. A complete static check, where all variables are assigned values. 
The output of each amplifier is computed, and the actual output is 
compared.   The accuracy of the individual contributions to the 
forces and moments are thus directly measurable, as well as the 
accuracy of their sums.   In the case of this simulation, where 
two sets of aerodynamic data were being generated, it was neces- 
sary to choose the static check parameters in the region where 
the data phasing was taking place.   If this had not been done, two 
separate static checks would have been required. 

3. After the static check procedure, a considerable number of 
longitudinal trim points were determined, over the whole range of 
fan-powered flight speeds, as well as for low-speed conventional 
flight.   These trim points were compared to data derived by inde- 
pendent calculations of another group.   As part of this effort, the 
fan speed changes resulting from vector and stagger were com- 
pared to hand-calculation data. Several detailed calculations were 
made at various trim points to verify results which were ques- 
tioned, and in this manner further confidence was gained in the 
validity of the simulation. 

4. Once the static validity of the simulation was demonstrated, four 
dynamic check conditions were set up.   These consisted of un- 
coupled three-degree-of-freedom cases for a near-hover condi- 
tion and a moderate transition speed condition, such that one set 
of two cases used the high speed fan-powered aerodynamics, and 
the other set used the low speed fan-powered aerodynamics. 
Very good agreement was finally obtained between the analog re- 
sponses and an independent digital computer time history for the 
same cases. 
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Initial difficulty was experienced in the digital computer hovering time 
histories, which used the aerodynamic force and moment equations 
originally presented to the Systems Analysis Group.   It was felt that the 
digital time history should use the equations as originally presented so 
us to provide a check on the validity of the approximations used in the 
development of the low speed forces and moments.   As it turned out, the 
digital solution at hover in no way compared to the analog solution.   This 
was found to be caused by the fact that as soon as a small side velocity 
occurred, Tc

s was slightly less than 1. 0, and the change of Cfj8 with 
angle of attack was no longer equal to zero.   Since angle of attack is 
defined as 

01   =  tm'1 B' 
it can be seen that if u is zero, a is either undefined, +90° or -90° . 

We thus have a case where angle of attack switches rapidly from + to 
- 90°, and the small moment resulting in the roll axis is enough to com- 
pletely stabilize the vehicle so that no side velocity can build up. 

The digital program was then modified to use the low speed momentum 
terms, and the two solutions then agreed closely. 

The low-speed vehicle dynamics thus obtained agree well with the 
Langley free-flying scale model data. 

After all of these checks were performed, pilot checks were flown to 
compare the simulation with the previous pilot evaluated simulations. 

At this time the simulator was declared operational. 

Since the complete static check required from 4 to 6 hours to complete, 
a "short form" static check was developed which required only about 10 
minutes to complete each morning, unless there was an equipment 
malfunction. 

The short check was accomplished at both ends of the fan-powered flight 
spectrum, i. e., hovering and ßv = maximum. 

The check consisted of determining the trim velocity attainable at 100 
per cent power, maximum collective setting, e.g.  = 243 and it = +20°, 
using the two vector settings.   A switch was provided to make 6=a, or 
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y =0 for these checks.   Readouts included/iv, N^, 6e, Nj^p, V'p, a.   In 
addition, the values of stagger and vector for both wing fans were 
checked at /3V = 0 with max. und min. collective settings.   The nose fan 
door travel was JISO checked at zero /3V and max. forward and aft stick. 

Any significant malfunction thus became apparent as a loss in speed or a 
large change in one of the readouts. This check gave reasonable assur- 
ance in a short time that the simulation was functioning. 

About every 1-1/2 weeks ol operating time, the major static check was 
performed. 

2.9.1    Simulation Checkout Detail 

To check the simulation for error, several methods were employed. 
These methods are: 

Static Check 

To check the simulation statically, the following initial conditions were 
chosen: 

Vm   =  60fps 
T K 

u      =53 fps 

v      =  w = 20 fps 

p      =  q = r = . 20 rad/sec 

ö      =  + 35.T 
P 

N    - 
g 

98% 

't    = +20° 

6     = 
e 

6=6=0 
a       r 

ß     -- 
V 

10° (actual) 

^s   = 
27° 

CJ3 

DF 
=   320 

uselage 

P          = .00205 

cp     = 0  = . 2 rad 
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K^'?^ =  .80 
T    T 

Sin * = Cos * =  . 707 

The fan parameters corresponding to these choices of initial conditions 
are as follows: 

P„ = 3. 04 x 106 p      =   . 42 x 106 

F NF 

2/3 
\r.   S/C S]       = 1.003 c s/c 

p    p 
8 =  .9874 

0 

AC* =  -.057 

T 
ooo 

AF 
230 psf 

R    =  . 
q 

0158 

T8  = 
c 

.9842 

F 
91.3% 

I» p  , 
o       H/NF ; 

(To/A)NF = 193^ 

R =   .0187 
qNF 

T 8        =   . 981 
C NF 

NNF =   96. 5% 

The outputs of all amplifiers, diode function generators, and electronic 
multipliers were computed using these initial conditions. 

The initial conditions were set up on the simulator and the computed 
values of outputs of the above components were checked against the 
simulator values.   All critical functions read within 5% of the computed 
values.   No component was more than 10% in error. 
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Dynamic Check 

As a check on the dynamic characteristics of the simulation, a digital 
dynamic program was written and longitudinal and lateral time responses 
starting from the same initial conditions were run on both digital and 
analog simulations.   The results from both sources in hover and in low 
speed flight matched closely, being different by no more than 10% in 
either frequency or time to double amplitude. 

As a further check, filmed results from the wind tunnel test of the NASA 
. 18 scale free flight model made in the 30' x 60' wind tunnel at NASA- 
Langley, showing the aircraft doing a stick fixed divergence in fan mode 
forward flight, were compared to results of a similar test run on the 
analog simulation.    The comparison of these tests also showed no more 
than a 10% difference in either frequency or time to double amplitude. 

Control Power Checks 

To check the control portion of the simulation, both aerodynamic and 
fan control, control powers for 1/2 and full stick inputs at hover and at 
a forward speed condition were checked against predicted values.   All 
control power values were good to 10% or better. 

Trim Checks 

As a final check on the over-all accuracy of the simulation, trimmed 
flight conditions were run for a range of speeds from hover to the highest 
fan mode flight speeds for the 2, 500 ft. altitude, 93.70F day.   A plot of 
these conditions is shown in Figure 136.   This plot agrees closely with 
predictions made by the Aerodynamics Group. 

Maximum lift over the entire range of forward flight speeds attainable 
by the computer was also determined.   These figures agreed with values 
predicted by the aerodynamics group to an accuracy of 5% or better. 
Trimmed drag figures taken over the same range of speeds agreed with 
predictions to within 5% also. 

Stability Augmentation System Checks 

To check out the stability augmentation system, roll, pitch and yaw rate 
signals were fed into the appropriate SA channel and sensitivity and 
authority limitations for each channel were checked. 
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Root locus plots were made for the aircraft in hovering flight and maxi- 
mum gains for stability determined from these plots were compared to * 
values determined on the simulation.   The results for these tests in pitch                               " 
and roll are shown in the root locus sections of this report.   Close 
agreement was obtained between these results. 

"Feel" System Checks 

To check the feel system, the stick and rudder force gradients in hover 
and at a forward speed were measured in the cockpit.   These checks 
completed the initial checkout of the simulator. 

Daily Check 

In order to make certain that computer failures did not compromise the 
results of the systems study made on the completed simulation, a quick 
check was made of the simulation each morning, and if this check was 
not satisfactory, the simulation was completely static checked. 

This morning check consisted of two trimmed condition checks, one at 
0° vector and one at 47. 5° vector.   Also checked was the nose fan door 
travel for full pitch stick inputs at hover. 

Variations in the checked parameters at each of the trim conditions did 
not exceed 3% over the length of the simulator study. 

Parameters checked at each of the trim conditions were: 

e T 

o 
N a 

g 

NF p 

I 
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2.10     SIMULATOR CHANGES PRIOR TO STUDY PROGRAM 

After checkout of the simulator, but prior to commencement of the planned 
simulator study program, several changes were made in the simulation. 

One change, made on the basis of updated information provided by General 
Electric, was to increase the fan power available at various turbojet rpms. 

The increases are shown in Figure 137 and Figure 138, and are approxi- 
mated closely by adding a constant increment of fan power to each of the 
old curves. 

A constant voltage corresponding to this change is added to the generated 
fan powers by pots P12 and P13, shown in Figure 85 of Paragraph 2. 6. 

A second change was made to solve a problem that showed itself in the 
Initial familiarization flights of the simulator made by the pilots prior to 
the study program. 

More effective nose fan thrust reverser doors were required if sufficient 
pitching moment were to be developed thru the critical transition region 
at the e.g. positions acceptable for conventional flight.    See Reference 17. 

To solve this problem, General Electric was consulted and a new thrust 
reverser effectiveness curve was determined. 

Shown in Figure 139 is the new thrust reverser effectiveness which curve 
was generated on diode function generator F61. 

All further changes to the simulator were made on the basis of the studies 
shown in Volume II.   These changes are summarized in Paragraph 3. 8. 
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