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FOREWORD

The Flight Control Technology studies were conducted by the Convair
Aerospace Division of General Dynamics Corporation under USAF
Contract F33615-71-C-1754, Project 643A, "STOL Tactical Aircraft
Investigation, " This contract was sponsored biy the Prototype Division
of the Air Force Flight Dynamics Laboratory. The USAF Project
Engineer was G. Oates (PT) and the Convair Aerospace Program
Manager was J. Hebert, The principal contributors were G, Campbell
{Low 8Speed Control Methods), R, Halstenberg (Control System
Mechanization Trade Studies), and E, Price and L, B, White (Flight
Simulation),

The research reported was conducted during the period from 7 June 1971
through 31 January 1973. This report was submitied by the author on
31 January 1973 under contracior report number GDCA~-DHG73-001.

This report has been reviewed and is approved.

E. J. CROSS, JR.
Lt. Col, USAF
Chief, Prototype Division
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ABSTRACT

§
g
b

S The flight control studies conducted during the STOL Tactical Aircraft Investigation ;
i by the Convair Aerospace Division of General Dynamics were directed toward the ¥

. development of flight control systems for three versions of the Medium STOL Transport.
The following baseline vehicles wera used for the flight control studies: Externally
Blown Flap (EBF), Internally Blown Flap (IBF), and Mechanical Flap/Veciored Thrust
(MF/VT) configurations. The requirements for aircraft handling qualities in the
applicable military specifications (MIL~F-8785B and MIL-¥-83300) were the guiding
criteria for the control system study,
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The selected approach for the flight vontrol studies was to:

1. Develop analytical models of the three baseline configurations.

B B S L T A o

2. Generate baseline control systeme.

3. Anglyze each configuration for compliance with the applicable MIL
Specifications,

4, Determine the stability augmentation system requirements for specification
compliance,

5. Conduct flight control mechanization {rade studies. |

6. Develop piloted flight simulations and conduct evaluations of controt ;
performance and handling qualities.

The analytical studies indicated that each baselire was deficieut in some aspect of :
low-speed bandling qualities during the STOL mode. The baseline control systems
for each configuration were similar; l,e., Longitudinally — pitch damping and an :
attitude-hold funotion were tnoludad, Laltorally -- a yoll rate command systom was

dofined, and Dirvectionally — a yaw damper and tura coordinator woro provided. The

desirability to decouple afrorafl responses to power adjustiments and to piteh axitude

changes led to the development of intercennects betweor throttle and flaps. Inoreased

flight path stability was attained by adding anglo-of-attack feedback into power. A

specd control scheme was designoed to modulate flap position in the STOL-approach

configuration to rogulate alrepeed,

The control system was analyred for gain and filtering requirement using r-ot locus
techniques. The interconnects to decouple aircrafl responces appeared quito effective,
Tha baselines were re-evaluated with an augmented contyol evystem for specification
complisnce using a non-roal-timse digital simulation,
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The mechanization trade study concluded that fly-by-wire mechanization is preferred
over the more mechanical version, primarily because the more mechanical version
requires significant fly~-by-wire features to achieve the required augmentation and
decoupling, The maximum mechanical implementation was rated second, .

The piloted flight simulations and evaluations indicated the following. “

1, [Initially, the IBF was found totally unacceptable in the presence of even ;
mild disturbances at low approach speeds. Maodifications were incor-
porated to vector engine thrust. This proved quite acceptable and was
the basis for all subsequent IBF/VT simulation activities.

2. All three baseline configurations could be flown under normal flight conditions
without augmentation. The addition of the augmentation features decreased
pilot workload and improved pilot rating to acceptable or satisfactory levela,

3. The AUTOSPEED function, provided by medulation of flap position in the
STOL-approach configuration, proved an efficient speed control, It was
rated essential in the presence of turbulence and/or wind shear,

4. The APPROACH function, design to decouple aircraft response to stick and
throttle inputs, was considered helpful under turbulent conditions and of
questionable value for amooth conditions,

5. There was a clear preference for the STOL mode of flight control — power-
lever adjustments for flight path error corrections with relatively constant
pitch attitude maintained by a pitch-attitude-hold mode and airspsed regulated
by the AUTCSPEED function.

8. Each baseline required confiyuration changes from the STOL~approach mode
to minimize altitude logs to 60-70 feot after go-around initiation.

7. Control after failure of the critical engine in the 8TOL~approach was con-
siderably more difficult on the EBF. The Cooper/Harpor ratings assigned to
the evaluations wore poorost when the two-gecond delay preceded recovory
attempts. An automatic systern with an arming capability is highty desirable
to enhance enging-out recovary.

8. Transition from cruise to 8TOL~-approach using congtrut flap deflection rates
wag o challonging pilot task, It is resommended that transition be porformed
in two steps by using an intermediate configuration and speed to mansuver
the glide path engage point to alleviate these control difficultios,

9. Cooper/Harper ratings asaigned during Oight simulator ovaluations showed
that none of the STOL configuraticas was significantly superior to others.
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NOMENCLATURE ‘
Symbol
Ax Total external force divided by weight along body axes, x
Ay Total external force divided by weight along body axes, y
Az Total externz! force divided by weight along body axes, z
b Wing span
¢, MAC Mean Aerodynamic Chord
CD Drag Coefficient
CL Li‘t Coefficient
C 0 Rolling Moment Coefficient
CL Maximum Lift Coefficient
MAX
Cm Pitohing Moment Coefficient
Cn Yawing Moment Coefficient
Cp Thrust Coefficient
4., Gg Transfer functions of control system elements
GT Gross Thrust
h Altitude
i Altitude
Ix Moments of inertia ebout the . g.
Xy Moments of inertia about the o.g.
Lz Moments of inertia about the o. g.
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NOMENCLATURE, Contd

Product of inertia about the ¢, g.
Stabilizer Incidence Angle

SAS Gain

Dimensional rolling moment derivative with
respect to 8

Dimensional rolling moment derivative with
respect to p

Dimensimal rolling moment derivative with
respect tor

Diraensional rolling moment derivative with
respect to 6r

Dimensional rolling moment derivative with
respect to 6&

Dimensional rolling moment derivative with
respect to Gsp

Dimensional rolling moment derivative with
resp  «ENG

Distance 1rom MAC/4 to the 1/4 ¢ of the horizontal tail

Dimensional pitching moment derivative with respect
to p

Dimensional pitching moment derivative with respect
tow

Dimensional pitching moment dorivative with respoct
togq

Dimengional pitching mowment derivative with respoct
to w

pattl
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Units

Slug/Sq Ft
Deg

Var
1/&30z
1/Sec
1/Sec
1/Sec”
1/8002

1/8002

Rad/Seoa

Ft
1/Ft-Sec
1/Ft-8ec
1/8ec

1/8ou
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NOMENCLATURE, Contd

Dimensjonal pitching moment derivative with respect
toé
e

Dimensional pitching moment derivative with respect

to 6F

Dimensional pitching moment derivative with respect
to THR

Externally applied moments about the x axis
Externally applied moments about the y axis
Externally applied moments about the z axis
Dimensicnal yawing moment derivative with respect to 8
Dimensional yawing moment derivative with respect to p
Dimensional yawing moment derivative wi'h respect to v

Dimensional yawing moment derivative with respect to 61‘
Dimensional yawing moment derivative with rvspect. to éa
Dimensional yawing moment derivative with respect to 6sp

Dimensional yawing moment derivative with respeot to ENG
Normal acceluration
Acceleration sonsitivity parameter

Roll Rate

Roll ceofllation parameter

xiv

Units

1/ Sec2

1/Sec2

1/Secz-%
Ft-Lb
F{-Lb .
Ft-Lb
1/Seo2
1/8Sec

1/Sec

l/Seo2
I/Sec2

1/8002

Rad/Seo2

Ft/8002
Ft/Socz
Deg/Sec

or

Rad/8ec



NOMENCLATURE, Conid

Pitch Rate
Dynamic Pressure

Dynamic pressure ratio of horizontal tail tc free stream

Yaw rate

Wing area

Laplace transform variable

Time to double araplitude of an experinental motion
Throttle position in percent of engine thrust
Inoremental forward body-axis velooity

True alrspeed

Incremental downward body uxis veloocity

Dimensional X-axis force derivative with respect to u
Dimensfonal X-axis force derivutive with respect to w
Dimensjonal X-axis force derivative with respect to g
Dimonsjonal X-axis foroe derivative with respect to w
Dimnonsional X-sxis foree derivative with respoct to ée
Dimensional X-axis foree derivative with respect to 6!‘

Dimensional X-axis foree doxivrtive with respect to THR

Units
Deg/Sec

Lb/8q Ft

Deg/Sec
or
Rad/Sec

Sq Ft
1/Sec

Sec

Ft/Sec

¥ts or
Ft/Sec

Ft/Seo0
1/8ec
1/8ec
Ft/8ec

FY./SM3

WSOOZ

WSoca—%
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NOMENCLATURE, Contd

Units
Limensional yawing moment derivative with respect to 8 1/Sec
Dimensional yawing moment derivative with respect to p :'E _
Dimensional yawing moment derivative with reapect to r ‘
Dimensional yawing moment derivative with respect to Gr 1/Sec
Dimensional yawing moment derivative with respect to éa 1/Sec

Dimensional yawing moment derivative with respect to 6sp 1/Sec

4

Dimensional yawing moment derivative with respect to ENG 1/Sec !
Dimensional Z-axis force derivaiive with respect to u 1/8ec
Dimensional Z-axis force derivative with respect to g Ft/Sec

Dimensional Z~axis force derivative with respect to w

Dimensional Z-axis force derivative with respect to ée F‘t./Sv:sc:2

Dimensional Z-axis force derivative with respoct to &g Ft/Seoz j

Dimensional Z-axis force derivative with respect to THR Ft/Secz*% ;
Units.

Angle of attack Dog

da /dt Deg/8ec

Sidealip oxcureion parameter Dog

STO!. sideslip exoursion parametey

xvi
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NOMENCLATURE, Contd -

R T D g e

T T

Flight Path Angle

Flight Path Stability Parameter
Aileron Deflection Angle
Elevator Deflection Angle

Maneuver Stability Parameter

Deg/Kt
Deg,Rad
Deg, Rad

Deg/g

Static Stability Paramseter Deg/Kt
STOL Static Stability Parameter |
Flap Deflection Angle Deg
Slabilizer Incidence Angle
Rudder Deflection Angle L6g, nad :
Spoiler Deflection Angle Deg, Rad i
Longitudinal Stick Deflection Deg ,
Downwash Anglo Deg
Damping Ratlo of Complex Root
Gross Thrust Vector Angle Dog !
Pitch Anglo Deg, Rod
Pitch Rate Deg/S00
or
Rad/Sec

Control S8ystem Time Counstants

xvii
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NOMENCLATURE, Contd

Roll Mode Time Constant
Natural Frequency of Complex Koct
Bank Angle

STOL Roll Oscillation Parameter

Ratio of ¢ to g in the Dutch Roll Mode

Phase Angle of the Dutch Roll Sideslip Pceponse

Aileron
Body

E.ogine Out
Elevator
Flap
Horizental Tail
Trim Value
Phugotd
Short Period
Spoller
Throttle

wing

xviii

Units
Sec
Ras/Sec

Deg
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'SECTION 1
INTRODUCYiON

This report presents the flight control technolegy aspects of the STOL Tactical Aircraft
Investigation conducted hy the Convair Aerospace Division of General Dynamics,
Baseline flight control systems were generated for each of three versions of the
Medium STCL Transport. An externally blown fiap (EBF), an intexnally blown flap with
vectoring of non-diverted engine low (IBF/VT), and a mechanical flap/vectored thrust
(M¥/VT) configuration were the three baseline vehicies used for the flight control
studies.

The analyses used to generate the baseline contro! systems and the results thereof are
preserted in Section 2, Analytical models are defined and handling quality characteris-
tics are plotted relative to applicable specifications, A preliminary stability augmen~
tation system (SAS) is identified where required to satisfy handling quality specifi-
cations,

Section 3 presents the findings of the control system mechanization trade study, Base-
line control systems were analyzed and rovised to generate both 2 maximum-~mechanical
control implementation and a fly-by-wive implementation, Revised systems are diagram-
mead and a comparison of the mechanical versus - fly-by-wire version is discussed.

A recommended system is described.

Validation of ihe hoseline control syateins was effected through extensive flight simu-~
lator evaluations using both fixed-base and moving-base simulators. Section 4 de-
soribes the flight simulaters used and significant aspecis of the stinulation models,
The larger part of this section deals with the pilot qualitative evaluations of the three
STOL configurations, Evaluation oriteria ave dosoribed and pilot opinion data in the
form of narrative description and Cooper/Harper ratings are presented, Evaluatious
on the moving-base simulator for the EBF version are compared to the fixed-base
results {or the same EBF configuration. Finally, there is pilot commentary yo-
gaxding the relative merits of various lovels of flight stmulation for flight control
studies, o.g., fixed base versus moving base,

The appendixes include desoriptions of anglytical programs, turbulence model adupta-

tions, evaluation questionnaires, the evaluation test plan, and a collection of representa-
tive simulated flight run data,

1-1
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SECTION 2
LOW SPEED CONTROL METHODS

This section covers the analyses performed to generate a baseline contrl system
used in the control mechanization trades in Section 3 and the simulations of
Section 4, The emphasis is on the generation of handling qualities, comparisons
fo the bandling quality specifications, and in generating a stability augmentation
system (SAS) to show compliance,

included ir a brief description of the three baseling vehicles and the analyticat
model used, The sources for the data base are referenced.

2.1 VEHICLE DESCRIPTION

The control analyses in this report concern three specific configurations, These
are three of the six configurations described in detail in Referance 2-1, and ave:

1. EBF. Externally blown jet flap with GE13/F2B cruise engines.

2, IBF-2, Internally blown jet flap with STF369 eugines,

. MF/VT, Mechanical flap plus vectored thrust with GE13/F2A oruise
engines,

Reference 2-1 describes each of these vehicles, including general arrangement
three~-views, dimensions, weights, and mission performance. The oriterin and
anslyses used for configuring and sizing the vehioles are also included, as well as
the majority of the aerodynamic and propulsion data bases reeded for control
snalyses, Those configurations are prosented briefly here to identify the data bage
and points of departure for the controls analyses. A significant modification was
made to the IBI-2 vehigle desoribed in Roferonce 2-1 due to controle analysis and
simulation, The IBF-2 vehdole ueod in this report is assumed to have vectoring
capability of the undiverted flow. This modification wes neaded to better wateh s
propulsfon capabilfty to the landing configuration, Without vectoring, the low
throttle setting to balanoe drag during the approach reducoes the dive flow and
thus reducos the flow coafficient (C,) and maximum coofficiont of “qgl'max

2.1.1 EXTERNALLY BLOWN FLAP., The axternally blown flap (EBF) configuration
was sizoed using GE13/F2B engines scaled to a ruted thrust of 18,800 pounds per
engine for a takeoff grose woight of 148,200 pounds, Goneral arrangemont of the
EBF configuration is shown in Figure 2-1, Tho engines are installed in single
nacelles and use snnular cascades to roverae thrust, Auxiliary engines are ajso

2-1
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Figure 2-1, EBF General Arrangomoent
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lucated in the furslage to supply boundary layer control on the wing leading edge
device for engine-out lateral control, on the elevator for longitudinal control, and
on the rudder for engine-out divectionil control, Figure 2-2 shows a cross section
of the engine nacelle/wing relationship to illustrate the features of the variable-
geometry leading edge flap and the double-slotted trailing edge flap, Dimensional
data and the weight statement are presented in Tables 2-1 and 2~2, respectively.

DOUBLE-SLOTTED EXTERNALLY
BLOWN T.E. FLAPS (IN LANDING

VARIABLE GEOMETRY L, €, FLAP SPOILER, ™\ CONFIGURATION)
(INTERNALLY BLOWN) \
P ———— = ——-...‘__ﬂ
..——-"'"q'——_—"

Z

L. .—4
‘

— 1

17
N

SPEED CONTROL SEGMENT

Figure 2~2, EBF Engine Nacelle/Wing Relationship

2.1.2 INTERNALLY BLOWN FLAP, IBF-2, The internally blown flap configuration

- (IBF-2} was sized using STF369 engines scaled to a rated thrust of 22,840 pounds per
.engine for a takeoff gross weight of 170,350 pounds, General arrangement is shown :
in Figure 2-3. The engines are installed in single nacelles and use annular cas- ‘ :
cades to reverse thrust. Dimensional data and the weight statement are presented
in Tables 2-3 and 2-4, respectively. !

2.1,3 MECHANICAL FLAP PLUS VECTORED THRUST, The mechanical flap plus !
vectored thrust configuration was sized using GE13/F2A cruise engines, A scaled !
engine thrust of 24,500 pounds was required for the selected takeoff gross weight
of 168,750 pounds.

General arrangement of the MF/VT configuration is shown in Figure 2-4, The design
used a twin-podded nacelle arrangement to accommodate the single-bearing thrust
deflection devices, Auxiliary engines (two RB176-118) were located in the fuselage
to supply boundary layer control on the wing leading edge devices for high lift and on
the elevator if required for additional longitudinal control, Figure 2-5 shows a

cross section of the engine nacelle/wing relationship, illustrating the features of _
the variable-geometry leading edge flap and the triple-slotted trailing edge flap, 3
Dimensional data and the weight statement are given in Tables 2-5 and 2-6, respec- 3
tively.
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Table 2-1, EBF Dimensional Data

P e A

Wing
Span
Area
Aspect Ratlo
Taper Ratlo
Incidence
At Root
At Tip
Dihedral
Sweep at c/4
Chord

Root (at Alrcraft Centerline)

Tip

Mean Aevodynamic
Airfoil Section

Root (at W.8, 63.,0)

Tip

Leading Edge Device
{Variable Camber)
Span
Chord
Deflection

Trailing Edge Flap
Span
Chord
Deflection

Spoilers
Span
Chord
Hinge
Deflection

Alleron
Span
Chord
Defloction

Fuselage
Leugth
Muaximum Width
Cargo Eavelopo
Length
Width
Holght

AV ama S #N e A dmhare SR Y

111,36 £
1560, 00 £t2
8,00

0.88

3.5 deg
-1,0 deg
~3,5 deg

25,0 deg

250,60 in,
83,46 in,
180,97 in,

64A3 (13.12)
64A4 10

Full
0.165% ¢
56 deg

0,80 b/2
0.75¢
60 deg

0.80 b/2
0,185¢
0,548¢
60 dog

0,20 b/2
0,28¢
*50 deg

136 fr, 4 in,
212 i,

85
Jft
128

- i e e

Horizontal Tail

8pan
Areca
Aspect Ratio
Taper Ratio
Deflection
Sweep at c/4
Chord

Root

Tip

Mean Aexodynamic
Alrfoil Section

Root

Tip
Pivot Centerline

Elevator
Span
Chord
Deflection
Hinge Line

Vertical Tail

Span
Area
Aapect Ratio
Taper Ratio
Sweep at 0/4
Chord

Root

Tip

Mean Aeruvdynamic
Airfoll 8Section

Rudder
Span
Chord
Defloction

40,66 &%
367,33 ft2
4,60
0.40

+5 to -10 deg
30 deg

154,88 in,
631,95 In,
115,06 in,

64A012
64A008

o/4MAC

Full
0.35

+15 to -850 deg
0.35¢

24,68 ft
510,0 ft2
1,18
0.65
39.0 deg

301,38 in,
195,00 in,
252,37 in,
64A012

Full
0.300
B0 deg

————————

¥ 2 03 I e

PP P TR W T SRRV T T & ¢



Table 2-2, EBF Group Weight Statement

STRUCTURE 62704.6 1b SYSTEMS AND
EQUIPMENT 16386,4
Wing 20639.5
Basic Struoture 141768.0 Auxiiiary Power
Box Structure 10856.3 Unit 526.2
Ribs + LE Instruments 662.5
+TE 3056.1 Hydraulic and
Penalties 845.6 Pneumatic 725,2
Secondary Electrioal 2058.8
Structure 731.9 Avionics 2000,0
Flaps 3867.6 Armament 1200.0
Leading Edge Furmnishings 4504,0
Device 995.2 Air Conditioning/
Spoilers 280.8 Anti Ice 1741.4
Wing Fold 0.0 Auxiliary Gear 2959.2
Horizontal Tail 1411.2
Vertical Tail 3488, 7 WEIGHT EMPTY 93363.5
Body 25238.1
Landing Gear T107.6 Basic Operating
Surface Controls 2012, 3 Items 1828.0
Nacelle 2807.0
BASIC OPERATING
PROPULSION 14282,5 WEIGRT 95192.5
Engines 9495.0 Payload 28000.0
Propulsion Systems 2943,2
Thrust Reversers 2157.8 ZERO FUEL
Inlets 183,2 WEIGHT 123192,5
Exhgust 183.8
Cooling 83.2 Fuel 25000,0
Lubrication 29,1 Wing 25000,0
Starting 201, 7 Fuselage 0.0
Engine Controls 118.7
Fuel System 1844.3 TAKEQFF GROSS
Plumbing 872.6 WEIGHT 148192,5
Pumps 212.8
Distribution 238.0 DESIGN WEIGHT (lb) 148075.8
Vent 175.4
Controls 23,1 MAXIMUM WEIGHT (ib) 148075.68
Refuel 191.8
Durmp 34.0
Tuankage ) Wd
Foam 480,0
Soaling 124.2
Cells 367,86
2.6




Table 2-3. IBF.-2 Dimensional Data

Wing
Span
Area
Aspect Ratlo
Taper Ratio
Incidence
At Root
At Tip
Dibedral
Sweep at ¢/4
Chord

Root (at Afroraft Centerline)

Tip

Mean Asrodynamia

Atrfoil Section

Root (2t W, 8, 69.0)

Tip

Leading Edge Device
{Variable Camber)
Span
Chord
Deflection

Trailing Edge Flap
Span
Chord
Deflection

Fusiclage
Lenagth
Maximum Width
Cargo Envelope
Length
Width
Helght

118,50 &
17.85 12
8,00
0,33

3.5 deg
~1.0 deg
-3.5 deg

25.0 deg

279.0 in,
89.5 in,
194,0 in,

84A3 (18.12)
8444 10

Full
0.156% ¢
56 deg

0,80 b/2
0.35¢
60 deg

0,80 b/2
0.186¢
4, 5480
€0 deg

0.20 b/2
0.2b0
+50 deg

136 &, 4 in,
212 in,

1.8 3
nn
12e

Horizontal ‘Tail

Span
Area
Aspect Ratio
Taper Ratio
Deflection
8weep at c/4
Chord

Root

Tip

Mean Aerodynamic
Alrfoil 8ection

Root

Tip
Pivot Centerline

Elevator

Span
Chord
Deflection
Hinge Line

Vertical Tail

8pen
Area
Aspeot Ratio
Taper Ratlo
Sweep at ¢/4
Chord
Root
Tip
Mean Asrodynamio
Atrfoil Section

Rudder

Span
Choxd
Deflection

1o, 20
458,94 ft%
4,50
0.40

45 to -10 deg
30 deg

172.2 in,
68.9 in.
128.0 in,

64A012
84A008

/4pac

Full

0,35
+15 to -50 deg
0.35¢

27,81 ft
865.5 f2
1.18
0. 85
39.0 deg

342,58 in,
223.0 in,
286.8 in,
84A012

Full
0,30¢
#59 dog
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Table 2-4. IBF-2 Group Weight Statement

STRUCTURE 73186.6 1b SYSTEMS AND
EQUIPMENT 13864, 6
Wing 24103.2
Basioc Struoure 18384.4 Auxiliary Power
Box Striuture 13141.3 Unit 562.8
Ribs + LE Instruments 737.2
+TE 3632,4 Hydraulics and
Peraltios 1610.7 Pneumatic 859.4
Secondary Electrical 2110.5
Structuxe 019.2 Avionios 2000,0
Flaps 3300,7 Armament 1200,0
Leading Edge Furnishings . 4504,0
Device 1182.4 Afr Conditioning/
Spoilers 316,85 Anti Ice 1842,6
Wing Fold 0.0 Auxiliary Gear 68.1
Horirontai Tail 1742.9 :
Vertical Tuil 4802, 8 WEICHT EMPTY 107086.1
Body 26319,4
Landing Gear 8174,4 Basie Oporating
Surface Controle 2334,0 fems 1964.0
Nacelle 6910,0
BASIC OPERATING
PROPUISION 20014.9 WEIGHT 108050,1
Engines 14240,0 Payload 28000.0
Propulsion Systems 351%.8
Thrust Reversors 2548,1 ZERO FUEL
Inlets 314.1 WEIGHT 137050,1
Exhaust 234.1
Cooling 100,5 Fuel 838090,0
Lubrication 39,9 Wing 38300,0
Starting 262.5 Fuselage 0,0
Engine Controls 118,17
Fuel System 2257.0 TAKECFF GROSS
Plumbing 1027.1 WEIGHT 176350.1
Pumps 2671
Distribution 280,38 DESIGN WEIGHT (ib) 170300,0
Vont 211,90
Controls 21,8 MAXIMUM WEIGHT (lb) 170300,0
Refuel 210.3
Dump 46,0 LANDING WEIGHT (Ib) 153680, 0
Tankago 1329,9
Foam 639,4
Bealing 104.0
Cells 436,6
2-8
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Table 2-5. MF/VT Dimensional Data

Wing
8pan
Area
Aspect Ratlo
Taper Ratio
Incidence
At Root
At Tip
Dibedral
Sweep at 0/4
Chord

Root {(at Airoraft Centerline)

Tip

Mean Aerodynamic
Airtoil Section

Root (at W.S, 69,0)

Tip

Leading Edge Device
(Variable Camber)
Span
Chord
Deflection

Trailing Edge Flap
Span
Chord
Deflecticn

8poilers
Span
Chord
Hinge
Deflection

Aileron
Span
Chord
Defloction

Fusalage
Longtd
Maximum Width
Cargo Envelope
Length
Width
Holght

116,96 ft
1710,0 #°
8,00

0.33

3.5 deg
-1,0deg
-3, 5deg

25.0 deg

263.0 in.
87,6 1in,
190,0 in.

64A3 (13,12)
64A4 10

Full
0.155% o
58 deg

0.80 b/2
3.48¢
80 deg

9.80 b/2
0,1950
0.548¢
80 deg

0.20 b/2
0,258

250 dog

130 8, 4 in.
212 in.

E5 R
24
128

Horlzontal Tail

Span
Area
Aspect Ratio
Taper Ratio
Defleotion
Sweep at o/4
Choxd

Roaot

Tip

Mean Aerodynanaic
Afrfoil Section

Roc:

Tip
Pivot Centerline

Elgvator
Span
Chord
Deflaction
Hinge Line

Vertical Tail

Span
Area
Aspeot Ratlo
Taper Ratio
Swoep at /4
Chord

Root

Tip

Mean Aerodynamic
Atrfoll Section

Rudder
Spun
Chord
Deflection

43,76 £t
425,63 ft2
4.50
0.40

+5 to -10 deg
30 deg

166.,5 in.
86.8 in,
124,0 in,

64A012
64A008

°/4M AC

Full
0.36

+15 to -50 deg
0.36¢0

26,93 £t
614,59
1.18
0,66
38.0 deg '~

382,90 in,
216,0 in,
278.0 in.
64A012

Full
0,300

%50 dog
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Table 2-6. MF/VT Group Weight Statement
STRUCTURE 72086.01b SYSTEMS AND
EQUIPMENT 16716, 6
Wing 23844.8
Basic Structure 17039.6 Auxlifaxry Power
Box Structure 12750.2 Unit 549.4
Ribs + LE Instruments 32,2
+TE 3478,0 Hydraulic and
Penalties 811.4 Pneumatic 822.5
Secondary Electrical 2113.4
Structure 862,0 Avionios 2000,0
Flaps 4F37,.8 Armament 1200,0
Leading Edge Furnishings 4504,0
Device 124 6 Alr Conditioning/
Spotlexs 311,1 Anti Ice 1827.4
Wing Fold 6.0 Auxiliary Gear 29617.5
Horizontal Tail 1662.4
Vertical Tail 4345.0 WEIGHT EMPTY
Body 26250. 5
Landing Gear 8103.2 Basic Operating
Surface Controls 2236,2 Items
Nacelle 5660,0
BASIC OPERATING
PROPULSION 22050.1 WEIGHT '
Engines 13570.0 Payload g
Propulsion Systems 6371.8 ;
Thruet Reversers 5420.0 ZERO FUEL
Inleta 207.3 WEIGHT
Exhaust 228.3
Cooling 110.6 Fuel
Lubyrication 38,6 Wing 28000,0
Btarting 264.4 Fuselago 0.0
Engine Controls 118,17
Fue!l Systom 2102.3 TAKEQOFF GROSS
Plurabing 1034.1 WEIGHT
Pumpe 283.0
Distribution 260.1 DESIGN WEIGHT (lb)
Vont 233.4
Controls 4.4 MAXIMUM WEIGHT (Ib)
Rofuel 198.0
Dump 36.8
Tankage 1068,2
Foam 637.6
Saaling 135.8
. Calis 393.4
;’.
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VARIABL< GEOMETRY
LE. FLAP S

TRIPLE SLOTTED T.E. FLAPS
{IN LANDING CONFIGURATION}

Gross Thrust Vector

\‘ \ Axls  Dizection Cosine
(281 +,719 Cos

+449 (Coan -1}
"0849 Sin "

\ TAIL PIPE - UP THRUST

N\
|
&
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|
4
§
v\
N g M

TAIL PIPE - REVERSE THRUST
Figure 2-5. MF/VT Engine Nacelle/Wing Relationship

2.2 ANALYTICAL MODEL

Most of the analyses have been performed by digital cormputer, primarily using two
existing programs:
TRIM-STAB, capable of performing six-degree-of-freedom (DOF) trim,

1.
separate longitudinal aad lateral-directional linearized stubilily analyses
ahout a trim point, and ron-real~time, six DOF {ransienis, This program
is described in Appendix 1,

2. Real-time piloted simulations, both fixed-base ad moving-base, as described

in Section 4.

This procedure requires an analytical model for each of the thres vehicles, Sub-
routines were formulated to describe all forces and moments on the vehicles, based

on these considorations:
1. Matohing the data hase as generated, primariy in Referonce 2-1,
2, Maximum compatibility with existing programs,
Minimuny reprogreraming necessary to shift from one vehiole to another.

Minimum roprogramming noceasary to shift from non~real-time programs
to the roal-time piloted stmulations.

4.

The following modules weco genoraled as subroutines, soparately, for cach of the
throe vehicles where required, They contain all differanous between the son-

figurations.
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2.2.1 WING/BOD'? LONGITUDINAL AERODYNAMICS., These subroutines inolude
tabulated data that, is interpolated to obtain the desired parameters. The outputs are
G+ Cyo Cpr 4.'qs €, and de/da, The inputs are angle of attack and flap angle,
For the EBF vehicle, Ciis also an input. For the IBF configuration, C based on the

diverted flow is an iuuut. The data stored are points taken from the curves in
Section 5§ of Refirence 2-1,

2.2.2 HOHIZONTAL TAIL AERODYNAMICS, Contributions of the horizontal tail
are included in s module that is common fo all three vehicles. The principal data i
tail 1ift coefficient as a function of tail angle of attack and elevator angle. The con-

tribution of the elevator is given both with and without blowing, and is the data shown
in Figure 96 of Reference 2-1,

Values of q ratio and downwash are determined in the wing/body module, and are
different for each vehicle., Tail angle of attack is then computed by:

Tail C and C_ are then evaluated. These are resclved to body axes and, based on
the proper taﬂD area and q rativ, converted to forces and moments about the aircraft
cg.

2.2.5 LATERAL DIRECTIONAL AERODYNAMICS, Thie module includes the tabu-
lated lateral directional datx as it appears in Reference 2-1. Complete aircraft
stability derivatives in stability axes are included., These are tabulated as functions
of angle of atlack and flap position. For the EBTF vehicle, these are also functions of
¢ ye For the IBF wehicle, these derivatives are functions f the C computed from
the diverted flow, The airframe derivatives are those due to Bideshp, roll rate, and
yaw rate. Conirol effectivensss is included (not as derivatives but a8 a control
moment o furce versus deflection) to accommodate nonlinearities, Afloron effective-
ness is givel two ways: with and without surface blowing, Spoiler effectiveness is
pattiouinrly non'inear and {s stored as a four-dimensional function of angle of attack,
flap angle, thrust cvefficient, and spoiler deflection for both the EBF and IBF con-
figurations. The ruauer effectiveness data base is tho same for each vehicle, and is
thus calied 38 4 separate subrvutine,

‘This siability axis diata about the muzfor chord is thon input to standard sebroutines

that convort them to body axes about the og by tinasiation awt rotatiou fur various
timo histories or linsarized analyses,

2.2.4 PROPULSION. Those subroutines arv restrictd to data for 2500 feot of
altitude on a bot day (93°F). Datn is gevorally stoved as grosd Lhrust and ram drag
for full throftle as a function of velocity. L s storad az the unity scaled engdine,
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and the scale factors are stored separately, From Reference 2-1, the figure mum-
bers for tho hot-day data and the scale factors used are:

Concept Reforence 2-1 Figure No, * Scale
EBF 49 0.815
IBF 617 1,015
MF/VT 85 1,1

g The subroutines that desoribe each concept differ greatly in how the thrust-mlated
K forces are formulated, For the EBF, the outputs are:

1, Thrust coefficient based on gross thrust, C, = GT/qs, which is used in the
the longitudinal wing body and the lateral directional subroutines,

2, Engine-~out rolling moment, ACy = £ (a, GF, Cu)

3. Engine-out yawing moment, AC,={ (Cp)

Ram drag effects ‘or the EBF are all included in the dala base as functions of Cy ,
including drag, pitching moment, and sideslip derivatives.

The propulsion model for the MF/VT configuration is a self-contained momentum
model, Gross thrust and ram drag magnitudes for full throttle are stored as functions
of velocity. The oenters of pressure for each component are estimated from the

i three-view and stored as constanfs. Gross thrust and ram drag are then resofved
g into three body-axis components, with gross thrust as a function of vector angle and
; o ram drag as a function of angle of attack and sideslip angle, The veotoring assumed

: is the GE singlo-bheuring thrust deflecting device, which results in significant side forces
: for each engine, Those engines are installed side-by-side in paired pods as shown in
Figures 2-4 and 2-5.

. : Moments about the cg are caloulated in pitoh, voll, and yaw from the force components

= and the stored vonters of pressure, There is no asymmetry when all engines are

x operating equally except for sideslip rawm dwg offocts. The model, however, agcom-
. modates an engine loss or differential throttle settings,

The propulsion model for the IBEF vehicle is a split-flow type. Stored data oonsists
of tabulatod values of diverted gross thruat, undivoried gross thrust, and ram diag

for {ull throttle as functions of veloolty (Figure 87, Reforence 2-1). The diverted
gross thrust {8 used to compute a thiust confiicient, Cp. This is used a3 a data
*The data in Figure 49 of Reference 2-1 as originally issued was in error. The cox-

rvect 2500~foot Lot day installed statio thrust is 19,000 pounds for the unity scaled
r GE13/F2B ongine.
o 2-14
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grgument in the other subroutines in the same manner as for the EBF vehicle except

that a plenum and crose plumbing is assumed, and no engine-out rolling or yawing
moments are evaluated due to the diverted flow,

The undiverted gross thrust and the ram drag are used in a momentum model, Com-

ponent forces are caloulated, centers of pressure determined, and moments cal-
oculated as for the MF/VT, The vectoring capability for this IBF vehicle (described
in Paragraph 1,1) is included in the model as a pitch plane rotation of the gross

thrust vector,

2,2,3 MASS PROPERTIES AND DIMENSIONS, This module includes the weights, cg,

and moments and product of inertia for each vehicle using the mid-mission weights

identified in Reference 2-1,

Some analysis was performed by arbitrary variation of one of these parameters; e.g.,

GW or og, without altering the remainder of the baseline mass properties package,
Alsc stored in this data package are tane physical dimensions and areas required,
Tabls 2-7 shows the baseline parameters usedin the analyses and simulations.

Table 2~7. Baseline Vehicle Mass Propevties

EBF IBF-2 VT/MF

Takeoff Weight (lb) 148,192 170,350 168, 750
Mid-mission ‘Weight (1b) 134,200 152,450 153,500
Fuselage station of cg (ix,) 660,3 857,17 B872.7

% MAC 20,1 19,0 26,8

Water Line (in,) 182.0 186, 9 177.8

L, (slug-ft?) 1,144,000 1,468,000 1,574,000

1, (slug-fth 2,687,000 2,936,000 3,033,000

1, (slug-ftS 3,459,000 3,966,000 4,141,000

L (olug-£e%) 322,500 276,700 208, 500

2.2,6 LANDING GEAR, This module caleulates the six~degree-of-freadom foroe
and momont contribudions of the main and nosc landing gear, Since each of the
three vohicles {8 desigoed around the same fuselage, and since the gear lovation i8

asomimlly the same for cach, this module {8 common, lnput data is included for ench
gear fort lumpod spring constants, lumped dawmping constants, coufficients of friction,

oxteniod no-load coordinates for whoei ceuter, and wheol radius.
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This subroutine requires a set of direction cosines that relate aircraft position and
attitude relative to the ground. It also includes aircraft linear and rotational velocities.
The subroutine then calculates the deflection and rate of each gear from the no-load
position and the gear load normal to the deflection, Finally, based on caloulated

skid angles, stored coefficients of friction, and input steering angles (if any), body

axis forces and moments are calculated for each gear.

2.3 LONGITUDINAL HANDLING QUALITIES

In this section, the longitudinal handling qualities characteristics of the three vehicles
are presented and compared to the handling quality specifications (MIL-F-8785B and
MIL-%-83300). This data has heen generated by the TRIM-STAB program described
in Appendix I, The analytical model interpolates on tabulated non-linear aerodynatnic
data as discussed in Section 2.2. The trim-type data uses this continuous model. he
linearized stability analyses are based on derivatives evaluated from the non-line. r
model at the trim point. Scatter vs. speed in any one of the plotted parameters in
Sections 2.3 and 2.6 is not considered significant, but is primarily due to the process
of evaluating local derivatives of the non-linear multi-dimensioned stored data, Most
of the da‘a presented ie bare airframe data. A baseline longitudinal stability aug-
mentation system (SAS) is developed in Paragraph 2.4; some of the curves in this
discussion also include values with this nominal 8AS.

Characteristics that had first-oxder effects on tail size were evaluated in establishing
the haseline configurations in Reference 2~1, Decisions were made on tail size,
including tail blowing. Figure 2-6 is repeated from Referenoce 2-1 as a starting point.
The Gata base has been refined, but no attempt is made here to either update or com-~
pletoly review Roference 2-1. The most oritical aft cg 1imit for the EBF is that
marked Stability with Takeoff Flap-High ¢ in Figure 2-6, This curve denotes the
pitch-up charactevistios (mostly a high d¢/de effact) that ocour at high power settings,
takeoff Daps, and high a and that veduce inherent stability, The steep slope of the
curve shows that much additional tail ares is neaded to allow aft og's and inherent stability
at this flight eondition, With the fairly elabornto 8AS required for good flying

- qualities, this aft cg requirement i somewhat alleviated,

Two forward og limits are shown: nose whool liftoff and trimming high anglea of
attack with lunding flap, These arv both shown with and without elovator blowing,
indicating that at least some of the tail blowing shown in the data base (Referenve 2-1,
Figure 96) will be roquired. The nominal og is 30 porcent for a tail uxva of 3GV e,

Tho data in this section i8 shown for sach 41 the three vehicles. Sinoe the handling

quality characioristics for thore vehicles are functions of power and high Lft
conliguration, three specific flight configurations ave algo defined:

2-18
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Figure 2-6. EBT Horizontal Tail - cg Criteria

Landing, Flaps at 60 degrees, Thrust Vector at 60 degrees for both the
IBF/VT and MF/Vy Vehicles, This is a Category C flight phase and cor-
responds to (L) of Reference 2-2 and (SL) of Reference 2-8. Tvim condi-
tions are a steady-state speed at a seven-degree descent and speeds from
minimum to 100 knots,

Takeoff, Flaps at 30 degrees, Thrust Vector at 30 degrees for IBF/VT and
MF/VT. This is also a Category C flight phase and corresponds to (TO) of
Reference 2-2 and (ST) of Reference 2-3. Trim conditions are acceieraiving
at full power ("/> 0) at Y =0, and speeds from minimum to 160 knots,

Cruise, Flaps and Thrust Vector at 0 degrees, Power for Level Flight,
Speeds from Minimum to 200 knots, This corresponds to (CR) Category B
of Reference 2-2,

All cases use 2500 feet of altitude and a hot day (93°F), Where possible, longitudinal
trim was by the stabilizer with the elevator at neutral, At speeds below 80 knots,
the elevator was also used,
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STOL vehicles such as MST must meet two handling quality specifications, References
2-2 and 2-3, In the cruise conditions, the aircoraft specification applies; at minimum
landing speeds, the V/STOL specification applies. Reference 2-2 refers to a dis-
cussion in Reference 2-4 on the establishment of V., , the speed that establishes

the demarcation. Three parameters are listed as potential meagures of Vi,

n,/a , dv/dv, and stall margin, Stall margin is difficult to establish with blown

flaps, since Cy, max is not sharply defined,

Figures 2~7 through 2-9 show plots of n,/@ and dY/dV for the three vehicles for
cruise, takeoff, and landing configurations, As expected, the estimates of V,, vary,
generally between 90 and 110 knots. Since the landing approach covers this speed
regime, and since the landing approach has been emphagized in this cont:ract work,
responses are compared to specifications from both. It is generally assumed that
below Vg, the pilot will tend to use the STOL technique of controlling glide path

with throttle, and above V., he will use elevator., When SAS is used to give closed-

loop characteristics that improve n, /o and dv/dVv, Veon becomes especially con~
fusing, The approach has been to use SAS so that both specifications are met, and to

use piloted simulations to develop a preferred technique. The simulation program
and results reported in Section 4 show the prevailing preference to be the STOL
technique on landing approach.
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Figures 2-10 through 2-12 show phugoid damping for all three vehicles. The
boundaries from Reference 2-3, Paragraph 3.2,1.2 are shown, The requirement
from Reference 2-2, Paragraph 3.3.2 is;

Level Requirement

1 &> o

3 T2< 5

The EBF airframe is especially deficient, An aritificial My derivative due to pitch
angle feedback to the elevator effectively damps the phugoid, The effect of the nominal
gain schedule as determined in Paragraph 2,4 is also shown in these figures,
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The short period responses are shown in Figures 2-13 through 2-18, The boundaries
from Reference 2-2, Paragraph 3.2.2,1.1, are shown in Figures 2-13 through 2-15,
As expected, the low speeds in both landing and takeoff fail {o meet the Reference 2-3
specification. The responses do meet the Level 1 boundaries of Paragraph 3,3,2 of
Reference 2-2, as shown in Figures 2-16 through 2-18, These are somewhat dif-
ficult to present, since the upper boundaries are functions of w, and { and the

lower boundaries of n,/c.
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Figure 2-13, EBF Short Period Frequency and Acceleration Sensitivity

Longitudinal statio trim data is shown in Figures 2-19 through 2-21, These are plots

of the slopes caloulated at each trim polnt, corresponding to changing trim speed with
the clevator (without changing power), The term dé o/dV 18 specified to be stable

in Paragraph 3.2.1,1 of Reference 2-3, Paragraph 3.3.1 of Reference 2~2 specifios

both d3,/dV and dd/ds for this mansuver.

Figure 2-22 shows 0,/g for the three alroraft, as speoified in Paragraph 8.2.2,2 of
Reference 2-3, No detailed analysis of force gradients has bean pexformed, A full
power system is assumed, and no difficulty is anticipated in tafloring feol springs to
meet the control force gradient specs, both in mancuvering flight (¥ /g) and spe 4
trim (AFg/dV and dF,/d 8 ). Since the position gradients look good, the combina-
tion of a q-spring and a fixed spring 1s aimost certain to muet all of the specifications.
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Figure 2-21. MF/VT Longitudinal Static Stability
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2.4 LONGITUDINAL STABILITY AUGMENTATION

The longitudinal sfability augmentation was performed in several stages over the
period of the contract work.,. The major steps are to:

1. Select a critical flight condition, synibesize a complete system, and
analytically determine all gains,

2, Verify ard adjust gains in the mamed simulation for the critical flight
condition,

3. Synthesize pominal gain schedules for the aftitude loop and calculate
responges for all flight condtions and vehicles.

4, Ezxamine flap and throttle feedback and cross-coupling gains using
linearized analog unmamned simulations,

5. Verify all three vehicles in the approach condition using manned simulation.

This Paragraph (2.4) covers most of Steps 1, 2, asud 3. The respouses for Step 3
are in Paragraph 2.3. Step 4 is shown in Paragraph 2.5 and Step 5 in Scction 4.

The flight condition emphasized for initial longitudinal stability augmentation of the
EBF configuration was:

EBF Vehicle
Landing Flaps (60 deg)
Altitude = 25060 ft
Velocity = 80 knois
Gross Weight = 134,200 1b (mid-mission weight)
QGlide Path = -7 deg
Trim values for this flight condition are:
a = 6,10 deg

B

6at.ab = -0,89 dog

Throttle = 75%
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The matrix equations used ara:

~(qo+zu) (:(l“?‘\'v)s'zw] [—(Uo+2q>36ggiu6t)] il

The analysis is based ou numerical linear transfer functions determined about this
trim point. The Convair Aerospace TRIM-STAB digital program is used for the
majority of the analysis, A summary desoription of this program is given in
Apperndix I,

The stability derivatives for this condition are:

U ® ~0.62835130816038E~01,
U T «8.27709746480848E400,
] T it 160557455 TTSE-G2
N 3 B.89235801142894E-02,
4 2 =B.4450916696474h2€480,
1] ¢ =0.15739230435313E~02,
xq T ~0,56058506523u37€+00,
b4+ 2 -0, 3V065886777739E¢08,
e z =0,39323066770739¢E+00,
XHOOT «0,29700062529E-02,
IW00Y ~0.15157183868951€E-01,
®WOOT ~0s4TG92R859136563€-02
XCE = ~0,4830792729813790£-01,
mne T -0,43102282567980E031,
NOE 2 =0, h%260716299225€¢000,
{29 T ~0.,16830237952583E402,
TFL B -8,230A21765150T0F402,
WL = BJ308812%12037560E-01,
AT wa 835132900310 725E~21,
AL * ~0,178083806282729768008,
[T ~0. 9590020612077 -4),
e T
(wo 8+ gcoseo) u
(8" -M_8) 8
q
J 4
w6 /s w18
¥ Til ¢
“ly WRy  WRay %
8/4 8/8 ¥ 4
| e ¥ TH | | TH
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The numerical transfer functions are:

u/lSF 8 = N“F/D

0 = oo [ o ) [R5 < 2GEE ]
NuE = 8.1130 [(T.%b"z)z ' 2(‘::3:?1)8 * '] (-1283.0 *)

N"’l-: = 4,142 [(&%35)2 N ?—%—%%‘—5 +x] (T@T?ET +1)

NeE s -o.ozss((ﬁlﬁi +1) (6%55 +1)

N‘.T = 0.7027x 107 [(&S?&)z . Eig—:—;-f;z)s ‘1] ((r“:’a +1)

Ny, ° 0014 {(F%R)Z ' g%g%? "] (1.8456 +1)

NGT = -0.1657 x 10 [(o_.sx_sﬁ)z N AZJ.%:{%?_S ol

Ny, "l (55 - 255 | S
N"‘F ¢ o-per [(6.5352)2 * %_‘:Ef’%f_;’_)j’f '1} (ﬁfgﬁé ')
NGF . '0‘0“95(3%53 ") (-C—.%Eﬁ }

Paragraph 2,3 presente an evaluation of ths buve airframe handling qualities, in-
cluding this power appxroach condition. Items that are defioiont are:

{

n, o, A¥/dV, w P

sp’

In addition to the elovator, throtile and flaps are available for flight path and cirspeed
control. Reference ¢, among others, indicates that pilots would iike to control

flight path with the throttle on a power approach, where signifizant it is due to tle
throttle, However, the coupling of airspoed and flight path through each of these
controls mskes bare airframe control deficient,

A dirvect 1ift system via throttie control gives the pilot two distinot means of control-

liug fiight path:
1. Heave control with the throftie, with miner pitch changes.

2. Pitch control with the clgvator, which depends on an adequate ny/a, W
wawmize @ changes swi make pited cuesyes vesull in fight path chaoges,

The gquailen ¥ = 8 - & expresses the two techniques, the hwave control cor-
responding o changing ¥ with o and pitch control clunging ¥ with 6.
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The linear derivatives indicate the throttle to be a better direct lift control and the
flaps as better speed control, as seen by:

B R A R AR IR

Z -
T T
XrHR -0351 F :

o AnEEL

Decoupling requivements between throttle and elevator along with transient Tesponses
are shown in 2, 5.

Thus, the aims of the low speed longifudinai SAS development were deflined as:

1. TImprove phugoid damping, short period frequency, n, /o , and d¥/dV when
confrolling through the elevator.

2, Provide a throti’c control that controls flight path with minimum disturbance :
to pitch angle and airspeed. '

TRl LVt ah s

Sy

3. Provide an airspeed control through the flaps with minimum disturbancer to
pitch angle and angle of attack,

A primary man-in-the-loop simuiator task has been identified to determine which of
the two flight path control schemes results in better performance and pilot acceptance.
Figure 2-23 is a block diagram of a preliminary longitudinal control system to meet {
these requirements. Considerable analysis was performed at the 80-knot EBF land-
ing condition to set gains. These were then checked for other flight conditions of the
EBF and for use in the other vehicles,

The first step in the analysis is to close a pitch aftitude loop. Figure 2-24 is a block
diagram of this loop, giving the numerical airframe transfer function for the selected
flight condition and indicating K and vy to be the principal variables, Figure 2-25
shows a locus of the short period and phugoid roots for values of Kgup to 6 and for

Ty equal to 0, 1, and 2, On initial inferpretation, values of Ky =0,64 and 7y = 0 were
selected as showing good damping of both phugoid and shoxrt period modes, However,

; early realtime simulation indicated this response to be extremely sluggish., Sub-
sequently, values of K, =4 and 7, =1 were selected as nominal values. Figure 2-25
indicates the response to be well damped in both modes and the short period to be sig- :
nificantly faster than for the original gain, Also, Figure 2-25 shows that + 10% changes .
- ; in gain around the nominal also rcsults in good responses, indicating sharp tuning is
e f not required, For the nominal pitch loop, the Ky gain of 4 at 80 knots is multiplied by !
an inverse-q schedule normalized to 1 at the 80-knot condition. E

PR T APINRAIIAE ¢ PRI AT A T T L e 2 YT

Along witha 7y =1, these attitude loop gains are applied to other EBF flight con-
ditions and to the IBF/VT and MF/V. vehicles, The SAS-on responses of Para~
graph 2,3 include these gains.
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2.5 THROTTLE/FLAP INTERCONNECT

Once the pitch augmentation damr ‘s the oscillatory modes, problems appear in the
areas of flight path and speed c¢ rol: throftle changes and flap changes strongly
influence both forward speed and flight path, Examples of this coupling can be seen
in Figures 2-26 and 2-27, which are {races from the linearized MF/VT analog
computer study. Figure 2-26 shows the responses to a step change of throttle,

The biggest change is in downward speed (w), but there is -0.6 fps change in forwand
speed (u) for every fps change in w. A similar result can be seen in Figure 2-27,
where a change in {lap gives -0, 76 fps of w for a 1,0 fps change in u, These
characteristios obviously present a difficult control problem: changing throttle to
adjuet rate of descent also changes forward speed, but if flaps ave then used to
oorrect spead the rate of descent is changed about halfway [ (~0,6) x (~0.76) ] back
toward where it was before the correction sequence was initiated, For precise
control during approach, the pilot requires some additional help from the control
gystem,

One possibility for reducing the interaction between u and w 18 the use of automatic
control loops around airspeed and angle of attack, as shown in Figure 2-28, These
loops would improve the situation but not eliminate {t, sinoe both throftle and flap

still produce responses inu and w, Figures 2-29 and 2-30 show the responses with
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such control loops, again for the MF/VT vehicle. Although somewhat less severe,
the two-parameter response to a single control input is still significant. A side
benefit of the loops is that the responses have heen speeded up, It is therefore
concluded that types of crosscoupling should be investigated to determine a com-
bination of throttle and flap that can be commanded to essentially produce changes
in w only, and a different combination that will give essentially forward speed

changes only,
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It would, of course, be ideal if a speed change command produced no change in w,
sither transient or steady-state, and if a w command produced no change inu, A
brief inveatigation of the systems needed to attain these ideal decoupled responses
indicated that extensive filtering would bo needed to handle both the transient and
the steady-state. Rather than go immediately to the most complex configuration,
the conditions for seiting the steady state at (or near) zexre were investigated.

The block diagram for the steady-state interconnect approach is shown in Figure 2-31,
Since none of tho transfer functions of intorest have free Laplace transform variable (s)
in cithor numerator or denominator, the stoady~-state trunsfer function is simply the
ratio of the zero-order terms of the numoerator and denominator polynominals, Refer-
ring to Figure 2-31, the following relations can be writton,

2-38

< A e Ml S s R



TH
4 w 1 - w w
% c — 88
¥ TH i
88
’ | K
wrL A
3 b
u
KuTH TH
+ 0
¥ u
u i —_— u
¢ 1 :é 6F 88
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u
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uass (uc KWFL wc) ( GF 88
u
+ + —— -
(K“TH uc:: wc) ( TH 'ss (2-2)
where:
;" L and W, are the steady-state and coramanded incremental downward velocities,
é Ueg and u, are the steady-state and commanded incremental forward velocities.
W S .
( TH )se and ( 3 gy 1T the stoady-state transfor functions of w per throttle
1 F
: and w por flap,
g{
§ (.‘"I?;!)ss and ( "‘69'“)35 ave the stoady-state transfor functions of u per throttlo
c and u per flap.
{
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Kw is the flap per wc gain
FL

K is the throttle per u_ gain
Uy c

The desired contribution fo Wss from uc in Equation 2-1 is zero, as:

w w
K u (o)  +u (=) =0
6
Ung © TH 88 c F 88
W
-(6F)
S T
H TH )ss
Identical reasoning with Uog and Wc in Equation 2-2 gives:
0
'(TH)SS
I{w = 4
FL )
6 F 88

To demonstrate the procedure, the following equations were obtained from MF/VT
configuration digital computer runs with the pitch augmentation loop operative.

-2
(%\yg o - -1.197::10-1 - -0.1188 j%
1,012 x 10 0
u 7,63 % 10° fps
TRdes = o = 0,073
1.012 x 10 ?
1
( ‘;‘y‘“)g.‘ ~6.28xl0_1 s -6.21 :E;
F " 1,612 x 10
-1
-5, 68 x 10 g
(-gu—“)ss N 1 - "5'56%
F 1.012x 10
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Several things should be noted af this point, the first of which is the units of K,

The diagram in Figure 2-31 was set up to express the w and u commands in terms
of percent of power lever and radians of flap, respectively. The commands could
have been expressed in fps, but since the pilot must make his inputs via percent
power lever and angular displacement of flap, these latter input units were used.
The second item of note is that the transfer functions used included closed~loop
pitch augmentation. If pitch augmentation was not included, the problem would
become one of determining six interconnects since throttle and flap influence
attitude, which in turn influences forward and downward velocities. The third item
ig that the approach is not limited to decoupling u from power lever and w from flap;
the same procedure can define interconnect gains such that the power lever controls
speed and the flaps control w,

The dynamic responses using these gains are shown in Figure 2-32 for a power
lever step and in Figure 2-33 for a step of flap input for the MF/VT vehicle. In
both cases, the steady-state behavior is as desired. Figure 2-32 shows a very
small u transient for a step of power lever. Since this transient would he even
smaller for a more realistic pilot input, it appears that the steady-state approach
without transient reducing filters is adequate to decouple u from the power lever.
However, Figure 2-33 shows that the simple approach has given a comparatively
large w transient in response to flap. Although this could be noticed in the pres-
once of rapid speed corrections, the transient would not result in objectional con-
trol characteristics. The speed loop will generate most of the speed commands,
and these can be expected to be smooth enough to excite only minimal transients.
In any ovent, fair transient and good steady decoupling will prevent one variable
from going into another variable and thereby undoing the original correction. In
view of this, simple decoupling appears adequate.

The analysis was extended for the EBF vehicle to evaluate filtering, This analysis
wag performed uging a combination of TRIM STAD and a graphice program with root
locus am. Bode plot options. TRIM-STARB was used to genevate transfer functions of
u and w to throttle commands and to flap commands, with the attitude loop clesed.
Then, using tho graphica program, each of the pertinent transfor functions (Gl Gy,
G, 3 and Gy) In Figure 2-23 was ropresented by a gain and a first-order numerator
over a first~order denominator. The {ruquency decade that included both the phugotd
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and short period was then used for a graphics display and the analyst could vary each
of these transfer funrtions while looking at a display such as Figure 2-34. The param-
eters plotted in Figure 2-34 ave the amplitude in db for the variable w/u for a throttle
input and for a flap input. This ratio should be large for a throttle input, correspond-
ing to a large w change for a small velocity change. Similariy, a large negative db
value corresponds to a large velocity change for a small flight path angle change.
Figure 2-34 shows that the minimum closed-loop separation is about 40 db, from an
open loop value of about 10 db. The phase plots are also available, and were used
mostly to help appruximate higher order "exact' decoupling with first order terms.
The set of gains including second-order gust filters corresponding to Figures 2«34
and 2-23 are:

2.36 (—— + 1)

0.75

Gl(s) - 8 8 2 %/deg
(g +1 ('5 +1)
4.84 ‘BEE +1)

G, t6) = - : - 2 deg/knot
Gt 1) ( 7 +1)
-0.1

G3 ® = -—3—-3‘9— deg/%
a— + 1
1.2

G4 8 = -1.22 % /deg

65 (8) = 4 (8+1) deg /deg

The transfer functions corresponding to theso gains were mechanized on the manned
simulator for the EBF vehicle as desoribed in Section 4. The lineurized analog re~
sults were used to update the orosscoupling from one vehicle to ancther, but the feed~
back gzins were beld constant.

2.6 LATERAL-DIRECTIONAL HANDLING QUALITIES
Lateral directional handling qualities have been caleulated for il three vehicles for
the speads and flight conditions itemiized in Paragraph 2.3. Tho numinal scheduled

gains detormined in Paragraph 2.7 were used to caloulate 8AS-cn responses plotted
in this discussion.
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Figure 2-34. Frequency Response for Bare and Augmented Airframe

Figurs 2-35 i8 a baseline lateral directional control systam. The data in Figure 2-23
of Reference 2-1 shows that ailercns and apoilers are both required for EBF engine-
out trim, The spoilers are mechanically driven and the aflerons are fly-by-wire,
providing "acrodynamic mixing" as opposed to the mechanical series mixer required
when mechanioal inputs and fly-by-wire signals drive the same surface, Since thore
are problems in defining "bare airframe" handling qualities, the following ground rules
have besn chosen., For engine-out trim data, a fixed ratio of 60 degrees of spoiler
to 100 degreoes of aileron is used, although the control aystemn would not alwavs give
this excopt at the point where lateral control Tuns out. The aserodynamic data base
assumes 100 degress (+50 degrees) of aileron are avallable when surface blowing is
actuated. For these engine-out calculaticns, the noulinear spoiler data is used.

< bt

For the small-amplitude tandling quality parameters, the aileron and spoiler effec~
tiveness derivatives are basod on small deflections. This ig also wrue of the sideslip
trim parameters. In those cases, vesponses are caleulated separately for spotler
and ailoron, giving a bettor basis for formulating a SAS,

2.6.1 ENGINE-QUT TRIM DATA. Figures 2-36 through 2-3% show ¢hgine-out

characteristics for the three vehicles. Those curves show thal the ERF {a the most
2-42
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critical of the three with neither IBF/VT nor MF/VT using all the available contiol,
Flaps and thrust vector are adjusted for landing and power is 100 per cent. The
daty is shown for a range of speeds and sideslip angiss, Takeoff calculations were
not completel; these are less critical in roll but more so in yaw,

For the EBF, Figure 2-36 shows that at 66 knots and 5.5 degrees of aideslip, all
yaw and roli conirsl is uged. The roll control hecomes critical if less rudder or
more f is used, due to dihedral offoots. Likewise, yaw control becomes critical
for less B. A sideslip of 5.5 degraes gives a balanced limit ot 66 knots, Those
curves are based on using blowing, giving alleron effectiveness up to 100 degrees
{50 degroeas), together with 60 degreea of speller. No differential blowing of the
leading edyge or any maneuver margin above trim was assuned.

The IBF/VT data {p Figure 2-37 retlects the plonum used and no agymmetric input
due to the diverted flow, Only the undiverted tail pipe thrust axeites the aireraft.
The aesumed IBF/VT vectoring reduces the yaw moment, acd this data indicates
that blowing is not needed for elther atleron or rudder.
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The MF/VT data in Figure 2-38 reflects the unique single-bearing engine vectoring,
which pivots outboard and down for the outboard engines as shown in Section 2.2. 4.

At 60 degrees, the thrust vector peints near the cg to minimize engine-out rolling and
yawing moments. A significant side force affects the trim bank angles, and may become
critical on ground roll engine-out conditions. The data in Figure 2-38 shows that even
with zero rudder, only 5 to 10 degrees of sideslip is needed and no excessive roll is

required. If roll requirements tended to be excessive, then reducing 8 with 6 would
help.

Steady-state sideslip trim data for the three vehicles is shown in Figures 2~39 through
2-41, The figures indicate that all three vehicles are ali stable in sideslip, requiring
positive (left) rudder, negative (up right) roll control, and positive (right) bank angle

to trim positive (right) sideslip, as prescribed in Paragraphs 3.3.11 and 3.3.6 of
References 2-2 ard 2-3, respectively.

Since the data in Figures 2-39 through 2-41 is based on linear derivatives for small
deflections, it would not be appropriate to combine them for large-amplitude results
(e.g., maximum cresswind capability). The spoiler data is the most nonlinear
(Reference 2-1, Figure 152), The aileron and rudder data is more nearly linear,

and the resultant 6r/ B for large values will lie between the aileron and spaler data
shown. With combined aileron and spoiler, the aileron will be somewhat less than
that shown. Paragraphs 3.3.6 and 3.3.7 of MIL-F-8785B require at least 10 degrees
sideslip. Thus, multiplying the largest 6,/8 or 6r/ B values shown by 10 would be

a conservative estimate of control required for maximum sideslip, This is well with~
in the limits of 100 degrees of 6 o and 50 degrees of &,.

2.6,2 ROLL MODE AND SPIRAL MODE. The roll mode and spiral mode bare air-
frame data for all three concepts is shown in Figures 2-~42 through 4-47, The roll mode
data shows that for the EBF and IBF vehicles, the time constants are better than

Level 1 for all three flight configurations, For the MF/VT vehicle at lowest spoeds

in the landing mode, the time constant approaches the Level 1 value, This time
constant is approximately equal to 1/L_, which is approximately inversely pro-
portional to Cy, . Thus, the one conc(?pt that does not increase CL by blowing shows
up more nearly%eﬁcient.

The SAS assumed in Figure 2-36 and in Figure 2-77 Paragraph 2.7 has a large roli
rate feedback, which greatly reduces this time constant. The closed-loop data is not
shown in Figures 2-42, 2-44, and 2-46 because the high order of the closed loop
(including spoiler and aileron actuator lags and yaw damper high-pass time constant)
loses the one-to-one correspondence of any one real root to this time constant.
Figures 2-48 and 2-49 shown typical open and closed loop response corresponding to
the EBF 80-knot landing condition, Reforring to Figure 2-77, Figure 48 represents an
open-loop 1 degree &, input to the airframe. Figure 49 represonts a unity ROLL C
input, where ROLL C varies over the range %1 for full scale inputs, The output of
these linearized responses in both cases is roll rate in deg/sec.
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Dutch roll characteristics are shown in Figures 2-50 through 2-52 for the three
vehicles. The specification values from References 2-2 and 2~3 are shown, Tho
bare airframe responses in EBF landing and takeoff configurations meet the speci-
fications in Reference 2-2, but not those in Reference 2-3. 7The other two vehicles
meet both specifications in landing, takeoff, and cruise, Values for the nominal
SAS are algo shown in Figures 2-50 through 2-52 for each vehicle, This SAS corre-
sponds to the gain schedules identified as nominal in Paragraph 2.7. The SAS-on
responses far exceed the Level 1 specifications. Simulations indicate that the SAS-
off responses are worse than these comparisons show, as discussecd in Section 4.

Roli-rate oscillation, bank-angle oscillation, and sideslip excursion data is shown in
Figures 2~53 through 2-76., Data is shown for the landing and takeoff configurations
for the parameters from References 2-2 and 2-3. Bare airframe data is shown for
both aileron and spoiler inputs. The results for the normal SAS from Paragraph 2.7
are also shown.

Roll~rate oscillation data is in the form of pogc/pavg versus ¥8. Poge and Payg

are calculated from the transient response of roll rute to a roll control step. These
step respounses are calculated from the linearized matrix from which the dutch roll,
roll mode, and spiral mode roots are determined. Although the specifications define
P qc as measured by the absolute peaks of the total responge, close appraximations
are ohtained from the residues of the dutch roll component only. An alternative form
of the aircraft specification and the form of the V/STOL sapec is ”oso/ q’avg , measured
from a bank angle response to a roll contrel pulse input, Using the lineavized re-
sponse, these two forins are mathematically identical, and are {nterchangsahle with
the ¥5 value shifted by the angle (80 deg + sin~1¢).

Ap
The sideslip excursion parameter ___;‘n & is calcuiated from the sidesiip responses

to a step and the bank angie response to a step. It is ehown for landing, takeoff, and
cruigs, for aileron and spoiler inputs, and for a roll input with nominal SA8. The
sideslip axcursion parameters from Reference 2-2 are also shown for landing and

LE . al by |2
takeoff. These are o1 and ‘-%Ii—] x ‘ 5 ld' oaloulated from sideslip and

bank angle responses to pulse roll inputs.
2.7 LATERAL DIRECTIONAL SAS

The lateral directional 8AS, like the longitudingl, was developed for the EBF vehicle
at 80 knots in a landing approach configuration, The trim conditions delineated

2-56
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in Paragraph 2.4 ave used, The blogk diagram of Figure 2-36 was the starting i

poliit for this analysis, and was modified to Figure 2-77. The nuny rical dimensional
derivatives for this flight condition axe:
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Figurc 2-77. Modified Lateral Directional Control System

Deficiencies in the bare airframe responses are primarily in dutch roll, in roll
oscillations, and in sideslip excursions, The spiral mode is near neutral stability,
Gains and time constants were established by digital analysis, a combination

of linearized root locus, and real-time responses, Figure 2-78 shows a locus

of the roots of the dutch roll as the set of gains is varied jointly from zero to two
times nominal, Tho nominal gains for this plot aro:

B

&

ﬁ l&, = 10 deg/(deg/sec) Alieron Input
| Kg = § dug/deg B

'§ % = 5 deg/(deg/sac) YRudder Inputs

1

: z\\, A = 200 deg/full lateral stick)

Sinot Ky o 1r v numerator term, ils value does not affoct the roote, The dats
shown the nombial gain to give 1 well damped, rensonably high frequency response,
The nprval neede i hasdly changed,  The woli inade 2ot (S < 5 ) is seen to vaphlly
ingresse, Bl
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Figure 2-78. EBF Lateral Directional SAS, 80 knots and Landing Flaps

Figures 2-72 and 2~80 show the closed-loop sideslip excursions and roll oscil-
lations. The zerc-gain point should coincide with the spoiler bare airframe
response, since the spoiler i mechanical and the ailevon is all fly~by-wire (aero~
dynamio summing). The shift is the additional actuator lags accounted for in the
closed-loop analysis, Curve A is the simuitancous increase of all four gains,

KR, Kpp A'Kﬂ’ and Kyp. Curve B is obtained by varying only Ky, , the roll-to-

rudder cross-coupling gain, while ke« ping the others at nominal, This cuyve shows
that the sideslip exoursion parametor is very sensitive to this gain, However, the

roll oncillation parameter is so well damped that the variations are all well within
the Level 1 boundary.

These nominal gains nre agsumed to have inverse-q schedules with invariant time

constants, These v the conditions for the lateral dircotional responses labolled
5AS in Paregraph 2.6,
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SECTION 3
CONTROL SYSTEM MECHANIZATION TRADE STUDIES

The procedure used in the control system mechanization trade studies was to:
1. Examine the baseline system to establish requirements,

2. Modify the baseline mechanization to reflect the benefits of later know=
ledge.

3. Prepare mechanizations for both a maximum mechanical and a fly-hy-wire
approach.

4. Review the various mechanizations to establish the selected system.

3.1 FLIGHT PATH CONTROL SYSTEM

The basic features of the flight path control portion of the longitudinal system are an
angle~of-attack hold loop, an alrspeed hold loop, and flap~to-throttle and throttle-
to-flap interconnects.

The original baseline flight path control system as used in the simulation is shown in
Figure 3-1. As utilized in this study, there is appreciable dependence on clec-
tronic techniques: the angle-of-attack and speed loops both require synchroni-
zation, the flap-to-throttle and throttle to-flap interconnects must be discon-
nected for conventional flight, and there is a variable limiter on the automatic
inputs to the throttle, Further, the lead filters on angle of attack and airspeed
would almost certainly be electronio., In view of *his, the original haseline has
been shown as fly~by-wire. The purpose of the variable limiter 18 to ensure that
the pilot can command full throtile even if the automatic systems arc trying to
reduce power. Its desirability wae not specifically investigated on the simulator,
although the pilots made no adverse comments. Thus, it hs not been firmly
ocstablished that this device is & requirement tor the class of airoraft under vest:-
gation. Feuturos such ag this which wore used on the simulation are takun s
oquirements fur this study,

The first modification to tho hascline simulation was to eliininate one of the twe
survoactunters drivirg tnto the flap power actuators. Although either nctunior will
provide adequate backup tor the other n the mechanical swimstion, the seennd
aotuator for trum inpuls omy and the . ceompunying mechanical swnmer sre un.
necessury.,
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Figure 3-1. TFlight Path Control Original Bascline f
The second change is a rearrangement of the crossfeeds to eliminate feeding the
\ signal to one flap servoactuator around into the throttle and then back into the same ;
flap servoactuator. The rearrangement shown in Figure 3-2 gives the same
transfer function as the baseline configuration, although internal gains will be ;
somewhat different to achieve the same end-to-end gains, An added benefit of the ;
rearTangement is the elimination of one synchronizer, 3
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3-2




0 SENSOR p=~#{ FILTER
W SYNCH

VARIABLE
LIMIT

4

4

[—Q"‘J

Vo, SELECT

L
—

FLAP
LEVER

2

AIRSPEED [: ‘
SENSOR FILTER SYNCH e

CLUTCH

-_‘;:

vontional flight.

3.2 PITCH ATTITUDE SBYSTEMS

Figure 3-3. Maximum Mechanical Flight Path System

The maximum mechanical version of the flight path control system is shown in
Figure 3-8, Mechanical linkage is used from the throttle to the engines and from the

E TO ENCINES

TO FlLAP
ACTUATORS

flap lever to the fiap actuators, Series-type servoactuators are used to add the
automatic inputs to the respective paths, The angle-of-attack and speed loops both
use transducers with electrioal outputs that must be converted to mechanical
motion by the servoactuators. Therefore, electrical crosscoupling is used for the
automatic loops sinco there would be no advantage in having these orosscouplings
operative if the rest of the automatic system is Inoperative, On the other band, the
interconnect from the power lever to the flaps is useful during STOL approach with-
out the automatic systom; use of flaps to adjust longitudinal velootty (u) will produce
a disturbance in verticn! velocity (w), but this can be contxolled by the throttie
without appreciable coupling back into u if the throttle-to-flap interconnect is
operative, Provision is included to declutch tho mochanieal interconneot for con-

In addition to the usual requiremont for improving shoxt-poriod damping, the pitch
system for the throe configurations under corsidoration must separate, in a
frequency sense, the short period and the phugoid behavior. Tho pitoh system, of
courss, must also provide pitch moment trim capability,
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3.2.1 OQRIGINAL BASELINE. The 9riginal baseline pitch-control system
is shown in Figure 3-4, Piiot inputs are by mechanical linkage to the power

AIR DATA
ATTITUDE .
CYRO SYNCH FILTER !
R{)]
FILTER AND
INTEGRATOR | E
NONLINEAR =i
MECHANICAL FEEL " 0
SYSTEM
TRIM INTEGRATOR 1
BUTTON | &
@,

Figure 3-4. Pitch Axis Control Original Baseline

actuator and through a linkage position pickup, which feeds into the automatic portion
of the system, The automatic system was generated to provide attitude hold with

rate command., Displacement of the control column puts a voltage into the integrator,
which in turn gererates a ramp command to effect a ramp change of attitude, There
is one basic problem with the system as shown: the elevator can move to angles
where stabilizer trim opposes and limits the desired pitching moment, This could

be readily eliminated by a trim followup connection fram the elevator position to the
stabilizer integrator,

Elevator manual and automatic inputs are combined by a conventiona! mechanioal
summing linkage, which is fed by the mechanical connoction from the control column
and a servoactuator. The servoactuator provides adequate foroe reaction for manual
inputs, but force resotion for tho sexvoactuator inputs can present a tricky preblem,
Tho simulation used the equation fox a porfect summing devioe and thore were no
foroe reaction problems,

The stabilizer vaas actuated by a porition powor serve, Trim commands from the
trim button arc integrated eleotronically, requiring cither a so voactuntor to provide
the mechanical input foy 3 mechanioal feadback position power servo or an eloctrical
input/feadhack power servo,

4,2.2 REVISEN BASELINE, The ruvized piteh control system baseline is shown in
Figure 3-8, Jons!dorable simplilication has been achieved by using a rute gyro
tnstead of the attitea~ gyro and by using the stabilizor integralor for both automatic
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Figure 3-5. Pitch Axis Revised Easeline

P

and manual trimming, Although the dia, vams of Figures 3-4 and 3-5 appear quite
different, the end-to-end transfer functions are the same, Benefits resulting from
the revisions include eliminatinn of a synchronizer, an integrator, and a high-noise-

t potential lead network, Use of the single integrator into the stabilizer results in all
: trim being carried by the stabilizer, eliminating the previous possibility of the

elevator and stabilizer working against each other with no special followup provision.

P

3.2,3 MAXIMUM MECHANICAL, The pitch control revised baseline offers little

oppertunity to incorperate more mechanical features, Eleotrioal signals from the

rate gyro are already converted into mechanical motion by the gervoactuater and

summed with mechanical pilot inputs by mechanical summing linkage, Since the
path from tho rate gyro to the servoactuntor is electrical and containg q scheduling,
the stroightforward tochnique of feoding a control column position pickup into thie

eleotrical path was used, Thoe altormative of using a q soheduled ratio changer in

the mechanieal }nkage provides no fullure mode advantages but would add welght,
complaxity, and coat,

Although the olevator portion of the revised bascline pitoh system offers no practical
wmoechanion] variations, the horizontal stabiiizor offurs 2 number of possibilities,
The firet variation considored {8 whether tiv stebilizer actuator should be of the
closed-loop-position or the open-loop-integrating type. Since the open-loop actuatey
is simpler (no position feadback required), it has found considerable application in
the past, However, the usual solenoid-actuated input would undoubtedly not be
suitable for the augmeniation Intogration function, The praition gorvo with separate
electronic integrution is preferred, This complicates the stahilizer system, but the
simplifications of the clovator system discussed previcusly still result in a bottor

ovarall pfich control gystem. Smoe the objective here s t¢ maximize reasonable
mechanica! mothods, mechanical feedback is chogen for the position power servo,
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There is still another choice fo ba made for the maximum mechanical stabilizer
mechanization: should the stabilizer actuator be a linear piston and clinder or a
hydraulic motor and sorew jack? The appeal of the screw jack is tha! it can be made
irrveversible such that there is no drastic frim change in the event of “-draulic
failure, However, this feature of irreversibility and the correspondii inefficiency
causes objections to screw jacks in that many small motions, such ar would result
from augmentation system inputs, cause excessive wear. Since the . ceraft under
consideration is dependent on hydraulics anyway, screw jack irrc . .3ibility offers
essentially no failure protecticn but does give increased actuator icads, rverything
considered, the piston and cylinder configuration is better f: » horizontal stabilizer
actuation,

[

Trim inputs corid be mechanical, with cables from a wheel at the pilot's station
providing a position {o one end of a swnming beam and a servoactuator fr m the
angraentation syatem driving the other. This arrangement is not given serious
consideration because if the problem of backup for the sexvoactuator could be solved,
both the servoactuator and the input linkage would need excessive authority so they
could subtract froin each other to provide the required position. In summary, the
maximum mechanical stabilizer mechanization consists of a linear power actuator
with mechanical feedback, a sexvoactuator for providing mechanical inpute to the
power servo, and an electronic integrator that receives signals from a trim buttor
and the augmentation and provides the eloctrical input to the sorvoactuator,

3.2,4 FLY-BY-WIRE, Fly-by-wire mechanization of the pitch control systom is
shown in Figure 3-8, Bocause of the existing eloments of the augmentation system,
the change to the alevator channel block diagram consists only of removing the atick-
to-elevator mechanical linkage and the mechanical summer, A change would be
required in the dynamic pressume (¢) schedule, but this Joes not change the diagram.
8inge elevator channel summing is pexiormed clectronically, there Is no backup
problem and the feel and centextug esements can be pluced near the control column
where breakout and friotion can be best controlled,
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The horizontal stabilizor mochanization of the veviged bageline {8 controlled by
glootronios and could be classed as ly-by-wire, However, R oppenrs that 4 moew
desirable system oan bo obiatned with vory l{ille change, As previously stated, &
position pover sorve is preferred because of infogration quality constdeyations, I
the stick position signal were added inte the stabilizer position command, an
imdopendeat hackup Lo the elevator would waull, VPruvielag full cquivaiont clevator
civability fu torms of thine conslant and surface mie would place exovssive requiree
ments on the bydraulio system, bet matching thme constants ard ratas would ant be
recuinnd,  In the more mechanical diagans, the avtomatic olevaloy cham. ol mits
1 A desirad elovetor pogiton amt i so doag offectively remover any unwi s )
mechanically generated pilot fnpue, Stmnasiy, o the syadem of Vaguee -4,
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Figure 3-6, Pitch Axis Fly-by-Wiro Mechanization 1

the horizontal stabilizer is at the "wrong" position because of a slow time constant or
a cate limit, the automatic elevaior channel will make adjustments so that the aircraft
pitch response is as commanded by stick position, If the elevator has been disabled
by battle damage or other causes, the limited stabilizer rate may limit the short
landing capability of the aircraift, but the alternative is an undesirable increase in
hydraulic system power during normal operations,
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3.3 LATERAL DIRECTIONAL SYSTEM

The lateral system is relatively straightforward, as the basic augmentation require- %
ments are met by the use of either roll attitude or roll rate. Asg usual, the direction-

~1 system is more complex and requires a yaw rate gyro, a sideslip sensor, and an *
afleron/rudder interconnect,

3.3.1 ORIGINAL BASELINE. Figure 3~7 shows the original baseline lateral di-
rectional control system. Lateral trim and all lateral automatic functions are
carried on the ailerons, with the spoilers an unscheduled function of pilot input,
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Figure 3-7. Lateral-Directional Original Baseline

Two basic lateral control modes are provided: an attitude~hold mode where roll
attitude is summed with integrated wheel position and a simple proportional locp
where wheel! position is summed with roll rate to provide an aileron command,
Aileron trim {8 carried on an electronic integrator, the ailerous are fly-by-wire,

snd the spoilers are all mechanical input.

The directional system has the rudder pedals mechanically summed with the output
of a serveactuator to provide the input to the rudder power servo, Inputs to the
servoactuator are control wheel position and sideslip for turn cooxdination and
waghed-~out yaw rate for damping, To avoid a second mechanical summation,
rudder trim is provided by driving the pedal feel and centering mechanism with a

trim acotuaior,

8.3.2 REVISED LATERAL-DIRECTIONAL BASELINE, The integratoy arrangement
uoed {n the siwnulation worked well on the digital somputer used for the simulation,
vut a diagram change {8 r~quired to obtain a mechanizable aystem, The problem is
that {n the “attitude' mods, the wheel integrator and the trim integrator are
independent and a situation could arise where both were carrying very large signale
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that subtract to give the desired aileron command., However, one would eventually
saturate and a loss of aileron control could result. This problem is eliminated
during the general rearrsngement as discussed in the following paragraphs.

The revised lateral directional baseline is shown in Figure 3-8, As for the pitch
axis, the attitude gyro is replaced with a rate gyro and the pilot input integrator

that provided the rate command is incorporated into the trim integrator. There is

a rate gyro available for the roll control system, however, so an instrument is
elimirated rather than replaced, The revised system provides the same steady-state
transfer function as the original, but the roll-attitude-to-aileron transfer functinn
has more transient lead. If this additional lead proves undes.vable, it can be

readily compensated by a lag filter after the roll-rate gyro, Once again, although
the diagram of Figurs 3-3 contains fewer elements and interconnections than

Figure 3~7, the dynamics and steady-state performance can be made identical,
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Figure 3-8, Lateral Directional Revised Baseline
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3.3.3 MAXIMUM MECHANICAL, The maximum mechanioal mechantzation of the
roll control system is shown in Figure 3-8, With the pessible exception of a
mechanical ailevon rudder intexrconnect, the revised baseline divectional systom is
alreacy maximum mechanical and the yaw portion of the diagram has not been
repeated. The mechanical conrection from wheel to atleron will require at least
one mechanical summing mechanism 8o that automatic signals can be combined with
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the pilot's input, There are actually two options available for the trim input: a
separate trim actuator could be used (which would require another summing mecha-
nisni) or the trim s’znal could be put into the system via the servoactuator., Using
the servoactuator would give a "oleanex'" system with only une summation, but the
actuator ruust have relatively large authority so as to carry both trim and automatic
inputs. The separute trii. actuator and the second summing paint have been shown,
since this approaca 18 generally more compatible with the wechanical philosophy of

; using a limited-authority . high-response actuator for the damper signals and a
limited-xote, nigh-authority astuator for trim. The aileron/rudder interconnect is
eiectrical, since a'l required elemonts would he present even if the mechaniocal inter-
conneot was used. Fuiwor, the interccanect rudder authority requirements are such
that the mdder sexvoactuator authority is not changed appreoinhly.

Figura 3-9, Roll Axis Mechanical Mechanization
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3.3,4 rLY-BY-WITE, The fly-by-wire mechanization of the lateral directional
system i3 shown in Figure 3-10, There is8 an option as to juat how the spotlers are
used, In ihe baseline systomr, tue spollers reseived pilot inputs only and all auto-
matic signals went to the uilerons, If the spoilers .re to be vontrolled eleotronical-~
ly, however, thare is little nxr no additional complication in also using them for the
non-trim portion of the automatic sirnals, XRoll trim 18 not carried on the spoflers
because of drag considerations, By choosing to use the spollera us part of the autos
matic system, enbarcau roll control can be maintained even if the ailerons are

3-10
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Figure 3-10. Laieral-Directional Fly-by-Wire Mechanizaticn

disabled by battle damage, Of course, the pilot would have to exert a constant force
on the wheel to hold trim, but this would be a relatively minor inoreased pilot work-
load followlag a failure,

In reviewing tae cor ' surface backup capabilities of the fly-by-wire mechanizations,
the rudder is the or vface that does not have an alternative to provide coatrol in
the event of battle d. .+ (Eithor the elevator or the horizontal stabilizer can be
used for pitch control and sither spoiler or afleron can provide roll oontrol,) To
eliminate this shortcoming in the directional axis, a split rudder with separate

power servos for each section was chosen. Severe damage to one of the rudder
sections could, of course, limit short or high-crosswind landings but the airoraft
could still be flown to a larger fleld and landed sufely,

3.4 SYSTEM SELECTION

Selecting a specific systom frequently involves at least a moderate amount of
emotion and prefudice. However, an attempt at a rational appraisal of the relative
merits of the more mochanical versus fly-by-wire mechanizations is presented in
the following paragrsphs,
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3.4.1 MECHANICAL VERSUS FLY-BY-WIRE COMPARISON, The first point
considered is in favor of the mechanical approach: the aircraft can be controlled
without electronic augmentation. A siatically unstable aircraft as found in some
control configured vehicle (CCV) designs has not been used here and the few un-
desirable aircraft characteristics are slow enough to be controlled by the pilot,

As compared to the conventional airoraft control system, however, more extensive
modification of bare airframe handling qualities is required.

Reviewing the mechanizations indicates that either approach will work reasonably
well with proper design. Accepting the fact that augmentation and the interconnects
are required, the only basic problem appears to be that of providing adequate force
reaction for the servoactuators in the summing mechanisms of the mechanical im~
plementation, Although not previously discussed, using the horizontal stabilizer

as a position control to provide backup for elevator damage can be incorporated
mechanically, but not quite so cleanly as in the fly-by-wire approach, This,
coupled with a split rudder, can give a mechanical system with backup for all
maneuvering control surfaces. If having the automatic signals on the spoilers in the
event of aileron damage is desired, the mechanical approach could provide this
capability by adding a summing linkage and a servoactuator to the spoiler linkage,
In view of these considerations, it is concluded that there are no overriding con-
giderations to dictate th-:{ the control system must be either fly-by-wire or mechani-
cal with fairly extensive augmentation,

3.4.2 RECOMMENDED SYSTEM, S8ince extensive augmentation is necessary to
achisve the required handling qualities, much of a fly-by-wire system is cor-
respondingly required, Further, the basic short field mission of the aireraft would
be compromised by failure of all or part of the augmentation system, so it is
reasonable to assume that the augmentation system will have enough redundanoy to
approach a fly-by-wire system in reliability. The more mechanical version would
already contain appreciable fly-by-wire features to achieve the required augmentation
and deocoupling, The full fly-by-wire system is chosen as the recommended system
primarily on this consideration. There are many side benotits, such as elirninating
the meohanical summing mechanisms and placing the feel system close to the pilot's
control without atteching appreciable linkage to compromise desirable centering

and friction characteristios.

Mechanization using the mechanical linkages should not be discounted entirely,
Direot mechanioal connections hetween the pilot's controls and the power servos,
coupled with limited-authority servoaotuators, places the pilot in maximum ocom-
mand of omergency situations and the adaptable human operator has often demon-
strated a unique ability to cope with these situntions. Thus, fly-by-wire is recom-
mended, but the more mechanical approach 18 a close second and should be given full
consideration in future configurations,
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| SECTION 4 g
FLIGHT SIMULATION :
Flight simulations were conducted using both fixed-base and moving-base simulation 1
5 facilities to permit pflot evaluation of flight control performance and general handling a
§ qualities of the three STOL transport configurations; i.e,, externally blown flap
*\; (EBF), internally blown flap (IBF), and vectored thrust (VT), Approximately 120 g
& gimulated fiight hours were acoumulated at the fixed-base facility with the following {
§ distribution among the three configurations: i
% EBF 80 hours (These are not simulator facility occupancy ‘
i IBF 20 hours  hours but are the cumulative simulated flight
5 VT 20 hours times for productive evaluation runs.)
g Moving-base simulation studies, which followed the fixed-base studies, were confined
to the EBF configuration. Approximately 30 hours of productive moving-base evalua-
L tion were accomplished. In all, well over 3000 data runs were flown.
} The results of simulated flight evaluations and conclusions derived therefrom are
g presented in this report, Also included are detailed descriptions of the flight simu-
§ lation implementation, hardware, evaluation tasks and procedures, and pertinent data
§ samples. General objectives of the flight simulation tasks were io:
‘ 1. Ewaluate flight control performance and general handling qualities of the alterna- :
tive STOL configurations for terminal flight phase operations,
‘ 2. Modify the design and/or control scheme as required to provide a level of STOL
- flight control performance and handling qualities for which pilot evaluations can
: be made using Ceoper/Harper rating techniques,
3, Evaluate alternative ilight control techniques for accomplishing flight path control
during the appliocable suboategories of BTOL flight associated with the terminal
flight phase., Determine the most effective techniques,
4, Evaluate oversll control design and assess the suitability of the flight oontrol
scheme to pravide acoeptable handling quality ratings for STOL flight under
operational conditions. This is to irclude adverse environmental conditions,
oritical syatem fallures (e.g., engine out;, and evaluation of off-nominal fiight
Maueuvers,
4~1
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5, Condudt flight simulations using both fixed~base and moving~base simulator
cockpits to determine the significance of moving~base flight simulation on pilot
evaluations obtained in a fixed-base simulator,

PEROR

4,1 FLIGHT SIMULATORS

The two simulator facilities are described in this section, General implementation of
the STOL fransport flight siinui:.. v at both the fixed~base simulator (FBS) and the
moving-base simulator (MBS) consisted of a hybrid (digital pius analog computers)

representation of the aircraft, its subsystems, flight geometry, visual scene,
atmospheric effect, etc, Program soffware differences necessitated by computer

equipment limitations at the MBS facility are discussed in a later section.

4,1,1 FIXED-BASE SIMULATOR, The fixed-base simulafor was developed using
squipment available at the Convair Aerospace Hybrid Simutation Laboratory in
San Diego, Characteristios of this simulator are de:sribed in the following sections.

4,1,1,1 Physical Characteristics, An existing cockpit was modified extensively to
provide a baseline STOL cockpit configuration, A single pilot station was devised
representing one~half of a STOL transport cockpit, The control arrangement pro-
vided a cenfer=-stick for pitch and roll inputs (with conventional {rim button), standard
rudder pedals with rudder trim, and a single throttle at the left console for pro-
pulsion control. The force-deflection characteristics of the center-stick and pedals
were provided by simple spring assemblies, Nominal linear gradients established

were:

Stick Gradient (Pitch) 4,3 1bf/in.
Stick Gradient (Roil) 3,7 1bf/in,
Pedal Gradient (Yaw) 40,0 1bf/in,

The pilot's seat and flight controls were arranged in general accordance with Military
Standard M833574, Dimensions, Basic, Coockpif, Stick Controlled, Fixed Wing Afr-
craft. The seat/instrument panel relation was designed to provide the pilot with a
nominal look-down angle of 20 dogrees (as in a helicopter) to accommaodate the
steeper descent angles expeoted for STOL approaches. Ai the left consoio, switches
were provided for selection of control augmentation modes, computer control, data
oontrol options, and engine faflure initistion, General cockpit arrangement is shown
in Figureg 4-1 through 4-3,

A half-cockpit instrument panel wus constructed using state-of-the-art flight instru-
ments in a rather conventional T-patiern. An attitude deviation indicator (ADY) and
compass were centered in line with the piiot's seat, flanked by an airspeed indicator
and an altimeter, The airspeed indicato:* used was an older version because it
provided better airapeed resolution (3.6 degrees of dial angle per knot). A rate-of-
climb indicator was rescaled to provide vertical volooity information, It and an

4-2




F.gure 4-2, Clese-up of Simulator Cooikpit
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angle-of-attack indicator were placed to the eides of the compass location, Figure 4-4
shows the flight instrument panel layout before the ADI was replaced by a more modern

Figure 4-4. Flight Instrument Panel Layout

unit and before the compass was replaced by an horizontal situation indicator (HSI),
The radar altimeter was later relocated to the right of the barometric-type altimeter,
The digital indicating instrument just below the airspeed indicator showed the com-
manded airspead when in the Autospeed mode, Changes to this commanded airspeed
were effected ¢hrough a slewing switch on the throtile handle, which can be seen in
Figure 4-3. &

A visual scene display was added to the fixed-base simulator by mounting a closed-
circuit televigion monitor ahead of the pilot station. An airport terrain model (scaled
to 1 inch = 64 feet) was televised to provide the visual scene for simulated flight
operrtions, An optics system and television camera was controlled by the computer
to represeant the eircraft motions in the terrain mode! scale. The alrport model
inciuded a 1500-foot-long by 80~foot-wide STOL runway {(superimposed on a larger
existing runway), Other terrain features included taxiways, airpomt buildings, and
low-lying cloud formations near the horizon beyond the airport, The monitor-to-eye
distance of the inatallation was designed to reproduce the correct viewing angles on
tho visual display. Limitations of the monitor avea restrioted viewing angles to 15
degrees either sido of the airoraft nose and to a maximum vertical angle of 24 degrees,
'The center of the vertical look angle was depressed approximately 8 degrees, such
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that the vertical field of view was 4 degrees above and 20 degroes below the aircraft
X-axis (or nose positior). Motion limitations of the terrain mociel and related equip-
ment restricted simulated flight (using the visaal scene for reference) to a wedge-
shaped airspace extending forward of the rmway. This airspace is defined as shown
below; Figurs 4~5 shows the vertical aspects of these limitations.

Maximum Range = 30,00) feet
Marimum Bearing = x10 degrees
Altitude Limits = (Range - 1500) (tan 5 deg) +650 feet
(Must be > 0) -
8 T T l T l
PP | TERRAIN MODEL SCALE: 1TNCH = 64 FEET
58 ¥ = -5 DEG
ég . Y = -7 DEG - _ -
& ALLOWABLE ALTITUDE RANGE —t —
céq ™ ! e [ P - /
oS _—T A:}“‘F//
E E ' —_—- — —
:é ® - / r—— e = T
— -1
0 6 8 10 12 14 16 18
RANGE TO RUNWAY PIVOT (ft/1000)
PIVOT

RUNWAY
THRESHOLD
Figure 4-5. VisuakScene Vertical Geometry

4,1,1,2 Computing Equipment, This simulation uses a CDC 6400 digital computer
which, for real-time operution, interfaces with an SDS 930/COMCOR 5000 hybrid
computer to provide communicaticn with the simulator cockpit and display subsystem.
Figure 4-6 shows the interconnection of various simulation hardware components.

The telotype identified in Figure 4-6 serves as a monitor of hybrid operations, It
signals computer seconds remaining, sequence snd run number, reil-in and roll-out
messages, and abort and hybrid-veady messages. The teletype can also be used to
modify any significant program parameters that must be changed during a simulation
session. Output data is stored during the run and provided in tabulated form by a lino
printer after the run, Print intervals can be spacified through the teletype. Con-
tinuous 8-channel atrip chart recordings are available from anslog recorders.

4.1.1,3 Bimulation Implementation and Validation. The S1'OL simulations developed
for this study were substantinlly digital, Analog equipment was used to prooess cock~
pit control signals and to condition flight instrumentation signals, thus making the

4-6




TPTY ADSARL A O DIAR CS a1 T, ST P ORI TR YR SRSV RS RN A

CDC 6400
DIGITAL
COMPUTER

y 1

TELETYPE DIGITAL pssmssemeeeesp! LINE PRINTER ;
COMPUTER

Y 1
INTRACOM
DISPLAY ANALOG

SUBSYSTEM  |epmmmmammeend D/A >  COMPUTER

COCKPIT I
CONTROLS
INSTRUMENTS |«

VISUAL STRIP

MONITOR CHART
RECCRDER

N
X
?1
37 .v
v
A
1
5
.
£
¥
<
X
¥
T
s
&
W
y
%.
¥
4.
¥
¥
i
Q;
r
Iy
£
1.
K
3
i
¥

Figure 4-6. Simulation Equipment

overall implementation hybrid, The majority of computatione were performed in the
CDC 6400, which has a frame time (one complate oycle of all computations) between

15 and 20 milliseconds exclusive of data storage time for line printer outout, When
data storage {for later printout) was required, frame time increased to 65 to 70
milliseconds, By "padding'' the shorter oyoles of computation, an average frame time
of 50 milliseconds was provided. Updating the soluticn 20 times per second was found
suitable for the dynamic charaoteristics of the represented vehicle and {ts subsystems.

Software programming for this 8TOL simulation wae developed from an existing six-
degree~of-freedom real-time simulation, Software was orgenized to facilitate the
changing of STOL configurations., Only 4 out of ovar 5C subroutines had to be chunged
to produce an alternative STOL configuration once the EBF version had been imple-
mented and validated, Simulation programming was validated by obtainin, non-
real-time responses to spocific control inputs in both unaugmented and augmentod
control modes, These were chacked against reaponses to identioal inputa from an
established six-degruc-of-freedom, non-real time digital program used earlier for
analytionl studiee of that vartioular STOL configuration. Validation was performed
for each 8TOL contiguration simulated,

Non~-linear serodynamic data was stored in multi~dimensioned tables. Table look-up
techniques were used to give the represented vehicle iarge-amplitude motion capabili-
ties, Aerodyramio forces and moments were based on the atmospbario propertics

4-7




T A AR R R o A RO g

of the 1962 Air Force-Navy Standard Hot Atmosphere. (Data from ANA Bulletin 421,)
Landing operations were assumed to be on a field 2500 feet above me:in sea level, :
Totel bndy-axis moments and forces included inputs from the control elements, the
propulsion system, and the landing gear. Modelling of these subsysteins is dis-
oussed in later sections.

Vehicle motion and position data was provided through integration of the equations

of motion. Resolution of parameters between body and earth coordinate systems was
achieved using direction cosine matrices. Quaternion rates were generated and »
integrated to provide contimious computation of the direction cosines and Euler angles, |
This technique avoids the gimbal-lock problem of integrating Euler angles directly and
reduces the number of integrations required when generating direction cosines
directly, The aircraft was aufomatically trimmed longitudinally prior to each run by
deflection of the horizontal stabilizer. Because the pilot's power lever was not sexrvo-
driven, it was neceesary to set the power lever to the trim power setting at the start
of a run. This was facilitated by simple instrumentation at the cockpit.

s ot b, Dbt + e

Exgine power dyramics were modelie” to an existing dynamic engine model with
generally applicable characteristics, . shown in Figure 4-7, The propulsion system
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is vopresented as a sooon order, uen-iinear systom whose response ia a function of
power level, power inciement, and dir2otion of power change, The schedulos of
aatural frequency, damping, and rate Limits axv shown in Figuros 4-8 and 4-9,
Figure 4-10 is a tire hisiory of the mod=iled power response to & sequonce of power
command changes,

ety
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The landing gear was modelled to generate forces and moments in body-axis co~
ordinates based on inputs from each of two main and one nose gear assemblies.
Static gear deflection was assumed to be proportional to applied force, and a linear
damping force proportional te gear deflection rate was assumed. A damping con-
stant was assigned to prodvee a damping ratio of about 0,7, Nose wheel steering

- was implemented 1o be controlled through the rudder pedals., The software can pro-

vide for braking inputs, but tae capability was not used for this simulation.

In implementing the simulation baseline control system, the lateral modes were
selectable at one multiposition switch (MODELAT) in the cockpit and the longitudinal
modes were selectable at anotner (MODELON), Five positions at each switch were
activated. Position 5 provided only basic airframe controls (i,e., no augmentation),
Deocreasing numbers generally added augmentation features, with Position 1 including
provision for automatic flight, The full-augmentation mode evaluated in this work was
Position 2 in both lateral and longitudinal axes, Table 4-1 shows the augmentation

Table 4-1, Control Mode Switch Selections

MODELON
Switch (Longitudinzl Control)
Pogition
5 BA (Basic Airframe - Elevator Control)
4 BA + CA (Control Augmentation)
3 BA + CA + X (Throttle-to~-Flap Crossieed)
* 2 BA + CA + X + Y (Flap plus Alpha Error-to~
Throttle Crossfeed)
1 BA + CA + X + Y + PGUID (Aute)
MODELAT
Switch {Lateral Control)
Position
5 BA {Basic Airframe - Snoiler Conirol)
4 BA
3 BA
2 BA + ¢ ¢ (Aileron Coutrol;
1 BA + © c +  RGUID (Auto) (Aileron Control)
{Directional Control)
) BA (Basic Airframe - Rudder Control)
4 BA + YD (YawDamper)
3 BA + YD + TC (Turn Coordinatoy)
* 2 BA + YD + TC
1 BA + YD + TC
* Full~Augmentation Mode
4-10
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features provided in the various switch positions. Two push-to-select switches were
made available to the pilo! to select the AUTOSPEED and the APPROACH functions,
These were assumed to be operatiocnally selectable functions chosen by the pilot in
relation to the fiight situation. AUTOSPEED provided automatic control of airspeed
through modulation of flap deflection. The commanded airspeed was the airspeed at
engagement or, as later modified, af the pilot's discretion through the throttle slew-
ing switch, Flaps had to be extended at least 40 degrees for this function to be
operable, If flaps were retracted, this function was faded out at 40 degrees, The
APPROACH function provided the crossfeeds for decoupling heave and pitch effocts
of control inputs, This mode was available only if the MODELON switch was at
Pogition 2 or 1. When MODELON switch was at 2 (or 1) and APPROACH was de-
activated, the MODELON switch function became equivalent to Position 4; i.e., pitch
augmentation only, To simplify the go-around procedures, an automatic flap :
reduction circuit was implemented using the trigger switch for initiation of the action. i
When the power lever was at 98 percent or higher and the trigger switch was de~
pressed, the flaps would retract to the flap switch (FLPSW) setting, a value chosen to
minimize altitude loss affer go-around initiation (nominally 40 degrees).

All control surfaces were assumed to be fully powered by hydraulics. Surface-
positioning dynamics and all other control actuator dynamics were assumed to exhibit
first~order characteristics. Representation of these included actuator rate and
position limits, Characteristics of the various actuators are shown in Table 4-2.

Table 4-2, Actuator Characteristics

Surface Max Rate Loop Gain Deflection Limits
(deg/sec) (1/sec) (degrees)

Aileron 120,0 10.0 100.0 -100.0
Rudder 75.0 10,0 50,0 - 50,0
Elevator 50.0 10,0 50,0 - 50,0
Stabilizer 2,0 5.0 10.0 - 15.0
Flap 6.0 4,0 70,0 0,0
Spofler 180.0 10,90 60,90 - 60,0
Rudder Serva 5.0 40,9 25,0 - 25,0 i
Elovator Servo 80,0 40,0 20,0 - 20,0
Thiust Servo 20,0 5.0 100,90 - 0,0
Flap Servo 10,0 4.0 10,0 - 10,0

"Che loop gain shown is the reciprocal of the first-order thme constant agsigned,
Pitoh and roll signals from the stick were fed into a nonlinearization subroutine with
+eriable characterigtios. Pitch and roll signals wore both nonlinenrized to de-~
songitize vontrol stick motions around the noulral or trimmed position. This was
found to he vary desirable during the earliest evaluations, Figure 4-11 shows tho
nenlinear schedules uged for the control stick; the rudder signal did not require
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shaping, A small electrical dead zone was employed to mask the effects of friction
when no force was applied to the pilot's controls, ensuring zero output for zero input,
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(SYMMETRICAL ABOUT TRIM POSITION) (SYMMETRICAL ABOUT TRIM POSITION)
Figure 4-11, Control Stick Signal Shaping

Augmentation gains were established for the STOL approach configuration (at 80 knots),
At the higher dynamic pressures prior o transition, instability oocurred until a gain
schedule was incorporated. Gains of the augmentation subsystems were modified by

a function of dynamic pressure to accommodate the higher speod conditions, Figure
4-12 shows the gain schedule and the table of gains used to approximate the schedule
for this simulation, Gain variation with flap deflection may serve equally well to

solve the problem, but this was not evaluatcd.

A turbulence model was implemented using an existing digital turbulence subroutine,
This subroutine modelled turbulonce in uccordance with MIL-F-87858 and also
provided for both Gaussian and non-Gaussian noise, Roference 4-1 describes the
charactoristios of the digital subroutine on which the turbulence modol of this simu-
lation wus based., The MIL-F-878358 turbulence model was found to be too severe
for realistic simulaticn work, and was cven worse when the simulation task required
low altitude flight as in approach and landing, Conscquently, the turbulence model
was modified to avoid the extreme effects of appreaching the ground, and the general
scaling of the gust components was reduced based on conversations with personnel at
Cornell Aeronautical Laboratory und on qualitative pliot evaluations roganding
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Figure 4-12, QBAR Gain Schedule

reasonable amounts of turbulence for the simulation tasks scheduled, A detailed
account of the inodifications adopted for this work is presented in Appendix II,

A wind model, independent of the furbulence representation, was generated for cross-
wind approaches. Wind direction could be assigned any compass heading, and magni~
tudes were stored in a table whose entering argument was altitude, The values used
were taken from a table of mean wind values in Reference 4-2, Figure 4-13 shows
the tabulated values of wind velocily versus altitude used for this work. Where
records of avaluation runs in Appendix ITI indicate wind to be at "30 KTS, " it was
actually this variable wind model which was used. At the minimum altitude (airoraft
on the ground), the mean wind was about 12 knots. At 1200 feet above ground level,
the mean wind value was about 43 knots,

Exporience with the fixed-base simulation visual display demonstrated that it was
difficult to judge lateral displacement from the runway centerline at the initial approach
distance. Also, tho visual display limitations made it very difficult to interpret the
simulation flight path angle versus the desired flight path angle. To compensate for
these difficullies, flight director rignals were genorated and displaved on the ADI,

4.1.2 MOVING-HASE SIM UL ATOR, The moving-base simulater facitity used for this
wark wis the Larg ~Amplitude Fopht Suredator located at the Areraft Division of

the sorthrop Corporation, Hawthorne, Catifornia, This faality includes a flight
smmulation cornng laboroelory and otlwr"‘fupportilm laboratotes and workshops.,
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Figure 4-13, Simuiation Model of Wind Magnitude Versus Altitude

4,1,2,1 Physical Characteristics, The large-amplitude simulator (LAS) shown in

Figure 4-14 uses a cockpit gimbal system mounted on a 30-foot-long beam that, in
tuxn, is supported by a single {wo-axis base gimbal on a fixed support pedestal.
The LAS and its wide-angle viewing systom consist of a five~-degree~cf-freedom
beam-type moticn subsystem that carries a single-place cockpit, the projectors
(for sky/earth/horizon ard runway or target image), and the display screen of the
visual display subsystem as a unit on the end of the beam. Other elemonts of the
simulator system, not riounted on the beam, include the hydraulic supply system,
the runway (or target) image generation subsystemn, and the monitor and control
console, The remaining elements of the moving-base simulator facility are con-

tained tn the hybrid computer system (EAI-8900) located in an adjacent building and
in the related software programs. Noxthrop developed these programs to drive the
motion subsystem and the runway (or target) image subsystem und to performn dally
dynamio and diagnostic checks of the various subsystems, Tuable 4-3 lists the
goneral capabilities of the motion, visual, and control subsystoms,

The cookpit uged for this sumulation work was an existing fighter type, single-place
cockpit equipped with & center-stick, rudder pedals, and a conventional throtvtie
lever, Stick and rudder pedal forces were provided hydraulically under computer
control. The force-defloction characteristios were programmod to tho same
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Figure 4-14, Large Amplitude Simulator

characteristics as for the fixed-base simulator (FBS) tasks, Provision for pilot
selection of the AUTOSPEED and APPROACH modes was made in a manner similar
to that for the FBS cockpit. Other controls were operated at the computer station.
The variation in cockpit features from the FBS cockpit were not significant enough
to warrant the cost and time delays of developing an exact duplicate.

Flight instrumentation was somewhat different from ihat of the FBS cockpit. An
existing instrument panel (in daily use on alternate work shifts) was modified slightly
to provide the same flight information as the FBS instrumenta.ion, Resolution of
airspeed was slightly more coarse and the placement of cortain instruments was
different, but the ADI and HSI worc identically located. The miner influence of these
variations far offset the considerable expense and lost time that would have been
incurred in exactly duplicating the ¥FBS cockpit instrumentation. Pilol opinion was
that the differences In flight instrumoentation al the MBS required a little morc
familiarization time, but aftor thal the differences did not significantly influence the
evuluations.

The MBS fuciiity includes a wrde-angle visual system (WA VS).  In addition to the
Inyee hewisnherical vicwing seroen and tho beam-mounted projectors, visuai equip -
r.ont includes n target imare generator subsystem that provides the video information
suppiicd to the target projectst.  For thie work, & simpie runeiv mexlel w.s televised
1. fiev of 4 target model and superimposed onfo the carth- vky image, The runway
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model had motion capabilities to simulate various horizontal and vexiical approach
angles, The mechanization was limited, however, and the minimum altitude simu-
lated was about 30 feet above ground level (AGL), Terrain features surrounding the
runway were minimal and the target projector was limited to projection of a rather
narrow image (i.e., a 15-degree cone of view centered about the runway model).

3 el e SN

4.1.2,2 Computing Equipment. The flight simulation computing laboratory that
supports the MBS facility includes extensive electronic, solid-state equipment able to
accommodate a broad variety of detailed engineering and scientific problem investi-
gations. One EAI 8900 Integrated Hybrid System was used in implementing the MBS
for this program. This system consisted of:

8800 Analog Computer & Control Console
8400 Digital Computer (32K coxe)

64 Analog-to-Digital (A/D) Interface Channels
96 Digital-to-Analog (D/A) Interface Channels

Simulator motions were monitored using a COMCOR 175 and two rectilinear 8-chamnel
strip chart recorders. Problem input parameters were tabulated on a high-speed line
printer, and output parameters were recorded using the strip chart recorders.

4,1,2.3 Simulation Implementation and Validation, Simulation of the STOL (EBF
version) transport at the MBS facility was implemented in the same way as for the
fixed-base simulator (FBS), except for minor differences dictated by computing equip-
mert differences and/or limitations, The more significant of these are discussed
1ater, The MBS implementation was validated by submitting that simulation to the
same series of control pulses as used at the FRS and comparing the aireraft responses.
The 12 test responses taken included uncontrolled (no augmentation) and augmented
control modes in pitch, roll, and yaw axes for two flight conditions: STOL approach
condiiions and 10,000-foot cruise conditions. Figures 4~15 through 4-26 show un-
augniented responses to control pulses for pitch, roll, and yaw inputs for both FBS
and MBS, The FBS pitch response of Figure 4~15 was made eaxly in the fixed-base
wor'k and is slightly less damped than the MBS responase, The software was cor-
rected when it was found that the & computation was overlooked in setting up the
recl-time software. Addition of that computation produced the same response as for
the MB3; wis was later veritied, Instrumentation of stick deflection (<5&1 } was
recorded with different scale factors and the apparent magnitude difference should be
discounted, As shown in Figures 4-15 and 4-186, elevator pulses are the same, The

: same {8 true regarding the rudder pednl deflection scele factors - tho rudder de-

& flections are alike,
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Yigures 4-27 and 4-28 show FBS and MBS pitoh responses of tho augmented aireraft.
These {llustrate the offect of some limitations of the MBS computer system, The

P A S LI TP s
RN SR R A i

8 4-17




R S A R R LA A L S A D DU A RS oA
B A S PV b Py o Nrs e T T Py P R ST R AR Y YRR WE S AT VA R R DR R,

S S

il Hﬂ{lml IR E R

ﬁﬁﬁh n."ummuwwmlgﬁ mhglngg%m
i Wﬁ‘ﬁmﬁﬁ% s
% e

T

8o mnmummnuﬁ%iiﬂ ng"@

e Ak

AlRsPEED L i

(kTs)

k
I
*
:’(
i
3

AR

ﬁ, STiek p
|
: S
¢ (vxe)
£
§7
¥
{
h
(oe§
Ci/s‘lc)
(»ec)
o'
{ o%a)
Figure 4-198,  FRS Uncontrollasl Piteh Reasvonse (oo Pulue of daticl:
DI Y RN
{(2700-fv Aliitode, Yier =T, Flaps - 80 dop, Com Downe
4-14
IR 2 SEESIb S i b E A a2 TR AT Ty
L4 % ey FhiLEY 3 3 - e g&&



s
RE LTI
ML D AT L

W
K
5 ..
= i 1 m
- “ . «
c q , \.‘_
m. ., e :
i . E ~
M | ] e
., ! n
i . ..,
| | = =l
s b n
: .,
£ m+ : ,
- I f
A : )
1 : m
/| -
4. ! !
€y I .\u
3 4 .
‘ .. .F = -i
¥ . ! ]
& § )
= _ n
... .m./f H ﬁl N«.
3, . | . \.
| | Lz ,
w } w + = _
4 : 5 A
X g . i
M, | . o~ - i |
| | z o o
59 Y I .n.
s .l‘ l\ .
V.. T s 4
X L -
- =
pa R
,”“ el
g = 4
.
= = 3
— 1 g
. =
o~ dl
=
—~

&)
A

Ak AL LAY

}
¢/SEC)

1)

ALt

AIRSPEED
(kTs)
(ve%

&
(ues)
¢
3

VTR e

Figure k-1

a
TR SRy,




A2
; =3
Ll
; B d
H o
>
f\’
3 ¥
o @ E
WO e
H #
= S P
o &
=
8 g 1
g .
»
s 3 :
R < ,
7] 3
25
&2 ;
= O o ¥
8 X a :
. Eg :
3 - T 2
'y o =3 ko
> oot 5
: e X :
£z
u £ <
58 |
~ B
4] - %
A« b
: <Nl x
S 3 3 _
o ey e
“ ) -4
£T 2 u3 < W3 o ©3 3
P 8“ - u -~ T
o X (V) & ) 2 A
-~ ~/ ~/ oot 7
<L =
.

ST .
s el s

5 danis B nh S ati A B RN . . -
- v B N T B R T P ]




. A A Y Y 5 x WRTF Y Y TR IRY
R B o e b e g e e e K R PTG T

A T G A G A0 P TP T ST TR P AV ST, (T756E £ P TI S0  RR T T AARR  NP PNA I R TP Smur try meie

it ot = et A P

AIRSPEED
(KTs)

A

AFEPT

SSthx

PSR

TR

. ;—J_.4.:

e -

4 -4 JE TR

P

R L e TRV ITOC UM P

: 6
(bec)
o il
(o
-
Figure 4-18. MBS Uncontrolled Pitch Response to a Pulse of dgy.1
(12, 500-ft Altitude, Y10 = 0 dog, Flaps = 0 deg)
4-21
B 3 ST S RO TR TR (Elany v‘“‘-*"“'“""‘ TS IR TR i SiEesa RSB g o g e - s .




T T TP RO

D I T A SO R I P SR TSR S AP I

R R S A R R

R TR R e o

AR NS TATR

R N QAP e,

R R I NN SN

Ty ot S .
D PH Y N ARSI A0 SPVHT T A0 8 b Lmar Aty e 2 3ormm s &

VIS

A e i el Pt

IR TEH T H ] (]

+2

SipESLIP o k
(oea) g .

-2

+2

YAW RATE 0
(D6 /58¢c)

RubptR
(p&c)

Ro Awcte o b
(ves) e

RoLl RATE g ebi
(des/sec) .

~ 4,

AlLgRON o
(bre) )

5
£
¥
i’({
kS
5
5
i
£
L
b
4

=

Figure 4-19. F218 Uncontrolled Roll Response tn a Pulse of Lateral Stick
{(R:0-ft Altitude, Yy » -7 deg, Flaps = 60 dog, Gear Down,

Spoudy: = 80 knots;

2

1-22

SR DV

SN o 1y i, ool




L om0y N SRS T e S TR Y T T,

35

SIDESLIP
(o&e)

7 Fary

B
LB

S

!

L

£

M

&

£, Ww
.‘ﬂ_:" wy _;1/‘\%

M

SREF LN

" YAW RATE

e (D“/ s EC) f
L ,

o
A

]
S
¥
57

, & ’ RuoDER
p: (dxc)

U2

a

Ve et uRaR N YR

SO0

¢

B

7.

i
v

e,

ey
i

:f‘.

)
>

RoLL ANGLE
(v&e)

R,

R St

o
o

(2
¥

, 3 RoLL RATE
' ;‘ (DEG;')‘GC) i
b, &
. AILERON
- (vEG)
d ;. §‘
P . SPOILER
L (ve4)
. : Figure 4~20. MBS Uncontrolled Roll Response to a Pulse of Lateral Stick
- (3700-ft Altitude, )’IC = -7 deg, Tlaps = 60 deg, Gear Down,
Speedjc = 80 knots) )
4-23 ¥

I R R OO A AP S,




SIDESLIP
(b66)

YAW RATE
(bsa/sec)

RubDER
(Dee)

RoLL ANGLE
®sq)

0.

CHly) HRINTEDV N

CHEVELANL

RoLL RATE
(vea/ssc)

AILERON
(2€s)

SPOILER
(bse}

FBS Uncontrolled Roll RespoLre to a Pulse of Lateral Stick
(12, 500-ft Altitude, ¥ _. = 0 deg, Flaps = 0 deg, Gear Down,
Speed = 200 knots)

Figure 4-21.
IC

4-24




i
;

B Al

e R en i A i S b b

=¥

T N

L B

s o L e s

(ve6)

(v&s)
RoLL ANGLE

RUDDER

LA A G R by e

(vsc/s8e)

(dec)
YAW RATE

SIDESLIP

R

LS Gt AN ST R Y

B

S

2

i

g

RoLL RATE
(btG/ene)

-ft Altitude, Y1c = 0 deg, Flups = 0 dog, Gear Down,

8 Uncontrolled Roll Response to a Pulse of Lateral Stick
= 200 knnts)

(12, 500

MB
Speed

AILERON
(oxc)

R T

ALy

Figure 4-22,



TN T T N TR TN L TR Y R T NS Ot T TR 8 S eI VDR TS ST Qe T TR e T 1 TR KOS Y B NS NS B

6N gk o) i .
%‘Y\?ﬁ"‘?ﬁn X y%{ﬁ‘f‘ﬂﬂ#ﬁkw Pt T L TSR, et e TR 7 00 o L Teset Vot TV ST D e T RS SRR AV R TR

]

PR

Pt SR Rl B

Sl i didee

e P"'E%!%n-!‘ﬁmm.mﬂrﬁ';“m@ i

1 Tl i

4 z?v;iﬁm%uﬂ %‘%’»ﬁ‘?!:}"ﬁ‘ il 3’:{%@1%3&1;{;{& uiimmmighj‘ ng{%&'&ggﬁ i

Hi \ o .|l b traaesritibian,

SinESLIP Al '} i WL i mmmiﬁﬁl ,
(vec o. mwigpﬂnu wnw rmggxﬁgﬂ Y nm i)
] S i
A H“;ﬂﬁ &n’lmm e e

- 4 hmm i j , i A :

EE

4,

4

. “s‘ﬁm
Yaw RATE o, w
(dee/se2¢c)

aﬂ l
i
e

%m

iH

5§§

RugoER
{or&)

g A S TR IR

ROLL ANGLE
(656

S AMAINTE

RoLiw RATE
(des/S%c)

&
8
4
I
5
¢
2
E{z
by
}
M
"
&
ha

AiLaQoN
0&6)

RUtDER
PEDAL
{ % fol TRave)

Thd

Lo PR Uneontratled Yw Rosponae to it Pulke of Rudder Ped:d

(van-fr Altbade, Yoo 0 deg, Flaps - 60 degs, Geor Down,

Pigare 1

'crm.-«,w‘.“‘ - ¥Oknots

4-26

Baarssan .
AV 3o, e b T e B T TS b rins i ) - . ) -
el g T R i . o s "
5 A QUSRI - o _, RARE .,v oL . \' ot y
- ‘ - . - . " (T

R RN B ST S N AR



e e ‘ ]
PG AV e et e e b e s Lo . . . . . e s S

SIBESLIP

(zq)

YAwW RATE
(bec /s5c)

RUoDER
(veq)

RoLL ANGLE
(bEG)

RowL RATE

(ps6 /sce)
AILERON Ll
(pxe) fia

RUDDER PEDAL i
(% Fure raavey)
-10

Figure 4-24. MBS Uncontrolled Yaw Respense to a Pulse vt Rudder Pedal
(£700-ft Altitude, YIC = =7 deg, Flaps = 80 deg, Gear Ixwn,

4-27

oAt AR R

5 LT F AT e NN oA s e

SRR )



TR I CRIA R o S ST TR TR TR TR TR

SipesLip

(bes)

~ 10, -

io.

YAW RATE 0.
{v&¢ /s“)

-10.

RS SO S

10, =

RUGDER o,
(bgée)

- 10, 4

T

Foror

% 4

ROLL ANGLE 0.— i
(2x6) ]

R, TIE R0 O A A R O

10. -

Rou. Rate , -
(vec/sec) ke

, ; - o o e
AlLERON - 17'
(bes) L
R

e

RuodER I
PEBAL Tt
(7. FolL TRAVEL) -“"ﬂlh : AT

Figure 4-25. FBS Uncontrolled Yaw Response to a Pulse of Rudder Pedal
(12, 600-ft Altitude, yIC = () dog, Flaps = 0 deg, Gear Down,
Speed = 200 knots)

hd . Y Ak, N R . V.



SIDESLIP
(og)

YAW RATE
(oec/ssc)

RubbER
(PE6)

ROLL ANGLE
(vea)

RoLi. RATE b e
(beG/cme) IO A A VAR G0 R Y

AILERON P _ AU 0 U O
U(&} - nr , IS SEPEY SRS R N e IR IS R T T

Rubak R
PEDAL

(% ruee Taaver)
-3

Figure 4-26, MBS Uncontrolled Yaw Response to a Pulse of Rudder Pedal
(12, 500~-ft Altitude, Y1c=0 deg, Flaps = 9 deg, Gear Down,
Speed = 200 knots)

4-29

e e



oS gﬁﬁ"-‘?“wafv’w,};-_; Rl i OS2 Gy 0 2

iDL R S e S R SRl S L i 5

AT NS T RTRRIYRA R TS

T PTERL R

P e TR L N T RO S A R R TR

S TR
&m,ﬁ'ﬁ AR TEETRE N TAT IR BI00ML ¥1 o5 SIS 4R 0m0 S, 1o T g 2757+ e ok £l s S
-
A2
b4
B
B!
1

R e

AR £ P L | TR S O R S E TP (T I
sttt e ..||.-, P O

S AR T

80. 4

AIRSPEED

(krs)

gSTch
(7. Fuiy YMVIL)

Se

(peG)

A R

f i i !
. i

e e

R gfi it

i 'u"l}

il

X o. il \, i A5 il
(ova) m;;?é';??fé I é ;ﬁi ‘ B Al
AR i

-2 'inshi?}iﬁ,m.h m‘?“ R RN s;}J iR

« N R

Figure 4-27. FBS Augmented Pitch Response to a Pulse of bgtick
(3700-ft Altitude, yIC = <7 deg, Flaps = 60 dey, %fc:r

Down, Spsedic = 80 knots)
4-30

b A,
i i



VGRS

PSRN

o HENT A SRR SIS OTA AN RN R, T T R

AIRSPEED

(Krs)

Lidddodddbitdth ij_unlu_nlu_u;.kunnnu deddddtd
L Eas S i ¥ Ldehis e ) s i S S 4

=t

T

RNV S VG 5 S SNPRNS S-SR

Figure 4~28. MBS Augmented Pitoh Response to a Pulse of 844101
(3700-ft Altitude, Yy = ~7 deg, Flaps = 60 deg, Gear

LY MU AT AV T I A Ve 1o~ o r 150at s V@ Ribatan 1 F s

i AR R e

Down, Speedyec = 80 knots)

e, AR E L

4-31

A ARG S A

T e RO S e

LSRN

A,

AR i

PRTENY

TR e T U 0 SR GIAT Y R

&
&

 Gnirin, i,

e,

TR TS e B



small oscillations that follow the transient responses for the MBS are the result of

a dynamic reaction between elevator servo dynamics and the computer frame time
for this problem, Because of the slower computer speed at the MBS, the frame

time required to execute all computations once was about five times longer than for
the FBS with identical software. The software program was reduced in length by
careful elimination of certain computations not essential to the moving-base evalua-
tion work. The responses of Figure 4-28 were obtained using the reduced software
program with the noted results. Frame time had been reduced to 69 milliseconds,
the minimum that would accommodate turbulence and engine failure simulation in
conjunction with basic flight operations, This updating of the problem parameters
approximately 16 times per second was too infrequent to accommodate the assumed
elevator servoactuator response bandwidth of nearly 6.4 Hertz, The rudder servo-
actuator had been assigned the same vesponse bandwidth, and oscillations were also
observed in the rudder responses, With the turbulence model off and normal engine
operation, it was possible to reduce the frame time of the MBS program to 58 milli-
seconds and the oscillations did not appear, The expedient adopted to solve the problem
was to alter the servoactuator implementation to produce instantaneous response to
input signals, This permitted full simulation capability at the MBS within the 69 milli-
second frame time, Figures 4-29 and 4-30 show the FBS and MBS aircraft responses
to a rudder pedal pulse, The MBS response was taken after the removal of rudder
servo dynamics, and there are no post-transient oscillations as were seen "a

Figure 4-28. The augmented responses of Figures 4-29 and 4-30 are essentially
identical, as were the roll and pitch responses after the high-performance servo-
actuator dynamics were removed,

The changes to software made to reduce frame time at the MBS were generally to
eliminate logic and unnecessary computations, Line printer data storage, for instance,
was not required. In the control subroutines, alternative system gains and network
parameters and the associated logic wers removed. Also, control modes not to be
evaluated were removed., The Gaussian form of turbulence was chosen, since the
non-Gaussian form required more frame time to generate. This choioce was partly
based on the pilot opinion that the difference between the two seemed negligible.

4,2 STAI PILOT QUALITATIVE EVALUATION

The simulated flight evaluations of the three 8TOL aircraft configurations, which
included externally blown flap (EBF), internally blown flap (IBF), and vectored thrust
(VT) versions, were gonerally based on an Experiment Design plan propared in the
early stuges of this work, This section includes a summary of the pilot's qualitative
comments collected over the evaluation period, Additional data includes test plans,
avaluation criteria, and a representative sample of the data runs, which appear in
:ho appendixes,
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The evaluations recorded throughout this program were those of a highly qualified
engincering test pilot assigned especially for this work. A graduate of the USAF test

pilot school, the evaluation pilot was experienced in use of the Cooper/Harper (C/H)
rating scale, Table 4-4 , which was used extensively in this work. His primary flight

experience background includes USAF and USN fighter aircraft, with secondary
experience in utility, transport, bomber, and helicopter aircraft, In each STOL

Table 4-4., Cooper/Harper Handling Qualities Rating Scale

(

ANEQUACY FOR SELECTED TASK OR
REQUIRED OPERATION*

N

AIRCRAFT
CHARACTERISTICS

IN SELECTED TASK OR REQUIRED OPERATION® AAYING

N

DEMANDS ON THE PILOT MLOT

' Excelient
Highly desirable

Filut compensation not a lactor lor
destred parlormance

Good

Negligible deficiencies

Pidol compensaticn not a factor fo.
desred performance

Foare — Some mildly
uny aasant deheencies

Mimsmal pitot compentaton required 1o+
aesired perlormance

Mingor but aanoying

Ocsired petformance roar s moderata

Y LI Bl P i P UK S e

PR

dehciancres ot compensation
ise Oeticiencias Moderalely shjectionable Adequate p slonmance requires
satistaciary withous warrant duherencias derabile ptat ¢ N
tmprovement? imptovement nicren c o

Adequale perlgrmance requites >xiensive
pilot compensation

Very objectionadle but
tolerable debiciencies

Adequate petiormancy not altainable with
maximum (oletable pitot compensation.
Contratiabitity not 10 quosiion

Ma:or dehoencies
is adeuate

pertormance No Deherenciey
athun e with o rolargble, ogue P—.—(
allunate e ol ablc q) Manee dulicinncies

orot worklvad? w provement

Considecadiy piot compensabon s required
tor cuntro!

Intense DOt COMPRNSEION 3 feqinfed 10

Major debiciuncies relnin controt
ain ¢

Control wiil be Inat Guhing some portion of
raquireg operahon
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a manuauny_HM“"" deticioncies
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r....._....._ st e
Pilor deervong
Lﬁm;__u__~:j chases sitn 3

version evaluated, a large number of simulated flight runs were flown for orientation
to minimize the effects of a learning curve on pilot ratings, Evaluations were re-
oo aded after these orientation sessionz. The originat intent was to have twe pitots
perform the simulation tagks but, because of the very large number of tests, it was
decided to limii the evaluations to one engincering test pilot, It was alse concluded
that a single pilot's evaluations would provide better continuity to the commeonts,
better compavative evaluations of the alternative STOL configurations, wnd bottey
comparative obscrvations as to fixed-bage versus moving-base simulator effoctive-
nesa,

RN TR DU T T e & SN R AR R RO

T T e gt e gy e

The Terminal Flight Phase as defined in MIL-F~8786-A8G and MIL-F-83300 provided
the scope of the evaluation. This flight phase wan further divided into sub-
categorien of approach, flare/touchdown, go-around, und transition, Except for tho
flare/touchdown subeategory, each of tha three general airoraft configurations wore
evaluated over cach of these subcatogories. The flare/touchdown subcategory was
evaluated only for the externally blown flap configuration because there was no ground
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effect data for any of the configurations during the evaluation period, Over 150 hours
of piloted simulation and 3000 data runs were accomplished during the total evaluation

program,

Simulation facilities, cockpit instrumentation, data facilities, and control systems
(including definitions of ' PPROACH and AUTOSPEED modes) are described in other
sections of this volume, '

Evaluation of the approach subcategory of the terminal flight phase began with the
STOL final approach configuration established and the aircraft tvimmed on a -7 degree
flight path angle. The aircraft was located two miles from touchdown about 50 feet
below the -7 degree desired glide path and 200 feot to the right of the localizer center-
line parallel to the runway. The evaluation was performed until a 100~foot decision
height was reached. Qualitative evaluation included the ability to control flight path
angle on the glide slope precisely, control airspeed precisely, maintain alignment
with the runway, and maintain visibility over the aircraft nose. Adequacy of the
information displayed and the control techniques required in performing the maneu-
vers were also part of the evaluation, The techniques used included:

1. STOL. Control airspeed with pitch, control flight path angle with power,

2. Conventiorai. Control airspeed with power, control flight path angle with pitch,

3, Flapping, Control airspeed with power and pitch, control flight path angle with
incremental flap adjustment.

Cooper/Harper (C/H) ratings were used extansively during this phase of qualitative
evaluation to register pilot opinions as to controllability and desirabibity, The task
was evaluated for VIR conditions, where desived glide path information wes displayed
by the horizontal needle on the ADI flight director and runwoy alignment was per-
formed visually on the 60- by 1500-foct target vunway, Steering information was
available through the vertical needle on the ADI flight director,

Evaluation of the go-around subeategory of the tarminal flight phase nxamined
techniques and configurations caxried from the appreach subsategory evaluation,
The evaluation began at a simulated 100-foot doeision height (DH) on the -7 degree
glide path and centeriine und covered the flight watil the aircraft was ¢ltmbing baok
through the simulated DH. The sircrafl was initially trimmed in the STOL approach
configuration. The techniques tsed inoluded:

1. Power addition only,

2. Power addition and pitch rotation simultancously, followod by flap retraction
upon reaching tarzet pitch attitude,
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3. Simultaneous power addition, pitch rotation, and flap retraction.

Depending on the technique used, the aircraft was reconfigured to a lesser flap angle

during the go-around procedure. This configuration was assumed to be maintained

throughout a subsequent GCA pattern until arriving at the position to begin re-

. - configuration for another approach. Many of the tested reconfiguration combinations
were eliminated early in the investigation, as they failed to effect a recovery in less

than 109 feet, The remaining combinations were evaluated on the following criteria.

1. Airspeed

No large or rapid airspeed losses,

No airspeed loss preferable.

Airspeed increase and acceleration preferable.
2, Altitude

Minimum altitude loss preferabie,
Time below 100 feet at 2 minimum,

3. Attituds

T e S R TR A W B A S T SR

A positive attitude increase was felt to be psychologically prefsrred,

A nominal 3 deg/sec attitude increase appears very comfortable,

Abilify to track a new attitude.

Atiitude increase over 15 degrees not felt desirable from a visibility-over-the-

aircraft-nose standpoint nor from an IFR-flying viewpoint,
4

£ 4, Flight Path Angle

2

Positive and immediate increase in flight path angle,

Smooth and constant increase in flight path angle fo a maximum vaiue of at least
2 (3grees positive.

No tendency to sag or reverse direction during flight path angle increase.

Y IR T ST e

Although quantitative data was produced, it was generally handled in a qualitative
fashion after meeting minimum values due to the many tradeoffs that had to be made to
determine recommended procedures and control parameter values,

N YA e T TS

- -‘ Evaluation of the flare/touchdown subcategory of the terminal flight phase for the
- _ externally blown flap examined techniques and configurations carried from the approach
5. and go-around subcategory evaluation. Although ground effect data was not available

for the evaluation, the effects of pitching moments and negative ground effect that
must be overcome by control technir .os and procedures were considered, The
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avaluation began at various flare heights using -adar altimetry from a trimmed

-7 degree glide slope STOL configuration, The evaluation continued to landing gear
touchdown. The techniques used were:

1. Flare to final pitch attitude by pitching only,
2. Flare with power addition only.

3. Flare to final pitch attitude by pitching and power addition to overcome probable
nogative ground effect (=~ 10 percent power addition),

Flare height evaluation above 100 feet was discontinued early in the study, These
altitudes not only increased air distances significantly but caused large dispersicns
in sink rate at touchdown, as there was a marked tendency fo balloon the aircraft.
In addition, having a flare height above a 100-foot decision height did not appear to
be operationally desirable, Flaring for touchdown could be accomplished without

a pitch change by full power addition (Technique 2), which produced acceptable
touchdovm sink rates but left no margin for any negative ground effects, It also
produced increased air distances as compared to other {echniques. A pitch ciange
technique was required if acceptable air distances (distance from a 50-foot heigat to
touchdown) and touchdown sink rates were to be obtained for other than nominal
iaboratory test conditions. The following evaluation criteria were used to evaluate
landing performance for the techniques and configurations of this suboategory.

1, Airspeed, Airspeed decrease at fouchdown desired but of minor importance
compared to minimizing air distances.

2. Fiare Height, As wide a band of flare heights as possible to achieve acceptable
performance and allow for varying terrain conditions.

3, Aititude. A nominal 3 deg/sec attitude change rate appeared desirable. Attitude
increase over 15 dugrees not desirable from a visibility-over-the-nose standpoint
or from a probable geometry~-limited touchdown attitude Jor structural clearance.

4, Alir Distance. Most impertant parameter fo minimize total stopping distance,

5. Touchdown Sink Rate., A mean value of less than 10 feo+/sec was desirable from
a design standpoint,

Evaluation of the transition subcategory of the terminal flight phase covered the
transition to a STOL approach configuration in order to conduot a STOL approach

to landing. This subcategory was divided intc two phases, Phase I included transition
from a cruise flight condition to an intermediate configuration and flight condition where
final transition to the approach glide path could begin., Phase U included the trausition

4-38

R L XM R R S P LT

R ELYZ s, ISR kAL BN s & % & B s ]



STy
', 73 )’:
Y
o
2,
&
W18
e
2
§
¥
&
=
&
¥
b4
i
%
o
£
¥
<
¢

T TN I S e T AR SR

to a STOL final approach configuration and establishment of the aircraft on the approach
glide path, The intermediate configuration and flight condition achieved in the Phase I
transition was reverted to in executing a missed approach or go-around maneuver or
for flying a typical GCA box pattern. A total transition from cruise configuration to an
established approach glide path in one step was also evaluated, The following tech-~
niques were used,

1. Initial "ransition. Cruise configuration through initial transition configuration
changr ,

2, Final Transition, Initial transition configuration through final transition con-
figuration change on the approach glide path,

3. Total Transition, Total {ransition from cruise configuration through final
$ransition configuration change on the approach glide path,

The final flap setting for the approach configuration was carried from the previous
suboategory evaluations as the final flap position that produced the best overall per-
formance and response, The intermediate flap position to begin the final transition
was carried from the go-around subcategory evaluation recommendation, Operational-
ly, this flap position was suitable for flying typical GCA patterns and provided satis-
factory handling qualities at reasonable power levels, It alsc minimized the large
pitch changes that occurred during flap changes between 0 degree and the inter-
mediate position, If desired, the aircraft could be configured to the 0-degree flap
position for flying GCA patterns, but this is probably undesirable operationally
unless tactical conditions warrant higher speeds agsociated with the 0-degree flap
setting,

Although this subcategory evaluation used some quantitative data for purposes of
analysis, it was largely handled by qualitative judgement using C/H ratings, Criteria
used in the evaluation included:

1. Minimum power changes with no tendency to reverse power changes,

2. Minimum stick action with gradual change charaateristios and minimal stick
reverses,

3. Positive but no immediate large pitch change requirement with no tendency to
reverse pitch action,

4, Ability to capture glide slope smoothly and quickly.

5. Minimal tendenoy to olimb during configuration changes and ability to hold
altitude with minimal stick and power adjustments.
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4,2,1 EXTERNALLY BLOWN FLAP (EBF) EVALUATION, The EBF configuration was
evaluated using the Convair Aerospace fixed-base simulator for the four sub-
categories discussed in the preceding paragraphs: approach, go-around, flare/
touchdown, and transition.

4,2.1,1 EBF Approach. The STOL technique using 60 degrees of flaps at 80 knots
without the APPROACH and AUTOSPEED modes allowed accurate and precise coittrol
with satisfactory response characteristics to pitch needle deviation (+15 degrees) by
power changes alone, The tendency to overshoot the desired flight path when making
large corrections by power alone was very slight, although evident in attempting to
find the trim power setting required. This was only a minor aunoyance, as the
tendency to overshoot damped quickly as the flight patk errors were reduced. The
pitch-attitude-hold mode of the control stick allowed precise pitch attitude control
even with large power changes, It also appeared to allow good control of airspeed
during large power changes, aithough a large reduction in power to correct flight path
errors tended to allow airspeed to decrease 2 to 3 knots off the 80-knot trim air-
speed, Power additions, once the airspeed had been lost, had very little effect in
correcting the airspeed although it gave a large corresponding decrease in flight

path angle, Use of pitch to correct for the 2~ to 3~ knot loss was effective, although
a relatively long time was involved in making the airspeed correction, This decrease
in pitch attitude also appeared more effective in changing flight path angle which,
together with power, would correct the airspeed error, This resulted in an increase
in pilot workload to the extent that usually there was no feeling or desire to make a
rapid correction to the airspeed error but rather to set a trend condition of pitck and
power that would eventually resolve the error, The use of a large pewer correction
alone to effect a change in flight path angle had very little effect on airspeed, with a
typical increase of abcut 1 knot, This condition was rated at 3.

The STOL technique using 60 degrees of flaps at 80 knots with APPROACH and
AUTOSPEED modes proved to be among the most accurate of all methods examined,
Pilot task loading was minimal and natural enough to allow an excellent feeling of
controi and response, The APPROACH and AUTOSPEED modes, although probably
rot required for these flight conditions, are desirable features in reducing pilot
concentration and task loading as compared to the same tagks without these modes,
The same minor annoyance of finding a trim power setting also existed. This
conCition was rated at 2-1/2, The conventional technique using 60 degroes of flaps at
80 knots without the APPROACH and AUTOSPEED modes was acceptable, but
increased the pilot workload and concentration greatly. This did not appear to be a
natural method of control, Deviatione and control inputs were large, with only a
siight tendenoy to reduce the deviations as the flight progressed. The control inputs
appeared to be chnsing the deviations, giving the feeling thit flying this method was like
flying an actual aircraft in moderately turbulent conditions. It appeared desiruble to
attempt to trim the longitudinal axis due to the low frequency of these deviations,
Constant reference to the thrust indicator was required to attempt to fly closely around
the kinown trim conditions, This condition was rated at ¢,
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The conventional technique using 60 degrees of flaps at 80 knots with the APPROACH
and AUTOSPEED modes was better than without the modes, but did not reach the level
of the STOL technique without these modes. Although airspeed deviations were less
than 2 knots, pitch variations were only slightly less than without the APPROACH an!
AUTOSPEED modes, This reduced the pilot tasks slightly, but still required
considerable effort in pitch control. The glidepath deviations were less, but a
constant requirement to decrease the pifch attitude (-4 degrees) of the aircraft was
apparent as the aircraft approached the flare point. This was slightly uncomfortable,
although the situation was certainly acceptable. This condition was rated at 5.

The flapping technique using 60 degrees of flaps at 80 knots proved to be uncontrollabie
for conditions both with and without the APPROACH and AUTOSPEED modes. For
very small deviations below the glide path, there is no flap adjustinent vossible as
the flaps are already at the maximum lift condition of 60 degrees., For very small
deviations above the glide path, a flap angle decrease will increase the glide path
angle to correct the error, If this correction is not large enough initially, the error
appears to diverge further, This requires another decrease in flap position which,
although initially effective in reducing exror, allows the airspeed to increase sub-
stantially (10 to 15 knots), which again makes the flight path shallow. As power is
reduced to correct the airspeed error, control input oscillations begin, making
control of the aircraft impossible. This condition was rated at 10,

The STOL technique using 45 degrees of flaps at 80 knots without the APPROACH and
AUTOSPEED modes required a trim powor setting of 61 percent as compared to

76 percent with 60 degrees of flaps, This allowed a more rapid correction of large
glidepath deviations, Attendent small errors were as closely controlled as when

60 degrees of flaps weve used, but with a subtle feeling of better confrol of flight
path angle., Power changes created a slightly increased rate of airspeed change,

but the magnitudes did not appear to be noticeably larger than with the 60 degrees of
flaps, This caused some initial concern with thoughts of overcontrol, but no pro-
blems occurrved. The chief effect of 45 degrees of flaps was to cause a deterioration
in the lateral-directional-handling qualities, This deterioration appeared to be in the
form of problems in turn coordination by large 8 excursions with limited damping and 8
roll oscillation problem. As a rusult, thore was an inoreased requirement on pilot
concentration to maintain runway alignment. This condition was rated at 4.

The STOL technique using 45 degrees of flaps at 80 knots with the APPROACH and
AUTOSPEED modes again allowed decreased pilot attention to airspeed control,
although the requirement for close control of airspeed without these modes has not
been apparent for the conditions examined thus far. The problems of turn coordination
and roll cscillation were again obvious, which tended to overshadow the desirable
rapid response of glide path angle to changes of power. This condition was ruted at
3-1/2.
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The conventionzal technique using 45 degrecs of flaps at 80 kuots without the APPRCACH
and AUTOSPEED modes presented the same general problem as when 60 degrees of
flape were used, although it ceused wider pitch oscillations to control flight path angle,
The same annoyance of a loosening of the lateral-directional characteristics caused

a still further increase in pilot workload and concentration, all of which caused this
configuration fo be termed unacceptable. This condition was rated at 7.

The conventional technique using 45 degrees of flaps at 80 knots with the APPROACH
and AUTOSPEED modes appeared acceptable, although considerable pilot attention
was required to achieve this acceptability, The comments concerning the 60-degree
flap condition are generally applicable for the 45-degree flap, with the addition of the
decreased desirability of tke lateral-directional handling qualities and the require-
ment for larger pitch changes for glide path angle corrections, This condition was
rated at 6.

The flapping techniques using flaps nominally at 45 degrees at 80 knots with and with-
out the APPROACH and AUTOSPEED modes was initially somewhat improved over the
60 degreses of flaps condition, although the flight deteriorated to the extent that
controllability was obviously lacking. For small errors, positive correotions could
be made by raising and lowering the flaps incrementally about a sot value, but
interaction of the lift/drag relationship of the flaps and the throttle required maxi-
mum skill for control, If pitch needle deviations became large (> 3 to 5 degrees),

the interactions were much too degrading to allow positive control, This condition
was rated at 10,

Since the STOL technique was the obvious choice, further work used only this method.
Also, because of excellent airspoed and glidepath control without the APPROACH and
AUTOSPEED modes, it was decided to continue the investigation in the approach sub-
category without these modes. Although this was consistently thought to offer a

C/H rating of 1/2 less than when these modes were used, it offered 2 more identifi-
able pattern of responses for evaluation.

The 50 degrees of flaps at 80 knots condition constituted an improvement in the
lateral—directionnl-handling qualities as compared to the 45-degvee sotting. The
rapid response to throttle coupled with precision control of both large and small
errors made the 50-degree setting slightly more desirable than the 60-dagrese con-
figuration. This condition was rated at 2~1/2,

Using 56 degrees of flape at 80 knots also improved the iateral directional-handling
qualities over the 50-degree setting, although only slightly. An improvement in
avers!l mting was offset by the slight tendency toward a more sluggish rosponse of
power to flight path angle control, This condition was rated at 2-1/2,
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The use of 45 and 60 degrees of flaps at 85 knots showed good controliability aspects
but there was an annoying tendency to show too rapid an increase in airspeed due to
power changes for flight path angle corrections. This again appeared to be bound by
a + 3-knot margin, but the general feeling was one of discomfort because things ap-
peared to be moving too fast both in flight path angle corrections as well as in speed
responses, This did not appear to warrant further evaluation, These conditions
were rated at 3-1/2,

Using 45 and 60 degrees of flaps at 75 knots showed the same deterioration of lateral-
directional-handling qualities as in the 80 knot/45 degrees of flap setting, probably

due to the higher angle of attack, Trim power for 45 degrees of flaps was 77 percent
as compared with 82 percent for 60 degrees of flaps, The deterioration in glide path
angle resporise to power at 60 degrees of flaps for large glide path deviations was
obvious in moving to the higher trim power setting, giving less than well behaved
characteristics, These did not appear to be desirable conditions for further evaluation,
and were rated at 4.

The lack of enthusiasm about the APPROACH and AUTOSPEED modes was due to three
characteristics, The first was an appearance of insensitivity of airspeed to small

(= 2 to 3 degrees) pitch changes, although it was easier to lose 2 to 3 knots than to
gain airspeed, Once the airspeed was lost, an uncomfortable pitch change (> 4 degrees)
was required for procise flight-path following. When the airspeed had degraded 2 to 3
knots, however, the trim seiting appeared to settle down and no more airspeed was
lost. The second characteristic was the acdition of a pitch-attitude-hold capability in
the longitudinal axis. This tended to minimize any longitudinal oscillations and thus
minimized further loss of airspeed due to thuse oscillations, It also appeared to
subdue the effects of the shoxt-period frequency ard the phugoid being so close to-
gether, The thind characteristic was the lack of a turbulence model at the time of the
EBF evaluation. The addition of turbulence could necessitate the need for these
modes,

Tho effectivoness of pitch attitude control of airspeed was demonstrated by reverting
to the bare airframce and flying without the attitude-hold feature, This also asmon-
strated the importance of knowing the trim attifude for a particular configuration, air-
speed, and airerafl weight. Approaches were made with 50 degrees of {laps at 80
knots with the ADI attitude indicator offset about +9 degrees from the zero refcrence.
Difficulty was encountered, and increased pilol concentration wus yequired to hold
alrspeed within 5 knots and the flight director irdicator (¥YD1) glide path needle de-
flactions within 5 dogrees. A C/H rating of 7 was assigned to this condition hecause
of the pllot's tendoency to oscillate without tinding o trim point, even though it was
known that + 9 degrees would rosult in a fairly stable uirspeod of 80 knots. In additiot
to the redueed pitch damping of the unaugmented control mode, the lack of an attitude
reforence mark at the *9 degreo attitude contributed to the tendency te ogcillate, The
noxt rap was accomplished undor the same conditions exeept that the 0-degres
referonce point on the ADL wus usod a8 the 80~knot trim aftitude, This showoed o
rearked deermise in piol workload with considerabic improvement in acouracy
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allowing a C/H rating of 5. Knowing that the trim airspeed attitude was at the
0-degree ADI position rather than at + 9 degrees demonstrated the large benefit
that could be achieved by knowing and being able to set the trim attitude reference
to 0 degrees for the variable parameters of the aircraft. This allowed reasonable
control and capture of airspeed, with resultant reasonable control of flight path
angle by virtue of power control.

4,2.1,2 EBF Go-Around. The test data indicated that 60 to 70 feet of altitude loss
was as good as could be obtained. A pitch rate increase to 6 deg/sec from a nominal
comfortable 3 deg/sec produced no noticeable decrease in altitude loss although it
tended to pruduce considerable oscillation in trying to stabilize on the target pitch
attitude. The power- addition~only technique was not investigated in depth because
the power addition introduced a transient pitchdown rate sufficient to excite a longi-
tudinal dynamic mode with a period of about 15 seconds. Techniques 2 and 3 were
evaluated fully, with 3 becoming the desired technique. Technique 2 was continued,
however, as it produced data of a safety nature describing the flight results if the
flaps were delayed upon initiating a go~arcund condition. For Technique 3, the flap
rates investigated did not appear to be a factor in achieving recommended pro-
cedures and parameters. If Technique 2 'vas used, however, the flap rate value of
5 deg/sec produced the best characteristics, largely by minimizing airspeed losses.
For Technique 3, performance appeared insensitive to combinations of APPROACH
and AUTOSPEED modes. For Technique 2, it was desirable to keep the airspeed-
hold feature in operation untii reaching the final flap position to prevent excessive
airspeed logs. Airspeed losses were greater at the 60--degree initial flap setting
than at the 50-degree initial setting when the APPROACH and AUTOSPEED modes
were not used.

Remaining comments in this paragraph apply to Technique 3, since it became the
baseline technique, Flight path angle response was very sensitive to final flap
position; a 40-degree final flap setting was found to be the desired value, This
gensitivity increased and performance deteriorated beginning with a 60-degree initial
flap position and going to a 50-degree initial flap setting. Although lower final flap
settings (< 40 degrees) allowed a very rapid and desirous airspeed increase, it did so
by aliowing the flight path angle to sag and to have dangerous reversal characteristics.
Airspeed increase with the 40 ~degree final flap setting was better at & 55-degree
initial flap setting. There was thus a compromige between a desirable airspeed
increase characteristic and an undesirsble altitude loss. At the 50-degree initial
flap setting, airspeed increase was negligible with no noticable increase in flight

path angie or decrease in altitude loss as compared to other flup settings, although
the time below the 100-~foot decision height was slightly less (14 seconds) than {or the
55- and 60 degree initial flap settings (17 and 18 seconds, respectively). The
56~degree initial flap getting with the 40-degree final flap setting appeared to offer
the best overall characteristics. The 40-degree final flap setting was a satisfactory
configuration for continuing & GCA pattern for another approach. The aircraft could
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accelerate safely to climb or cruise speed by manually raising the flaps from

40 degrees to 0 degrees at an average rate of 1, 5 deg/sec to continue the climp while

accelerating in airspeed., An automatic function for retracting flaps beyond the

40 degree stop, which was judged satisfactory, was also investigated. This scheme
; would allow the flaps to retract all the way based on maintaining a designated mini-
mum positive flight path angle during retraction. Relief of pilot work load was the
primary advantage offered by this feature.

The go-around target attitude was investigated to examine the sensitivity to under-
shooting and overshooting the target attitude. The undershoot investigation of the
target attitude of 10 degrees by 5 degrees for the 60~ and 55~-degree initial flap
settings showed that about 100 feet of altitude would be lost. However, the aircraft
could accelerate approximately 20 knots by the time the aircraft had climbed backed
through its decision height of 100 feet {about 22 seconds), The general operational
tendency, however, would probably be an error in overshoot of target atfitude, Again,
the 60- and 55-degree initial flap seitings gave similar results for pitch overshoots,
which showed this to be a safe error. There was a desirable tendency for the air-
speed increase to be greater for the 55-degree initial flap setting,

Technique 2 simulated the effects of a delay in flap retracti.n upon initiating a go-
around. As found in Technique 3; this technique showed a nominal altitude loss of 60
to 70 feet. Using the 55-degree initial flap setting with Technique 2, the APPROACH
and AUTOSPEED modes proved valuable by minimizing airspeed losses and time
spent below the 100-foot decision height (3 knots loas and 24 seconds below 100 feet
as compared to 9 knots loss and 32 seconds below 100 foot without these modes). For
the 60-degree initial flap setting using the APPROACH and AUTOSPEED modes, the
values were similar to the 85-degree initial flap setting without the APPROACH and
AUTOSPEED modes, Again, the 55-degree initial flap setting appeared to offer
safety for this type of potential pilot error,

The recommendation is to use Technique 8 with an ivitial flap cetting of 55 degrees,
going to 40 degrees at a flap rate of 5 deg/sec during the go-around procedure, A
pitch attitude change of 10 degrees should be accomplished, The C/H rating for the
go-around was a satisfactory 3.

4,2.1,3 EBF Flare/Touchdown. Data generally indicated that the minimum air

distance obtainable within the desired touchdown sink rate was 350 to 375 feet.

Analytic  caloulations showed that a total stopping distance of 1800 fest is required

for worst-case weight and og locations, This distance inoludes 400 foot of air distancs,
leaving 1400 feet as the total ground distance, If total runway plus overrun distance

is 2000 feet, air distances up to 800 could thooretically be used but air distance

should be¢ minimized for any recommended tochnique or configuration.
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Pitch rate variations were evaluated from 2 to 7 deg/sec, The slower pitch rates
had very litile effect on air distance covered or touchdown sink rate as long as the
pitch attitude change was at least 5 degrees immediately before touchdown, The
faster pitch rates could be used at the lower flare heights (60 feet), although this
was considered a maximum-effort fechnique for which timing was critical. For as
little ag = 10 feet about a 60-foot flare height, the aircraft would suffer a hard land-
ing or balloon at these initial altitudes, With the higher pitch rates, there was also
a marked tendency to overshoot the target attifude and to begin pitch oscillations.

There were only slight differences in landing performance when APPROACH and
AUTOSPEED modes were active, This was because the interconnections compensate
each other when pitching to flare; i.e., the flaps are raised 10 degrees automatically
to minimize speed loss but the power is increased about 10 percent to compensate
for lift reduction due to the flap action. Although these modes are primarily for the
approach subcategory, they have little effect on landing performance, Results
indicate there is no requirement to turn them off for the flare and touchdown sub-
category if they are being used iz the approach phase, This differs from the con-
clusion drawn in the go-around phase where it is recommended to turn these modes
off for optimum go-around results, Runs with flap settings of 55 and 60 degrees
showed no discernible difference in landing performance. The effect on touchdown
sink rate by having the APPROACH and AUTOSPEED modes active depended on pitch
attitude change and flare initiation height. For a small attitude change starting at
the lower flare-initiation height, rate of sink at touchdown was slightly greater with
the modes active than without., However, when a higher pitch attitude change was
employed, the rate of sink at touchdown was somewhat less (by about 2 ft/sec) with
the modes active, There was no appreciable difference in air distance with ihe modes
active or inactive for runs employing similar teckniques,

An inecrease in either pitch attitude change greater than § degrees or in flare height
abave 70 feet tended to increase air distance with a decrease in touchdown sink rate,
This ranged from an air distance of 375 fest at an 11 ft/sec touchdown sink rate at

5 degrees of pitch attitude change and & 70--foct flare height to a severe ballooning
effect at 20 degrees of pitch attitude change and a 100-foot flare height., The minimum
sirk rate of 4.5 ft/89¢ ocourred at 15 degrees pitch attitudo change and an 80-foot
flare height., Increasing either the pitch attitude change to 20 dogrves or the flare
hoight to 80 feet caused the airoraft to balloon, which increased air distances about
125 fect and sink rate to a nominal value of 8 ft/sec. Using 10 degrees us u

referonce pitoh atiitude change for flare heights botween 70 feet and 90 feet showed
alr distances increasing from 350 to 25 feet, with respective touchdown sink rates of
1 and 6.5 ft/sec, This apponied to be the best pitch attitude change for variations

in flare Leight due t operational considerations to provide the best overall landing
pformance.  Oeraticnal tolerances such as piteh attitude change variations

bet veen 5 and 15 degrces still gave the desired landing performance.
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The optimum and recommended conditions are thus a 10-degree pitch attitude change
occurring at a flare height of 80 feet to give a nominal value of 400 feet air distance
and 8 ft/sec touchdown sink rate. This technique carries with it the recommendation
from the go-around and approach subcategory evaluations of an initial flap setting of )
55 degrees, Also, this technique and gonfiguration can be flown equally well with or

without the APPROACH and AUTOSPEED modes.

A slight power addition of 10 percent was used with this recommended technique and
configuration to reflect the ability of a power increase to overcome the probable
negative ground effects, This power addition reduced the touchdown sink rate to

3 ft/sec, demonstrating the adequacy of power to overcome these effects. The contral
system was considered adequate fo handle probable aircraft pitching moments
resulting from ground effects.

The recommended techniques and configurations with cperational variations considered
will safely warrant a C/H rating of 3, with pitch attitude changes greater than 15 degrees
dropping the C/H rating to 4.

4.2.1.4 EBF Transition. This discussion covers three types of transition: final,
initial, and total,

4,2,1,4,1 Final Transition, This evaluation included initiation at airspeeds from
125 to 80 knots, The faster flap rate of 5 deg/sec was regarded as infarior to the
lower flap rates because the pitch change required to maintain altitude is too rapid,
The 5 deg/sec flap rate also created annoying and sometimes objectionable pitch
reverseals, causing an added pilot workload, The slower flap rates gave the pilot
the impression of being in better control during the transition, The flap rate of
1,5 dog/sec was listed as unsatisfactory because it extended the transition time,
although it was an easy transition tc control, The 3 deg/sec flap rate produced the
best overail C/H ratings. C/H ratings of 4, 4, and 3 acoompanied the respeotive
flap rates of 5, 1,5, and 3 deg/sec at 116 knots. The remaining discussions of
final transition pertain to the 3 deg/sec flap rate.

Although finsl transition to the approach glide slope could be performed acneptably
from {nitial airspeeds of 80 to 125 knots, tho final transition for this study was
initiatod only botween 80 and 115 knota. In evaluating the final tyinsition at an initial
airaneed of 80 knots, there was a large and immadiate pitohdown requirement of
abowt 12 dogrees, with a power reduction requirement of nearly 17 percent from the
86 percont level required for trimined level flight, These actions required oritical
coordination and timing by the pilot and were conaidered objectionable, resulting in

a C/H rating of 5. The asscciated angle of attack at 80 knots wag also fairly high

(14 degrees), At an initiation speod of 125 knots, which also rated a C/H value of 6,
the aireralt gave an uncomfortable feeling of flying nose low with an angle of attack of
-1 degree, In addition, the transition caused both pitch and stick reversals (to prevent
initially climbing) and a suhaequent excessively ateep glide slope angle, The total
pitch change reversal was 10 dogrees,
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At initial airspeeds of 96 and 115 knots, the C/H rating was 3, indicating that this
range of initial airspeeds produced satisfactory resulte. The 90-knot initial airspeed
was satisfactory in that it produced positive and smooth results within about

12 seconds. A power reduction requirement of 7 percent and a pitch change require-
ment of 8 degrees with no reversals appeared comfortable and were easily controlled.
At 115 knots, the pitch change requirements were even smoother and more easily
followed, The pitch attifude vequired from the heginning of final transition to the
pitch attitude required at the end of the transition was only 1 degree, although a non-
objectionable intervening pitch reversal of 4 degrees was required, There was no
power change requirement throughout the transition with this condition, as the trim
power setting was the same from the beginning of the transition to that requirved on
the glide slope. This was felt to be a very desirable characteristic, The 115 knot
initial airspeed transition, however, required nearly 33 seconds to complete, This
would require about 400 feet of vertical glide slope information to be displayed by

the glide slope bar to key the start of final transition, At 125 knots initial airspeed,
this would require about 1200 feet of the same information due to both the increased
speed and the increased t{ime to complete the final transition.

The recommended technique, therefore, is to initiate final transition at airspeeds
between 90 and 115 knots, with a flap rate of 3 deg/sec. Flight director compu-
tations should include the additional vertical glide slope information required to
allow the transifion tc be initiated in a {imely fashion,

4,2,1,4,2 Initial Trangition. This evaluation included the range of initial airspeeds
from 170 to 140 knots. Initial transition proved to be a more troublesome task than
final transition, None of the flap rates investigated were given a satisfactory C/H
rating, A flap rate of 5 deg/sec at 155 knots was unacceptable with a C/H rating of

7. With the higher flap rates, large and rapid pitch changes with large pitch reversals
were required, Although this condition was controllable, pilot compensation was very
high; oven with the high compensation, altitude control was very posr, The 1,5 dog/sec
flap rate at 155 knots was not satiafactory, but was awarded an acceptable C/H rating
of 4. The nearly 50 seconds needed at this condition was not detrimental for initial
transition, but pilot workload was greater than required for an initial transition at

145 knots and 3 deg/sec, At the 155 kmot, 1.6 deg/sec flap rate condition, pitch
reversals were slight and easily componsated by the pflot, Using a 3 deg/sec flap

rate at 155 knots oreated a peak pilot demand that tended to be slightly higher than the
1.5 deg/sec flap rate. This condition rated a C/H value of 5. At 146 knots and

3 deg/soc flap rate, pitch reversals were not evident ulthough the total attitude

change of 15 degrees was an annoying churacteristic, as it was at 15¢ knots, The

145 knot, 3 deg/soc flap rate condition was rated 4, At 170 knots, tha 3 deg/gec fiap
rate was rated acceptable (C/H = 8) due to objectionable piteh reversal characteristics.
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The recommendation for initial transition is to initiate the transition between

145 (over-the-nose visibility restriction) and 155 knots at flap rates between 1,5 and
3 deg/sec. The airspeed envelope could probably be extended safely beyond 155 knots
by using a flap rate value of 1,5 deg/sec, although this was not investigated, Even at
flap rate values up to 3 deg/sec, it was felt that the airspeed envelope could be
extended safely up to 170 knc!s if a deterioration of precision flying and increased
pilot workload proved acceptable to the operational agency. Starting initial transition
below 140 knots was not desirable even assuming that visibility would be adequate,
because the 15-degree angle of attack cut into the gust margin of safety for stability
and control.

4.2,1.4,3 Total Transition, This transition, using an initial airspeed of 155 knots
and a 3 deg/sec flap rate, was acceptable but at a rating of 6, It presented an un~
satisfactory demand on pilot concentration and workload even though there was no
doubt about safety, and was not considered a precise method of intercepting the
glide path for the approach, Transition to a STOL configuration should therefore
be effected in ftwo separate steps, The intermediate flap position for the two-~step
transition technique should be 40 degrees for the EBF configuration.

4,2,2 INTERNALLY BLOWN FLAP (IBF) EVALUATION, Flight simulator evaluations
of the IBF configuration were conducted for two versions. Preliminary evaluatious
using a simple IBF version were unacceptable and gave way to a modified version in
which the non-diverted engine flow was vectored downward at the same angle as the
nominal flap sefting.

4,2,2,1 IBF Appreach, Evaluation of the simple IBF configuration produced some
unaccoptable characteristics, In general, at speeds of 70 to 100 knots for flap angles
of 60, 70, and 80 degrees, the aircraft flew much the same as clid the externally
blown flap confijjuration. Engine response, however, was unacceptable due to the
lurge time constant effosctive at the lower trim thrust levels. Initial attempts ai
acquiring and following a -7 degree flight path angle received a C/H rating of 4. The
engine response lagged sufficiently to cause a great deal of powsr lever overcontrol,
which at times nearly diverged into an out-of-contrc! condition. Practice and dis-
cipline at setting the power at the required power setting betweon 30 and 40 percont
and using small incremental changes interspersed by thme delsys produced C/H
ratings of 6 in this mechanical and controlled situation, Adding a drag dovice to bring
the required power setting up to a nominal 80-percent setting could conceivably pro-
duce satisfuctory rutings for these configurations. (The control difficultios discussed
bere resulted from the low trim power settings required for this configuration, At
these lower power sottings, the engino response to power change commands is quite
sluggish., The addition of drag brukes, which would increase trim power require-
ments, was evaluated in a non-real-time simulation of this configuration, It was
found thut, for the slow approach speeds desired, spoed brakes of the largest reason~
able size dia not generote sufficiont drag to increase the trim power setiings o &
range where englne vesponse wag significantly betier.)
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In addition, the flight path angle versus airspeed characteristics at the desired
STOL approach speeds produced a sharply deteriorated control condition upon loss
of airspeed at constant power settings. The aircraft handied and responded well for
airspec.s of 85, 50, and 95 knots at respective flap angles of 86, 70, and 60 degrees,
all of which produced angle-of-attack values of about 14 degrees., However, any
decrease in airspeed with constant power settings of as little as 2 knots led to stall
conditions with angle of attack exceeding 25 degrees. It appeared that as the airspeed
decreased, causing the angle of attack to exceed a nominal 16 degrees, a subsequent
increase in airspeed by as much as 5 knots did not halt the increasing angle of attack
before exceeding a 20-degree angle of attack., This was unacceptable from an
opcrational consideration of turbulence and workload at these STOL airspeeds,
Higher airspeeds must, therefore, be used with the IBF configuration to avoid this
adverse control situation. An AUTOSPEED mode should also be used. This mode
could be initiated automatically when configuring to a STOL approach, The higher
airspeeds, however, appear to defeat the primary advantage of the STOL concept.
This IBF configuration would have to be improved before suitable C/H ratings of
handling qualities couid be generated.

4.2.2.2 IBF/VT Approach. The simulated IBF aircraft using vectored thrust (VT)
handled and performed much like the EBF configuration, with great improvement
over the IBT not incorporating partial vectoring of thrust. (For the IBF/VT con-
figuration, the undiveried engine ifow was vectored downward at an angle pre-
portional to the nominal flap deflection; i.e., AUTOSPEED flap motions were not «
factor in the anglc of vectoring.) Onc major difference was noted, however: there
was a positive pitching momeni with an increasc in power that proved annoying
during precise flying, This pitch-up motion was a nominal 3 to 4 degrees with o
power increase of about 16 percent, A power reduction of the same amount, however,
produced only a 1- to 2-degrec pitch-down attitude, tending to cause slight power
overcontrolling. As the aircraft pitched due to a power addition to correct to the
glide slope, the horizontal needie on the ADI scemed to move indicating that a further
increase in power was required, This problem appeared to dimnish slightly through
experience, but it wus still noticeable throughout the evaluation at all flap positions.
The problem tended to become more aggravated at the lower flap settings, which
required lower power seitings to maintain 2 -7 degree flight path angle. Operating
at thest lower power settings involved lenger time constants for power response,
further contributing to the apparent power oscillations in correcting glide slope
errors. The APPROACH and AUTOSPEED modes contributed to more precise
flving and & reduction of pilot workload throughout the evaluation, especially at the
lower fiap angles {as compared to the EBYF configuration), ‘

The higher flap angies (up to 70 degrees) ailowed flying o6 slowar tirspeeds (down o
70 knots) af oir acceptobie ratimg. However, these lower airspecds witheut the
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APPROACH and AUTOSPEED modes caused airspeed dispersions up to 4 knots in
some cases, which were annoying and caused an increased pilot workload in providing
more precise control of airspeed. At 70 degrees of flaps and 80 knots, the aircraft
was acceptably controllable although the pitch attitude gave an uncomfortable im-
pression of flying nose~down throughout the approach, Angle of attack for this
condition was 3 cegrees, as compared to 7 degrees at 70 knots and 70 degrees of
flaps. At 60 degrees of flaps and 80 knets, the aircraft appeared more lightly
damped in the dutch roll mode at a +12-degree angie of a*tack than in the 70-degree
flap conditions. The 56 degrees of flap at 90 knots condition with a i5-degree angle
of attack appeared about the same as at 60 degrees of flaps. A compromise of 65
degrees of flaps at 80 knots produced the best overall C/H rating of 3.

Representative C/H ratings (with and without APPROACH and AUTOSPEED modes)
are shown below.

Flaps Airspeed

With Modes Without Modes

(deg) (knots)

50 80 4 5

50 90 4 4 1/2

60 80 31/2 4

70 70 4 5

70 75 4 4 1/2

70 80 4 4 1/2

65 80 3 31/2

The aircraft was also evaluated using conventional aircraft techniques, whereby
airspeed was controlled by power and glide path by pitch attitude, This technique

was unsatisfactory, resulting in a decrease in the C/H to 6 for 65 degrees of flaps
and 80 knots.

Engine-out conditions using 65 degrees of flaps and 80 knots during the approach were
considerably improved over the EBF configuration. Although sudden loss of an engine
produced very noticeable roll and yaw, it was controllable to the extent that a failure
at 800 feet AGL could be controlled and the approach could be continued to touchdown.
A bank angle of 8 degrees would balance the aircraft into steady straighi flight with

no rudder force required. The APPROACH and AUTOCPEED modes proved very

beneficial in controlling airspeed to negligible errors during and after the failure.
This condition warranted a C/H rating of 6,

Turbulence evaluation using the Convair Aercspace medified MIL SPEC turbulence
model indicated that controllability was not in question at 65 degrees of flaps and

80 knots. Extensive pilot compensation, however, was required for adequate per-
formance. The longitudinal gusts, although very noticeable on the airspeed indicator,
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seemed to null around 80 knots of airspeed. The vertical gusts caused the most

challenging problem in tracking the glide slope, The lateral gusts continually excited

the dutch roll mode, but was controllable throughout, A C/H value of 6 was assigned '
! with the APPROACH and AUTOSPEED modes connected, and a C/H value of 7 was K
5 assigned when the modes were not used, With the APPROACH mode on, angle-of- 5
attack changes would tend to automatically make the proper power correction to stay /
on the glide path, Coupled with manual attempts at correcting power for deviations
in glide path, there was a tendency to overcontrol with manual participation. By
setting a throttle lever angle that corresponded to the required normal t{rim power,
manual power adjustments could for the most part be neglected. Using this
technique tended to cause a reversion back to conventional aircraft techniz..es where~
by glide path corrections could be better controlled by small pitch changes and air-
speed was controlled by the AUTOSPEED function, This was not observed on flights :
without turbulence. ;

PUEEN bt Ty e n e

i Further work in this area is recommended, as the observations suggest one technique
; of control when turbulence is encountered and another when turbulence is not en-

: countered, leading to possible confusion in operational situations, The overall con-
dition recommended is 65 degrees of flaps and 80 knots for the approach subcategory
using the AUTOSPEED mode as desired,

4.2.2,3 IB¥/VT Go-Around, The IBF/VT configuration during the go-around sub-
category evaluation performed almost identically to the EBF configuration., Some
differences were noted, however. The chief problem lay in finding a flap angle to be
: used as a fioal flap angle after retraction from 65 degrees such that airspeed would
; increase during go-around reconfiguration, the flight path angle would not droop and
: change directions, and a minimum of altitude would be lost,

Acd5-degree final flap configuration proved the best compromise, Using the recom-
mended procedure of refracting flaps to 45 degrees at the same fime a positive pitch
attitude and throttle increase were initiated, the aircraft could readily climb back to
nearly +7 degrees flight path angle, Airspeed would increase nearly 8 knots and a
maximum of 60 feet of altitude would be logt, This occurred regardless of whether
the APPROACH and AUTOSPEED modes were used, Flap rates were investigated
from 8 deg/sce to t deg/sce. The slower flap rates detracted both from the desired
airspeed increase and the smooth and steady increase of flight path angle up to its
maximum value, The higher flap rates appeared to offer the more desirable
performance, Pitch attifude changes from 0 to 15 degrees offered a tradeoff between
time spent bolow 50 feet (which was longer at the lower pitch attitude changes) and a
desired increase in airspeod (which was higher at the lower pitch attitude changes).
A pitch attitude change of 10 degrves was recommended.

"The operational problem of delaying flap retraction until pitch attitude is obtained
was evaluated, This condition was not as flexible as that in the EBF evaluation,
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The IBF/VT aircraft was very sensitive, in that all flap rates produced a significant
loss in airspeed before airspeed began to increase as well as a reversal tendency of
the flight path angle. A 7 deg/sec flap rate minimized these conditions when the
APPROACH and AUTOSPEED modes were connected. The same evaluation without
these modes produced unacceptable results of a 10-knot loss in airspeed and a

reversal of flight path angle back to nearly level flight before the aircraft began
accelerating again, Since the 7 deg/sec flap rate again proved best, it is recommended
for all operations.

For the go-around, a reconfiguration to 45 degrees of flaps from the initial flap

setting of 65 degrees is recommended, A pitch attitude change of +10 degrees using

a flap rate of 7 deg/sec with APPROACH and AUTOSPEED modes connected is also
recommended, This was felt sufficient to warrant a C/H rating of 3 except for the
condition where APPROACH and AUTOSPEED modes are not available and the pos-
sibility of a late flap retraction could occur., This latter set of conditions rated a

C/H value of 7, indicating that system design should ensure against these occurrences.

4,2,2,4 IBF/VT Transition, Performing transition in the IBF/VT configuration
proved to be more difficult than in the EBF configuration. In general, the IBF/VT
configuration was more difficult fo control precisely, reversals appeared more
abrupt, and the change in technique from conventional aircraff control of attitude,
airspeed, and flight path angle {o the recommended STOL techniques was more
apparent and required greater mental concentration to effect the change of techniques.

4,2,2,4,1 Total Transition, Complete trangition from conventiona! flight to the

STOL configuration in a continuous manner was judged unacceptable, primarily
becauge of stick reversals (especially at 170 knots) and the difficulty in capturing

the -7 degree flight path angle at 80 knots, Flap rates greater than 1,5 deg/sec
greatly complicated control during the transition, Transition to the final STOL con-
figuration should definitely be conducted in two phases, Phase I includes the transition
to a 45~degree flap position, which i8 also the flap angle recommended for go-around,
The final configuration includes the fiap change from 45 to o5 degrees. Representative
C/H ratings for total transition are shown in the following list, In general, higher flap
rates resulted in poorer C/H ratings for the total transition maneuver.

Initial Airspoed Final Airspeod Flap Rate C/H
(knots) (knots) (deg/sec) Rating
140 80 1,5 6
170 80 1.6 8

4,2.2.4,2 Final Transition. In the second phase of a two-phase trangition, airspeeds

from 90 to 110 knots were considered the most acceptable initial spoeds for configur-

ing to a STOL mode at 80 knots on a -7 degroe flight path angle, Although the 80-knot
4-53
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initial speed point was considered acceptable, considerable pilot attention and tech-
nique were involved to prevent loss of airspeed. The airspeed range from 90 to 110
knots was not judged satisfactory because of the timing and precision of technique
involved between when to make power reductions and when to start pitch-down action
to intercept the glide slope and stabilize at 80 knots. At an initial airspeed of 110
knots, flight data appeared fo be approaching a limit at which the interactions and
reversals would become slightly confusing and for which control would resort more
to a mechanical flying task rather than a precise control task, Although this was not
readily apparent from the data, it was felf that at 120 knots the reversals in pitch,
although slight, plus the power and pifch reversals required, detracted from per-
formance and required extensive pilot compensation for acceptability, An evaluation
of flap rates higher than 5 deg/sec also gave generally unsatisfastory results. The
main objection was that trim change requirements occurred too fast for safe operation-
al control as compared to the flap rate of 1.5 deg/sec at the same airspeeds, Repre-
sentative C/H ratings for the final transition arve:

Initial Airspeed Final Airspeed Flap Rate C/H
(knots) (knots) (deg/sec) Rating
80 80 1.5 5
90 80 1.5 4
100 80 1.5 4
110 80 1.5 4-1/2
120 80 1.5 6
90 80 3 5
110 80 3 6

4,2,2,4,3 Initial Transition, This area proved the most {roublesome and resulted in
low C/H ratings, The most noticeable problem occurred during the final few degrees
of flap deflection, As mentioned in the introductory comment, the change from con-
ventional aircrafl control techniques to STOL techniques was wery apparent, with
highly objectionable pilot compensation required, This condition was about the same
for all airspeods evaluated at the 1,5 deg/seo flap rate, and increasing the flap rates
caused unascceptable C/H ratings, With all the pitch and stick reversals, it was
extremely difficult to maintain altitude during the early part of the maneuver, This
portion of the transition was rated marginally acceptable to unacceptable for use

in precise control during IFR conditions, Therefore, initial {ransition should be
conducted well before intercepting the final course to landing, such as on a dewn-
wind leg of a GCA or perhaps at an intermediate altitudo on a TACAN approach,
Representative C/H ratings ave:




Initial Airspeed Final Airspeed Flap Rate C/H
(knots) (knots) (deg/sec) Rating
140 100 1.5 6
155 100 1.5 6
170 - ' 100 1,5 6
140 100 5 7
170 1090 -3 7

The recommended procedure for transitioning to the STOL configuration is to con~
duct it in two phases. Initial transition should begin between 140 and 170 knots,
stabilizing between 90 and 110 knots, Flaps should be lowered from 0 to 45 degrees
at a flap rate of 1,5 deg/sec. Final transition should include the final flap lowering
from 45 to 65 degrees, also at 1,5 deg/sec, and should be initiated between 90 and
110 knots, stabilizing at 80 knots on the -7-degree glide slope. Guidance information
on the flight director needles should be available to give the proper lead for initiating
the final STOL configuration change so as to intercept and hold the glide slope.

4.2.3 VECTORED THRUST (VT) EVALUATION, Thist discussion covers approach,
transition, and go-around evaluations of the pure vectored-thrust configuration (nc

internally dlown f{laps).

4.2.3,1 VT Approach. In general, the simulated aircraft handled and performed
as well as the EBF configuration. Flying the approach at 85 knots proved to be
easier than at 80 knots, primarily in stability in trackix}g the glid«: path using STOL
techniques, Although the VT configuration generally handled better at 85 knots,
stability on the glide path deterioated as the flap angle was decreased below 70 degrees.
The configuration at 70 degrees of flaps at 85 knots was highly satisfactory and carned
a C/H rating of 2-1/2; the configuration at 70 degrecs of fiaps at 80 knots was also
judged satisfactory with a C/H rating of 3. The slightly poorer C/H rating for 80 knot
operation was the result of the lower trim power setting for that airspeed. Engine
response characteristics were more sluggish and an annoying increase in pilot power
lever activity was required ot the lower airspeed.

Airspeed control was good throughout, with only slight sensitivity to power changes.
The response of airspeed te pitch attitude changes was also acceptable. Typical
power changes produced slight airspeed changes, usually less than 2 knots, and
small pitch changes. With the APPROACH and AUTOSPEED modes engaged, this
was not a problem and the C/H ratings wilh these modes improved to a ‘sa.tisfactory
3 for these same configurations. During evaluation of this subcatcgc'ry, tests were
conducted using the pitch augmentation svstemn to determine the marging for piteb
muneuvers, At the 80-knot trim airspeel {for the rango of dap settings tosted, o
posifivé' pitch chunge of more than 2.5 t¢ 5 degrees wouwd resuli in an increasing
ang]c—of-—attac!g situation leadine to loss ¢f condrot, Starting with an 85-imot tran
airspeed, « H-degreec positive piteh change could he made and it was possible to
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restabilize the aircraft on its original -7 degree flight path angle. The ability to
achieve this restabilized flight deteriorated with decreasing flap angle. (These

pilot observations clearly relate to the non-linear gamma/velocity characteristics

of this configuration., The positive pitch attitude change, maintained by the pitch
augmentation system, reduces airspeed and the negative d¥/dV parameter increases
sharply at the 'knee" of the gamma/velocity curve, The region of this knee in

terras of airspeed is a function of flap deflection and power setting, Increased flap
angle and power setting drive the knee region toward lower airspeeds,) Although

the pitch maneuver criterion may be considered similar to apecifying an approach
speed in percent of stall speed, an important difference was observed. The rate-
command/attitude-hold pitch system has proved to be highly desirable for the terminal
flight phase, Using this system, the pilot tends to use the pitch attitude for both com-
mand and performance information, The airspeed indicator becomes more of an
instrument to cross-check for trend and precision airspeed changes. Thus, it is
probably more important to establish an attitude change margin than to establish an
airspeed margin,

The approach evaluation using the modified gust moedel without the APPROACH and
AUTOSPEED modes dropped the C/H rating to an unsatisfactory level, The primary
problem was in achieving and holding proper runway alignment, The aircraft was in
a continuous roll oscillation, Although the dutch roll was well damped, it was easily
excited, Once excited, the control inputs that were applied seemed to be out of
phase and extensive concentration was required, with periodic cross-controlling to
achieve runway alignment. It was difficult to determine whether this was the result
of a long time constant or the fact that the gusts continually excited the dutch roll.
With the APPROACH and AUTOSPEED modes, the C/H ratings dropped to an un~
acceptable value, There appeared to be little control of flight path available to the
pilot, who seemed to be out of phase and fighting the automatic power changes
resulting primarily from alpha changes using the APPROACH mode system, Becauso
the pilot appeared to be fighting the power loop, an attempt was made to let the
automatic feature work for itself, To do this, the pilot set a medium power level and
flew pitch corrections when needed to adjust to the flight path, This was also con-
gidered unacceptable,

The bare airframe with no augmantation was also evaluated, resulting in occasional
out-of-control conditions, This was evaluated without the gust model, The pilot
could only make very slight and cautious corrections, which almost always resulted
in a divergent condition, Large corrections nearly always resulted in rapid loss of
control,

Invostigation of the engine-out condition with the augmented airframe indicated that
the voctored thrust configurstion was well bebaved, Although both were acceptable,
the 85-knot conditions were considered slightly bettor than the 80-knot conditions,
Omly a slight roll and yaw ocourred when the engine was lost, These could quickly
be controlled, although there was some difficulty in achieving and holding balanced
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flight conditions. Balancing of side forces seemed to be very sensitive to bank angle,
causing difficulty in mainfaining precise control. With normal pilof training, the
operational aircraft suffering an engine loss above 800 feet could be safely confrolled
on the approach to arrive in a position for a safe landing,

i R S
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Representative C/H ratings for VT approach evaluations are:

Flap Setting Airspeed Technique Approach/Autospeed c/H fé
(deg) (knots) Mode On Rating
70 85 STOL No 2-1/2
60 85 STOL No 3-1/2 i
50 85 STOL No 3-1/2
70 80 STOL No 3 !
60 80 STOL No 3-1/2 '{
70 85 STOL/Gusts No 6
70 80 STOL/Gusts No 6 :
70 85 STOL/Gusts Both 8
70 85 Conv/Gusts Both 9
70 85 B, A/F* No 9-1/2
70 85 STOL/EO** No 5
70 80 STOL/EQ No 6

*  Bare ajrframe
** Engine out

The configuration recommended for further evaluation is 70 degrees of flaps at
85 knots, :

4,2,3.2 VI-Go-around, This subcategory compared very favorably to the EBF and
IBF/VT configurations. The go~around procedure was the same as for the other
configurations, and was considered straightforward, easily controlled, and repeat-
able, This overall suboategory was judged a C/H rating of 3, the sume a8 the other
configurations,

Unlike the IBF/VT configuration, however, go-around performance did not appear
sensitive to variations in the flap rates ovaluated as long as a 10 degreo or greater
pitch nttitude change cocurred. At less than this pliich attitude change, performance
detoriorated as the flap rate increased over 1,6 degrecs/second. A pitoh attitude
change of 15 degreos was congidered uncomnfortable and undesirable sinco 1 did

not im prove performance, When the flaps were raised to 40 dogreex at the sume
e go-avound was initiated, ther appeared to he littie difterence botween the

70 degroos of faps/S0-knul condition and the 70 degrees ot flap/8$5-knot condition.
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If raising the flaps was delayed until pitch attitude had changed 10 degrees, the
70 degrees of flaps/85-knot condition provided the better performance margins.

Go-arounds initiated upon sudden loss of a oritical engine could be easily and safely
handled. The 70 degrees of flaps/85-knot condition was fay superior to the 70 degrees
of flaps/80~knot condition, primarily in the amount of altitude lost in the recovery.
The 85-knot condition suffered only a 90-foot altitude loss as compared to a normal
60-foot loss for 2ll engines operating. Airspeed loss was very slight, with a sub-
sequent airspeed increase trend observed,

For the VT go-around, a reconfiguration to 40 degrees of flaps from 76 degrees at
a flap rate of 5 deg/sec is recommended, At an initial airspeed of 85 knots, a
positive 10-degree pitch attitude change should be accomplished using a nominal

3 deg/sec pitch rate, Flaps-up should be initiated upon go-around initiation,

4,2,3,3 VT Transition. The VT configuration was better balanced than the EBF or
IBF/VT configurations, Control was better throughout, over a wider range of flap
rates. As with the IBF/VT confiruration, there was a point in the transition that
required some concentration to shift from conventional to STOL techniques.

4,2,3.3.,1 Total Transition. Continuous transition from conventional flight to the
STOL configuration on the =7 degree flight path could be accomplished acceptably.
This was the only configuration examined that was rated acceptable for this type of
transition, This acceptability rapidly decreased, however, as flap rates increased
above 1.5 deg/sec or initial airspeed increased above 155 knots. It took nearly a full
minute to complete the total transition at 155 knots using 1.5 deg/sec. While this
was not considered unacceptable from an operational viewpoint, it does require
longer-lead glide path information for good intercept results, Having this long

time requirement minimizes the flexibility of the pilot to counter changing environ-
ment conditions by simply requiring a long period of concentration upon this task, It
is therefore recommended that transition be porformed in more than one step,
Representative C/H ratings for the total transitions evaluated are:

Initial Airspeed Final Afrspeed Flap Rate C/H
(knots) (knots) (deg/sec) Rating
155 85 1.6 4-1/2
165 85 3 )

4,2,3,3.2 Final Transition. This was a vory easy and likeable transition task,
There were practicaily no controi veversals, amd confusing control requirements
wore nonexistent. The acceptable airspeed rango for initiation of final transition at a
flap rate of 5 deg/sec was small as compared to lower flap rates, At 3 deg/seo, the
desirable initial airspeed range was from 90 to 120 knots, although it was almost
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satisfactory from 85 to 126 knots, Further decreasing the flap rate to 1.5 deg/sec
showed no beneficial effect. In fact, the slower flap rate tended to make the required
airspeed bleed rate almost too slow, especially at the higher initiation airspeeds.

At the 3 deg/sec flap rate, the overall transition was nearly optimum at the 105- to
115-knot initiation airspeed range. There was only a slight pitch attitude change
required throughout the final transition, with power serving as an excellent control

for flight path angle change from 0 degrees to tne -7 degree glide path. Representative
C/H ratings for final transition are:

Initial Airspeed Final Airspeed Flap Rate C/H
(knots) (knots) (deg/sec) Rating
85 85 5 5
95 85 5 3
125 g5 5 4-1/2
85 85 3 3-1/2
105 85 3 2-1/2
125 85 3 4
95 85 1.5 3
115 85 1.5 3-1/2

4,2,3,3.3 Initial Transition. Like the IBF/VT configuration, this was more
troublesome than the final transition task and was also very sensitive to flap rate.
Acceptable ratings over the airspeed test range from 140 to 170 knots oould only be
achieved at 1,5 deg/sec flap rate. A power reduction to combat the tendency of the
aireraft to balloon while the flaps were being lowered was effective, although it
tended to be objectionable, It was uncomfortable to have to manipulate the throttle
in the approximately 20 percent thrust range, The power response at these values
was very sluggish and added to the difficulty of the task, Pitch changes were
adequately controlled by considerable pilot concentration, with only a slight tendency
to exhibit reversals, At the 3 deg/sec flap 1.te, it took nearly idle power plus an
unacceptable amount of pilot compensation for pitch changes at the higher airspeeds,
Representative C/H ratings for initial transitions are:

Initial Airspeed Final Airspeed Flap Rate C/i
(knots) (knots) (deg/se0) Rating
140 105 1.5 +1/2
155 106 1.5 41/2
170 106 1.6 6
165 105 3 6

The recommuided procedure for transitioning to the STOL configuration is to cunducs
it in two phages, The initial transition should bo initiated botweon 140 and 170 knots,
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stabilizing between 90 and 120 knots., During this phase, the flaps should be lowered
from 0 to 40 degrees at 1.5 deg/sec. The second phase or final transition should
include the final flap lowering from 40 to 70 degrees at 3 deg/sec. This phase should
be initiated between $u and 120 knots, stabilizing at 85 knots on the -7 degree glide-
slope. Proper lead guidance should be available on the flight director ncedles to
direct timely initiation of the final transition tc intercept the glideslope.

4.2,4 EBF EVALUATION ON THE LARGE AMPLITUDE SIMULATOR (LAS). The
evaluation on the LAS consisted largely of moving-base evaluations, with some fixed-
base evaluations for comparison to the Convair Aerospace fixed-base results and to
examine differences between the LAS moving~base and fixed-base results. In
general, the results of the moving-base simulations verified earlier Convair

Aerospace fixed-base results,

4,2.4,1 EBT Approach on the LAS, There was very little difference between the

LAS moving-base and Convair Aerospace fixed-base results, Variations in pitch
attitude as a result of flap angle and airspeed combinations were better represented in
the LAS fixed-base and moving-base evaluations. This was manifested by a feeling of
an extreme and uncomfortable nose-high condition using 45 degrees of flaps to a slight
feeling of diving at the ground with 60 degrees of flaps. Pitch variations using con-
ventional approach techniques were occasionally large, requiring a moderate to intense
degree of compensation by the pilot using the moving-base, The C/H ratings were not

" significantly different from fixed-base work, although the reasons were more readily

identified using the moving base.

Applying the gust model made the STOL technique of flying the approach stand out very
clearly as the desirable technique ac compared to conventional technique. The C/H
ratings varied as much as 2, going from 6 for STOL techniques to 8 (unacceptable)
for conventional techniques using the same mode combinations, The APPROACH
mode by itself on runs without gusts appeared to make the task more difficult. When
used with the gust model, however, it appeared to be trying to damp out some of the
the glide slope variations. Without the gust model, the APPROACH mode seemed
to fight the pilot inputs, When the pilot applied power to climb to the glide slope,
for example, the system would apparently also look at the angle of attack (which
would be decreasing) and t1y to retard the power. The reason it appeared to help
with the gust model applied was because the system looked at the perturbations and
applied corrections that tend to limit the amplitude of the error. The system could
nermally perform these maneavers better than the pilot. In any case, undue
criticiam of the APPROACH mode and its function 1s unjustified at thas time.
Additional worl should be: avcomplished to refine this mode to datermine its full
capability. The nrimary reason for the low C/H ratings with the gust modei applicd
v the relatively poor glide path control, lunway alignment did not appear to cause
m~re than a moderate (acceptable) dogree of pilot compeniatton.
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Because of the dramatic effects when a critical outhboard engine was lost during an
approach, considerable attention was given this area, In general, the engine-out
evaluation concluded that an engine loss at 800 feet AGL using a 2-second delay

for recovery initiation and attempting to continue the approach to arrive at a
repeatable and controllable flare point produced overall unzcceptable results, The
C/H ratings varied {rom 7 at a 45-degree flap setting to 10 using 60 degrees of flaps,
regardless of the modes used. These evaluations were conducted by leaving the
flaps in their existing position.

By maising the flaps to 45 degrees or less and increasing the approach speed, the
C/H ratings perhaps could have increased to an acceptable value, although this was
not attempted. Beginning at 55 degrees of flaps, the power margin seemed to be
glight and was felt to be insufficient for safe repeatable performance. After aircraft
control was established following an engine loss, it was difficult to get back to the
runway in the altitude remaining. Holding runway alignment proved extremely
difficult, as bank angle variations of ag liftle as 2 or 3 degrees produced large side
forces,

Evaluations were also performed to determine when corrective controls should be
initiated. In addition to the two-second delay, a one-gsecond delay and a minimum
time delay condition were evaluated to examine the potential for an automatic system
that could be armed on the approach, If an engine loss occurred, this system would
put inputs into control surfaces to enhance recovery and minimize aireraft motion
excursions, A delay in corrective action of ane second or less was found to produce
acceptable C/H ratings for recovery of attitude control. The difference between the
minimum {ime delay and a one-second delay was slight. Although motion excursions
were obviously less for the minimmum time delay, the pilot tended to overcentrol on
the initial correction control inputs as compared to a delay of one second, This was
folt to be as a result of seeing and feeling the motion for at least one second, during
which good approximations of the amount of control and coordination needed could be
better judged. When delaying over one second, the C/H ratings suffered greatly.
Suffioient advantage for using some automatic system with arming capability to
enhance engine-out recovery is felt to varrant further design work in this area,

Engine-out investigations with a bare airframe using Loth a ono~-second delay and a
two-gecond delay received C/H ratings of 10, regardless of flap position. Thero was
simply not enough control authovity available to continue tho approach while cor-.
raoting back to the runway centerline for the lower flap positions. At the highor flap
position, thore was insufficient control authority to regain control of the aireraft.

The bare airframe investigation for normal approaches without the gust model or
engine-out conditions indicated that the basic airframe was woll behaved, with a
C/H rating of 4. Tho chief annoyance was that positive power applications produced

negative pitching moments, which tended to cause oscillations that continually
excited the tongitudinal dynamic modes (although they were satisfactorily controlled),
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Bare airframe evaluations of off-nominal ¢g and weight conditions (+ 10 percent) using
STOL techniques were considered acceptable. Considerable pilot compensation was
required, however, as a result of the negative pitching moments due to power
increases for the forward cg, heavier weight condition. The apparent stability
decrease at this condition was what might be expected in the aft cg, lighter weight
condition. The aft cg, lighter weight condition required less pilot compensation

and was more desirable, Evaluating the augmented aircraft with the same STOL
techniques produced the same ratings as normal cg and weight conditions to slightly
less desirable for the forward cg, heavier weight condition, Power available was
considered marginal using 60 degrees of flaps. Again, the negative pitching moment
due to power increases caused considerable difficulty in achieving adequate per-
formance. The net effect was to produce one continuous glidepath oscillation fed by
power changes and pitch changes. (The increased pilot work load for the unaugmented
aircraft with the forward cg, heavier weight conditidn wés due to a decrease in longi-
tudinal dynamic stability, Later analysis determined this to be the result of a simu-
lation trim discrepancy. The softwarc logic that adjusts the horizontal stabilizer

to trim the aircraft prior “o a run did not ensure against trimming on the back side

of the stabilizer's lift curve. For the forward cg, heavier weight condition, this did
occur and contributed a dectabilizing influence,)

Evaluation of the approach using 90-degree crosswinds up to 30 knots mean value
combined with the gust model produced some question as to whether the pilot could
consistently arrive at the flare point for touchdown. - Glidepath control was normal
for the conditions evaluated, but the principal difficulty was in achieving runway
alignment and timing the decrab mancuver for landing. If was difficult to determine
when runway lineup had heen achicved and to hold this alignment against varying wind
conditions as altitude was Jost. More critical, however, was the timing of the

decrab mancuver for loading., Although generally satisfactory, timing was considered
too sensitive for daily operational use. With the wind and gust model applied, an
automatic decrab systom or a system that does not require a decrab maneuver would
be required for operational use. TFlying these environmental models using con-
ventional techniques highlighted the undesirableness of these techniques, The pilot
was at the limit of concentration, such that any problem occurring during the appreach
with these environmental models would require a go-around to maintain aircraft control,
'The wind profile used for this work was relatively scevere, It was the mean wind pro-
file that would be cxecoedaed less than 5 percent of the time at Cape Kennedy and was
oxtrapelated for altitudes greater thar 500 feet AGlL.. For the 90-degrec crosswind
ased, the approximate crab angle for an approach at 80 knots would be 2¥ degrees

ut 1200 feci AGTL, reducing to 18 degrees at o nominal flare sltitude of 100 feet and te
16 doprecs immadiatcly prior to tnuchdown,)
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5 4,2,4,2 EBF Go-Around on the LAS, The evaluation of go~around performance on
& the LAS produced results nearly identical to the Convair Aerospace fized-base
results. The motions of the moving-base simulator added liftle if anything to pilot
assessment of the difficuity of performing the maneuver or of the merits of various
procedures, One exception to this generaul opinion was that when pitch attitude :
changes reached or exceeded 15 degrees, the motion cues stimulated a feeling of
undesirably large nose-up attitudes for the situation under evaluation, ‘
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The evaluations examined go-around performance and handling qualities with a critical
engine out, Although the go~around procedure called for an initial flap retraction to
40 degrees, this did not provide alequate performance in terms of 2»ility to gain
altitude or to prevent loss of airspeed. By using the siick frigger swi.ch to com-

> mand further flap retraction (i.e., by "milking" the flaps up graduaily in small

; increments from 40 to about 25 degrees), a significant increase in per{ormance

could be achieved. The automatic system evaluated on the Conva.r Ac: .8pace fixed-
base simulator, which commanded further flap retraction when flight path angle
exceeded a designated minimum positive value, would have greafly benofiited the
evaluation, In any case, there would be an altitude loss of about 300 fcat before

a positive climb oould be effected, In other words, the aircraft is committed to

land wi:»n it descends to 300 feet AGL., This is not desirable, because it i. al:nost
certain that the aircraft would uot touch down on the runway because of the side forces
developed during engine failure (two-gsecond delay) and while corrective control i3
being applied, Adequate control of the zircraft could be achieved (largely becase of
flap retraction), but the airoraft wou'd no longer be lined up with the runway.

The other go-around evaluations showed an insignificant differsnce from the norm
achieved in the Convair Aerospace fixed-base simulation work., The only significant
avea was with the forward cg, heavier weight condition, This condition exhibited

a very objectionable tendency to osoillate in pitch U the pitch rate exceeded the
normal 3 to 4 deg/sec by 2 or 3 deg/sec,

4.2.4.3 EBY Transition on thy LAS, Resulls of the LAS transition evaluation were
also similar to the Convair Acrospave fixed-base results, The techniques did not
vary significantly betweern the two simulators, although the LAS moving-base
produced cortain subtle offects that were not obseyved on the fixed-buse siimulstor,
These effects wore primarily in the pilot reaction to alrcraft attitude charges during
transition maneuvers, wwl were caused by motion and poripherul viston cues, The
cooxdination required to prevent climbing during the transition at the higher {lap
rates was perhaps better defined on the moving base, although the task siill
presented the same degree of diffioulty. Iniroduction of the gust model produced only
miror changes. With turbulence, it scems to take slightly longer to get established
on tho proper glide siope. In addition, the rate of climb indicator, while providing
a good sensitivity ratio for approaches, was deomed too sengitive for transitions
with the gust model, The standard sensitivity raeilo on preosent indicators would be




L N T

preferred for operational transition, The t:... “fon maneuver was evaluated undey
assumed operational conditions using a 90~ -~ .« heading offset and different initial
altitudes, The technique for transitioning t: -~ .itermediate flap position and air-
speed was found to vary somewhat ovcr the range of initial airspeeds examined,
This variation in technique with different initial airspeeds is undesirable. The
situation was improved somewhat by using flap rates of 3 deg/=ec or less,

4.3 MOVING BASE VERSUS FIXED BASE EVALUATION

Evaluation . e STOL transport EBF configuration between fixed-base simulation

and moving-base simulation produced many effects and subtleties that are difficult

to describe and nearly impossible to quantify. The oft-stated opinion that "moving
bage simulation produces better engineoring results the more the flight task changes
from steady straight flight to maneuvering flight" should be reemphasized as im-
portant, The betler the simulation, whether fixed base or moving base, the better
will be the qualiiative results, and quantification of results will be enhanced as well,
If not well mocielled and executed, the moving-base simulation could cause evaluations
to be less accurate than those obtained on a good fixed-base simulation, For axample,
while evaluating the ERF configuration on the moving-base simulator, a confusing
effect was observed during steady level flight before beginning the transition to STOL
approach conditions, After several runs, it was discovered that the simulator

cockpit was experiencing a slight pitch-up rate with no associated indication on the
cockpit instrements or data recording faciiity. This was confusing because it im-
parted to the pilot that a pitch rate, a power increase, or a longitudin: 1 acceleration
was occurring. This was not cbserved in the fixed-base simulation, Once the pro-
blem was recognized, the effects were ignored and were not considered further in

the ovaluation, This was apparently an example of an {inaccurate drive equation and
was relatively simple to identify. If this type of drive equation error were buried

in some coupled mode of flight, it could concelvably influence qualitative as well as
quantitative results. It may be difficult to ferret out these non-realistic movements

in an engineering development program, and engineering judgement and perhape design
solutions could he adversely affected. Motion drive equations are not required for
fixed-base siraulation, and small inaceuracies in visually representad motion are less
likely to influence pilot evaluations because they ave somewhat difftcult to resalve,
Thig i8 not to say that engineering simulation should be fixed~bage hecause mechaniza~-
tion errors are better hidden. It doos point out, however, that moving-base stmulation
requires great care in the devolopment and execution of the constrained-motion drive
aquations because of the pilot's sensitivity to motion cues. In any case, sufficiont
software engineering should be conducted to minimize these degrading potentials

o within the bandwidth of exrors expocted in any simulaticn progrem,

In general, Cooper/Harper ratings on the same equipmont in tho same time poriod
were the saine to one point better for the LAS than for the fixxi-base simulation,
For the conditions evaluated, howusver, the rating difforences were never suficient
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to cause a jump across major decision points (such ds 3 to 4 or 6 to 7)., When
comparing the LAS fixed-base results with the Convair Aerospace fixed-base
simuiation results, the ratings at Convair Aerospace were scattered around the
LAS results, This scatter ran from one point better to two points worse on the
Coavair Asrospace fixec -hase facility, Part of this difference can be attributed to
additional trainiog provided by the additional evaluation work and part by the dif-
fereunce of the Lime pericd in which the evaluations were corducted,

One major factor, however, was felt to contribute significantly to the diffcrences,
During an evaluation on the LAS with fixed~base operation, the earth/sky contrast

oart of the video projection system failed leaving only the target runway and
surrounding terrain features. Fortunately the rur being evaluated was a reasonably
difficut task for which ¢xplicii memories remained from the evaluation on the

Convair Aerospace fixed-base simulator. Quite dramatically, the situation seemed

to focus back on these memories and the critique conducted during the prior evaluation.
From this and other experience, thore seem to be three definite levels of simulation
for pilot-in-the-loop evaluations where visual presentations are available,

The first of these is a fixed-base simulator that incorporates video projection of a
fixed target but is limited »~ ar included viewing angle of orly a few degrees. This
is only slightly better tha ~ideo presentation and is prcbably the least expensive
of the three simulation levels. This first ievel is quite useful for gross design
stuuies that require maneuvers primarily as :c::iated with closing on the fixed target
or performing longifudinal maneuvers with peiturbation studies of lateral or
directional motion. Even this usage is limited, because the visual effects are
stimulating only a portion of the visual sense of perception, The difficulty is that the
pilot must wait until the movement has built to a sufficient value that position effects
can be detecied visually and a correction can be made, if needed, The limitation
noted here is particularly bad for lateral motion. For non-maneuvering flight, the
lateral information delay created by the pilot's dependence on limited visual in-
formation led to a small-amplitude lateral-directional limit cycle, which ceased
when the pilot released the control stick., For some time, the pilot believed the
problem to ke caused by a poor turn coordinator; however, when IFR approaches
were simuiated, the lateral-directional oscillations were not present, A chief
criticism of this level of simulation for approach or landing is that the visual system
creates an effect of almost accelerating forward to the runway as the runway or
decision point is approached, The missing critical items are the rate cues provided
by lateral peripheral vision from the cockpit. It becomes difficulf to judge runway
alignment or the amount of control correction required to correct to the runway and
to provide for accurate timing of turn rollout initiation to bracket the runway center-
line,

? N The second level of simulation is achieved by providing wrap-around or wide-angle
horizen cues to a first-level simulation, Qualitatively, this provides nearly a
70 percent improvement over the first level of simulation, If cloud features move
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relative to the aircraft motion and horizon and if scattered terrain features with
vertical development are provided, meaningful improvement can again be realized

(to perhaps an 80 percent improvement over level one), Because of the many features
seen with various perspectives, this level of simulation achieves nearly optimum
advantage of the visual sense. The ability of sight to grasp a spectrum of events or
relative motion in reference to a wide-angle horizon and fo interpret it without pause
provides such realism to the pilot that he relies very little on his cther senses,

This is especially true for the lower frequency events occurring during roll maneuvers,
slightly less for pitch and yaw, and essentially not applicable for translation in any
direction, Interpretation capability during the EB¥ evaluation in the LAS moving-
base simulator (but without motion drives activated) was sufficient fo allow thorough
understanding of the control system and to provide engineering judgement with a
significant improvement in accuracy over the first level of simulation, Although the
rating differences between this level and the first level were inconsequential (perhaps
for the reasons mentioned earlier), the chief gain was that the evaluation pilot could
make more incisive judgements and comments, In other words, he may react to a
particular aircraft response nearly the same regardless of the simulation level, but
with the second level he can understand and.communicate more thoroughly just why

he likes or dislikes the aircraft response. The peripheral cues along with the
additional visual features is felt to be the reason for this,
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The third level of simulation provides for level two visua! presentations with the
addition of a moving-base capability. The larger the amplitude of movement capability,
of course, the closer the actual aircraft movement can be simulated, The amount of
movement that should be included is difficult to assess, but it must stimulate the
senses sufficiently to allow accurate representation of the initial movement effects.
Since a moving-base simulation must be constrained, the lack of motion after reaching
the limits may actually confuse the evaluation pilot. This occurred during engine-out
evaluations of the EBF configuration, causing the evaluation pilot to revert entirely

to the visual sense of perception and to consciously ignore the movement sersation
until back info steady straight flight. The initial effects of movemet probably

allowed an additional 20 {o 30 percent improvement over the second level of simulation,
and raised the evaluation pilot's confidence in providing qualitative ratings. Per-

haps the most important aspect of motion is that the pilot feels the initial aircraft
response to control inputs and is legs likely to overcontrol during simulated flight.
This overcontrol :1id exist to a noticeable degree during the second level of simu-
lation,

The importance of this realistic feel is borne out in an observation by the Chief Pilot
of American Air.ines while the test pilot on this study was evaluating the Boeing 747
moving-base simulator. He observed that typically, as in an actual aircraft, the
pilot can be seen to make control movements without seeing any visual movement,

In other worus, simulator movement allows the seuses to react before the need is
seen in the visual presentation. Although the observation was made in reference to
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moving-base simulators used in pilot training, it is equally valid for engineering
eimulators. Evaluations conducted on the moving-base simulator demonstrated
this phenomenon clearly; the effect of pilot sensitivity to physical motion was that-
the lateral-directional limit cycle was eliminated and lateral control was easier,
This raises a question as to accuracy of pilot work-load evaluations in fixed-base
versus moving-base simulators. Fine resolution of work-load effects is not usually
essential for development work normally performed on fixed-base simulators. For
a careful assessment of pilot work-load, however, the motion cues of the moving-

. base simulator may prove significant.

Probably the most important characteristic of the moving-base simulator is its ability
to impart short-term translational motion cues fo the pilot. Interpreting these
motions from visual presentations is very difficult and evidently includes an ef-
fective time lag while visual interpretation is being performed, By stimulating the
pilot's sense of feel, the moving-base simulator permits a better evaluation of

control devices that produce linear accelerations in the aircraft; e.g,, drag-increase
devices, power effects, side-force-generating devices, and direct 1ift devices.

These must be considered meaningful areas for evaluation — as important as any of the
attitude control devices, If these or similar devices are present on the aircraft to

be simuloted, an increase in capability of nearly 100 percent over the second level

of simulation is provided by moving-base simulation due to the difficulty in visual
perception of the effects of these devices. Additional benefit was achieved with the
moving-base simulation during evaluation of the EBF copfiguration., Better aircraft
control was achieved with positive damping of external disturbances during runs with
the turbulence model and where relatively large amplitude aircraft excursions

(10 degrees or greater) weve needed, With the motion being fed back to the pilot, the
terdency t- avercontrol was minimized with a subsequent improvement in the C/H
ratings.

As stated earlier, the EBF configuration was evaluated better with the third level of
simulation than v'ith the second level, although the difference was not suvfficient to
change the conclusic design, Other evaluation programs or different aircraft
could, of course, ju 2e need for the third level of simulation for the reasons
mentioned earlier, For example, an evaluation of a helicopter conducted with ax:
exceptionally good visual simulation coupled with a very limited moving-base
capability proved the need for even a verv limited amount of motion. While flving
a specific task on this simulator with the moving base active, the C/H rating was

at 5, When the moving-base portion was deactivated while retaining the full visual
presentation, the flight quickly went out of control and was rated at 10, While the
reason for the drastic change was not fully evaluated, there are evidently situations
in which at least a limited amount of moving base capability is required.
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SECTION 5
CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations resulted from the flight control tech~
nology studies,

1. Simulated flight operations for the internally blown flap (IBF) version were
totally unacceptable in the presence of even mild disturbances at low ap-
proach speeds desired for STOL operations, A modification was incor-
porated that vectured the non-diverted engine flow af the angle of the nominal
flap deflection., This proved quite acceptable and was the basis for all subse-
quent IBF/VT simulation activities.

2. Longitudinal low speed control analysis thowed all three (EBF, IBF/VT,
2nd MF/VT) configurations to have adequate control power but deficient
handling qualities, specifically in flight path stability, acceleration sensivity,
phugoid damping, and short period frequency. A stability augmentation
system (SAS) was synthesized so that the closed-leop handling qualities meet
the specifications of both MIL~F-8785 {(conventional aircraff) and MIL~F-83300
(V/STOL aircraft). The longitudinal SAS consists of a pitch loop to the elevator,
a throttle flight path loop (APPRCACH), an airspeed loop to the flaps (AUTO~
SPEED), and appropriafe cross coupling,

Lateral~-directional low speed control analysis showed all three configurations
to have adequate roll and yaw control power. Engine~out control characteristics
for the EBF configuration are marginal, Handling quality analysis shows
deficiencies for all three vehicles in dutch roll stability, spiral stability, and
roli-induced sideslin excursions. A lateral-directional SAS was synthesized

to meet both specifications,

Flight simulator results showed that all three configurations could be flown
without augmentation under nominal flight conditions with moderate to large
increace in pilot workload, The addition of the augmentation features im-
proved pilot ratings to acceptable or satisfactory levels for all three con-
figurations.

3. The AUTOSPEED function, provided by modulation of flap position in the STOL-
approach configuration, proved an efficient speed cortrol. Its use was not
considered important under ideal environmen. 1 conditions, but it was very
helpful and was rated essential in the presence of turbulence and/or wind
ghear.
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The APPROACH function, designed to decouple aircraft responses to stick
and throttle inputs, was considered helpful under turbulent conditions and .
of questionable value for smooth conditions, Optimization of the decoupling
effects will make this feature an asset for STOL operations under all
environmental conditions,

In regard to piloting techniques for STOL terminal area flight operations,
there is clearly a preference for the STOL mode of flight path control (i.e.,
power lever adjustments for flight path exrror corrections with relatively
constant pitch attitude maintained by a pitch-attitude-hold mode and airspeed
regulated by the AUTOSPEED function), Pilot workload is significantly
reduced with this concept. Mechanization of this control scheme requires
simpler decoupling provisions because the power level is inherently a better

- control of vertical velocity than forward velocity when the aircraft is in the

low-speed, STOL configuration,

For voluntary (four-engine) go-around, all three configurations required
some flap reduction from the full STOL~approach configuration to minimize
altitude loss aiter go~around initiation. For the baseline data used, the
minimum altitude loss was between 60 and 70 feet, This required a high
level of pilot activity, Conversely, an automatic feature that reduced the
flaps to the correct intermediate setting reduced the pilot activity require-
ment significantly.

Failure of the critical engine in a STOL~approach produced significant
variation among the three STOL configurations. For the EBF, it was con-
siderably more difficult to regain control of attitude, During recovery,
departure from the desired approach path was so great that a go-around on
three engines was often required. Altitude loss was greatest for the EBF
version and least for the MF/VT version, Cooper/Harper ratings assigned
to evaluations were poor when a two-second delay preceded recovery
attempts. An automatic system with an arming capability for STOL approach
is highly desirable to enhance engine-out recovery.

Transition from cruise to STOI=approach using constant flap deflection rates
proved to be a challenging pilot task, Considerable control activity by the
pilot was required during transition flight since no constant flap rate would
result in trimmed 1ift, drag, and pitching moment throughout the maneuver.
It is recommended that the transition be performed in two steps, with an
intermediate configuration and speed used to maneuver the glide path engage
point to alleviate these confrol difficulties, Again, this is a piloting task
problem that can be simplified by the use of automatic features to perform
or assist in the transition maneuver,

BT T .. e AT Ly PTATIORE y ¥i¥a  OL3 4 TR P D S ST AR
VLRGN ETT b o et et ) PRATAIRSCL. o LT AR




R R dop S o e A e Y S

QA G LA T i

BT SR T T DA S O M S B R I AT AT A A s RS, e R W, TR AT

REE DL s e S RSO

P

B T S T T W e D S R AR S R U

9. The mechanization trade study concluded that fly~-by-wire mechanization is
preferred over the more mechanical version, primarily because the more
mechanical version would require significant fly-by-wire features to achieve
the required augmentation and decoupling, The maximum mechanical
implementation is rated a close second choice.

10, The Cooper/Harper ratings assigned during flight simulator evaluations
- did not show any one of the STOL configuraiions to be significantly superior
to the others. For the subcategories of flight simulation, the ratings given
were quite comparable (except for the loss of a critical engine during STOL
approach), Because the IBF/VT and MF/VT configurations showed superior
engine-out characteristics over the EBF version, the aggregats of pilot ratings
for these configurations was probably somewhat better,

11, Pilot evaluations using the rate-command/attitude-hold pitch system showed a
tendency to use the pitch attitude indicator for both command and performance
information. It was suggested that for STOL flight operations it may be more
important to establish an attitude change margin for maneuvering limits than to
rely on the traditional speed margins.
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APPENDIX I
CONVAIR AEROSPACE TRIM-8TAB DIGITAL COMPUTER PROGRAM
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TRIM-STAB is a Fortran IV program that has evolved at Convair over many years,
The program interfaces with an AEROC subroutine, which is generated for the specific
class of vehicles being analyzed, Data is stored in the AERO subroutine so that for
specified inputs, total force and moment coefficients are computed, The TRIM-STAB
program (Figure I~1) can be used in a symmetrical three-degres-of-freedom mode
or with six degrees of freedom. A thrust subroutine gives gross thrust and Cy for
specified throttle, speed, and altitude. Linear interpolations between stored data
points are used. Data is stored as functions of ou?, two, or three variables, For
the EBF vehicle the nonlinear data of Reference 2-1 is stored as:

CL =f(oz, Cpg GF) }
CD =f(o, CH’ 6F) ( TAIL-OFF PARAMETERS
C = f (d » C“, (SF ) ’
€ =f(a , C“, GF)
! TAIL CONTRIBUTIONS
C =f (@, s O8)
LH H

In general, it is preferred to determine moments from stored force and CP data, but
stored moment data is used when more convenient or more available. Tail angle of
attack is computed from

= Gmet o + (6+ de/da )2

H t/V

thus accounting for 6 and & effects.,

The trimming procedure 18 based on an iterative linear simulataneous closure of three
or six degrees of freedom, A square matrix of accelerations due to inorements from
an assumed first guess in each of the trim variables Is generated. Four passes through
AERO are required to generate the matrix equation:

w/TH Wo v/ I ATH ~ 4
w/TH woa o w/s H Ad - W
4¢/TH Yo /oy Aby Ugg
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Figure I-1, TRIM-STAB Program Flow,
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This equation is inverted to solve for the three increments to form a second iteration,

Few problems have been encountared in trimming a variety of vehicles. A combination 3
of trimming very near the stall, extremely nonlinear data, and bad initial guesses can 3
force runs to be repeated, '

The STAB portion of the program is used after a {rim is established, The body axis
variables, includingu, w, W, §, de, 6y, 6y, and throttle, are perturked one at a
time. Dimensional derivatives are computed and printed out.

Matricos are formed and characteristic roots, as well ag zeros, for any selected
numerafors are calculated, For the longitudinal data both a 3 x 3 fourth~order matrix
and a 2 x 2 second-order short-period matrix ave formed. The polynomial constants
are used to calculate such parameters as dde/dV and dv/dV in the former case and

nz /o andée/g in the latter,

LY ATk A e e T @ S e

SRV )

Transients to steps can he calculated from residues, The residues can be used to
calculate such handling quality parameters as pogc/PaveG-

e M e

The program can also use the stored nonlinear data and by numerical integrations
generr'e rime histories for any specified initial condition or time history input,
such as engine failures.
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APPENDIX II

MODIFICATIONS TO MIL-~F-8785B TURBULENCE MODEL FOR
STAI SIMULATION TASKS

I. INTRODUCTION

The STOL 7Tactical Aircraft Investigation (STAI) studies require, as a part of the flight
simulation tasks, the use of a low-altitude, non-gaussian turbulence model for pilot eval-
uation of the candidate STOL configurations, Digital implementation of a Dryden spectral
form turbulence model using MIL-F-8785B rms values and scale lengths produced unreason-
ably severe turbulence simulation at and near ground levels, Modifications were made to the
MIL-F-8785B rmsa and scale length parameters to provide an acceptable turbulence model
for use in the STAl Simulation tasks. Details of the problem and the modifications made

to improve the model are presented in this report.

I. DESCRIPTION OF THE PROBLEM

A number of problems arose in the course of digitally implementing a non-gaussian turbulence
model for use in the simulation tasks of this program. Early attempts to activate turbulence
were completely unsuccessful, Mean values of gust components departed dramatically from
zero and rms values did not match expected values, These varly problems were traced to

the irregular integration intervale used in the real-time gimulation program and medification
to the software corrected these deficiencies. In seeking out the cause of these discrepancies,
the digitally-generated noise (both Gaussian and non-Gausgian noise generators were developed)
was analyzed and verified repeatedly. Yet when the Dryden form {iltoring specified in
MIL~-F~8785B was used the turbulence simulation became so severe at near-ground altitudes
as to make landing on the runway nearly impossible. With the correcthess of the nofge
generation already well confirmed, attention centered on the filter form. Plots of the
specified scale lengths for the three gust components were made. These plotg for L , L

and L\ are shown in figures 1, 2 and 3, respectively. They are idontified by the

nomtea reforence to MIL~F-87858. Clearly each of these scale lengths goes to zero at
ground level. Algo plotted were the rms values (o0, 0 y snd of the gust components,
These are shown in figures 4 and 5. The dramatic upsweep of o and ¢ results from the

v
way that the gust component scale lengths of the MlL~spec approach zero us the afreraft
approaches the ground.
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III. SOLUTION DESCRIPTION

One alternative, allowed by the MIL~spec, to avoid this problem is to fix the scale lengths
and rms values to their 500 feet-above-ground values thus providing a simulation of
relatively constant turbulence conditions. This seems to be a rather significant compromise
of the near-ground turbulence situation. Recent crosswind landing studies conducted at
Convair used a turbulence model developed from extensive low-altitude wind data compiled
by NASA. The turbulence effects of this study were considered to be quite typical and it

was therefore determinzd to adapt the MIL-F-8785B turbulence model to incorporate the
near-ground turbulence characteristics defined in NASA document TM X-64589. Linear
approximations of the low-altitude gust component scale lengths derived by Fichtl, et al

in TM X~-64589 were designed td coincide with the MIL-F-8785B values for a 1750 foot
altitude above ground level., These "Modified Schedules" can be seen in figures 1, 2 and 3
along with the NASA specified schedules. Note that the NASA schedules of scale length are
held constant at the 60 foot altitude values when at or below 60 feet above ground level. Rms
values of the gust components are defined the same as in the MIL~spec. For this simulation
the value of g specified in MIL-F-8785B was used, with the zero altitude value extrapolated
to be G.8 fps.w The modified values of g and «  are plotted on Figure 4. It can be noted
that these values are significantly higher than the NASA values of Figutz 4. This is due to
the desire of having the iow-altitude values coincide with the MIL~F-8785R spec. at 1750
feet above ground. Figure 6 is a plot of ¢2/L for all three schedules. Note that all three
turbulence models usc the relationship that -

2 2 2
OU = ?_'\: = 0'W'
L L
u

\' w

For an assumed typical approach speed of 80 knots (135 ft/sec) the corner frequencies
of the gust component filters change with altitude and are plotted in figures 7. 8 and 9.

IV. VALIDATION AND APPLICATION

Nonu-Gaussian and Gaussian noise sources were passed through the shaping filters whose
parameters were varied as already described o produce the gust components for the
simulation task. Generated noise distributions werc ploiied against calculated values
and found o matzh quite well, Turbulence spectra and outpui distribulions to Gaussian
noise were plotted and verified to be close t; exact solutions. Results of this validatisn
work arc revorted in GD/Convair internal Memo AD-71-62. "Turbulence Generator {o-
Flying Quatity Investigaten”. G. R, Friedman. The s~l-ction of scale factor: to be

Best Available Copy
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applied to the magnitude of the gust components was established through qualitative evalu-
ation using the fixed~basge simulator, The significant parameters for judgement were
visual observations of the visual scene and flight instruments. It was found that, when
the turbulence components were introduced at unity scale factor, turbulence responses

of the aircraft were unreasonably severe relative to actual flight experience. All gust
component scale factors were reduced to 0.5 and the w and v gust responses were still
considered too large. Scale factors which were eventually settled upon as acceptable
were 0.5, 0.3 and 0.3 for the u, v, and w gust componert 8, respectively.
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APPENDIX IIT

REPRESENTATIVE STAI SIMULATION DATA

The data runs in this appendix {(whick constitute about five percent of th- total data)
reflect material that is representative of the significant findings us . .or pilot rec-
ommendations, They show the effects of technique, envircnment, -onfiguration
parametrics, and the use of varying levels of simulation hardv «-¢. The datz does
not show many of the combinations and considerations eliminat. i early in the eval-
uations,

The evaluations progressed from simulations of the externally blown flap, } ternally
blown flap (with and without pariial vectoring of thrust), and vectored thrust config-
urations on the Convair Aerospace fixed-base simulator to fixed-base and moving-
base evaluations of the externally blown flap configuration on the large amplitude
simulator (LAS). The LAS fixed-base evaluation of the externally blown flap (EBYF)
configuration was used tc establish a data base for identical data runs accomplished
on the Convair Aerospace fixed-bagse simulator. These fixed-base runs were then
evaluated for those identical data runs to determins the significance of using a mevir -
base simulator for future evaluations. The data was generally the same regardlessz
of the type of simulation used, although the accompanying qualitative comments weie
usually more incisive for the LAS moving base where a significant amount of motion
was belng simulated. The similarity of LAS fixed-basc data runs and the moving~
base runs was shown only for a small representative gample. Data runs that were
primarily performance orientated (such as in the go-around subecategery) were not
shown for the LAS, as they were not sensitive to that type of simulation.

PR ‘"xéﬁ" M. o

{0 Yol b s o B A B b S e

Four sublategories of the terminal flight phase were fnvestigated: approach, flare/
3 touckiswn, go-arcund, asd transition. The approach subeatogory includod giide path
i}' following from the first correction to the proper glide path ang conterline from an
initial flight path anglo and heading paraliol to the desired paths. This continucd to
approadimately 100 foet above ground level (AGL) to arrive at a point from which a
subsequent maneuver to {lare and touchdown could be accompiisoed, The flare/louch+
down subcategory began vith the aircraft stabilized on the glidesiope and centeriine
in o pogition to initiate the flare. Mt continued through the flara until touchdown had
been achieved. This subcategory was evaluated only on the Convalr Aerospace fixed.
base simulator and is of questionable value because of the lack of ground ~offoct data
at the timo of the evaluntions. The go-around subcategory bogan with the aireraft
stabilizod on the glidestope and centertine. Go-uround was {nitiated at a sufficiont
height to preclude inadvertent ground contact and continued through to the point n
which the aircrafl was climbing back through the go-around initiation helght or i

was evidont that a successful go~arcund could not be aceomplished.,
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The transition subcategory began with the aircraft in conventional cruise flight with
the gear down and included all airspeed and flap changes necessary to arrive on the
glidepath in the landing approach configuration. The transition subcategory was
evaluated in three separate ways: total transition, initial transition, and final tran-
sition. Total transition included one continuous configuration and airspeed change
from cruise to approach flight. Because of the difficulty in precise flying through
this transition, it was decided to break the transition into two phases. Initial tran-
sition included the transition from cruise flight to an intermediate flap angle and
airspeed that was identical to those used in the go-around subcategory. An aircraft
so configured could conceivably be used for flying a GCA pattern or it could be con~
figured to these intermediate conditions on a base leg. Final transition included the
final airspesd and flap changes to the STOL configuration for intercepting and arriv-
ing on the proper glideslope for the landing approach.
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Where applicable, the Convair Aerospace fixed-base simulation data runs are ref-
erenced to the LAS data runs., These are cross-correlated in Table III-1 to show
which runs are identical by listing the run numbers for tlie two simulators on the
same line, with the page number directly following the appiicable simulator type
and mm nucher, :

The following abbreviations and definitions are used in this appendix.

,,
T P AR AR O TR Y ST TR O

& GF Flap position (degrees)

& GF Flap movement rate (deg/sec)

4

L i GF Initial flap position (degrees)

§ f GF Final flap position (degrees)

%{ A/ Airspeed (knots)

3 i A/S Initial airspeed (knots)

;; fA/S Final airspeed (knots)

“ A6 Plug pitch attitude change (degrees)

: 6 Pitch Rate
NOM ~ 4 deg/sec
SLOW ~ 2deg/sec
FAST ~ 7deg/sec
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MODES

TECH

COND

CrB
LAS

EBF
IBF/VT
VT

Control System Configuration

NO

A/S
APP
BOTH
B. A/F

Ncrmal: pitch attitude hold, turn coordinztion
plus pitch, lateral and directional damping

Autospeed button plus NO

Approach button plus NO

Autospeed and approach button plus NO

Bare airframe, with no augmentation or damping

Control Technique

CONV

STOL

Conventional aircraft control of airspeed aud flight
path angle (y by pitch, airspeed by power)

STOL aircraft control of airspeed and flight angle
(y by power, airspeed by pitch)

Conditions of Aireraft or External Source

30 KT

G
EO-2 SEC
UP 40

PITCH 40

FWD
ART

HVY

Variable 90-dsgree crosswind with mean value
of 30 knots

With gust model
With critical engine out - 2-second delay

Flaps raised to 40 degrees simultaneous with
go-around pitch mansuver

Flaps raised to 40 degrees after pitch maneuver
(AB) complete

Most forward cg location
Most aft cglocation
Lightest aircraft weight

Heaviest aircraft weight

Convair Aercspace Fixed-Base Simulation

Large Amplitude Simulation

M.B.
F.B.

Moving base
¥Fixed baso

Externally blown flap aircraft configuration

Internally blown flap with partial thrust vectoring configuration

Vectored thrust configuration
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LONG Longitudinal parameters

LAT Lateral directional parameters
FLARE HT  Flare initiation altitude (feet above touchdown)
C/H Cooper/Harper pilot rating

v Flight path angle (degroes)

v CONTROL STOL technique

BY POWER

vy CONTROL Coxnventional technique

BY PITCH

FULL AUG  Using AIRSPEED and APPROACH modes
CONTRO.

PITCH AUG No AIRSPEED and APPROACH modes
ONLY

DECISION Altitude at which go-around is initiated
HEJGHT

dSTIéK Pilot's control stick displacement
GELEV Elevator position

q Pitch rate

8 Pitch attitude

B Sideslip angle

r Yaw rate

ORUDDER Rudder position

¢ Bank angle

p Roll rate

b AILERON Atleron position

6SPOILF,R Spoiler position

6FLAP Flap position

AGI, Ahove ground level (feat)
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Table III-1. Run Cross-Correlation and Location

EXTERNALLY BLOWN FLAP (EBF)

Approach Subcategory
Convair Fixed Base (CFB)

CFB Page LAS Page ;
oF Airspeed Technique Modes Runs No. Runs _No._ !
60 80 STOL ' Both A IM-12 - ;
. e 80 Conv Both B II-13  A36 M.B. 1M-18 i
¥ 60 80 Conv No C 114  A24M.B. 1I-19 J
?; 45 80 STOL No D Im-15 A2 M.B. TI-20 ;

% 55 80 STOL No F  II-16 A8 M.B. mI-21
K{ 80 80 STOL No G 1I-17 A6 M.B. nr-23 ;
% ;
4 Large Amplitude Simulator (LAS) :
:; CFB Page LAS {
§ OF Air. seed Technique Modes Rune No. Runs ;
* 60 80 Conv Both B LI-13 A36 M. B, Ii-18 _;
i s0 80 Conv No C II-14  A24 M.B, T-19 g
}1 45 80 STOL No D  TU-15 A2 M.B. 1I-20
2 T X 80 STOL No F Ii-16 A8 M.B. ur-21
E 6o 80 STOL No G .17 A6 F.B. 11-22
60 80 STOL No G IH-17 A6 M.B. 1-23 3
T 80 STOL/G No Nore - A5 M. B. -24 :
:% 55 80 Conv/G Mo Nome - A54 M. B, 11-25 *
R 80 STOL/EO-2 sor No None - A69 (Long.) M. B, I-26 3
Lo 80 STOL/E0-2 sec No None - A9 MLat.y M.B. U-27 :
L 55 80 STCIL/EO-2 soc No Non - AT7 (Long.) M.B. [II-28 i
; 55 30 STOL/EO-2 goc No None - AT7 (Lat.) M.B. 11-29
60 80 STOL/EO-" 8u¢ No None - A81 (Long.) M.B. [I-30 f
Yo 80 STOL/EO-? soc No Neno - AR (Lat.) M.B.  1i-31 3

& 1 5 dv $ToL B. A/F None - AT ML 1132
» 34 80 8T0L/G . A/F Nong - avt (Long.) M.B. 11I-38 :
56 80 $TTL/G B. A/F Nono - ADT (Lat) M. B, (-3¢

3 35 80 STOL/EO-2 soc 8. w/F Noms - A95 (Long.) M. B. UI=35
‘ bo 80 8TCL/EN-Y zuu R, A/F Nope - A5 (Lat,) MUB, IE-36 :
L 58 80 STOL/30 kt No None - CWIMLE, i-37
55 80 STOL/30 kG Mo Nono = CW M. B, UI-38 '

k. 85 40 STOL/30 ke/6 B. A/F None - CW 6 M. B, 11139
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Table III-1. Run Crrss-Correlation and Location, Cont

Flare/Touchdown Subcategory
Convair Fixed Base (CFB)

Flare CFB Psge LAS
oF Technique Height J Rung No. Rung
55 Normal é 80 5 A 11-40 None
55 Normal § 80 15 ¢ M40  None
5E Normal 8 80 10 F  [0-45  None

55 Normal 6 70 10 D  Im.ait  Nove
: 55 Normal 8 80 10 B 1m-41  Nons
55 Normal § 90 10 E -4  None
55 Fast§ 80 10 1 I0-42  None
?’ 55 Slow é 80 10 J I-42 None
¥ 60 Normal 80 10 L  m-42  Nome
55 +10% Power, Normal § 80 10 G m-43 . None
55 110% Power, Normal 0 80 10 H  Im-43  Nome
55 Full Power 80 0 K m-43  Nors

Go~Around Subeategory
Convuir Fixed Base (CFB)

i CFB  DPage  LAS
i0F Alrgpeed 6F  Tecnoigue A8 8 Modes Rune No, Runs

s R s S G

55 80 5 Updo 10 Nom  Both ¥  M-44  None
g 55 30 5  Up4o 10 Fast  Both M I0-44  None
? 5% £0. & tp 40 & Nom Both L nI1-45 None
55 40 5 Up 40 15 Nom  Beth B -4  Nono
! 50 80 S Up 40 19  Nom Both D nI-46 None
g 5 40 80 ) Up 40 10  Nom Both G {II-48 None
\ i 56 20 5 Pitch 40 10 Nom  Both H  I-47  None
5% 80 b Pitoh 40 16 Nom  No J l-47  Nono

Large Amplitudo 8imulator (LAS)

] Technique/ . CFB Jage 1.AS Page
i8F  Alrspeed  OF Conditios a¢ 8 Modoy Rung No, Runs No,
55 8¢ 5 Up 40/EO~ 1¢  Nom No Nong - G35 M.B. Ii1-48
3 2 sou
b
E 11-6
5‘{\.
F 0 ay P A A o Ry 3 ZI RPN n"é-‘;—“T'/’:'{1§'5“‘I(-7.§i:'»;qp‘ [




> s ST TR Y R Y
S T T I S T R RO I R T M AR D R R

FEYSYIT P TIRLN T

Table II-1. Run Crogs-Correlation and Location, Cont

Transgition Subcategory

i Alrspeed f Airspeed
140 115
"6 115
170 115
18F 115
185 115
80 80
%0 80
115 80
n 125 80
o
b %0 80
% 115 80
% 115 80
§ 115 80
%
T§: 1 _Alrspeed f Airapeed
g 140 113
& 140 115
%% 185 1i5
%’ii 170 115
w
o lab 115
188 11
80 80
Ez % 80
] 115 80
: 126 "
1 20 80
.;§ i. 116 80
1o w0
. 155 80
.,':: 3
3

IS
3 T R X T 5]

1.5

[ N < B - B 7 - )

(2

Convair Fixed Base (CFB)

]

o

F

S o o o o ‘

40
40
40
40
49
40
40

£6F
40
40

Large Amplitude Simulator (LAS)

muuuw{’ﬂ

—
13

l-.
[ < (=] o
= < < "y

o> - - > da T
(=T - T~ - -] o o Al

15F
40
40
40
40
40
40

CFB Page LAS Page
Runs No. Runs No,
A 1-49 IT2M.B. 1I-58
B Hi--49 IT6 M.B. JII-69
C I-5¢ iTi0 M.B, OI-60
D HI-50 ITTM.B., II-61
E I[I‘-Sl‘ IT5s M.B, MI-62
¥ m-52 FT2 M.B. 1-83
G I-52 FT6 M.B. 10-64
H 1-53 FT10 M. B. III-65
I ni-53 FT14 M.B. I1-66
J Im-54 FT7M.B. II-67
K a1-54 FT11 M. B, II-68
L M-55 FT9 M.B. II-69
M m-56 TT5 M.B. U170
CFB Puge LAS
l.ung No. Rung
A K1-45 T2 ¥.B, MM-57
A m-49 T2 M. B, IM-58
B 11-49 IT6 M, R, UI-59
C HI-50 iTiI0 M. B, [I-60
D m-60 ITTM.B., IlI-61
E 11-51 s M.B, [I1-¢2
¥ ar-52 FT2 M. B, I0-43
G fli-§2 FT6 M.B. [H-54
H [11-63 FT10 M, B, IU-65
I 11-83 FT14 M. B. HI-06
d -64 FIrT M. 8. =47
K Ul«54 FT11 M. B. [U-¢8
L .65 FTo M.B. II-69
M RI-56 TT6 M.B. Ul-70
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‘T'able ilI-1,

INTERNALLY BLOWN FLAPS WITH PARTIAL VECTORING (IBF/VT)

Run Cross-Correlation and Locatior,, Cont

Approach Subcategory
Convair Fixed Base (CFB)

CFB Page LAS
OF Alrspeed Technique Modes Runs No. Runs
60 80 »TOL No B mi~72 None
85 80 3TOL No C 11-73 None
70 75 STOL No D ai-74 None
65 80 8TOL Both F m-75 None
65 80 Conv Both H -76 None
65 80 STOL/EO-2 gec Both 1 m-717 None
60 80 STOL/G No J o-78 None
60 80 STOL/G Both K m-79 None

Go-Around Subcategory
Convair Fixed Base (CFB)

CFB Pageo LAS
16F Alrvspeed  OF Technique A3 8 Modes Rung No. Rung
65 80 5 Up 45 5 Nom No K I11-80 None
85 80 5 Up 45 15 Nom No Y -8 None
65 80 5 Up 456 1¢  Non: No D 111-81 None
85 80 K Un 45 10 Nom No H 1-81 None
65 80 5 Up 45 10 Fast No F 111-82 Nons
65 80 3 Pitch 45 10 Nom Both M 1182 Nonhe
65 80 5 Pitch 48 10 Nom Both N aI1-83 None
65 890 7 Pitch 45 {0 Nom Both ¢ 1-83 None
65 80 5 Pitch 45 10 Nom No P -84 Nong
45 30 5 Up 45/E0- 10 Nom Both Q 11-84 Norw

2 sa¢
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Table IlI-1. Run Cross-Correlation and Location, Cont
VECTORED THRUST (VT)

Transition Subcategory
Convair Fixed Base (CFB)
CFB Page LAS

1 Airspeed f Airspeed oF i6F f&F Runs No. Runs
155 100 1.5 0 45 B -85  None
170 100 i 0 45 C M-~ ' .ne
i 170 100 3 0 45 E [I-e7  wone
i 80 80 1.5 45 65 A - . No
‘, 100 80 1.5 45 65 C 9 None |
| !
; 120 80 1.5 45 65 E m-90  None ;
H i
! 110 80 3 45 65 € m-o1  None |
! 170 80 1.5 0 65 B m-92  Noge
Approach Subcategory
!
} Convair Fixed Base (CFB)
; CFB  Page  LAS :
! oF Airspeed Technique Modes iuns No Runs :
10 85 STOL No A 0I-94  None ‘
; ]
| 70 80 STOL No D  IU-95  None ]
; 70 85 STOL/G No F M-96  None
70 85 Conv/G Both H  I-97  None .
76 85 STOL/G Both I M-98  None §
i
70 25 B. A/F¥ No J I1i-59 None
70 85 STOL/EC-2 sec No K U-100  None
Go-Around Subcatagory
Convair Fixed Bage (CFB) f
; . . C¥Fy Pageo LAS
) - . R !
g i0F  Adrspred  6F Fochnique A8 8§ Modes Runs No. Runs }
] 70 85 4 Up 40 5% Nom No o} 10-101  None 2
{ ;
70 85 5 Updo 16 Nom  No E IM-101  None i
: 70 85 5 Up 40 10 Nom No F u-102  ilons ;
% 70 85 T Updo 16 Nom  Ne H fti-102  None 3
B
x 70 85 5  Pitehq0 10 Nom  Both K m-103  Nono ‘
10 85 7 Puch40 10 Nom  Both L w108 Nowe
e 70 85 5 Up 40/E0- 10 Nom  Hoth M 1-104 Nowe i
3 2 gec by
gt 70 80 5 Up40/EO- 10 Nam  Beth N [:-104 Now 3
i 2 gor 3
o §
3
'__‘ le“g .‘f,-
1A 4

s ehal 37 ST SO A Sy 6aT oy
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Table I-1. Run Cross-Correlation and Location, Cont

i

Iz

Transition Subcategory
i Airspeed f Airspeed
155 106
155 105
115 85
85 85
’6 85
105 85
95 85
155 85

[

[
1 L3 LWt W

(=)

-

[y

ccl°’

40
40
40
40
40

F

Convair Fixed Base (CFB)

£or

40
40
70
70
70
70
70
70

Page LAS

No, Runs
M-~-105 None
ni-106  None
I1-107 None
A II-108  Nome
D I0-103  None
E mi-110  None
m-111  None
A II-112 None
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APPENDIX IV

EVALUATION CRITERIA AND QUESTIONNAIRE FOR
STOL TACTICAL AIRCRAFT INVESTIGATION (STAI)

This questionnaire is designed to extract information from the evaluation pilot during
and after the simulation evaluation, It is intended to provoke thoughts for discussion
as well as providing rationale and criteria that can aid in arriving at a Cooper/Harper
(C/H) pilot rating, It iz not an all inclusive probe of the flying qualities of the simu-
lated aircraft, but it feit that the questionnaire can serve as an aid in evaluaiing
handling qualities, aerodynamic coefficients, design synthesis, and desired techniques
for flying the aircraft in an operational manner, The questionnaire is intended to
provide a descriptive answer more than merely yes or no,

The questionnaire is broken down info three subcategories of the terminal flight phase:
transition to the STOL configuration; approach; go~around. Transition is further
broken down into a one-configuration change, a two-configuration change, and a general
transition questionnaire.
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APPROACH
1, Is airspeed better controlled by pitch or by power ?
2. Is flight path angle better controlled by pitch or by power?
32, Which of these techniques for flight path control and airspeed %li

fo]

control appear better suvited for flying STOL approaches?

Tt

4, Are there objectionable features of flight path control by one of
these techniques which affect performance and control of 3
3:'
airspeed?
5. If so, what are they? :
6. Are there objectionable featurer of airspeed control by one of f
these technigues which affect performance and control of flight i
path angle ? 3
i
7. If so, what are they?
] 8. Can airspeed and glide path corrections be accomplished in a
' ’ natural precise manner by the desired technique? :
_ 9. Is power response satisfactory? ‘
10. - Is therc an objectionable tendency to suffer power oscillations
; while trying to stabilize on the glide path?
; 11, Do power changnes create objectionable airspeed changes?
i
12, Is pitch attitude vasily maintained?
v-2
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13, Do power changes create objectionable pitch changes?

14, Do pitch changes create objectionable airspeed or angle o2
attack changes?

15, ‘Is Lat-Dir control easily maintained?

16. Are there any objectionable Lat-Dir modes?

17. Do the Lat-Dir time constants appear satisfactory?

18. Does the addition of turbulence create any objectionable

characteristics ?
19, If so, what are they?

20. Is adequate control of all flight modes available during

turbulent conditions ?

21, Could landings be safely and repeatably performed from the approach

during turbulence using a 60-feet by 2000 feet runway?

22, Is vislbility adequate during the approach?

23, Tr there uncomfortable foeling of flying noge low during the
approach?

24, Does an engine out situation ovccuring on the approach create a
need for an objectionablie amount of pilot compensation for

control?

Iv-3

£ G N T8E )
N - TARRY, = % 2 X O P P R M i o oyt g TN
Balatan N PPN SO N A I pty g (SR TR \

) mmmw&m&&m&\%%Muwmmwmmmwﬂs«?-m;mk&mmr;@ww,ﬁwmmwmmgymmmwwm- .

R A i AC L B e R A e

2y :
b

’

)

T e TN L SR Lt St I R s R




R AP T ST A LA

25,

26,

27.

28.

29.

30,

31

32,

33,

34,

35,
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Can an approach be safely continued to landing assuming an

engine out occurs during the approach?

Must an approach be abandoned on the occurrence of an engine

out for safety of flight purposes?

Is there a point in' the approach at which neither a continued
approach to touchdown nor a go-around can be successfully

accomplished upon loss of an engine ?
If so, where is that point?

Are there any objectionable control techniques required for an

engine out approach?
Is the pitch trimming system satisfactory for normal approaches?

Does the augmentation system contribute significantly to control

of flight path angle, turn coordination, Lat-Dir modes, Longitudinal
modes ?

1f 50, which ones?

What contribution does the Autospecd mode provide during the

approach without turbulence?

What contr ibution does theAutospeed mode provide during approach

with turbulence?

Wh=t contribution does the Approach mode provide during the

approach without turbulence ?
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What contribution does the Approach m.ode provide du:ing
the approach with turbulence ?

Does the combined usage of Approach & Autospeed modes imnprove
aircraft control significantly without turbulence ?

Does the combined usage of Approach & Autospeed modes improve

aircraft control significantly with turbulence ?

Does the flight technique change when using either or both of the

modes as compared to without these modes?

ORI

Does the presence of turbulence while using these modes indicate

a change in required technique as compared to flying without

turbulence ? ;
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GO-AROUND

Can a go-around be successfully accomplished without

a flap change?

Can a go-around be successfully accomplished by raising the

flaps all the way up in one step?
Is this dependent upon the flap rate?

If an intermediate flap selection is used for a successful

go-around, can the flap change be accomplished in a safe

repeatable fashion?

Is this intermediate flap position suitable for flying a subsequent

GCA or missed approach pattern?

Should the flaps be raised on initiation of the go-around or

should the retraction be delayed until after the pitch change

if any is accomplished?

If the recommendation is for the flaps to be raised upon go-around

initiation, is it safe if a delay occurs in flap retraction to the

intermediate position?

Is the aircraft performance for a potential delay in flap retraction
sénsitive to such things as flap position, flap rate, pitch attitude

change, or pitch rate?

1f so, which ones?
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10,

11,

12,

13,

14,

15,

16,

17.

18,

R AR IR e

If the flaps are retracted simultanecus with go-around initiation, is
the aircraft performance sensitive to such things as flap position,
flap rate, pitch attitude change, or pitch rate?

If so, which ones?

Assuming the go-around is initiated at a 100 foot Decision
Height (DH), can the go-around be safely and repeatably be

performed in less than 100 feet?

Is successful accomplishment of the go~-around within 100 feet
of altitude loss objectionably dependent upon special techniques
or sensitive to variations in technique, pitch rates, pitch attitude

changes, or control schemes?

if 80, which cnes?

Is there any tendency for the airspeed to droop during the go-around?

Does the airspeed appear able to either accelerate or at least

hold to the approach value?

Does the angle of attack approach any value which makes control

a questionable arca?

Is the airspeed performance objectionably sensitive to flap position,
flap rates, pitch rates, pitch attitude changes, techniques, or control

schemes?
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19. If so, which ones?

i

20, 1s the pitch attitude change easily obtained and held?

21, Is there a tendency for the flight path angle to droop or
take an unacceptably long time to establish a climb during :
the go-around? !

22, If so, which one?

23, Is a desired steady increase in flight path angle to an acceptable
climb value objectionably sensitive to pitch attitude, pitch rate,

flap rate, technique, or control scheme?

24. If so, which ones¢®
i
25, Can Lat-Dir control be easily maintained during go-around?
:
26, Is the attitude necessary for a successful go-around comfortable

from a crew/passenger viewpoint?

27. Is visibility at this attitude satisfactory?
f 28. Does the Autospeed mode enhance or degrade the go-around
q operation ?
: 29. Does the Approach mode enhance or degrade the go-around
operation?

g V-8




30,

Do the pilot initiated automatic flap retraction features provide
for safe single pilot operation?

31, Are they required?
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5.

INITIAL TRANSITION

'8 it difficult t- maintain constant altitude during the transition ?

Are special techniques required ?

Is pitch or ig power the primary means of altitude control ?

Does the primary means of altitude contrdl change during
the transition? i

f yes, is this objectionable or confusing or is it satisfactory? i
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FINAL TRANSITION
1, Is there any tendency to oscillate with power in achieving
trim oconditions on the glide path ?
2. Is power response generally satisfactory ?
3. Is piich control easily maintained during the transition?
4, Is altitude loss easily controlled when intercepting the
glide path during the transition?
8. Does the aircraft tend to balloon during the transition?
6. X so, is it objectionable or is it satisfactory ?
7. Does It take an excessive time to acquire the glide path
during the transition ?
Iv-11
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TOTAL TRANSITION

1. Can the transition to the final STOL configuration from
conventfonal flight be safely conducted in one step ?

2, Ig it practical and operationally sound to transition in one
step at low pattern altitudes?

3. Does the altitude tend to balloon or droop without adverse

control compensation ?

ot s 2

4, Does the control technique change during the transition in an

objectionable or confusing manner ?
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2.

10.

11.

12.
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TRANSITION GENERAL

Loes airspeed bleed off if necessary in a controllable manner ?

Can airspead be accurately controlled or held to any interim value
or finral target airspeed ?

What are these probiems if any?
Are they objectionable or are they satisfactory ?

Can airspeed be stopped at the desired value without confusing
techniques?

Are there any pitch stick reversals?

Are they objectionable or are they satisfactory?

If objectionable, is this because of magnitude, rapidity, or both?
Are there any power change reversals ?

Are they objectionable or are they satisfactory ?

If objectionable, is this because of magnitule, rapidity, or both?

Are there any pitch change reversals?
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13. Are they objectionable or are they satisfactory ?
i4. If objectionable, is this because of magnitude, rapidity, or both ?

15. Are there any apparént non-linear gradient changes in either pitch ;

stick force ur deflections during pitching moments ?

T RO
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16. Are they objectionéble or are they satisiactory ?

17. Are there any apparent non-linear gradient changes in either

pitch stick force or deflections during airspeed changes?

18. Are they objectionable or are they satisfactory ?

19, Is the pitch trimming system adequate throughout the transition?
(Phugoid, Power Effects, Pitch Changes).
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20. Are there any Lat-Dir stabilizing problems?

s omagen
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21, Are they objectionable or are they setisfactory ?

22. Does this appear to be as a result of poor stick or rudder

centering or is it as a result of exciting the Lat-Dir modes?

23. Are the Lat-Dir time constants satisfactory for the Lat-Dir Modes ?

24, Is it easy to excite these modes ?
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25.

26.

27.

28.

29.

30.

31.

If so, which ones ?

Is the damping satisfactory for these modes ?
Can turns be easily coordinated ?

Is visibility adequate throughout the transition ?

Is there any uncomfortable feeling of flying nose down at any
time throughout the transition?

Does pitch augmentation significantly improve the capability
of perform ing any part or all of ihe transition ?

Would an altitude hold mode be desirable or required for the

transition phase?
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APPENDIX V

TEST AND EVALUATION PLAN FOR THE STAI (EBF)
ON THE MOVING-BASE LARGE AMPLITUDE SIMULATOR
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TEST AND EVALUATION PLAN FOR THE 8TAI {EBF)
ON THE MOVING-BASE LARGE AMPLITUDE SIMULATOR

bl S
A i e

This appendix shows the plan for evaluating the EBF version of a medium STOL trans-
port on the moving-base, large amplitude simulator (LAS). Not all of the runs
tabulated herein were performed at the moving-base facility. A late review of this
plan eliminated some runs which fixed-base studies showed to be of lesser significance
to the evaluation objectives, Attempts to relate this plan to the sample data of
Appendix IO should recognize that some moving-base runs may have been eliminated
on engineering judgment and that the included data samples were selected from a much

SR

N {55

i larger number of moving-base evaluation runs,
g ABBREVIATIONS AND DEFINITIONS
5F - Flap position in degrees
: 5F - Flap movement rate in degrees/second
i6F - Initial flap position 1n degrees

fsF - Final flap position in degrees

A/S - Airspeed in knots

iA/8 - Initial airspeed in knots

fA/R - Final airspeed in knots

b - Pitch rate

Nom - = 4 degrees/second
Slow =~ ~ 2 degrees/second
Fast -~ 7 degrees/second

oY) - Pitch attitude change in degrees
Modes - Control Systen Configuration

No -~ Pitoh aititude hold, turn coordination, pitch-lateral-
divectional damping

A/S ~ AUTOSPEED button plus No

App - APPROACH button plus No

Both -~ AUTCSPEED and APPROACH button plus No

B.A/F - Bare Airframe, without any augmentation or damplig

Tech ~ Control technique

Cony - Qonventional A/C control of alrspeed and flight
path angle (vby pitch -~ A/S by power)

STOL - STOL A/C control of airspeed and flight path angle
(¥ by power - A/S by pitch)
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Cond - Conditions of aircraft or external source
30 kt - Variable 90-degrees crosswind with initial value
of 30 knots
G - With gust model
EO -2 sec ~  With critical engine out - 2-second delay recovery
Up 40 -~ Flaps raised simultaneously with go-around to
40 degrees
Pitch 40 - Flaps raised after A8 complete to 40 degrees
Fwd - Most forward C.G. location
Aft - Most aft C.G. location
Lt - Lighest aircraft weight
Hvy - Heaviest aircraft weight
CFB - Convair Fixed-Base Simulator
LAS - Large Amplitude Simulator
* - Record data runs for comparison of Convair fixed-base simulation
to LAS
IC - TInitisl Condition
AGL - AboveGround Level (feet)

INITIAL CONDITIONS

A, Approach - 12,000 ff from ead of runway threshold (X-distance)
Trimmed for -7° flight path angle:(y)
200 ft offset to right of localizer/runway centerline
Heading parallel to runway heading (¢ = 0°)
1200 it AGL

B, Go~around ~ 5100 ft from end of runway threshold (X-distance)
Trimmed on ~7° flight path anglo (V)
On localizer/runway centerline
Heading parallel to runway heading (¥= 0°)

C1, Transition - 18,000 £t from end of runway threshold (X-distance)
{Final) Trimmed for 0° flight path angle (v)
Or localizer/runway conterline
Heading parallel to runway heading (¢= 0°)
1200 ft AGI.

C2. Transition ~ 21,000 ft from end of runway threshold (X-distanco)
(Initial) Trimmed for 0° flight path angle (y)
On localizor/runway centertine
Heading parullel to runway heading (= 0°)

V-2




C3. Transition - 24,000 ft from end of runway threshold (X-distance)
(Operational) Trimmed for 0° flight path angle ()
10,000 £t left of localizer/runway centerline
Heading 90° right of runway heading (y= 90°)
2,000 ft AGL

Table V-1, Approach (CFB Lata Runs) for Establishment of a Data Base

CFB LAS
SF A/S Tech Modes Run Run
60 80 STOL Both A A20
60 80 CONV Baih B A36
60 80 CONV No C A24
45 80 STOL No D A2
g0 80 STOL No E A4
55 80 STGL No F A6
60 . 80 STOIl. No G A8
60 80 . STOL A/S H Al12
60 7 - STOL No I A7

Table V-2, Approach {Ci'B Data Runs) for Establishment of a Dats Base

_ _ CFB LAS
i5F 5F Tech/Cond Ag Modes Run Run
80 5 Up 40 15 Nom Both A G8
55 b Up 40 15 Nom Both B Gl4
55 £ Up 40 10 Nom No .C G117
50 5 Up 49 10 Nom Both . 3] G60
5B 5 Up 0 10 Nom Tioth E G4
56 5 Up 40 10 Nom Both F G60
60 5 Up 40 16 Nom Both G Gel
55 5 Pitoh 40 10 Nom Both H G23
55 3 Pitch 4¢ 10 Nom Both I Ge2
55 6 Pitch 40 10 Nom No d G256
60 5 Pitch 40 15 Nom Both K G63
] 5 Up 40 5 Nom Both L G64
65 5 Up 40 10 Fast Both M G64
60 5 Up 40 20 Nom Both N G66
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Table V-3, Transition (CFB Data Runs) for Establishment of a Data Base

CFB IAS

iA/8 fA/S 5F i6F f6F Run

3
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Table V-4, Approach (Moving Base-~LAS)
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6F A/S Tegh/Cond Modes Run 1C
45 75 STOL No Al A
*45 80 STOL No A2 A
50 75 STOL No A3 A
*50 80 STOL No A4 A
55 75 STOL No AD A
*55 80 STOL No A6 A
*60 75 STOL No AT A
*60 80 STOL No A8 A
45 80 STOL A/S A9 A
30 80 STOL A/S Al10 A
55 80 8TOL A/S ALl A
*60 80 STOL A/S Al2 A
45 80 STOL App A13 A
50 80 STOL App Al4 A
3 55 80 STOL App Al6 A
60 80 STOL App A18 A
§ 45 80 STOL Both A17 A
50 80 STOL Both A18 A
; 55 80 STOL Both Al19 A
*g0 80 STOL Both A20 A
45 80 Conv No A21 A
50 80 Conv No AZ2 A
55 80+ Conv No A23 A
30 80 Conv No A24 A
45 80 Conv A/R 405 A
50 80 Conv A/8 A28 A
V-5
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Table V~4, Approach (Moving Base-LAS), Cont

A/8

80
80
80
80
80
80
80
80
80
80
80
80
80
30
80
80
80
84
80
80
80
80
80
80
80
80
80

Tech/Cond

Conv
Conv
Conv
Conv
Conv
Conv
Conv
Conv
Conv
Conv
STOL/G
Conv/G
STOL/G
Conv/G
STOL/G
Conv/G
STOL/G
Conv/G
STOL/G
Conv/G
STOL/G
Conv/G
STQL/G
Conv/G
STOL,/C
Conv/G
STOL/G

V-8

Modes

A/S
A/S
App
App
App
App
Both
Both
Both
Both
No
No
A/8
A/S
App
App
Both
Both
No
No
A/S
A/S
App

Both
Bail,
No

Run

A27
A28
A29
A30
A31
A32
A33
A34
A35
A36
A37
A38
A39
Ado
A4l
A42
Ad3
Add
Ad5
A48
A4T
Ade
A49
A50
A1
AB2
ASS
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Table V-4, Approach (Moving Base-LAS), Cont

§F A/S Tech/Cond Modes  Run 1C
55 80 Conv/G No Ab4 A
55 80 STOL/G A/S AB5 A
55 80 Conv/G A/8 A58 A
55 80 STOL/G App AB7 A
55 80 STOL/G App A58 A
55 80 STOL/G Both A59 A
55 80 Cenv/G Both ARQ A
60 80 STOL/G No A6l A
60 80 Conv/G No A€2 A
60 80 STOL/G A/S AB3 A
60 80 Conv/G A/S A4 A
60 80 STOL/G App A65 A
60 80 Conv/G App A66 A
60 80 STOL/G Both A67 A
80 80 Conv/G Both A68 A
45 80 STOL/EOQ-2 sec No A69 A
45 80 STOL/EO-2 sec A/S A70 A
45 80 STOL/EO-2 sec App AT A
45 80 STOL/EO-2 sec Both ATZ A
50 80 STOL/EO-2 gec No AT3 A
560 80 STOL/EO-1 geo No A73-1 A
50 80 S8TOL/EO~Min Time No AT3-2 A
50 80 STOL/EO-2 gec A/8 AT4 A
50 80 STOL/EG-2 sec App ATH A
50 80 STOL/EO-2 soc Both A76 A
55 80 8TOL/EQ-2 sec No 397 A
55 80 STOL/EO-2 seo A/S A7 A
58 80 STOL/EO-2 sec App AT9 A
55 80 STOL/EOQ-2 sec Both ABQ A

60 80 STOL/EOQ-2 soc No ABL A
80 80 STOL/EQ-1 sec No AB1-1 A
80 80 STOL/EO-Min Time No A8L~2 A
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oF
60

60
45
50
55
60
45
50
56
60
45
45
50
50
55

45
50
53
60
45
50
35
60
45
50
56
30
650

Table V-4, Approach (Moving Base~LAS),

A/S

80
80
80
80
80
80
80
80
80
80
80
§0
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80

Tech/Cond

STOL/EO-2 sec
STOL/EO-2 sec
STOL/EO-2 sec
STOL

STOL

STOL

STOL

STOL/G
STOL/G
STOL/G
STOL/G
STOL/EO-2 sec
STCL/EO-1 sec
STOI./EO-1 sec
STOL/EC-
STOL/EO-2 sec
STGL/EO-2 sec
STOL/Fwd
STOL/Fwd
STOL/Fwd
STOL/Fwd
STOL/Aft
STOL/Aft
STOL/Aft
STOL/Aft
STOL/Aft-Lt
STOL/Aft-Lt
STOL/Aft-Lt
8TOL/Aft-Lt
STOL/Aft-Lt
STOL/Fwd-Hvy

Modes

No
B, A/F
No

Cont

Run

A82
A83
Ag4
A85
A86
ABT
A88
A89
A0
A9l
A92
AS3
A93-1
A94
A94-1
A95
A96
A97
A98
AS9
Ai00
Al101
Alo2
A103
Al104
Al105
A106
Al07
Al108
A108-1
Al09
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60

55
55
55
55
56
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Table V-4, Approach (Moving Base-LAS), Cont

A/S

80
80
80
80
80
80
80
80
80
3G
80
80

Tech/Cond

STOL/Fwd-Hvy
STOL/Fwd-Hvy
STOL/Fwd-~Hvy
STOL/Fwd-Hvy
Conv/Fwd-Hvy
Conv/Fwd-Hvy
STOL/30 kt
Conv/30¢ kt
STOL/30 kt/G
Conv/30 kt/G
STOL/S0 kt
STOL/30 kt/G

Modas

No
No
Ne
B, A/F
Mo
B. A/F
No
No
No
No
B. A/F
B. A/F

Run

Al110
Alll
Allz
All13
Al14
Al15
cwi
cw2
cws
Cw4
Cws
CwWs
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i6F

60
60
60
*55
55
39
60
*80

60
60
55
*55
85
85
*55
55
60
55

60
*56
*55
*65
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Table V-5, Go-Around (Moving Base-LAS)

Tech/Cond

Up o

Up 35
Up 45
Upo0

Up 35
Up 45
Up 40
Up 40
Up 40
Up 40
Up 40
Up 40
Up 40
Up 40
Up 40
Up 40
Up 40
Up 40
Up 40
Up 40
Pitch 40
Pitch 40
Pitch 40
Pitcla 40
Pitch 40
Pitch 40

Al

15
15
15
10
i0
10
15
15
10
10
10
10
15
15
10
10
10
10

-
S

10
1¢
10
10
10
10

V-10

Nom
Nom
Nom
Nom
Nom
Nom
Nom
Nom
Nom
Nom
Nom
Nom
Nom
Nom
Nom
Nom
fom
Nem
Nom
Nom
Nom
Nom
Nom
Nomn
Nom
Nom

Modes

Both
Both
Both
Both
Both
Both
No
Both
No
No
No
No
No
Both
No
No
No
No
No
No
Both
Both
Both
Both
No
No

SN A iy

Run

G1
G2
G3
G4
G5
G6
G17
G8
G9
G1o
cn
G12
G13
G14
G135
G186
G17
G18
G19
G20
G21
Ga2
G23
G24
G25
G286
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: Table V-5. Go-Around (Moving Base-LAS), Cont
%’ i6F 6F Tech/Cond A8 6 Modes  Run  IC
n 60 5 Up 40/G 10 Nom  No G27 B
¥ 55 5 Up 40/G 10 Nom No G28 B
E 60 5 Pitch 40/G 10 Nom Both G29 B 5
E 55 5 Pitch 40/G 10 Nom  Both G0 B
gL 60 5 Up 40 10 Nom B, A/F  G31 B |
¢ 55 5 Up 40 10 Nom B.A/F G32 B
h 60 5 Up 46/EO-2 sec 10 Nom No G353 B
g 60 7 Up 40/E0-2 sec 10 Nom No G3¢ B
55 5 Up 40/EO-2 sec 10 Nom No G35 B :
55 7 Up 40/E0-2sec 10 - Nom No G36 8
b 50 5 Up 40/EO-2 sec 10 Nom No G37T B
50 7 Up 40/EO-2 sec 10 Nom No G38 B
60 5 Fwd/Up 40 10 Nom No G39 B :
6" 5 Aft/Up 40 10 Nom No G40 B
55 5 Fwd/Up 40 10 Nom No G41 B :
55 5 Aft/Up 40 10 Nom No G42 B
; 60 5 Fwd-Hvy/Up 40 10 Nom No G43 B
, 60 5 Aft-1.t/Up 40 10 Nom No G44 B
k 55 5 Fwd-Hvy/Up 40 10 Nom No G45 B
55 5 Aft/1.t/Up 40 10 Nom No G46 B
60 5 Up 40 10 Slow No G471 B
60 5 Up 40 10 Fast  No G48 B
: 60 5 Fwd-Hvy/Up 40 10 Slow No G49 B
, 60 5 Fwd-Hvy/Up 40 10 Fast No G40 B
60 5 Aft-Lt/Up 40 10 Slow No G51 B
60 5 Aft/Lt/Up 40 10 Fast No G52 B
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Table V-5, Go-Around (Moving Base-LAS), Cont

i

i6F 5F Tech/Cond Af 6 Modes Run IC
|
55 5 Up 40 10 Slow No G53 B |

55 5 Up 40 10 Fast No G54 B

55 5 Fwd-Hvy/Up 40 10 Slow No G55 B
55 5 Fwd-Hvy/Up 40 10 Fast No G56 B §
55 5 Aft-1t/Up 40 10 Slow No G57 B !
55 5 Aft-Lt/Up 40 10 Fast No G58 B *
*50 5 Up 40 10 Nom Both G59 B ';
*55 5 Up 40 10 Nom Both G60 B
*60 5 Up 40 10 Nom Both G61 B |
*55 3 Pitch 40 10 Nom Both G62 B :
*60 5 Pitch 40 15 Nom Both G63 B :
“55 5 Up 40 5 Nom Both Gé4 B
“B5 5 Up 40 10 Fast Both G65 B
*60 5 Up 40 20 Nom Both G66 B
|
|

H
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Table V-6, Transition (Moving Base— LAS) %
i
iA/S  fA/S &F Cond 16F £6F Run IC ?
80 81 1.5 40 55 FT1 C1 !
* 80 o 3 40 55 FT2 C1
80 50 5 40 55 FT3 C1 :
80 80 7 40 55 FT4 C1 3
90 80 1.5 40 55 FT5 c1 ;
* 90 80 3 40 55 FT6 C1
* 90 80 5 40 55 FT7 C1
90 80 7 40 56 FT8 C1
*115 80 1.5 40 55 FT9 C1
*115 80 3 40 55 FT10 C1
*115 80 5 40 55 FT11  C1
115 80 7 40 55 FT12 C1
125 80 1.5 40 55 FT13 C1 ;
*125 80 3 40 55 FTi4 Cl
125 80 5 40 55 FT15  Ci
& 125 80 7 40 55 FT18 C1 ;
& 90 80 1.5 Fwd-Hvy 40 55 FT17 Ci ;
. 90 80 3 Fwd-Hvy 40 55 FT18 C1 |
b 90 80 5 Fwd-Hvy 40 55 FT19  Cl 5
: E 90 80 1.5 Aft-Lt 40 55 FT20 C1
g 90 80 3 Att-Lt 40 55 FT21  Cl
§ 90 80 5 Afi-Lt 40 55 FT22 Ol ;
g 115 80 1.5 Fwd-Hvy 40 55 FT23 C1 :
%3 ' 115 80 3 Fwd-Hvy 49 55 FT24 C1
¢ 115 80 5 Fwd-Hvy 40 55 FT25 C1
g 116 80 1.5 Aft-Lt 40 55 FT26 C1
8
V-13




iA/S

115
115
140
140
140
140
*155
*165
156
155
170
*170
170
170
90
80
90
115
115
116
165
156
185

Table V-6, Transition (Moving Base-LAS), Cont

£A/S oF Cond
80 3 Afp~1t
80 5 Aft-Lt

116 1.5

115 3

115 5

115 1

115 1.5

115 3

115 5

115 7

115 1.5

115 3

115 5

115 i
80 1.5 Gust
80 3 Gust
80 5 Gust
8¢ 1.5 Gust
80 3 Gust
8¢ 5 Gust

115 1.5 Gust

115 3 Gust

115 5 Gust

ibF

40
40

(o= B = = B = 2K~ =i = N — i == JY o I~ Y = Y = P o B = 2 = 2 — I o I

f6F

55
55
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
0
40

Run

FT27
FT28
IT1
IT2
IT3
IT4
IT5
IT6
ITY
IT8
IT9
IT10
IT11
IT12
IT13
iT14
ITi5
IT16
IT17
IT18
IT19
1T20
IT21
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I1c

C1
Ci
c2
C2
C2
Ccz
c2
Cc2
C2
Cz
c2
c2
C2
C2
Cc2
Cc2
c2
C2
C2
C2
C2
C2
c2
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Table V-6, Transition (Moving Base~L1AS), Cont

1A/8 fA/8 oF Cond i6F foF
140 80 1.5 0 55
140 80 3 v 55
149 80 5 Y 65
155 80 1.5 0 55
1565 80 1.5 0 55

*155 80 3 Y 1]
155 80 3 0 55
155 80 5 0 55
170 &0 L5 0 55
170 80 3 0 55
170 80 5 0 55

v-15

Run

TT1
TT2
TT3
TT4
TT4-1
TTS
TT5~-1
TT6
TTT
TT8
TT9

ic

G2
167
C2
Cc2
Cc3
C2
C3
C2
c2
c2
Cc2
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