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FOREWORD

The Configuration Definition Repo.-rt summarizes the configuration design
activities of the Convair Aerospace Division of General Dynamics Corpo-
ration under USAF Contract F,3615-71-C-1754, Project 643A, "STOL
Tactical Aircraft Investigation." This contract was sponsored by 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. This research was conducted during
the period from 7 June 1971 through 31 January 1973.

These studies, conducted during Part 1 of the contract, summarize the
state-of-the-art designs for the selected lift/propulsion concepts, which
were then used as a point of departure for configuration design develop-
ment conducted during Part 2. The principal contributors were C. Whitney,
R. E. Johnston, G. B. Nicoloff, E. C. Laudeman, G. F. Campbell,
A.Mattia, B. Bracka, W. Service, H. Stocker, and T. Draper.

This report was originally submitted by the author on 28 February 1973V under contractor report number GDCA-DHG73-001.

This report has been reviewed and is approved.

"• E.J. k~ JR.
Lt. Col. USAF
Chief, Prototype Division
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ABSTRACT

This report summarizes the preliminary vehicle-sizing acivities of Part I and
documents the subsequent Part 2 design update that was based on related studies,
wind tunnel tests, and flight simulations conducted during the "STOL Tactical Aircraft
Investigation." The lift/propulsion concepts under consideration were:

1. Externally Blown Flap (EBE)

2. Mechanical Flap Plus Vectored Thrust (MF/VT)

3. Internally Blown Flap (IBF)

The Part 1 designs were based on 1970 state-of-the-art technology and powered by
scaled derivative engines that use existing cores. The selected preliminary designs
are summaxized in Table 1. A leading-edge flap and three trailing-edge flaps (one
for each lift/propulsion concept) were defined for these designs.

Table 1. Preliminary Designs

EBF MF/VT-2 IBF-2
Engine GE13/F2B GE13/F2A STF-369

Wing area (ft ) 1,550 1,635 1,785

Mid-mission Weight (lb) 134,200 145,500 152,450

Rated Thrust (lb) 18,600 23,175 22,837

T/W 0.555 0.637 0.599

W/S (lb/it2 ) 86.6 88.9 85.4"

Takeoff Distance (ft) 2,000 2,000 2,000

Landing Distance (ft) 990 1,240 1,175

The EBF design with a modified wing trailing edge was then used as a baseline and
materials were selected for the structural components. A structural description is
included for the baseline airfrme (i.e., wing, fuselage, and emlpennage).

The three preliminary designs for the lift/propulsion concepts were then updated to
completA the Part 2 studies. The resulting point designs were based on data from
1,10L hours of wind tunnel tests, aerodynamic and stability-and-control methodology
development, and stability and flight control technology studies. The updated point
designs are summarized in Table 2.

iUi



Table 2. Point Designs

EBF MF/VT IBF/VT

Engine GEI3/F2B GE13/F2A STF-369

Wing Area(ft 2) 1,550 1,550 6,100

Mid-mission Weight (1b) 125,700 126,300 133,000

Rated Thrust (Ib) 15,075 14,965 13,275

T/W 0.480 0.474 0.400

W/S (lb/ft2 ) 81.1 81.5 78.24

Takeoff Distance (ft) 2,000 2,000 2,000

Landing Distance(ft) 1,530 1,850 1,810

The technology developed by Convair Aerospace during the 'STOL Tactical Aircraft

Investigation" has shown that an tdvanced medium STOL transport could be designed
and produced that would be lighter and more efficient than the AMST prototype.
Recommended Phase H technology programs cover the areas of low speed aero-
dynamics, propulsion, terminal area operation, structure and material, and design.
The improvements that would result from a Phase H program are:

Low Speed Aerodynamics Improve high-lift system
i.e., cost, mechanical complexity,

reliability

Supercritical Aerodynamics Improve cruise mach number
or wing volumetric efficiency

Advanced Structural Concepts Reduce structural weight

Composite Materials Reduce structural weight

Control System Reduce mechanical complexity, improve
engine out, incorporate fly-by-wire,
canard design optimization

Advanced Technology Engine Lower specific fuel consumption
and Migher thrust/weight

Landing Gear System Crosswind capability, rough
field operation, lower cruise

drag

"IV
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L6ECTION 1

iNTROCUCTION

The overall objective of the -Part-1 design effort was to conduct a preliminary vehicle-
sizing activity to establish baseline configurations for the STOL Tactical Aircraft
Investigation. These preliminary baselines were used for the takeoff and landing
studies and as a point of departure for wind tunnel test ilanning and flight control
technology activities. The lift/propulsion concepts studied were:

1. Externally Blown Flap (EBF)

2. Mechanical Flap plus Vectored Thrust (MF/VT)

3. Internally Blown Flap (IBF)

This report summarizes the design activities for the three-month awd six-month
configuration reviews. as Indicated in Figure 1-1. The reviews were held at the
Convair Aerospaoe Division in San Diego on 14 and 15 September 1971 and at
Wrigbt-Patterson Air Force Base on 17 December 1972. Appropriate information Is
included to clarify specific questions raised by the Air Force Review Team.

STUDY START 3 MONTHS 6 MONTHS

- PART I ,
CANDIDATE CONCEPTS

"- MECH. FLAP L G
+ VEtT. THRUST LANDING GEAR STUDY

C"3 EXT. BLOWN I
JET FLAPI

C:3 INT. BLOWN PLANNING FOR SIMULATOR
JET FLAPACIIYADHNLG

AI QUALITY ANALYSES

LITERATURE
SURVEY

*METHODS DESIGN BASCLINE CONFIGURATIONS WIND TUNNEI
TEST PROGRAM

*DATA

ETHODS. STATE-OF-THE-ART DESIGN COMPENDIUV

CONFIGURATION PART 2 TESTAIR FORCE PART 2 RESLTS PRGAND
REVEWSOC REVIEW AT RVAT e MONTOS|3 MONTHS FREVIIEW AT 6MONTHS I WA

Figure 1-1. Phase 1, Part I - Studies and Analyses
1-1



The baseline configuration designs meet the '9MST Design Requirements" supplied by
the Air Force Flight Dynamics Laboratory on 13 July 1971. These vehicle designs
are based on current state-of-the-art technology and use projected propulsion data
for derivative engines using existing cores. The baseline configurations were con-
sider-d as 3tarting iAnts for further corfiguration parametric studies. Additional
worl: wal; indicated in the areas of engine cycles, lighter weight thrust-vectoring
devices, engine arrangements, and blowing engines for the high-lift and control
systems. Configuration and performance tradeoff studies were conducted on the EBF
baseline configuration.

The results of the wind tunnel and flight simulation studies were subsequently used as
indicated in Figure 1-2 to update the selected baselineb from Part 1.

SGO-AHEAD
GOE6 MO. 18 MO. 20 MO.

CADDT COCET PARAMETRIC WIND 1UNNE. TEST 1

• ,,--..--- CANIDAT COCEPT i APPROVAL

R MECH.FLAP-VECT MODEL M£CH.FLAP.VE

SMODEL -1 Ai, , UNE

EEST PART2 EXT. BLOWN FLAP REPORT

It. T .• SL FA INT BLO MP FLAP --

AERO. HARTS A
F r -2 i ANALYTICAL P a ESmRa

SET1ODS IDENTIF'Y AERODYNAMICCOCTONVI *DATA DATA PREDICTION PORM

RESEARCH *DESIGN LRITERIA VOIDS ,T TECHNIQUES

LITERAi;URE .--- ,--. r.A•TECH" &

*DATA AERODYNAMIC

* METHODS % ;. ,,...C'RAWT. FIH

SB SG SDESIGN STABILITY &CO T L
BAS LIE OM EN IU CONTROLST B &RA E

* STU DIE S BA E L N -- `P ND U DE RIVA TIVECO T L
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STOL
S2000-FT TAKEOFF OVER 50-FT OBSTACLE

3. Og
! 28,000-1,B -PAYLOAD

hi h 20,000 FT h 2500 FT

MACH 0.7LV TEMP = 93°F S•/"500 N.MJ.

DESIGN RADIUS

3. Og
28,000-LB PAYLOAD

h b 20,000 FT, MACH 0.75
2600 N.MI.

CTO g % DESIGN RANGE

2. 5g

REDUCED PAYLOAD

Figure 2-1. Mission Profiles

1. 500-a mi. tactical delivery mission:

a. Payload = 28,000 lb.
b. Load factor = 3.0g.
c. Fuel burned for warmup, takeoff, and acceleration to climb speed is

assumed equivalent to five minutes at maximum continuous power on
cruise engines.

d. Climb on course to the altitude for best long-range cruise.
e. Cruise at best speed and altitude for long-range cruise to the radius point.
f. Descent with no fuel used or distance gained.
g. Land and offload design payload and reload 28,000 pounds of payload,
h. Warmup, takeoff, and accelerate to climb speed assumed equivalent to

five minutes at maximum continuous power with cruise engines.
i. Climb on course to the altitude for best long-range cruise.
J. Cruise to the point of origin at best speed and altitude.
k. Descent with no fuel used or distance gained.
1. Reserve fuel assumed equivalent to 20 minutes at the speed for maximum

endurance at sea level.
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2. Design range (unrefueled):

a. Reduced payload.
b. Load factor = 2.5g.
c. Fuel burned for warmup, takeoff, and acceleration to climb speed

assumed equivalent to five minutes at maximum continuous power with
cruise engines.

d. Climb on course to the altitude for best long-range cruise.
e. Cruise at best speed and altitude for long-range cruise to the radius

point.
f. Descent with no fuel used or distance gained.
g. Reserve fuel assumed to be equivalent to 20 minutes at the speed for

maximum endurance at sea level.

2.3 TAKEOFF AND LANDING GROUND RULES

The Part 1 ground rules are discussed in Volume MI and are shown in Figures 2-2
and 2-3. The altitude is 2500 feet on a 93.4*F day (MIL-STD-210A Hot Day) and
the critical field length is the actual field length, 2000 feet.

60i FT.

ass

- (NORMAL ACCEL REOMT.

60 FT vo

GROUND FRICTION MR 01

ROTATION RATE'. s. a DEG /SEC

LIFTOFF VLO 'Il 12x OR V STALL + 10 KNJ ENGINE OUT

VTO - 1.1 K VMC (ENGINE OUT)

nLO 2 1 21j(ALL ENGINESI. 1.1 g(ENGINE OUT)

CLIMB C L -. 0 9 X L CMAX

S~TANGENTIAL ACC'ELERATION > dClMY ? 3 DEG. (ENGINE OUT, GEAR D OUT OF GROUND EFFECT)

Figure 2-2. Part 1 Takeof Ground Rulbs
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-0-vrl, -. 171"

FI.--

_--LEGTH 0

APPROACH WAVEOFF CAPABILITY AT OBSTACLE. CHAN~GES IN POWER
SETTING. FLAP DEFLECTION. & THRUST VECTOR ANGLE ONLY

nAp 1.26 (ALL ENGINES). 1.19 (ENGINE OUT) AT Vg~p
YA~P SUCH THAT PILOT CAN KEEP TOUCHDOWN POIINT N ViEWS

AIRPLANE TOUCHES DOWN MAIN GEAR FIRST
VAP 1.1 aV (ENGINE OUT)

1. tx VSIENGINE OUT)
12 X VS (ALL ENGINES)

*S 8 OEG./SEC.

TOUCHDOWN LAND WITHOUT FLARE

VSINK TO~ 21VSINK DESIGN FOR LG
BRAKNG EVICS O A.TIMEDELY O 2 SECONDS FOR REVERSE THRUST
BRAKING~~~~ ~~~ DEIEIN A IM EA F SECOND FOR BRAKES&S SPOILERS

BRAKING FRICTION it B 0.25

Figure 2-3. Part 1 Landing Ground Rules
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SECTION 3

PROPULSION

The engine tradeoff analysis was based on the medium tactical transport design guide-

lines, engine manufacturer's STOL engine data, an! results from Convair Aerospace
preliminary design and performance. The analysis was performed to develop the
range of engine parameters for use in the engine selection studies, with the results as
tabulated in Table 3-1. The engines reviewed that meet the Table 3-1 criteria are
listed in Table 3-2 for each of the engine companies supplying study data, together
with definitive specification information. BWowing air as required for lift augmentation
will be supplied from the cruise engines or from a separate auxiliary compressor.

The range nf bypass ratios for IBFs is severely constrained if a single high-pressure
fan is emp:ioyed. At a desired pressure ratio of 2.5, the bypass ratio is limited to
below 3.0 because of the greatly increased engine weight. Cruise specific fuel con-
sumption also suffers from this choice, since the bypass ratio is not optimized to this
condition.

3.1 CHOICE OF STUDY ENGINES

The following engine selections were made to satisfy the study need for representative
ergines only. The MF/VT engine features are shown in Figure 3-1. The representa-
tive engine is the GE13/F2A modified to incorporate thrust vectoring and reversing.
Figure 3-2 shows the essential features of the GE13/F2B, which was chosen to

represent the EBF propulsion lift system. The IBF engine selections are the STF-369
Pnd the RB419-03, which have a thrust split between high-pressure bloving and fan plus
core air. The essential features are shown in Figure 3-3.

The only gas turbine compressor offered in the size range desired is the RB176-11.
A description of this unit is presented in Figure 3-4. The installation of this gas
turbine compressor unit in a typical STOL aircraft is discussed in Section 5.

3. 2 ENGINE PERFORMANCE

Performance is presented for the representative engines selected for each lift system
type. Lustalled part-power performance was estimated in all cases for altitdes up to
40,000 feet, ISA. Installed performance at takeoff power was estimated at a 2500-foot
altitude on a 9.*F day.

Basic L.wtallation asswnptlons includea inlet performance, exhaust nozzle, scrubbing
drag, bleed, and power extraction. The pressure recovery used for the selected
GE13 series engines is shown In Figure 3-5. This data was adjusted to the correct
airflow scale for each engine.

3-1
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LONG COM. , MIXFID FLOW

TRUST?.,o #340 1.2
SFC (1.3 55

BrYPSS RATIO
FAIN PRESSURE RATIO 1.:5
OVERALL PRESSURE BrAT!O 2.-
LENG;T P 9.4. IN.
?NAX DIAMETER 72. IN,
WEIGHT 3,010 LB

Figure 3-1. Selection for Mechaidcal Flap Plis Vectored Thrust
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STF 369
LONG COWL, SPLIT FLOW

T HftUST 20,000 LB
SFC 0.528
BYPASS RATIO 2.5
FAN PRESSURE RATIO 2.45
OVERALL PRESSURE RATIO 21.0
LENGTH 92.0 IN.
MAX D-kMETER 56.0 IN.
WEIGHT 3,065 LB

ROLLS ROYCE RB-419-03
FPLIT FLOW TURBOFAN

THRUST 19, 190 LB
SFC 0.386
BYPASS RATIO -6.0/2.0
FAN PRESSURE RATIO -1.1/3.0
OVERALL PRESSURE RATIO 20
LENGTH 1,83 IN.
IMAX DIAMETER 79 IN.
WEIGHT .4, 117 LB

Figu-re 3-3. Selections for Internally Blown Flap
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Bleed air flow rates were estimated to meet the i!O-passeager environmental

egnswere assumed to be small enough to be neglected in the studies.

Uigthe installation factors discussed, takeoff performance. of the propulsion systems
aepresented in Figures. 3-7 through 3-9. Takeoff performance is presented In

Fiue3-7 for the GEI3/F-A andI the GE13P'F2B engines, in Figure 3-8 for the
ST39engine, and in Figure 3-9 for the RB419-0~ engine. Bleed alirflow rates for

litaugmentation are shown in Figures 3-8 and 3-9.

3.3 THRUST REVERSING AM VECTORING

Selections were made from data available with each engine and through communications
with engine companies. Table 3-3 summarizes the performance and weights of reversels
and vectoring dev*.oes to be used with each Uft/propulsion concept.

The thrust-vectoring device for the MF/VT concept is defigned to be used for thrust
reversal also. General Electric offered three-bearing and single-bearing swivel.
configurations; the single-bearing version was selected on the basis of weight and
simplicity. Annular cascades that combined thrust reversal aid vectoring at low

weight penalties were also selected.
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180 -I

140 . .-

0 1001

0 10 20 30 40 50
ALTITUDE (1000 ft)

Figure 3-6. STOL T_,anspoit Required Bleed Flow for Environmental Cont-,ol

24

GROSS THRUST, FG
0°
0

S 8 "

4
: |RA kM DRAG, FD

0 40 80 120 160 200

TRUE AIRSPEED, TAS (knots)

Figure 3-7. GE13/F2A and GE13/F2B Engines at 2500Feet, Pot Day,
Takeoff Power, STT Insta•laton
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Figure 3-8. STF369 Engine at 2500 Feet, Hot DMy, Takeoff Power, STT Installation
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Figure 3-9. RB419-03 Engine at 2500 Feet, Hot Day, Takeoff Power, STT nIista•lation
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Table 3-3. Selected Thrust Reversing and Vectoring Devices

Configuration Type Assumed Reversal Weight
FnPrimary Fa) (lb)

Externally Blown Flap Annular Annular 42 630
Cascade Cascade

Annular 42 630
Cascade

Mechanical Flap Single-Bearing 40 1570
Plus Vectoring Swivel

Dual Single-Bearing 40 956
Swivel

Internally Blown Flap Reversible Fixed Vector 35 395
Pitch Fan Clamshell

Annular 42 630
Cascade

The three-quarter length GE13/F2B fan cowl is light in weight and satisfies the EBF
performance requirements. The annular cascade reverser was selected as the most
logical for this engine/cowling arrangement. A discussion with General Electric led to
a maximum performance level of 42 percent.

w

The RB419-03 engine selected for the IBF incorporates a reversible-pitch fan. This
system operates with two-position bypass ports in the fan nozzle to reduce lip losses
in the reverse flow mode and resulting adverse effects on the gas generator due to
reduction in engine inlet pressure. Current Convair Aerospace design studies combine
the high-pressure fan air and gas generator exhaust streams, which are collected and
reversed together in a single clamshell reverser mounted off the gas generator. This
reverser is canted ti direct the reversed gases upward and forward, away from the
engine inlets. Performance of the clamshell reverser is estimated at 42 percent
acting on approximately two-thirds of the thrust, making a net reversal of 35 percent.

The STF-369 selected for the IBF uses an annular cascade reverser that furnished
42 percent reversal.
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SECTION 4

AERODYNAMIC DATA BASE

Methodology used to develop the Part idata base is discussed in this section. Since
current state-of-the-art low-speed prediction methods were not available, test data
for similar configurations was used. The primary purpose of the aerodynamic data
is to provide baseline Information. The Part 1 low-speed data base was updated for
Part 2 using the parametric data developed during the 1100 hours of wind tunnel testing.

4.1 MINIMUM DRAG BUILDUP

The low-speed minimum drag coefficient for the three MST configurations Is tabulated
in Table 4-1 and compared with other vehicles in Figure 4-1. Minimum drag is the
sum of three components: skin friction and profile drag, interference drag, and drag
of miscellaneous components such as control surface slots, cooling, etc. Skin friction
and profile drag of component terms were estimated using the Von Karman flat-plate
skin friction coefficient at the component Reynolds number, multiplied by the over-
velocity factors determined by Hoerner (Reference 4-1) to account for the thickness
effect on pressure distribution of non-flat bodies. The full-scale Reynolds number
was assumed to be 1.8 million per foot of component length. Interference drag of the
fuselage/tail intersection and the engine-pylon/wing intersection have been taken from
Reference 4-1. Wing/body Interference was taken from Reference 4-2 as three per-
cent of the wing and fuselage skin friction and profile drag. Miscellaneous drag was
assumed to be 12 percent of the skin friction drag of the total aircraft.

4.2 CRUISE TRIMMED POLARS

Trimmed drag due to lift estimated in the subsonic speed range (excluding compress-
ibility effects at high subsonic speeds) are based on the "e" prediction method given
by Linden and O'Brimski in Reference 4-3. This method provides increments in "e"
for variations in wing aspect ratio, taper ratio, sweep, and thickness ratio from a
baseline configu-,tion. It includes a method to estimate the ariation in "e" at lift
coefficient above the point where the drag polar breaks away from a simple parabolic
variation due to separation effects. The method was derived from data correlations
on conventional aircraft designs and represents a good approximation of aircraft
induced drag using aircraft geometry as a base. When test data is available on
similar configurations, this method can be used to correct that data for configuration
differences.

A simplified method for estimating aircraft drag-rise characteristics at high subsonic
speeds was developed using correlations of test data on a number of aircraft configu-
rations. Drag divergence Mach number can be correlated very well using the

4-1



-- tmt-t

400~~~ ~ C CO.4 ci t

020

M14 IDt N O l"4 0 c .4c 4

(A 1. ý .- ý 4 14 02

to o0 0:ow0. cc to0

C4 .4 00 a 4 l
foC4 0 4 IV

-co - -

020~I I 4 ii

b ~ C ca240 0 0000 faC

Cl

t- .4 Ch 010 mwtIo 004 0 4 C4 0200

clw t .4 .4 *a a a a a

.4 03

kt v

as E- = a4

IVI

t4-



80 /-133/r/Lo -_ .. _____

40-14

-3 B-47B POTENTIAL
-- 20 -"*#IMPROVrEMENT

0.0100--, TO 0.0030

10-:I ooo-__//,///OAa I/ _ __I _ ___°_°___,_/___ -_1 0 000• R-060B I 2

4 -31

0:0060/••.0:04

"8 r • -oo~

/ i EQUIV-ALMNT SKIN FRICTION COEFFICIENT, C f

-•600 1000 2000 .1000 6000 10,000 20,000

Lý_-1TOTAL. WETT ED AREA (ft.2

! Figure 4-1. Mthiraun Drag Comparison

S~4-3



reciprocal of the product of aspect ratio, thickness ratio, and the cosine of tde quarter-
chord sweep angle. This method, along with correlations, was also reported in
Reference 4-3. Cruise drag polars and drag-rise characterlstics of the baseline
configurations are presented in Figure 4-2,

4.3 LMW-SPEED LOT CURVES AND POLARS

Total lift can be written as the sum of the lift forces on the engine nacelles and pylons
plus the lift forces on the wing/fuselage combination. In addition to internal forces
(jet reaction in the lift direction) ard external pressure lift forces on the isolated
nacelle, the nacelle lift forces include the interference effect of the presence of the
wing/fuselage on these two force vectors. Wing/fuselage lift forces include the basic
power-off lift of the wing flap and fuselage, the effect of any internal blowing on the
leading and trailing edges, and the effect on pressure lift due to the presence of the
blowing nacelle. The lift on each of the three lift/propulsion caocepts can be deter-
mined by estimating these effects or using wind tunnel iata that includes these effects.

MACH! N13AI1IER
0.5
0.65

0..i6

0.'q-• I
I I

SI .2"! ,0.2

-- I7 (CONVFNTIONA.I\ WIN(; D|S1:sN
! - -I4TITFNTI \ I. IM.I PI)V!;M!I;N I" \\'I!I \S'-

I I _ _ _ _ _ _ _ _I'__ _ _ _ _

C' , , . j .\DAM .\NCI'DI WTNM; DI-I'iGNI

0.02 0.01 0.01; GAO 0 . 10 0. 12
I' ) - I).

Figure 4-2. Cruise Configuration - Trimmed Data.

For the MF/VT eonfiguration. the pressures on the wing were assumed not to be
affected by the presence of the nacelle; therefore, the only lift forces are the power-
off lift plus the effects of blowing the wing leading edge. The lift force for the IBF
configu-ation is similar to that of the MF/VT configur-ation, with the added effect of
blowing over the flap. Experimental NASA data, Reference 4-4, from a model similar
to the MST EBF configuration was used to estimate the lift characteristics of this con-
flgiuration.
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The drag increment due to flap eatension and the influence of power was basically
taken from teat data on a similar configuration, with a correction applied for aspect
ratio differences. Power-off drta from Reference 4-4 was used for flaps-down drag
on the MF/VT configuration. Power-on data from Reference 4-4 was used for the
EBF configuration drag. An analytical approach was taken for the IBF configuration,
stuce a theory is available for this configuraton. This theory was developed by Spence
as an extension of thin airfoil thoory.

Low-speed lift curve drag polars for the baseline configurations are presented in
Figure 4-3 for MF/VT, Figure 4-4 for EB3F, and Figure 4-5 for IBF.

4.1 
1 LANDING 4.0 LANDINGI/ 6f = 62.• DEG, 6 = 62.5 DEG/

,-TAKEOFF

anG f *=0 E . TAKEOFF

1,30iDEG

2.4

C CL

0C0.8

0 16 24 32 C 0.4 0.8 1.2
i (dcgrecs) CD

Figure 4-3. MF/VT Low-Speed Trimmed Data, Part 1
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Figure 4-4. EBF Low-Speed Trimmed Data, Part 1
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Figure 4-5. IBF Low-Speed Trimmed Data, Part 1
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SECTION 5

PRELIMINARY DFqTGNS

The overall objective of the preliminary design effort was to conduct a vehicle
sizing activity to establish baseline configurations for the STOL Tactical Aircraft
Investigation. The lift/propulsion concepts studied were EBF, MF/VT, and IBF.

5.1 BASELINE CONFIGURATIONS

Initial designs were covered during the three-month configuration review indicated in
Figure 5-1. "The review was held at the Convair Aerospace Division in San Diego on
14 and 15 September 1971.

STUDY START

!CANDID'ATE CONCEPTS':

r" MECH. FLAP+ VECT. THRUST

C3 EXT. BLOWN
JET FLAP

C1 INT. BLOWN
JET FLAP

" LITERATURE
SRVZEY

OMVEýTHODS DESIGN BASELINE CONFIGURATIONS

ODATA

*DESIGP 1 k
MET' W), STATE-OF-THF--ART DESIGN COMPENDWIUI

Fgr5-1. PhsCatIStde M Enalyses
BASELINE

CONFIGURAT ION!

REVIEW AT

Figure 5-1. Phase 1, Part 1 Studies an Analyses

These baseline configuration designs met the MST Design Requirements supplied by
the Air Force Flight Dynamics Laboratory on 13 July 1971. These vehicle designs
are based on current stat~-of-the-art technology and use projected propulsion data
for dlerivative engines using existing cores.

gThe data presented in Table 5-1 represents the vehicle sizing activities that generated
configurations to meet the design requirements, and is representative of the lift/
"propulsion concepts and projected engine efficiencies. General arrangements ior these
point designs are shown in Figures 5-2, 5-3, and 5-4.
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Table 5-1. MST Candidate Aircraft - Point Designs

EBF MF/VT IBF-I

Engline GE13/F2B GE13/F2A RB419-03
Wing Area (ft2) 1550 1710 2160
Takeoff Gross Weight (lb) 148,200 168,750 198,200
Mid-mission Weight (lb) 134,200 153,500 179,800
Rated Thrust (lb) 18,600 24,750 28,125
T/W 0.555 0.645 0.627
W/S (lb/ft2) 86.6 89.8 83.2
Takeoff Distance (it) 2000 2000 2000
LanrIng Distance (ft) 990 1280 1120

5.1.1 ADDITIONAL BASEIINE. Additional point designs were investigated after the
three-month review to answer specific questions raised by the Air Force Review Team.
These designs are summarized in Tables 5-2 and 5-3.

Table 5-2. Mechanical Flap Designs

Mechanical
MF/VT-2* Flap

Engine GEI.3/F2A GE 13/F2B
AWing Area (ft2) 1635 1865

Takeoff Gross Weight (ib) 159,900 158,700
Mid-mission Weight (lb) 145,500 144,400)
Rated Thrust (lb) 23,175 21,488
T/W 0.637 0.595

W/S (lb/ft2 ) 88.9 77.43
Takeoff Distance (ft) 2000 2000
Landing Distance (ft) 1240 1380

*Tin nozzles on each nacelle for thrust vectoring/reversal.

Table 5-3. IBF Designs

SIBF-2 IBF-3

Engine STF-369 GE 13/F2B/RB229-03
Wing Area (ft2 ) 1785 1550
Takeoff Gross Weight (lb) 170,300 150,200
Mid-mission Weight (lb) 152,450 135j800
Rated Thrust (lb) 22,837 13,500 (22,500)
T/W 0.599 0.729
W/S (lb/ft) 85.41 87.61
Takeoff Distance (ft) 2000 2000
Landing Distance (ft) 1175 1090
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The baseline designs selected from Part 1 studies to be updated during Part 2 activities

were the EPF with GE13/F2B engines, the MF/VT-2 with GE13/F2A engines, and the
IBF-2 wit~l STF-369 engines. The mechanical flap design provides an alternative to the
powered-lift configurations.

5.1.2 TRADEOFF STUDIES. Limited-scope studies were performed to assess the
impact of configuration and performance variables on the design gross weight of the
medium STOL transport. These studies, except for field length tradeoffs were per-
formed on the EBF configuration that had a constant wing area of 1550 ft. Wing area

and engine size were allowed to vary for the takeoff field length tradeoff so that the
vehicle would satisfy both the mission equipment and the STOL requirements.

The performance design tradeoff studies covered the following variables.

1. Assault field length ( ± 500 ft).

2. Design cruise speed ( ± 0. 1M).

3. Design mission radius (0 250 n.mi.).

4. Mission (from Hi, Hi to Hi, Lo, Lo, Hi).

5. Penetration speed (400 knots at sea level for 50 n.mi.).

The results of these takeoff studies are shown in Figure 5-5 as percentage changes in

design gross weight.

The configuration design tradeoff studies covered the following variables.

1. Bypass ratio (2 to 10).

2. Aspect ratio (6 to 10).

3. Wing sweep (15 to 35 deg).

4. Cargo compartment length (-10 ft).

5. Cargo loading (drive-through).

Figure 5-6 shows the effect of engine bypass ratio on design takeoff gross weight. A
minimum design gross weight was indicated for a bypass ratio range from 4.0 to 6.5.
Bypass ratios less than 4. 0 suffered from higher specific fuel flows and those greater
than 6.5 were penalized because of higher engine and engine installation weights. The
results of the remaining design studies are shown in Figure 5-7 as percentage changes
in design gross weight.
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IPER CENT CIIANGE

IN DESIGN TOCW
BASELINE TRADEOFF -8 -4 0 4 8 12

ASSAULT FIELD LENGTH 2000 FT +500 FT -4.41

-500 FT

DESIGN CRUISE SPEED 0.75 M +0.10 M % 6.2

DESIGN RADIUS 500 NMI. +250 NMI. 9

PEINETRATION SPEED 400 KT AT SL I
FOR 50 NMI. 3.9

MISS-ON HI, HI III, LO, LO, ill j.-

Figure 5-5. Performance Design Tradeoffs
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0 4 8 12 Ib
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Figure 5-6. EBF Bypass Ratio Tradeoff
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PER CENT CHANGE

IN DESIGN TOGW
BASELINE TRADEOFF -8 -4 0 4 8 12

ASPECT RATIO 8 6 -2. 5

10 I 4.4

WING SWEEP 25 DEG 15 DEG -1.4

35 DEG 3.1

CARGO COMPARTMENTLENGTH55 FT 45 FT-1•

LENGTH

1 CARGO LOADING AFT DRIVE-THROUGH 4.5,

Figure 5-7. Configuration Design Tradeoffs

Results of a limited study of thrust vectoring is shown in Figure 5-8. The dual single-
bearing nozzle thrust deflection concept w-as selected for the baseline MF/VT-2
configuration. Figure 5-9 shows the general arrangement and geometry of the thrust-
vectoring nozzles. In this concept, the mixed gr-ts flow of the engine is collected in a
plenum chamber and exhausted through the twin nozzles, arranged symmetrically in a
horizontal plane. The nozzles are mounted to the circular plenum chamber exits with
bearings that permit nozzle rotation through the lower 180-degree sector for lift thrust
vectoring and thrust reversals. Symmetric operation of the nozzles to ensure a bal-
anced force system is through a dual-output hydraulic drive unit located in the nacelle
behind the plenum chamber and between the nozzles.

Selection of the twin-nozzle thrust deflector was made on the basis of the following
advantages.

1. Single system for lift and reverse thrust deflection.

2. Low system complexity - few moving parts.

3. Based on existing technology.

4. Thrust vectoring system functionally separate from engine.
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5. Low system weight - 960 lb/engine.

6. Clean aerodynamic nacelle.

7. Acceptable internal losses due to scrubbing and flow torquing.

8. Variable vector angle.

Figure 5-10 is a vector diagram illustrating the potential uncorrected lift and forward
or reverse thrust components available with specific rotational angles of the nozzles.
As shown, the thrust-vectoring system selected offers a wide range of forward thrust
components at high lift thrust levels. By varying the bearing plane angle from that of the
baseline configuration (90 degrees), lift thrust components can be increased.

-o----REVERSE THRUST (%) FORWARD TtRUST f'
60 40 20 0 20 40 60 SO 100

180 0D;NOZZILE
-- VDEG 20ION

407J BEARING PIL.\NE!'

I/

I ~ ~ 8 ANZL ,OATO 1IF THUT F7

Nozzle Bearin Dut ge5 8 DEG re

5.2H H-IF2 STEG• ' ~90 DEG -

180 80--

"-180 DEG 100)
NOZZLE ROTATION ! IT tUT('

Figure 5-10. Thrust Vector Diagram (Uncorrected) Dual Single-Bear•.ng
Nozzle, Bearing Duct Angle = 58 Degrees

5.2 HIGH-LIFT SYSTEM

The high-lift systems for each lift/propulsion concept of the baseline configurations
were defined as shown in Figures 5-11 through 5-14. The variable-geometry, blown
wing leading-edge flap shown in Figure 5-15 is used on all baseline configurations in
combination with their respective trailing-edge flap systems.

5-11



ýL F.S.

SCREW JACK ACTUATOR

I• AIR DMSTRIBUTION DUCT

--- AIR SUPPLY
AIR SLOT PLIATE -.. ," •, DC

LEADING-EDGE FLAP
•K,• STOWED (REF)

"FLAP NOSE ACTUATION LINKAGE

Figure 5-11. Variable-Geometry Leading Edge Flap, Intemaully Blown

BLOWN LEADING-EDGE FLAP WING STRUCTUREI

I SCREW JACK
i •, ACTUIATOR

- . ,FLAP TRACK

SCARRIAGE

THRIUST V •ANE

VECTORING NOZZLES MAIN

GENERAl, E.YECTPI(" FI.\P
GE 13/FZA ENGINE W.T|I
I HRUST-'ECTORPNG NOZZLES AT7

FLAP

Figure 5-12. MF/VT Triple-Slotted Flap
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BLOWN LEAJDING-EDJGE FLAP WING STRUCTURE SPOLER

\ FLAP TRACK

FLPCARRIAGE

GENERAL ELECTRIC F VANE
GE 13/F2B ENGINE SURFACE

Figure 5-13. EBF Double-Slotted Flap with DLC

BLOWN AILERON

STF 369 ENGINE

• "• • BLOWN LEADING--EDGE

PLENUM WITH JET
FLAP NOZZLE

SS AIP SUPPLY DUCT

FA FLAPR DISTRIBUTION DUCT

ACTUATOR
FLAP PIVOT

SUPPORT

Figure 5-14. Hinged, Sladle Surface Flap
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5.2.1 WING LEADING-EDGE FLAPS. The internally blown leading edge flap is a
variable-geometry device that deploys from the lower leading-edge surface of the
wing into a shape about 15.5 percent of the local wing chord in length. Five flap
sections are arranged along the full span of the wing. Each section is supported by
three hinge fittings, cf which the two end hinges are powered by screw jacks. Figure
5-15 shows the arrangement of the flap system on a typical wing.

Boundary layer control (BLC) air is supplied through a six-inch-diameter duct along
the front spar. At each flap section's center hinge support rib, the air is directed
into a secondary duct system on the flap that distributes it to an array of slots at the
flap's trailing edge (Figure 5-16).

The screw jacks are driven through torque shafts from a single actuator that incor-
porates hydraulic and electric motors for normal and auxiliary operation, respectively.
The actuator has two torque shaft outputs, one for Inboard flap sections 1 and 2 and the
other for flaps 3, 4, and 5. These actuator output shafts are driven through a differ-
ertial gear to ensure symmetrical system failure conditions while maintaining the
unaffected flap group operative. A system schematic is shown in Figure 5-17.

FLAP

HINGE-CENTER •

SLOT•

DUCT
SWIVEL

S~~F'LAP • •..AIR IN/

HINGE
SLOT PLATE ASSEMBLY

•~F1 AP STRUCTURE

Figure 5-16. Typical Air Slot Arrangement at Trailing Edge
of Extended Leading-Edge Flap
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HYDRAULIC MOTOR-

;PRIMARY DRIVE
TO
LEADING ELECTRIC MOTOR-
EDGE i SECONDARY DRIVE

TYPICAL END HINGE FITTINGS CONTROL

CENTER HINGE FIT71NG

ENGINE MLO?ý, -

HINGEN.2 ~ i LI TO OTHER

I /DIFFERENTIAL

FLAP NO. 
DR

- -TORQUJE SHAFTS I ACTUATORFLAPE NHA.5 ELECTRO-
.1 MAGNETIC

SCRW JCKI BRAKES
ACTUATORI SYMMETRY

ASYMMETRY SWITCHES __(EXCEPT AS SHOWN)
S.-TO

OTOR
ASYMMETRY LOGIC WING

Figure 5-17. Leading Edge Flap System

5.2.2 WING TRAILING-EDGE FLAPS. The trailing-edge flap configurations defined
for the lift/propulsion concepts are:

1. Triple-slotted flaps (MF/VT).

2. Double-slotted flaps with direct lift control (EBF).

3. Hinged, single-surface flap (IBF).

All flap configurations extend over 80 percent of the wing sp-.n and are sealed against

the sides of the fuselage when deflected. When retracted, the triple- and double-
slotted flaps occupy 45 percent of the wing chord, the single-surface flap 35 percent.

5.2.2.1 Triple- and Double-Slotted Flaps. These flap configurations are used with
the MF/VT and EBF concepts, respectively, and are similar with respect to geometry,

flap segment size and shape, support structure, and actuation mechanism. They differ

in chordwise arrangement of the main flap. While the main flap of the triple-slotted
system consists of two segments that rotate and translate with respect to each other

to form the third slot, the aft portion of the main flap of the double-slotted system is

hinged to rotate for direct lift control (DLC) operation. When fully extended (landing),

the triple- and double-slotted flap configurations produce wing chord increases, cl/c,

of 1.51 and 1.36, respectively.

Both flap system arrangements are shown in Figure 5-18. Spanwise, the flap elements
(vane, main flap, aft flap) are sectioned into two structurally separate groups of
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A TAIRCRAFT

TRAC TRAC
NO. 4 TRAC, R

TRACK

OUTBOARD -j . INBOARD
FLAP SECTIONS FLAP SECTIONS

0.80 b/2 ( SLIP JOINT

Figure 5-19. Trailing-Edge Flap Arrangement

surfaces for each wing. They are supported by four sets of wing-mounted track and
roller carriages, housed in fairings. A slip joint is provided between inboard and
outboard flap sections at the No, 2 track, located on the wing between the engine pylons
(Figure 5-19). The slip joint is designed to permit sufficient freedom of motion
between adjacent flap sections to alleviate the effects of wing bending on the flap as
well as to accommodate lateral slippage of flap sectiors during operation.

The lower wing surface panel aft of the wing rear spar is hinged along its forward
edge and is actuated upward during flap etension to improve airflow through the slots
of the flaps. At each track, the main flap is supported from a roller carriage. A
screw Jack actuator between the carriage and main flap rotates the flap while the
carriage is moved along the track by another screw Jack actuator.

Each main flap support arm is mounted on vane-support track assemblies on pivots.
The ends of the vane sections between main flap supports engage their respective track
assemblies. Vanes are positioned relative to the main flap by sliding on the tracks and
rotadng on the track assemblies about their pivots on the main flap support arms.

The aft flap of the triple-slotted configuration is track-and-roller supported from the
main flap. It is actuated by a pinnion gear that engages a rack on the flap track. The
pinnion gear is driven through a linkage by a hydraulic actuator mounted to the aft end
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of the main flap track. The hinged DLC surface of the main flap of the double-slotted
configuration is actuated by a similar linkage/hydraulic-actuator arrangement.

Flap mechanism assemblies are housed in fairings. The upper fairing is fixed to the

main flap track, and the lower fairing is sectioned and attached to the flap elements.

5.2.2.2 Hinged, Single-Surface Flap. The flap of the IBF lift/propulsion concept is

a hinged, single-element flap whose upper forward surface remains tangent to the jet

flap nozzle exit at the wing spoiler's trailing edge throughout its operation (Figure 5-20).

This flap is supported by four rotating pivot fittings below each wing and operated by

hydraulic actuators. Spanwise, the flap is divided into two structurally separate

sections to alleviate the effects of wing bending on the deflected flap. Hydraulic actua-

tors are mounted below the flap pivot fittings and are enclosed by the fairings that

house the pivot fittings.

Jet flap blowing air is supplied to the slot nozzle through plenum chambers located

between the flap (stowed) and the spoilers on the uppwer wing surface. A distribution

duct aft of the rear wing spar collects the blowing air from the engine air supply duct

system and routes it to the plenum chambers. The distribution ducts of both wings are

interconnected to equalize the air flow.

TRAILING-EDGE SPOILER TRAILING-EDGE SLOT PLATE

F.s. PLENIT, SLOT 0.75c/
,R .S. PLATE 2.0 .

/I _, .. . 60 DEG __/ 20I.C ST

CHORD -,,

FAIRINGX

SPOILER HYDRAULIC ACTUATOR -MAX 60 DEG

FLAP PIVOT SUPPORT FLAP PIVOT
0.75c 0 6 \

0. 003 CONSTANT

S I/ .0's PLATE POIN T OF ,

FIAPS AT5 LAM'••

f• FLP T6 6 DEG ,--

S~~~~~~To FLAP CENTER SLTIATDEAl

OF RTATIO. SLOTnteraFl

Figure 5-20. Hinged, Single-Surface Flap, Internally Blown
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5.3 FLIGHT CONTROL SYSTEMS

The airframes have T-tails with trimable stabilizers and use a combination of ailerons
and spoilers for roll. The T-tail is an outgrowth of previous tail-location studies.
The lift/propulsive systems create so much downwash that the airstream is virtually
independent of wing angle of attack at lower tail locations. This situation is acceptable
for control power criteria (such as nose wheel liftoff or stall in ground effect), but
is grossly unacceptable for stability. Although augmented static stability would make
a lower tail location acceptable, this option was not chosen by Convair Aerospace for
the baseline aircraft. The wide-ranging downwash also dictates a trimable stabilizer.

Ailerons, even though they impact the high-lift system, are included with spoilers for
two reasons: 1) they are available for trim and 2) the additional rolling moment from
blown ailerons will be required for engine-out minimum control speeds for the EBF
and MF/VT configurations. The IBF configuration has a lower roll requirement due
to cross-ducting, but the spoilers will probably have roll-reversal characteristics up
to moderately high deflections due to flow reattachment on the blown flaps.

Characteristics that had first-order effects on tail size were evaluated in establishing
the baseline configurations. The decisions were made on tail size including elevator
blowing. The most critical aft cg limit for the EBF is that marked Stability with Take-
off Flap-High a in Figure 5-21. This curve denotes the pitch-up characteristics
(mostly a high de/da effect) that occur at high power settings, takeoff flaps, and high
Sand that reduce inherent stability. The steep slope of the curve shows that
additional tail area is needed to provide inherent stability at aft cg's for this flight
condition. With the fairly elaborate. SAS required for good flying qualities, this aft
cg requirement is somewhat alleviated.

Two forward cg limits are shown in Figure 5-21: nose wheel liftoff and trimming high
angles of attack with landing flap. These are shown with and without elevator blowing,
indicating that at least some of the tail blowing shown in the data base will be required.
The nominal cg on the EBF is 20 percent for a tail area of 367 ft2 ,

The goals of the low speed loihgtudinal SAS development are to:

1. Improve phugoid damping, short period frequency, nz/a , and dY/dV when
controlling through the elevator.

2. Provide a throttle control that controls flight path with minimum disturbance
to pitch angle and airspeed.

3. Provide an airspeed control through the flaps with minimum disturbances
to pitch angle and angle of attack.
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A primary man-in-the-, oop simulator task was identified to determine which of the
two flight path control schemes results in better performance and pilot acceptance.
Figure 5-22 Is a block diagram of a preliminary longitudinal control system to meet
these requirements.

440 .. . . ...

I\

TOLA TR- HIGH

400 _ _ _ _ _ _

28OS WHEEL

ra ELE__TO_ _

0360 -~-N , BLOWING

280 1 OTIMHG

I NO ELEVATOR BLOWING
WITH ELEVATOR BLOWING

12 16 20 24 28 32
CENTER OF GRAVITY (% MAC)

Figure 5-21. EBF Horizontal Tail - cg Criteria.

Longitudinal augmentation has three interrelated loops. The attitude-hold loop employs
pitch attitude synchronized to a reference existing at the time of engagement. Rate
command augmentation is mechanized using integrated stick force. Attitule feedback
(rather than rate) is used because it dampens the troublesome phugoid and increases
the frequency of the heavily damped short period. This is shown in the root locus of
Figure 5-23. The velocity loop controlling second-segment flap position for flight
path stability uses dynamic pressure-sensing synchronized to the reference existing
at the time of engagement. A delta airspeed vernier control is included to allow the
pilot Incremental airspeed adjustment after the mode has been engaged. The angle-
of-attack loop commanding throttle position and increasing n z/o slaves engine power
to the a existing at the time of engagement. Additionally, a separate lift control has
been provided for augmenting thrust level when the a - hold mode is engaged. Flap
and throttle loops have interconnecting signal paths that decouple their effective
response in the frequency band between the phugoid and short period.

5-23



-MO

TRIP CON ROLS MAEL

SESHOOR

PSRIO Th ateral/irsctio EL agEVtATiOnR yse
___ hasE twAntreTUdlop AileOn iR ud

0.4 L -SdrPitRubriatnIatrl otolBX
ONT.II

PRnput from th0iotscnro1he1adpo
TiANS no cMpb AIty fo umnato us

Si AC 
.7 

R. prlesroabe nlddIti
coto linag toprvi e frauplt a
pilt-asis modes ofCope ATiOnRn eih

-0.2 - IS - ac egions o flghwhraieo sufc
VI dLOectoI may beo u cepal fo lateralR

cEtoNGnAlctoecaiclmie
-TroiesteNSDUCERofspe bae n

spie atrlsrfcFe:etos
0.4 EOF HL

ATT C AEEJG
-0.8 -0.6 -0.4 -0.2

Figure ~ ~ ~ ~ D 5-3.Ptc tttueRotLou
5-RRD24"ETTZO



SNAKE V EE7O - H&RCOLTROL MC PIE
FEELSI MIE ACTUATORS

CONSTROL
WHEEL * WHEEL FORC

SYNIC.

MC CýNROLýIOSKLAU OUt.TAAIION

PILOTLO TRIM~ AKUO

TRIM EACTUATORS

Fiur L-T4RALarl aG, Diecioa AUGMENTATION
Static diEctIoEa SERVO y a tebai
veGia-tl voue-iigaamtr

RUDuDEude-cnroRowrdead
PEDALSDKT. could dittRalAervricltilEn

uficen dirctina poe i2 avilbl

of PILOT85 (30M deresTnU.6seons)

FigureTh 52.LtrladDreqtoa uirmentationsfl brtalv
100LEVTHRUST(% fromi 50ifeetioa tbl was apoblcntrol bsicin

ALTITU{ Vert icualtall vof anEBF Iniae paraolution,

80 IRPED(T. -lthou~gh rapder-otato towetadeoffatttdes
foullwd bycat a lraped coversionl tai ife tan-

1 2 3~Ofcoenf igractiona (Fogure i-5) avaial

TIM(SE.) aneueron wn pil ersi tere sizap tor vetorimd

FigureC. 5-5. Control Sizin 5-25 t etLee clei
L fM--75 3 egesI . eod)



thrust retraction speed. It also has a potential impact on the pitch control/augmentation
system. All vehicles were configured for five-axis augmentation (elevator, aileron,
rudder, flap, and throttle).

Flight control systems for the baseline designs are generally similar. The surfaces
are blown and powered from triple hydraulic systems. Signal transmission paths
between the input controls and the surface controls are a parallel mechanical/
electrical linkage of control augmentation, except for the aileron controls.

Conventional mechanical control transmission connects the pilot's controls with the

servovalves of the hydraulically powered surface actuators. Series servos, in
conjunction with wheel-force sensors and inertial instruments, provide parallel
control. Power operation of the control surfaces was chosen over manual because
it offers the necessary power to deflect the large blown surfaces to the unusually large
deflections and rates required for STOL operation.

Dual-segmented elevators provide longitudinal control, with elevator blowing on all
aircrafý. Longitudinal trim is obtained from the movable horizontal stabilizer.
Spoilers and ailerons provide lateral control, and the ailerons are blown on the EBF
and MF/VT designs. The IBF design, which has a lower engine-out roll control
requirement due to the interconnecting ducting, uses ailerons for lateral trim. All
configurations have blown rudders and directional trim provisions.

The baseline augmentation system was configured under the following assumptions.

1. The bare airframe will meet Level 1 criteria for cruise and CTOL except
for dutch roll damping at altitude, which will be no less than Level 2.

A. Bare airframe STOL control will be Level 3 because of poor speed/flight-
path relationships and inadequate turn coordination.

5.4 BASELINE STRUCTURE

The airframe was designed to meet the requirements of the selected EBF baseline
configuration. It uses conventional structural elements and materials that have
demonstrated satisfactory performance in previous aircraft structural arrangements.
The principal objective was to define a simple structural configuration that will result
in a lightweight, long service life, low cost airframe. The design takes full advantage
of established fabrication procedures and processes.

The cargo compartment of the fuselage is configured to accommodate the USA F 463L
cargo-handling system. A rear fuselage cargo ramp is provided for cargo handling and

transfer from ground and truck-bed levels. Structural design criteria are in accordance

with applicable sections of MIL-A-008860/8870/8890 series specifications and MIL-
STD-1530 (USAF), Aircraft Structural Integrity Program. A structural weight breakdown
for the baseline airframe is given in Table 5-4.
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Table 5-4. EBF Structural Weight 5.4.1 MATERIALS. Table 5-5 presents

Breakdown product forms and materials selected
- for the structural components of the

WEIGHT STOL transport baseline. The largest
COMPONENT (LB) percentage of the airframe is fabri-

Wing (20.639) cated from 7075 and 2024 aluminim

Skin 5,304 alloys in tempers that combine high
Stringers 2,518

Spar caps 929 trength and adequate toughness with
Spar webs 1,135 good resistance to stress-corrosion
Ribs & bulkheads 1,445 cracking. To enhance corrosion
.. A" ,- & attachments 516
Fixed leading edge & tip 560 protection, all exterior skins are
Leading edge device (structure) 810 fabricated from clad aluminum sheet.
Leading edge device (mechanisms) 664 Withn the enge pylons, where
Fixed trailing edge. etc. 504

Flap surfaces 1, 830 elevated temperature requirements
Flap supports & mechanisms 2,877 (225 to 3250F) dictate, 2024 aluminum
Ailerons & spoilers 887 alloy in -T8 tempers is specified.
Doors, fairings, miscellaneous 660

SBody (25.238) Titanium alloys are limited to ap-
Bulkheads & frames 4,770 plications where high strength levels
Skin 3,778 msbeaintawhere hg even higher

Stringers & longerons 2, 722 must be maniedtvn ..
Flooring, supports & floor frames 3,400 temperatures (350° F). Titanium
Cargo rails, restraint, conveyors, etc. 2,407 alloy Ti-8Ae - 1 Mo - 1V in the
Pressure bulkhead 600
Winidshield & windows 644 annealed condition was selected
Cargo ramp & mechanism 1,535 because of its stress-corrosion
Aft cargo doors & mechanism 1,270 resistance, fatigue resistance, and
Entrance, service doors, & mechanism 1,625
Main landing gear docrs & fairings 2,102 high fracture toughness. Titanium
Fairings, protective linish, miscellaneous 385 is also used for tear stoppers

Horizontal (1,411) between fuselage skin and frames.
SknHere, material strength andSSkin49
btringers 490 fracture todgliness are used to arrest
Spar caps 86 fuselage skin cracks.
Spar wcbr & stiffeners 56
Ribs & bulkheads 128
Pivot, pitch-trim fitt.ngs & supports 72 High-strength steels are used at
Leading edge & tip 42 points of concentrated load Introduc-
Fixed trAiling edge 45

Miscellaneous, doors, fairings 134 tion into the airframe; i.e., wing
Elevators 358 fuselage attachment and landing gear

Vertical 3,489) pickup. Steel components having high
Skin 1,225 fatigue loads or whose failure could
Stringers be catastrophic are fabricated from
Spar caps 290 CEVM 4330V or D6ac. These alloys
Spar webs & stiffeners 255 exhibit excelleit stress-corroalOn
Ribs & bulkheado 400
Pivot, pitch-trim fittings & supports 687 resistance and high fracture toughnese&
Leading edge, trailing edge 18J at the higher strength levels. Steel
Mlscellaneou3, doors, fairings 98 op e sr i-g
Rudder 351 components rqiring strength levels

less than 200 ksi are fabricated from
precipitation-hardened stainless
isteels such as 17-7PH.
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Table 5-5. Materials and Product Forms for Baseline STOL Transport Airframe

COMPONENT PRODUCT FORM MATERIAL

Wing
Upper skins Clad sheet 7075-T6

Upper stringers & spar caps Extrusion 7075-T6511

Lower skins Clad sheet 2024-T3

Lower stringern & spar caps Extrusion 2024-T3511

Spar webs Sheet 7075-T6

Formed bulkheads & ribs Sheet & t.xtruslon 7075-T6 & T6511

Machined bulkheads & ribs Forging & plate 7075-T73

Leading edge skins & ribs Sheet 7075-T6

Leading edge flap Sheet 7075-T6

Aluminum fittings Forging & plate 7075-T73

Steel fittings Forgings 4330V or D6ac {CEVM)*

Trailing edge flap Sheet & extrusion Ti-6A1-4V annealed

Flap vane & spoilers Sandwich 2024-T81 & honeycomb

Trailing edge flap support tracks Forgings 4330V or Dac (CEVM)

Fuselage
Skins Clad sheet 2024-T3

Stringers & stiffeners Extrusion 7075-T6511

Formed frames Sheet & extrusion 7075-T6 & T6511

Machined frames Forging & plate 7075-T73

Tear stoppers Sheet Ti-SAI-lMo-IV annealed

Longerons Extrusion 7075-T6511

Floor beams Ext'usior 7075-T6511

Aluminum fittings Forging & plate 7075-T73

Steel fittings Forging 4330V or D6ac (CEVM)

Cargo floor Sandwich 7075-T6 & end grain balsa core

Windshield Laminated Tempered glass

Empennage
Horizontal stabilizer

Upper skins Clad sheet 2024-T3

Lower skins Clad sheet 7075-T6

Upper stringers & spar caps Extrusion 2b24-T3511

Lower stringers & spar caps Extrusion 7075-T6511

Vertical stabilier
Skins Clad sheet 7075-T6

Stringers & spar caps ExtrusioT. 7075-T6

Spar webs Sheet 7075-T6

Formed ribs Sheet & extrusion 7075-T6 & T6511

Machined ribs Forging &- plate 7075-T73

Leading edge assemblies Sheet 7075-T6

Aluminum fittings Forging & plate 7075-T73

Steel fittings Forging 4330V or D6ac (CEVM)

Rudder & elevator Sheet & extrusion 7075-T6 & T6511

Trim & servo tabs Sandwich 7075-T6 & honeycomb

Horlz. stab. pivot fittings Forging 4330V or D6ac (CEVM)

Engine pod & pylon
Skins Clad sheet 2024-T3

Webs & frames Sheet 2024-T61 &
Ti-6AI-4V raneas..

Longerons Extrusion 2024-TSBl

Machined fittings Plate 2024-T851

Thrust fittings Forging 4330V (CEr.)

OCEVM = Consummnble-Electrode-Vacuum-Are-Remelt
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Composite materials are not used In the baseline airframe structure. Glass cloth
reinforced plastic laminates are used for antenna covers, compartment liners, equip-
ment shrouds, and wing and tail tips.

5.4.2 STRUCTURAL DESCRIPTION. The baseline airframe is constructed primarily
of mechanically fastened, formed sheet metal with extruded and forged shapes. The
design provides for multiple load paths, so that failure of any one structural element
will not prevent continued flight and a safe landing. Emphasis has been placed on the
avoidance of stress risers. The basic finish system for corrosion protection of the
airframe and its components is in accordance with MIL-F-7179. A structural
schematic of the baseline airfiame is shown in Figure 5-26.

5.4.2.1 Wing. Wing primary structure is a two-spar box beam with stringer-stiffened
upper and lower skins and ribs. Attached to the front spar is a leading edge assembly
with a full-span, internally biown, forward-rotating flap. The wing trailing edge
consists of upper-surface spoilers, double-slotted externally blown flaps, and the
outboard aileron.

Wing box spars are of multiple-element, fail-safe design. Upper and lower skins are
tapered sheet metal and plate, stiffened by extruded stringers. Removable doois for

access to the wing interior are incorporated into the lower wing skins. Ribs are truss-
type except for fuel-tight bulkheads or where concentrated loads are i-troduced into
the wing box. These ribs have plate •.bs with fuel passages where required.

Fuel is stored in the outer wing box, which is sealed at the laying surfaces using
MIL-S-8802 sealants. This approach, illustrated in Figure 5-27, has a iroven sealing
reliability and provides an excellent barrier against corrosion due to dissimilar metal
contact. Augmented by MIL-C-27725 coating, it offers h!gh resistance to micrmbial
growth common to jet fuel tanks. Fuel in the center wing box is contained in fuel cells.
Installation access to the fuel cells and associated equipment is provided through
removable doors in the front spar web.

The fixed portion of the leading edge structure is a rib-stiffened sheet metal assembly
with passages between double skins for hot air de-icing. The leading edge contains an
internally blown flap that is hidnged downmard and foiward from the fixed leading edge.
All mecbajisms and air ducting associated with the flap are housed Inside the leading
edge assembly.

Aft of the rear spar, upper-surface spoilers of sandwich construction are hinged from
fittings attached to the rear spar. The spoilers extend spanwise to the internally blown
aileron of rib-stiffened, formed sheet metal skin construction. Each afleron is hinged
from the wing rear spar by three pivot fittings.
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WING SKIN SILICONE SHEET ACCESS DOOR

RUBBER GASKET

Figure 5-27. Wing Tank Sealing Arrangement

The double-slotted, externally blown trailing-edge flaps consist of two structurally
seperate sections per side and are supported from the wing box beam by four sets
of roller tracks and carriages. Flap elements, vane, main flap, and DLC surfaces
are of rib-stiffened, formed sheet metal skin construction with honeycomb sandwich
trailing edges (Figure 5-28). The material of the main flap and DLC surface is
titanium alloy because of elevated skin temperatures generated by engine gas flow.
Figure 5-29 shows skin temperature distribution on the lower surfaces of the flap
elements.

5.4.2.2 Fuselage. The fuselage is a semimonocoque shell of conventional frame/
stiffener/skin construction designed for 8 psi internal operating pressure. The cargo
compartment floor is designed to carry 300 lb/ft2 and is supported by transverse
beams in line with fuselage frames. The floor structure incorporates rails and tie-
down provisions compatible with existing cargo-handling systems. The cargo
compartment and floor extend forward to the personnel entrance door and aft to the
cargo ramp (Figure 5-26). The cargo ramp is hinged at floor level from a major
fuselage frame and bulkhead and, when up and locked, forms part of the pressurized
fuselage shell. A movable pressure bulkhead is located inside the fuselage in line
with the aft end of cargo ramp. This bulkhead can be rotated into a horizontal posi-
for cargo-handling clearance.

Aft of the ramp, the lower fuselage consists of two symmetrical clamshell doors that
open for cargo loading or discharge. The fixed fuselage structure above the cargo
riemp and doors incorporates longerons at the ramp and door intersections. These
longerons extend aft to a major frame in line with the vertical stabilizer rear spar.
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The wing is attached to major fuselage frames and drag longerons. Major frames
support the main landing gear (MLG) fittings that extend laterally Into the MLG
fairings at the bottom sides of the fuselage. MLG wheel wells, with hinged doors,
are provided under the floor for the sideways-retracting MLG.

Two upward sliding personnel entrance doors of the fidl plug type are located on the
fuselage left side. These doors are arranged at cargo compartment floor level and
are designed to carry pressurization loads when closed.

The flight deck and crew quarters are located above the nose landing gear wheel well,
and their common floor extends aft to the forward personnel entrance door. Floor
level Is about 6.5 feet above the cargo floor and is accessible by a ladder. Flight
deck windows are mounted in a frame structure that is Integral with the fuselage shell
(except for the pilot's and coylcptts side windows, which can be opened by a track-
guided sliding mechanism). The windshield cosists of two windows of bird-proof
laminated tempered glass. A midair refuelling receptacle is built into the top at the
fuselage immediately aft of flight deck bulkhead.

Aft of the center wing box, an unpressurized compartment is built into the upper
portion of the fuselage interior to house the two auxiliary gas turbine air compres-
sors. Transverse floor beams are located in line with fuselage frames. The aft
bulkhead of the compartment is removable to permit equipment transfer in and out of
the compartment.

5.4.2.3 Empennpge. The box beams of the vertical and horizontal stabilizer are
each desigrad with two multiple-element fail-safe spars and stringer-stiffened sheet
metal skins and ribs.

Access doors are provided through the top skin of the horizontal stabilizer for
assembly and equipment installation. The center section of the stabilizer incorporates
two pivot fittings attached to the lower surface near the rear spar. The stabilizer is
mounted at the top of the vertical stabilizer using these pivot fittings to allow rotation.
An actuator fitting is provided at the front spar of the center section. Blowing air
ducts are incorporated between the leading edge of the rudder and elevators and their
respective stabilizer box beam rear spars. These ducts deliver blowing air from the
air compressois to slotted plenum chambers at the lower surfaces at the leading
edge of the elevators and at both sides of the leading edge of the rudder.

The vertical stabilizer box beam is attached to the rear fuselage by a series of tension
bolts through the peripheral flange of its lower closing rib. Access doors are located
on both sides of the assembly to permit access to equipment mounted inside the box
beam and to facilitate its assembly. At its top, near the rear spar, pivot fittings are
provided to mount the horizontal stabilizer. A closeout fairing encloses the horizontal/
vertical stabilizer junction.

All empennage leading-edge assemblies are of rib-stiffened, formed skin sheet metal
construction. Elevators and a rudder, with trim and servo tabs, are hinged from the
rear spars of the horizontal ari vertical stabilizers.
" 5i-33



SECTION 6

CONFIGURATION DEFINITION

The analytical techniques and prediction methods developed during Part 2 were used
to update the baseline configuration selected from Part 1, The analysis resulted in a
three-view and inboard profile drawing, performance summary, group weight statement,
high-lift-system description, structural arrangement, and costs for each of the lift
systems under study. Figure 6-1 represents the configuration definition effort.

SIZING
REQUIREMEN IS

MISSIO PAYlOAD
REUIRE- CONTAINER M

L;EN TG MECH fLAP*VECT.

CONFIGURATION PERFORMANCE
EXTERNAL BLOWING THREE-VIEWS

WEIGHT DRAG
STATEMENTS TDRUSTTHRUST

"P PERFORMANCE
ADPROFILE STABILITY

FLIGHT CONTROL CGNTROLWEIGHT . ITRA BIO NGPROPULSION
ROUTI INTERNAL BLOWING DUCTING OMECH. + VECT.

STRUCTURE *EXT. BLOWN

- z -• -1 •"• " M E C H - V E C T * IN T . B L O M N

.• ,j .. EXT BLOWN:~INT. BLOM L

-0PRLf.DIC tION
TECHNIQUES RAPID PRE-

CROI SiS PROPULSION SUMMARY REPORTS

EORMANCT FLIGHT CIIARACT- AND EVALUATIONS
L O W ._ PIE rE P E R r o I C H i E V A L U A T IO N I I RI S T C

QUALITIES

Figure 6-1. Configuration Definition

The sizing requirements for the three configurations (e.g., payload/range, speed, and
landing and takeoff distances) will be the same as used for the baseline configurations.
Therefore, the cargo compartment and crew quarters should remain the same and
should be affected only indirectly by any changes in the wing/propulsion arrangement.

6.1 GROUND RULE REVISIONS AND DATA UPDATE

The takeoff and landing ground rules, the candidate engines and boundary layer control
(BLC) air sources, and the aerodynamic data were revibed and/or updated as indicated
in the following sections.

6.1.1 TAKEOFF AND LANDING GROUND RULES. Revisions to the Part 1 ground
rules were supplied by the AFFDL on 28 June 1972. These revisions were an attempt
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to determine a balance of critical field length. The ground rules used during the
configuration sizing lescribed in Section 6 are shown in Figure 6-2.

6.1.2 CANDIDATE ENGINE SELECTION. A tradeoff study to obtain the optimum
configuration of engiLe thrust and wing area was performed during Part 1. The
Part 2 propulsion studies are depicted in Figure 6-3. Starting with the Part 1 base-
line configuration, Part 2 studies, and wind tunnel test results, the propulsion
configurations were reviewed and redefined. The engine cycles were reassessed to
meet revised thrust/drag and blowing air requirements. Comparisons at critical
operational conditions were made for those few engine types considered representative
for this phase of the study.

Parallel propulsion and blowing-air system component reviews were perfo,-med, also
using Part 2 3tudy and test Information. Types of reversers were reviewed and made
compatible with new nacelle locations, relocation of thrust vectoring, and/or valving
of engine-supplied air for blowing-air systems.

Table 6-1 indicates the candidate engines for both cruise and blowing-air sources.
The proposed transport prototype engines have been added plus a Garrett-Airesearch
air multiplier as a BLC air source. After a thorough review of the available deriva-
tive and prototype engines and the most recent data supplied by the engine manufacturers,

the selections for the Part 1 baselines were retained. These are:

EBF GE13/F2B

MF/VT GE13/F2A

IBF/VT STF-369

Based on the revised configurations and resulting data, new installation factors were
calculated and the installed performance determined for the selected propulsion sys-
tems. A schedule of reverser thrust available was prepared And checked with
appropriate engine manufacturers. This data formed the Part 2 propulsion inputs to
the selected aircraft performance programs.

The bleed requirements for the flow multipliers on the EBF and MF/VT engines Pre
shown in Figure 6-4. The IBF/VT engine data was shown in Figure 3-8.

6.1.3 LOW-SPEED TRIMMED AERODYNAMIC DATA. The various flap configura-
tions tested during the low-speed wind tunnel tests were examined and reviewed for
application to the updated designs, as shown in Figure 6-5 for the EBF and MF/VT
configurations. Several that offered a significant performance potential over those
used in Part 1 were evaluated and one was selectW for each lift/propulsion concept.
A variable-camber leading-edge flap plus BLC wr.s used on each concept to furnish
higher anigle-of-attack performance for takeoff, landing, and go-around.
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Table 6-1. Candidate Cruise Engine and Blowing Air Source Selections

CRUISE ENGINES

SIPEC. THRUST WT LENGTH DIAMETER COMP. DEVELOPMENT
COMPANY DATE DESIGNATION (L) SFC U (LE) (IN.) I (INJ RATIO STATUS

GA 6100 FD518 21.2 0.832 5.25 2AW35 103.0 62.0 24.0 GMA 100 DERIVATIVE
ALLISON PD3614 30 0.230 .62 3,100 113.0 72.0 21.8 UMA 100 DERIVATIVE

PD36146 24.470 0.268 10.74 3,752 112.0 82.0 16.2 GMA 100 DERIVATIVE
PD361.3 21.360 0.404 4.6 2.510 16.4 56.0 24* GMA 100 DERIVATIVE

P03614 211•50 0.427 4.0 2.480 94.8 67.2 24.8 GMA 0oo DERIVATIVE

Sin ms- 21A.00 0354 5.9 2.854 82.7 67.1 24.0 PROTOTYPE ENGINE

GENERAL 12/70 OEI3-F3A 21,000 0.3"1 5.0 2.300 92.0 85.3 23.8 F-101 DERIVATIVE
1 GELECTRIC 1M GEIS3-3 21 ,,0 0.Ge5 5.1 2.,00 32.0 a'6s 24.1 F-101 DERIVATIVE
12/70 GE13-2A 2Z410 0.35 6.A 3.010 94.4 72.1 23.3 F6101 DERIVATIVE
12170 GE13.F2A 22`340 0.116 6.5 3.010 94.4 72.1 23.A F.101 DERIVATIVE
12/70 GE1.6F4B 2350 0.228 8.0 3,310 96.2 77.5 22.4 F.101 DERIVATIVE
7/71 F.101/F.13A1 10,146 0.S 2.0 2,940 77.0 46.7 26.5 F.101 NON A/S
_ /72 GE13.F1OSI 24K000 0.364 SA 3.425 S&.4 73.1 23.4 PROTOTYPE ENGINE

PRATT 2 8/70 STF3$2 20,000 0.371 t.0 3%0W6 97.0 67.0 18.0 1978-0 IOC
WMITNEY t7o ST2F389 20.000 0.528 2.5 3065 82.0 56.0 21.0 19784I0 OC

6170 STF406 20,000 0.422 5.5/2.0 4.305 142.9 10.5 20.0 197840 IC
1170 STF418 20,000 0281 12/0.62 2M36 133.0 94. 23.6 197340 IOC
3/0 STF337 20W000 0.70 6.0 2,700 84.0 61.0 20.2 1973410 IOC
12170 STF402 20,000 0.409 5.0 2Z600 36.3 57.6 25.0 JTF22 DERIVATIVE
672 PW40 124,410 0.367 6.0 3.450 120.1 67.0 20.2 PROTOTYPE ENGINE

SLOWING AIR SOURCES
ROLLS 30 R176-11 (74 LI AT 2.14 P.R.) 1.700 126.0 32.0 4.5 ASI19BISPEY
ROYCE I I -
GARRET 8/71 AIRMULTIPLIE (6 LB/. C AT 2.SP.R.) 50 13.0 12.4 ENGINEIHP.

AIRESEACI I, BLEED DRIVEN

AR EN(GINE PERFrORMANCE REVIEI BA•ISIC If.STA E[D
SIX-M01 TO EFRAIL'O

STUDY% COMPLETE TAKOVF 21500"9 3 D SELECTED ENGINES

BAStELFN ER F

CECHA MII CAL •

f~LAP •VECTORIEC PAOPLSI 4 rpo•t;-_ _% _TACOT RA - IM APRfRAFT
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Figure 6-3. Propulsion Studies
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The longitudinal and directionl teim capabilities required for the selected configura-
tions are indicated In Table 6-2. As shown, the horizontal tail volume increased by
46 peroent. Lngiftdinal trim capability is achieved wfithu blowing with a plain
elevator. The vertical tall volume remained the same and directional trim capability
is achieved with a 30 percent hord plain rudder. The analysis of the Convair develop-

ed wind tunnel data has shown this to be adequate for the engine out case. Additional
longitudinal or directional trim capability can be furnished with a simple slot If required.
(Convair's design was discussed with AFFDL.)

Table 6-2. Tail Sizing Requirements
Part 1 Updated Designs

VH = 1.10 vH"- 1.61

Additional Stability
Trim Capability without

Blowing

VV = 0.13 VV --o.13

Adequate Directional
Trim Capability for
Engine-Out

The trimmed low-speed lift curves and drag polars for the updated designs are pre-
sented in Figures 6-6 for EBF, 6-7 for MF/VT, and 6-8 for IBF/VT.
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6.2 CONFIGURATION SIZING

The configurations selected in Section 5 were updated during this part of the study
effort. All mission performance data was computed using the digital computer pro-
gram described in Reference 6-1. STOL takeoffs and landings were calculated using
the digital procedure of Reference 6-2.

6.2.1 DATA UPDATE EFFECTS, The updated designs reflect the following changes.

1. Revised takeoff and landing ground rules, Reference 6-3.

2. Improved aerodynamic powered-lift data base developed irom the

parametric wind tunnel test data.

3. Control system refinements that reflect the improvements in the

data base and controls mechanization.

4. Mechanical and structural design refinements.

These configuration improvements resulted in significant weight savings for all three
powered-lift configurations. The largest weight saving is attributable to the takeoff
and landing ground rules and the data base. The improvements in takeoff field
length are shown in Figure 6-9 for a sample EBF configuration. For this example,
the wing area ane rated engine thrust were held constant. At the configuration mid-
mission wLight, he clmnge in ground rules resulted in a 150-foot field length decrease.
The improved pa vered-lift data base significantly decreased the field length by an
addi•tional 440 feet.

A potential reduction in cruise drag could be achieved by using part of the available
potential improvement shown in Figure 6-10. The cruise Mach number can be in-
creased by using an advanced state-of-the-art wing design (Pealcy-type airfoils).
Further improvements could be achieved by treatment of the wing/fuselage juncture
and the wing tip. A super-critical wing design could furnish either additional internal
fuel volume by increasing thickness ratio or additional cruise Mach number capability.

6.2.2 BLC AIR SUPPLY TRADEOFFS. Elimination of the auxiliary ccmpressor as
the BLC supply was studied using the EBF configuration as a baseline. This refine-

ment consisted of removing the two auxiliary gas turbine compressors used for
supplying air to the wing lead-edge BLC system and supplying the BLC air with
scaled Garrett-Airesearch flow multipliere. One flow multiplier is positioned in each
engine installation and is driven with engine compressor bleed.

The two EBF configurations of Table 6-3 were sized to achieve the L. aum takeoff
gross weight design. The design employing flow multipliers is two percent lighter at
takeoff gross weight than the design with auxiliary compressors. The flow multipliers
were selected as the BLC air supply source on the EBF and MF/VT designs.
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Table 6-3. BLC Air Source Tradeoff, EBF

BLC Air from BLC Air from Auxiliary
Cruise Engines Compressor

Engine 2GE13/F2B GE13/F2B
Wing Area (ft2  1,550 1,550
TOGW (ib) 137,450 140,100
Mid-mission Weight (lb) 125,700 126,480

Rated Thrust (lb) 15,075 14,060
T/W 0.480 0.445
W/S (lb/ft2 ) 81.1 81.6
Takeoff Distance (ft) 2,000 2,000

6.2.3 SIZING OPTIMIZATION. The point designs were sized for a 2,000-foot
V'- takeoff field at tUe mid-point of the tactical delivery mission. Sufficient wing fuel

voluwie was reauired to fly a 2,600 n. mi. unrefueled range mission using internal
wing fuel. The range mission is performed at a reduced load factor (2.5 g) and
uses the wing center section carry-through structure for fuel tankage. These center
section tanks are not ,sed during tactical missions. Since the STOL landing ground
rules are not conservative, the 2,000-foot landing field length requirement is not
critical.

The two EBF configurations shown in Table 6-3 were sized during the Part 2 study.
These were updates of the Part 1 baseline design. This design revision included:

1. Elimination of aileron, elevator, and rudder BLC blowing.

2. Addition of a leading-edge Krueger flap to the horizontal tail.

3. Increasing the horizontal tail size to compensate for the removal
of the elevator BLC blowing.

The wing and flap geometry remained the same as in Part 1. The sizing plot for this
configuration is shown in Figure 6-11; the point design and the Part 1 baseline are
compared in Table 6-4.

The MF/VT configuration incorporates the design revisions of the selected EBF design.

Other design changes include:

1. Replacing the Part 1 triple-slotted flap system with a simpler
and lighter double-slotted flap.

2. Replacement of the GE single-bearing thrust vectoring device
with a lighter weight, single-position, cascade vectoring system.

The MF/VT configuration was optimized using these criteria. The sizing plot for
this configuration is shown in Figure 6-12; the point design and the baseline configur-

ation are compared in Table 6-5.
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Figure 6-11. EBF Point Design Sizing for 2,000-foot Field

Table 6-4. Comparison of Part 1 and Part 2 EBF Designs

Part 1 Design Part 2 Design

Engine GE13/F2B GE13/F2B
Wing Area (ft2) 1,550 1,550
TOGW (Ib) 148,200 137,150
Mid-mission Weight (Ib) 134,200 125,700
Rated Thrust (Ob) 18,600 15,075
T/W o0.555 0.480
W/S (Ib/ft2 ) 86.6 81.1
Takeoff Distance (ft) 2,000 2,000
Landing Distance (ft) 9S2 1,530

145
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I / CONFIGURATION
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Figure 6-12. MF/VT Point Design Sizing for 2,000-foot Field

Table 6-.t. Comparison of Part 1 and Part 2 MF/VT Designs

Part 1 Design Part 2 Design

Engine GE13/F2A GD13/F2A
Wing Area (ft.i 3.710 1,550
TOGW (Ib) 168,750 140,200
%Mid-mission Weight (ib) 163,500 126,300
Rated Thrust (Ibi 24,75f 14,965
T/W 0.64 5 0.474
W/S (lb/ft,) 89. A 81.5
Takeoff Distan• e (ft, 2, 001 2,000
L•tdlng Distance (It) 1,280 1,850

6-11



The basis for the updated IBF configuration is the baseline IBF-2 from Part 1. Even
though the STF369 engine is not an optimum engine/airframe/mission match, it
provides sufficient high-pressure-ratio/high-flow-rate air to drive the wing leading-
and trailing-edge blowing systems. The IBF-2 baseline design was revised by:

1. Eliminating BLC blowing from the aileron, elevator, and rudder.

2. Adding a leading-edge Krueger to the enlarged horizontal tail.

3. Redesigning the trailing-edge high-lift system to reduce weight
and increase blowing system efficiency.

4. Adding a thrust vectoring system. This vectoring system is used
during the approach and landing flight phases to eliminate undesir-
able characteristics of the baseline IEBF configuration studied on ihe
fixed base simulator, Reference 6-4.

With these design revisions incorporated, the configurotion was optimized within the
preceeding constraints. The sizing plot for the IBF point design is shown in Figure
6-13; the point design and the baseline IBF-2 are compared in Table 6-6.

155

4 STF-3G9 ENGINES

L-USELECTED
/oCONFGRTO

S--FUEL VOLUME LIMIT FOR

2600 N.MI. UNREFUELED
RANGE MISSION145 ,. I 1t

1550 1600 1650 1700 1750 1800 3850

WING AREA (ft2 )

Figure 6-13. IBF/VT Point Design Sizing for 2,000-foot Field

Table 6-6. Comparison of Part 1 and Part 2 IBF/VT Designs

Part 1 Design Part 2 Design

Engine STF369 STF369
Wirg Area (ft2 ) 1,785 1.77C
TOGW (Ib) 170,300 149,770
Mid-mission Weight (1b) 152,450 133,000

Rated Thrust (Ia) 22,837 :3, 27 5
T/', 0.599 0.110
W/S (1b/(02 ) 85.41 78.24
Takeoff Distance (ft) 2,000 2,000
Landing Distance (ft) 1,175 1,810
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6.3 POINT DESIGNS

The resulting point designs from the sizing activities are presented and discussed

in this section. The three designs have the same cargo comipartment used on the
Part 1 baseline configurations (12 by 12 by 55 feet). The overall fuselage length
has been decreased by three feet. The sized point designs are typical high-wing,

T-taiI transports with pylon-mounted engines.

6.3. 1 INBOARD PROFILE. The inboard plan and profile drawing for the three
designs as shown in Figure 6-14 is provided to amplify major fuselage areas of interest.
These areas logically fall into the three categories discussed In the following paragraphs.

6.3.1.1 Noae Section. The nose section (from Fuselage Station (FSl 0 to 260 consists
of 1) the flight deck, 2) crew rest area, 3) nose wheel well, and 4) electronic areas.

The flight deck contains provisions for a pilot, co-pilot, navigator, and loadmaster.
A crew rest area is located on the same level just aft of the flight deck. This area
includes four seats, a folding table, galley, one bunk, and storage areas. Directly
below, on the cargo deck level, three additional bunks are provided, along with a
lavatory, toiler, shower, and additional crew storage. Access to the e~ectronic

M recks is also located on the cargo deck level.

A ladder adjacent to the crew entrance door extends from the cargo deck level to the
flight deck level and up to the overhead escape hatch. The weather radar and the nose
landing gear compiete the major components of the nose section.

6.3.1.2 Cargo Section. The cargo section extends from FS 260 to 920. This section
pirvides a cargo envelope 55 feet long, 12 feet wide, and 12 feet high. The cargo floor

E is designed to a 300 Ib/ft2 loading capability and is compatible with the Air Force
463L loading system. The wing carrythrough structure and its supporting fuselage
frames are compatible with the main landing gear cutout area, providing maximum
structural efficiency through the mid-fuselage area. A personnel entrance door is
located at r -ear of the cargo section on the left-band side.

6.3.1.3 Aft Fuselage Section. The aft fuselage section extends from FS 920 to 1436.
This area consists of various doors and ramps necessary for efficient loading and
unloading of cargo and vehicles. The main ramp (pivoting at FS 920) has three basin
positions: in-flight, truck bed/air drop, and inclined-ramp cargo and vehicle loading.
The cargo ramp extension (which also acts as the aft pressure barrier) can pivot at
the end of the main ramp for inclined cargo loading or can pivot at Waterline 218
fhr air drop or truck bed loading. The aft fuselage center cargo door and side clam-
shell doors provide clearance for all loading conditions when extended.
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6.3.2 GENERAL ARRANGEMENTS. The general arrangements for EBF, MF/VT,
and IBF/VT point designs are shown in Figures 6-15, 6-16, and 6-17, respectively.
The EBF and MF/VT designs use flow multipliers located in each pylon to supply
boundary layer control air for the wing leading-edge flap. The IBF design uses
bleed air from the high-pressure single-stage fan for both the leading-edge and
trailing-edge flaps. The point designs are summarized in Table 6-7.

Table 6-7. Summary of Updated Designs

EBF MF/VT IBF/VT

Engine GE13/F2B GE13/F2A STF369
Wing area (it 2) 1,550 1,550 1,700
TOGW (lb) 137,450 140,200 149,770
Mid-mission Weight (lb) 125,700 126,300 133,000
Rated Thrust (1b) 15,075 14,965 13,275
T/W 0.480 0.474 0.40
W/S (lb/ft2 ) 81.1 81.5 78.24
Takeoff Distance (ft) 2,000 2,000 2,000
Landing Distance (it) 1,530 1,850 1,810

Mid-mission STOL weights of the EBF and MF/VT are comparable, but the IBF
weight is slightly higher because of the engine selection required for takeoff anx.
landing performance. Of the three designs, the IBF had the lowest installed thrust-
to-weight ratio and rated thrust. Dimensional data is presented for the EBF in
Table 6-8, for the MF/VT In Table 6-9, and for the IBF/VT in Table 6-10.

6.3.3 MASS PROPERTiES. The weights data presented herein for Phase I point
design is the product oi extensive studies in which many design parameters have been
varied to arrive at an optimum arrangement. Values calculated have been substanti-
ated using several Convair Aerospace developed methods. These include empirical
base as well as feature-penalty analysis,

6.3.3.1 Study Procedure. In order to ensure maximum accuracy of weight estimates
during the parametric studies, while providing a means of quickly obtaining differential

Sweight effects, two different types of estimating methods were used. Baseline con-

figurations were estimated using feature-penalty analysis. Constants derived from
these analyses were used to calibrate an existing interactive computer graphics
program containing generalized weight estimating equations. This program and the
equations therein were used for configuration scaling from the base point values.
Periodic checks, using the feature-penalty analysis, eubstantlated that the computer
graphics equations were providing desired scaling effecta. A standard deviation
error summary applied to the structural weight of existing in-service aircraft is
presented in Table 6-11 for these methods.
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I
Table 6-8. EBF Dimensional Data

Wing Horizontal Tail

Span 111.36 ft Span 49.7 ft
Area 1550.00 ft2  Area 549.0 ft2

Aspect Ratio 8.00 Aspect Ratio 4.50
Taper Ratio 0.33 Taper Ratio 0.40
Incidence Deflection +5 to -10 deg

At Root 3.5 deg Sweep at c/4 30 deg
At Tip -1.0 deg Chord

Dihedral -3.5 deg Root 189.35 in.
Sweepa a c/4 25.0 deg Tip 75.74 in.
Chord Mean Aerodynamic 140.66 in.

Root (at Aircraft Centerline) 250.60 in. Airfoil Section
Tip 83.45 in. Root 64A012
Mean Aerodynamic 180.97 in. Tip 64AO0B

Airfoil Section Pivot Centerline c/4MAC
Root (at W.S. 69.0) 64A3 (13.12)
Tip 64A4 10 Elev-.or

Span Full
Leading Edge Device Chord 0.35
(Variable Camber) Deflection +15 to -50 deg

Span Full Hinge Line 0.35c
Chord 0.155% c
Deflection 56 deg Vertical Tail

Span 22.0 ft
Trailing Edge Flap Area 408.0 ft2

Span 0.80 b/2 Aspect Ratio t. 18
Chord 0.75c Taper Ratio 0.65
Deflection 45 deg Sweep at c/4 39.0 deg

Chord
Spoilers Root 269.55 in.

Span 0.80 b/2 Tip 175.21 in.
Chord 0. 195c Mean Aerodynamic 225.72 in.
Hinge 0.548c Airfoil Section 64A012
Deflection 60 deg

Rudder

Aileron Span Full
Span 0.20 b/2 Chord 0.30c
Chord 0.25c Deflection *50 deg
Deflection *50 deg

Fuselage
SLength 132 ft, 6 in.

Maximum Width 212 in.
Cargo Envelope

Length 55 ft
Width 12 ft
Height 12 ft
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Table 6-9. MF/VT Dimensional Data

Wing Horizontal Tail
Span 116.96 ft Span 49.7 ft
Area 1710.0 ft4  Area 549.0 ft2

Aspect Ratio 8.00 Aspect Ratio 4.50
Taper Ratio 0.33 Taper Ratio 0.40
Incidence DefleAtion +5 to -10 deg

At Root 3.5 deg Sweep at c/4 30 deg
At Tip -1.0deg Chord

Dihedr.l -3.5deg Root 189.35 in.SSweep at 0/4 25.0 deg Tip 75.74 in.
Chord Mean Aerodynamic 140.66 in.

Root (at Aircraft Centerline) 263.0 in. Airfoil Section
Tip 87.6 in. Root 64A012
Mean Aerodynamic 190.0 in. Tip 64A008

Airfoil Sectiun Pirot Cezterline C/4MAC
gRoot (at W.S. 69.0) 64A3 (13.12)

S•Tip 64A4 10 Elevator
SiSpan Full

Leading Edge Device Chord 0.35
S(Variable Camter) Deflection ,t15 to -50 deg
SSpan Full Hinge Line 0.35c

Chord 0. 155% u
Deflection 56 deg Vertical Tail

4 Span 22.0 ft
Trailing Edge Flap Area 408.0 ft2

Span 0.80 b/2 Aspect Ratio 1.18
Chord O. !5c Taper Ratio 0.65

1 Deflection 45 deg Sweep at c/4 39.0 deg
Chord

Spoilers Root 269.55 in.
Span 0.80 b/2 Tip 175.21 in.
Chord 0.195c Mean Aerodynamic 225.72 in.
Hinge 0, 548c Airfoil Section 64A012
Deflection 60 deg

Rudder
Aileron Span Full

Span 0.20 b/2 Chord 0.30c
Chord 0.25c Deflection -*50 deg
Deflection *50 deg

Fuselage
Length 132 ft, 6 in.
Mxximum Width 212 in.
Cargo Envelope

Length 55 ft
Width 12 ft
Height 12 ft
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Table 6-10. IBF/VT Dimensional Data

Wing Horizontal Tail
Spun 116.6 ft Spin 53.3 ft
Area 1700 ft2  Area 632.0 ft2

Aspect Ratio 8.00 Aspect Ratio 4.50)
Taper Ratio 0.33 TAper Ratio 0.40
Incidence Deflection +5 to -10 deg

At Root 3. 5 deg SWeep at c/4 30 deg
At Tip -1.0 deg Chord

Dihedral -3.5 deg Root 203.16 in.
Sweep at 0/4 25.0 deg Tip 81.26 in.
Chord Mean Aerodynam.ic 150.9 in.

Root (at Aircraft Centerline) 262.46 In. Airfoil Section
Tip 87.40 in. Root 64A012
Mean Aarody)anaic Tip 64A008

Airfoil Section Pivot Centerline c/4MAC
Root (at W.S. 69.0) 64A0 (13.12)
Tip 64A4 10 Elevator

Span Full
Leading Edge Device Chord 0.35
(Variable Camber) Deflection +15 to -50 deg

Span Full Hinge Line 0.35c
Chord 0.155% c
Deflection 56 deg Vertical Tail

Span 23.68 ft.
Trailing Edge Flap Area 468 ft2

Span 0.80 b/2 Aspect Ratio 1.18
Chord 0. 35c Taper Ratio 0.65
Deflection 60 deg Sweep at c/4 39.0 deg

Chord
Spoilers Root 288.70 in.

Span 0. 30* b/2 Tip 187.65 in.
Chord 0.195c Mean Aerodynamic 241.75 in.
Hinge 0. 548c Airfoil Section 64A012
Deflection 60 deg

Rudder
Alferon Span Full

Span 0.20 b/2 Chord 0.30c
Chord 0.25c Deflection k50 deg
Deflection i- 0 deg

Fusela .e

Length 132 ft, 6 in.
Maximum Width 212 in.
Cargo Envelope

Length 55 ft
Width 12 ft
Height 12 ft
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C Tradeoffs were conducted such that no performance increment was computed withaot
inclusion of the weight effect of all variable parameters. That is, the program
iteratively revised the total vehicle weight, design loads, wing and tail, areas, fuh4
quantity, engine size, wetted area, etc., until the vehicle was resized to meet
mission specifications. The output, either displayed at the graphics terminal or
printed, included a group weight statement similar in format to MIL-STD-254, a

complete statement of geometry, 9nd a planform layout of the resized vehicle.

6.3.3.2 Weight Derivation. Table 6-12 provides a summary of the weight derived
for the externally blown flap configuration. Table 6-13 provides dimensional and
structural data for that configuration. Tables 6-14 and 6-15 provide data for the
mechanical flap/vectored thrust cornguration, and Tables 6-16 and 6-17 provide data
for the Internally blown flap configuration. In general, weights presented were derived
as follows:

1. Structural Group Weights

Structural weights were estimated using feature-penalty analysis described
above.

2. Propulsion Group

Engine weights have been based on manufacturer scaling data. Thrust

reversers have been estimated using weights of other reverser concepts,
modified to reflect Convair Aerospace design approach. Fuel system
and engine system weights were estimated using feature-penalty analysis.

3. Fixed Equipment

Fixed equipment weights are those recommended for use by the AFFDL
in Reference 6-4.
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Table 6-11. Structural Weight - Prediction Methods Standard Deviation
Error Summary
Wing Tail 22&

No. Bias Std Bias Std Bias Std
Aircraft Class Cases (%) Dev (%) (%) Dev (%) (%) Dev ,%)

USAF Fighters 11 +0.01 5.95 +7.77 19.87 -0.98 5.79

USN Figbters 17 +0.98 5.53 +1.37 18.57 +1.43 6.03

Transports 10 +0.58 3.34 -0.83 9.87 +0.64 3.19

Bombers 6 -0.19 3.15 -4.08 10.72 +0.32 2.94

All Aircraft 44 +0.14 4.81 +1.73 16.41 +0.47 4.98

Landing Gear External Nacelles

No. Bias Std No. Bias St
Aircraft Class Cases (%) Dev (%) Cases (%) Dev (%

USAF Fighters 10 +1.64 6.87

USN Fighters 11 +0.37 13.31 - - -

Transports 10 +0.77 11.85 10 +0.41 7.18

Bombers 6 +2.97 7.6C 6 -0.31 $.57

All Aircraft 43 +0.83 10.77 16 -0.04 6.43

Total Structure

No. Bias Std
Aircraft Class Cases Dev (M)

USAF Fighters 11 +0.33 4.40

USN Fighters 17 +0.05 3.43

Si' nrorts 10 +0.31 2.47

Bombers 6 -0.02 1.44

AU Aircraft 44 +0.13 3.23
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Table 6-12. Weight Surimary - Externally Blown rlap Configuration

Weight (ib)

Wing Group 20,039
Basic Structure 13, 640
Secondary Structure 700
Trailing-Edge Flaps 3,708

Ký Leading-Edge Flaps 972
Spoilers 269
Flap BLC System 750

Tail Group 4,432
Horizontal Tail 2,182W-Vertical Tail 2,250Body Group 24,081

Alighting Gear 6,601

Surface Controls 2,051Nacelle Group 2,790

Proptlsion Group 11,661
Engines 7,284
Thrast Rleversers 1,768
Air Liduction 137
Exhaust System 165
Cooling System 66
Lubricating System 24
Fuel System 1,928
Starting System 170
Engine Controls 119

Auxiliary Power Unit 500
Instrument Group 900
Hydraulic and Pneumatic 900
Electrical Group 1,900
Avlonic@ Group 2,000
Armament Group 700

Furnishings Group 4,000
Air Conditioning and Anti-Icing 1,600

- • Auxiliary Gear Group 100

Weight Empty 84,255

Basic Operating Items '7C'

Payload 28, 000
Usable Fuel 23.400

Takeoff Gross Weight 1.37,450
6-24
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Tabic 6-13. Dimensional and Structural Data, EBF Configuration

I LEMNGR T O- RALL (FT.) 132.5 HGNI -OVERALL . STATIC (FT.) -

__1_________T/ _______ AMe..AP(LI.../,. . eT.. 12a9. .ta e_

3 LENGTH MAX. (FT. 1 19.7 .. 7
4- DEPTH -MAX, (FT.) ,6.2• I
S WIDTH - MAX. (FT.)-

6 WETTED AREA (5St FT.) SA I
*7 FLOAT OR MULL DIEGL. - MA L )-I FUSELAGE VOLUME (CU. FT.) PRESNIUT IEC TOTAL

_ _ _-__ _ _._T_ _ __NS_ _(_ _ _ _ _- I

10 GROS A AREA (Wci FiT.) !
12 SPA14 (FT.) _ENGT_-_____A_____T______AC____T____T.)

z13 FOLDED SVAN (FT.)___________ _________

14__ _ _ _ _ _ _ _ _ _ _ _ _

15 SWEEPIACK -AT 25% CHORD LINE (DEGREES) 2
16 AT S CHORD LIl, (DEGREES)_

- 17 THEORETiCAL ROOT CHORD - LENGTH (ITHUEN TO a.. I .ZL AS
is -MAX. THICKNESS HCINCHS) goC CS..-z-..-I (GAL)

"*';It CHORD AT PLANPORM *REAK . LEN4GTH (INCHES)
20 .,AX. THICKNESS (CHES

_ _ !-.•4 _ __- " : 4 3 1T4.19 _ L _2

*931 THEORETICAL TIP CHORD . LENGTH (INCHES) R-175 7-
22 -MAX. THICKNESS ("ICES) -41 r -1 21
.23 DORSAL AREA. INCLUDED MN (FUSE.) (HULL) WV. TAIL) AREA (SO. FT.) -_ ___________

24~ TAIL LENGTH.- 2K~ MAC InMG TO 25% MAC H. TAIL (F.t
25 AREAS (SQ. .U Ime . .W I - 1L......... . i

_6 _OAIpeslsa wo

21 i .G~s l eli el! Sai . we6,.- ____L_ " '...... . ... l

SSA......,I .Rudda.....CI
30 ALICHTING GEAR _____ IL UCAT,,

Z 2 1 ARREST .I TASUE FilL.NG ___ 1 Q~TO -_...._--_

"-- Non -T-maEDsLpOlG€N • RAI: PqI FFIl~l

32OLED TRAVEL - ULL EXTENDED TO FULL COLLAPSED i:WC .HRo.
33 FLOAT 0(k SKI STRUT LEMOTH OINHES)__ t
U NRS "OM LEH l OOK TRU.EIGN TO 9 HOOK POINT MOICE$) -1

; J HYRUISYTMCAPACITY (GALS. ______ ______

t36 FUEL &LUE SY MS %l...iP .e

0-2

'46 FtM ____ 
_ _

52 GLIT AIRLAE__________PED__TJC. i

45 STRUTURLDATA "W40F4LD. S CONDITION M______ a ee ~l e. es ,t U.19

5S ANOISMNG ______ -_L__DWPRSSR_______L n W (FS..

57 - _FRM _9X _ý _ _01 4 A L

*LbIs. of Ma wo f fuI 4ibk/m k to. ~~ *epI"*..
"4 v* "peft
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Table 6-14. Weight Summary - Mechanical Flap/Vectored Thrust Configuration

Weight (lb)

Wink Group 20,319
Basic Structure 13,859
Secondary Structure 710
Trailing-Edge Flaps 3,750
Leading-Edge Flaps 976
Spoilers 272
Flap BLC System 750

Tail Group 4,489
Horizontal Tall 2,209
Vertical Tvil 2,280

Body Group 24,232Alighting Gear 6,734

Surface Controls 2, (05)
Nacelle Group 3,366
Propulsion Group 12,403

Engines 7,240
Thrust Reversers 2,515
Al Induction 136
Exnaust System 165
Cooling System 66

Lubricating System 24
Fuel System 1,969
Starting System 169Engine Controls 119

Auxiliary Power unit 500
Instrument Group 900

Hydraulic and Pneumatic 900
Electrical Group 19,00Avionics Group 2,000
Armament Group 700
Furnishings Group 4,000
Air Conditioning and Anti-icing 1,600
Auxiliary Gear Group 100

Weight Empty 86:194

Basic OperatLg Items 1,806
Payload 28,000
Usable Fuel 24,200

Takeoff Gross Weight 140,200
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Table 6-15. Dimerzsiona' and Structural Data, MF/VT Configuration

I LENGTH -OVERALL (FT.) 1325 ,HEIGHT - OVERALL STATIC .

3 LENGTH -MAX. (FT.)
4 DEPTH -MAX. (FT.) q -4 '.
S VIDTH . MAI. (FT.) Lr.-
6 WETTED AREA (SO. FT.) ESIA 2291r

'7 FLOAT OR HULL DISPL. - MAX, (LIS. E -

FUSELAGE VOLUME (CU. FT.) PRESSUIMuED TOTAL_
WA IL laI Tall

10 GROSS AREA (SQ. FT.) L, .,...," !~~~~1 WEIGHT/GROS AREA (LBS./MQ FT.) ]qI 4 l -

12 SPAN (FT.) 1ILA. A14q.
12 FOLDED SPAN (FT.)
14 219
is SWEEPIACK -AT 25% CHORD LINE (DEGREES)
16 -AT % CHORD LimE (DEGREES) -50.6.. 1l9'. 2469.8...

"I17 THEORETICAL ROOT CHORD • LENGTK (INCHES) An A 9.9'0 1 qq

18 • MAX. THICKNESS (INCHES)
-19 CHORD AT PLAHFORM SREAX • LENGTH (INCHES)

20 -.MAX. THICKNESS (INCHES) -83.5 ._75 7 15.2
S21 THEORETICAL TIP CHORD - LENGTH (INCHES) .. A.4 . 1 2.i2...

22 - MAX. THICKNESS (inCHES)

i2 nONSAL AREA. INCLUDED IN (FUSE.) (ULI) (Y. TAIL) AREA (SQ. FT.)
24 TAIL LENGTH . 25 MAC WIG TO 25% MAC h. TAIL (4T.)
25 AREAS (5M. FP fk, L1.Wpg 145-4 3 T. 2 (Plskfnr n. rtr lt
26 LO"9€ Ca"Pda SI"MS_ 177_ 2 _4

26 - - _ E- Har Tii "4 i1 ____ qg
29 __van 74__ita_

30 ALIGHTING GAR (LOCT "-
31 LENGTH - .OU! EXTENDED- V AXL
32 OLEO TRAVEL. FULL EXTENDED TO FULL COLLAPSED (INCHS 25
33 FLOAT OR SKI STRUT LENGTH (INCHE.)

34 ARST HOK LETH -, MMH TRUMNOM TO 4L HOOK POINT (NHES)
35 HYDRAULIC SYSTEM CAPACITY (GALS.)
36 FUEL & LU1E SYSTEMS Its4. . TOA~ ***ah. po.e~sd M&. Tom 1*d.. ?Ampofeftid

37 Ih5'INS ___ 1862 __. !iQ38 Pm~,N _.____ J.

40 . 6"4.b _1__

A 44 _ _ _ _ _ _ _ __,_ _ _ _ _

45 STRUCTURAL DATA - COMOITIWN PFe vmoes. (LWJ 6"me o n v W.. LP.
4 FLIGHT _ 14An V-an
•" 47 LANDING -_-__ _.S~48i
49 MAX. GROSS WEIIHT WITH ZERO WING FUEL
so CATAPULTING

Si MIN. FLTING WEIGHT
52 LIMIT AIRPLANE LANDOIG SINKING SPEED (FTJSEC.) -S

53 WING LIFT ASSUMED FOR LANI DESIG CONDITION (W
54 STALL SPEED LAHIWMG CDNF•IUATON - POWER OFF (KNOTS)
53 PRESSUlZEC CAIN - ULT. IESIGN PRESSURE DPFFREWT1AL PLIGT (PSI.)

57 AIRFRAME WEIONT (AS ORPINED IN AI.-I11) (LiS)

.Lb.. of no "m wm 64 lbs/es. IL. "-Opu . me ot .1m.-.
OPUIma &khpbmi. ""Tod amm. towly.
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Table 6-16. Weight Summary - Internally Blown Flap Configuration

Weight (lb)

Wing Group 21,010
Basic Structure 15,695
Secondary Structure 830
Trailing-Edge Flaps 2, 20
Leading-Edge Flaps 1,086
Spoilers 290
Flap BLC System 900

Tail Group 4,967
Horizontal Tail 2,447
Vertical Tail 2,520

Body Group 24,720
Alighting Gear 7,185
Surface Controls 2,261
Nacelle Group 3,820
Propulsion Group 13,013

Engines 7,730
Thrust Reversers 2,378
Air Induction 142
Exhaust System 170
Cooling System 58
Lubricating System 25
Fuel System 2,214
Starting System 177
Engine Controls 119

Auxiliary Power Unit 500
Instrument Group 900
Hydraulic and Pneumatic 900
Electrical Group 1,900
Avionics Group 2,000
Armament Group 700
Funishings Group 4,000
Air Conditioning and Anti-Icing 1,600
Auxiliary Gear Group 100

Weight Empty 89,576

Basic Operating Items 1,894

Payload 28,000
Usable Fuel 30,300

Takeoff Gross Weight 149,770
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Table 6-17. Dimensional and Structural Data, IBF Configuration

I LENGTH -OVERALL (PT.) 132.5 HEIGHT -OVERALL -STATIC (FT.)
f2 11f et Avx. Fl~ews sea%&. Pao So NOl • "•-;' • ..

3 LEKGTN -MAX. (FT.) ".A . l 1. .

4 DEPTH .MAX. (FT.) 1n ..
5 WIDTH -MAX. (FT.) U.,7 5.T

6 WETTED AREA (SQ. FT.)J ..... 11.292,es 972" ,An
*7 FLOAT OR HULL DISPL. AX (LIS.) I

I FUSELAGE VOLUME (CU. FT.) PRISSURIZED TOTALS9 .... . IL Tell Y. Tell,

10 GROSS AREA (SQ. FT.) 1700 48 4fiI
S11 WEIGHT/G.ROSS AREA (LO/SO. FT.) zi-4 • .. 3 s

12 SPAN (FT.) ,, 5..

13 FOLDED SPAN (FT.)

1s SWEEPBACK -AT 25% CHORD LINE (DEGREES) 29_ 2 3..9
16 .AT %CHORD LINE (DEGREES) Aq .. 0.2Q 2 ..R..7

"17 THEORETICAL ROOT CHORD . LENGTH (INCHES) 1. 9.4A 4 .tA 6
1Ai -MAX. THICKNESS (INCHES)

"'19 CHORD AT PLAMFORM BREAK - LENGTH (INCHES)

20 -MAX. THICKNESS (INCHES) R1_3 .187-.1.2--
" "21 THEORETICAL TIP CHORD. LENGTH (INCHES) I &. 2 6 5 9.2.

22 - MAX. THICKNESS (INCHES) - ,,
23 DORSAL AREA. INCLUDED IN (FUSE.) ('ULL) (V. TAIL) AREA (SO. FT.)
24 TAIL LENGTH - 25% MAC WING TO 25% MAC H. TAIL (FT".) _8.5
25 AREAS (SO. FT4 Flo" t-. Wine ijr. T.e. 285.2 (Planform retracted)
26 L.,ac.l Co-le sl,, 194.3 Al'e,., 50.5

k 21 """" &4* W10 Po o"r ""i
•"28 Flapm I.-E- Hortz. Tall 99.1i
•.201 IElevat~ .n 2018 ýRuldrev* 104

30 ALIGHTING GEAR (LOCATION) . ... INose-' •

3 LENGH T.OLOEXTENDEOD T RNNIM (INCHES) 74-0

32_ OLEO_______ FULL EXWENDED TO FULL COLLAPSED (CINCHES 25q. 0
3_ FLOAT OR SKI STRUT LENGTH (INCHES)
S34 ARRESTING HOOK LEHG.TH "4 HOOK TRUNNION TO T. HOOK POINT (INCHES)
35 HYDRAULIC SYSTRU CAPAC;TY (GALS)

40 . kede _,y_.."42 o____.. . ..

F.43U,,

45 STRUCTURAL DATA CONDITION _F_ _ ____o __ L
A-46 FLIGHT 149}7704-

47 LANDING

49 MAX. GROSS WEIGHT WITH ZRWUHO FUEL _

SCATAPULTING GT
51 MN LING WEIGHT _________________________

52 LIMIT AIRPLANE LANDING SINKING SPEED (FT./SEC.) 1_

53 WING LIFT ASSUMIED FOR LANDING DESIGN CONDITION (Si
34 STALL SPEED - LfNDING CONFIGURATION - POWUE OFF (KNOTS)
55 PRESURIZED CASM - ULT, DESIGN PRESUME DIFFERENTIMA • P.NKT (PFi.)SS14
37 AIRFRAME WEIGHT (AS DEINED IN AN-W-1) (LIS)

*Lbs. of 8ere WRMS 0 64 l1./cM I. "P',a'llel is 4L apim.m.
"pMtI soott at 1 Akplme. *"*TOW go" FS f I.
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6.3.4 PERFORMANCE. Mission performance for the point designs was calculated
using the Part 2 ground rules and the original MST requirements; i.e., payload/radius,
range, speed, and STOL takeoff and landing distances.

6.3.4.1 EBF Point Designs. The EBF point design wn.s sized using scaled GE13/F2B
engines with a rated thrust of 15,075 pounds per engine and a takeoff gross weight of
137,450 pounds for the tactical delive.y mission, Estimated mission performance is
shown in Tables 6-18 and 6-19. Range/payload and radius/payload plots are shown
in Figures 6-18 and 6-19 respectively. Figure 6-20 plots specific range versus gross
weight and altitude at the velocity for 99 percent of maximum specific range. Dis-
tance and fuel used in climbing from sea level at intermediate power are presented

In Figure 6-21, and the STOL takeoff and landing field length versus gross weight is
shown in Figure 6-22. STOL performance was calculated using a flap setting of
25 degrees for takeoff and 45 degrees for landing. The landing flap was determined as
being the minimum flap deflection, that allowed the configuration to stabilize at a
reasonable attitude in approach and still meet the 2, 000-foot landing field length.

Figure 6- 23 shows the waveift time history of the EBF point design, with all engines
operating and with an outboard engine failed. The waveoff performance of this design
was investigated using a two-degree-of-freedom digital simulation, which has been
verified using piloted simulator data reported in Reference 6-5.

Table 6-18. EBF Radius Missions

Tactical Overload Overload
Delivery Case 1 Case 2

(LF = 3.Og) (LF = 2.5g) (LF = 2.5g)

TOGW (lb) 137,450 154,630 154,630

Payload (lb)
Outbound 28,000 58,000 44,000
Inbound 28,000 0

Radius (n. mi.) 500 100 475
Fuel (lb) 23,400 10,580 24,580
Landing at

Mid-mission (ft) 1,530 1,850 1,720
Takeoff at Mid-mission (ft) 2,000 910 1,060

Table 6-19. EBF Range Missions

2600 n. mi. Emergency
Unrefucled Return
(LF = 2.5 g) (Engine Out)

TOGW (lb) 154,630 96,275
Payload (ib) 24,180 0
Range (n. mi.) 2,600 500

• Fuel (lb) 44,400 10,225

Takeoff DisLtnce (ft) 3,500 1,228
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6.3.4.2 MF/VT Point Design. The MF/VT point design was sized using scaled

GE13/F2A engines with a rated thrust of 14,965 pounds per engine and a takeoff gross

weight of 140,200 pounds for the tactical delivery mission. Estimated mission

performance is shown in Tables 6-20 and 6-21.

Range/payload and radius/payload plots are shown in Figures 6-24 and 6-25,

respectively. Figure 6-26 plots specific rangp versus gross weight and altitude at

the velocity for 99 percent of maximum bspecific range. Distance and fuel used in

climbing from sea level with intermediate thrust are shown in Figure 6-27, and the

STOL takeoff and landing field length versus gross weight is shown in Figure 6-28.
STOL performance was calculated using a flap setting of v', degrees for takeoff and

45 degrees for landing. Thrust vectoring of 45 degrees is used only during approach
and landing flight phases.

Table 6-20. MF/VT Radius Missions

Tactical Overload Overload
Delivery Case 1 Case 2

(LF = 3.Og) (LF = 2.5g (LF = 2.5g)

TOGW (lb) 140,200 157, 75 157,725
Payload (lb)

Outboard 28,000 58,000 44,000
Inboard 28,000 0 0

Radius (n. mi.) 500 120 540

Fuel (lb) 24,220 1i,745 25,745
-,.nLng at Mid-

mission (ft) 1,850 2,230 2,120

Takeoff at Mid-
mission 00t 2,000 1,000 1,150

Table 6-2J. MF/VT Range Missions

2600 n. mi. Emergency

Unrefueled Return
(LF = 2.5g) (Engine Out)

TOGW (lb) 157,725 98,585

Payload (Ib) 23,345 0
Range (n. mi.) 2,600 500
Fuel (Ib) 46,400 10,405
"Takeoff Distance (ft) 3,450 1,362
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6.3.4.3 IBF/,T Point Design. The 1BF/VT point design was sized Ui3lng scaled Pratt
and Whitney STF369 engines with a rated thrust of 13,275 pounds per engine and a take-

•- -off gross weights at 149,770 pounds for the tactical delivery mission. Estimated mis-

sion performance is shown In Tables 6-22 and 6-23.

'iange/payload al r 1us/payload plots are shown in Figures 6-29 and 6-30, respec-
tively. Figure 6-31 plots specific range as a function of gross weight and altitude at
the ve~oclty for 99 percent of maximum specific range. Distance and fuel used it
climbing from sea level using intermediate thrust are shown In Figure 6-32, and the
STOL takeoff and landing field length versus gross weight is shown in Figure 6-33.
S -TOL performance was calculated using a flap setting of 26 degrees for takeoff and
50 degrees for landing. The residual fan thrust is vectored to 60 deg-ees.F Table 6-22. IBF/VT Radius Missions

Tactical Overload Overload
Delivery Case 1 Case 2

(LF = 3.0g) (LF =-.5gi (LF = 2.5g)

TOGW (b) 14U,770 168,490 168,490
Payload

Outbound 28,000 58,000 44,000
Inbound 28,000 0 0

Radius (n. mi.) 500 200 610
Fuel (lb) 30,300 19,020 33,020
Landing at Mid-

mission (ft) 1,810 2,200 2,050
Takeoff at Mid-

missiou (ft) 2,000 980 1,100

Table 6-23. IBF/VT Range Missions

2600 n.mi. Emergency

Unrefueled Return
(LF = 2.5_0 (Engine Cut)

TOGW (lb) 168,490 104,780
Payload (Ib) 18,190 0
Range (n. mi.) 2,600 13,310
Takeoff Distance (ft) 3,780 1,270
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6.3.5 HIGH-LIFT SYSTEMS. Higlh-lift systems for the wing and horizontal tail of
each T aint design have been redefined according to updated requirements and trade-
off r.,sults. These systems are shown in Figure 6-34 through 6-38 and are discussed
in detail in the following paragrapls. Blowing air for the leading-edge flap is still
required, but is now supplied by the cruise engines. The requirement for blowing the
empennage control surfaces has been eliminated and a leading-edge device (Krueger
flap) 1hs hben added to the horizontal stabilizer to provide high-angle-of-attack per-
tormance to prevent tail stall, (Figure 6-38).

6.3,5.1 Wing Leading-Edge Flap. The internally blown leading-edge flap for all
point designs (MF/VT, EBF, and IBF/VT) is identical in geometry, construction, and
operation to that of the baseline described in Paragraph 5.2.1. Cruise engines supply
BLC air to the distribution duut torward of the front spar, as shown in Figure 6-39
for a typical engine aIr bleed arrangement. Pressure of the air bled from the fan

flow is raised by a turbine-driven compressor (flow multiplier) before introduction
into the leadlng.-edge flap BLC duct system.
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6.3.5.2 Wing Trailing-Edge Flaps. The trailing-edge flap configurations for the
point designs have been redefined by incorporating the latest performance and flight
control requirements:

1. MF/VT: double-slotted flaps

2. EBF: double-slotted Ilaps with AUTOSPEED

3. IBF/VT: hinged, single-surface flap

In addition to the requirement update, all flap configurations incorporate other design
improvements to ensure that the systems will perform efficiently and reliably. The
span for each flap configuration remains at 80 percent semi-span. Inboa .-2 flap sur-
faces are essentially end-plated against the fuselage.

6.3.5.2.1 Double-Slotted Flaps. Double-slotted trailing-edge flaps are used on the
MF/VT and EBF point designs. For both designs, the structural and mechanical
systems of the flaps are identical with respect to geometry, size, shape, and travel.
Support structure and actuation mechanisms are similar except for the different

design criteria due to loads and operational requirements.

The double-slotted flap used on the EBF configuration is subjected w gzeater aero-
dynamic, thermal, and acoustic loading than the MF/VT flap version. Consequently,
the double-slotted flap and support structures for the EBF are designed to those re-
quirements and will differ in structural element arrangements and materials.

Functionally, the EBF flap system incorporates an AUTOSPEED capability that per-

mits a : 10 degree high-rate rotation of the flap from the nominal 45-degree landing
position. Since the basic flap mechanism for MF/VT and EBF designs positions the

flap by rotation between the nominal 30-degree takeoff and 45-degree landing deflec-
tions, the AUTOSPEED capability is inherent in the flap mechanism design. Therefore,
the flap system on the EBF differs from that of MF/VT by having an AUTOSPEED
control subsystem integrated into the basic flap control.

The double-slotted flap produces wing chord increases, c1/c, of 1.458 and 1.486,
respectively, when fully extended to the nominal 30-degree takeoff and 45-degree
landing positions. Flap and meehanism geometry is shown in Figure 6-40.

Both double-slotted flap systems (MF/VT and EBF) are shown in Figure 6-41. Span-
wise, the flap elements (vane and main flap) are sectioned into two structurally
separate groups for each wing. The inboard and outboard flap element groups are
joined with a slip joint at the No. 2 track and carriage assembly of the mechanism.
This slip joint is designed to permit sufficient freedom of motion betrveen adjacent
groups of flap elements to alleviate the effects of wing bending as well as to accommo-
date lateral slippage during operation.
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The inboard and outboard flap element groups of each wing are supported by four
track-and-roller-guided carriage assemblies mounted beneath the wing and flap ele-
meints, Each flap support and mechanism -Assembly conrists of a vane pivot carriage
that is moved along the vane carriage track on rollers by a screw jack actuator. A
crank assembly (to which the vane, main flap track, and main flap actuation linkage
is mounted) is rotatibly attached to the vane pivot carriage. The forward end of the
vane crank engages the vane guide track with rollers. Since the slope of the guide

track rises with respect to the carriage track, the entire vane crank, vane, main
flan) and flap track assembly is rotated down while being translated aft. Simultane-
ously, the main flap is moved along its track by the actuation linkage, whose crank
is being rotated through engagement of the main flap actuation track with a roller.

Actuation through 30 to 45 degrees and AUTOSPEED positions (EBF point design only)
is by a hydraulic actuator that rotates the vane crank guide track, thus rotating the
entire vane and flap group. Operation of the crank guide track is controlled by a
hydraulic servo linked to the guide track with a position feedback linkage.

The lower wing surface panel aft of the rear spar is hinged along its forward edge and
rotated upward during flap extension to improve airflow through the slots of the flap
elements. A linkage, driven by a worm gear box located in the vane carriage track,
acnpates the air deflector door. Power to the air deflector door gear box and to the
vane pivot carriage screw Jack is transmitted from a spanwise torque shaft behind
the wing's rear spar through flexible shafts.

The flap support and mechanism assemblies are housed in. fairings below the wing.
"Thie aft portion of the fairing, attached to the main flap, is closed off at its forward
end to prevent ram pressure build-up within that fairing portion when it is exposed
to the slipstream and engine gas flow during high flap deflections.

The spanwise torque shafts behind the rear spars of each wing are powered by a drive
unit, located behind the center spar box in the fuselage. Power is supplied by a
hydraulic motor, backed up by an electric motor for auxiliary operation. A revolution
counter on the torque shaft output of the drive unit indicates flap positions to the vane
guide track actuator servo for operation between the nominal 30-degree takeoff and
45-degree landing flap positions.

6.3.5.2.2 Hinged, Single-Surface Flap. The IBF/VT point design incorporates a re-
defined wing trailing-edge flap that permits installation of the blowing air ducts aft of
the rear spar of the wing box beam without compromising the chord length of the flap.

A wiper fairing, arranged concentrically with the center line of rotation of the flap, is
attached tangentially to the nozzle lip of the blowing air plenum. This wiper fairing
forms the close-out member of the fixed wing trailing-edge struct. ire forward of the
flap and creates additional space within the wing contour for blowing air ducts.
Figure 6-42 shows a cross-section of the internally blown wing trailing-edge flap.
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As the flap rotates through Its prescribed deflection, the wiper remains in contact
with the wiper fairing. The fairing surface is concentric with the flapts centerline of
rotation and forms part of the tot.l flap surface to which the air sheet, ejected from
the plenum's nozzle, adheres.

The flap is supported by four pivot supports on each wirg and is segmented into two
structurally separate spanwise sections to alleviate the effects of wing bending on the
deflected flap. At each pivot support, a screw jack actuator is used to rotate the flap.
Underwing fairings enclose the actuators and pivot support fittings.

Flap blowing air is supplied by the cruise engines through a duct system to the plenum

chambers located above the wiper fairing and beneath the wing trailing-edge spoilers.
Distribution ducts of both wings, aft of the rear spar, are interconnected to equalize the
airflow.

Power to the screw jack actuators at each flap pivot support is transmitted py flexible
shaft from a spanwise torque shaft aft of the rear spar. The torque shafts of both
wings are driven by a centrally located drive unit that has a hydraulic motor as its
primary power source and an electric motor for auxiliary operation.

6.3.5.3 Horizontal Stabilizer Leading-Edge Flap. Horizontal stabilizers of the up-
dated point designs of all lift/propulsion concepts incorporate a full-span Krueger flap
in the top surface of the leading edge. Figureb 6-43 and 6-44 show a system cross-
section and general arrangement, respectively.

Each side of the stabilizer mounts three structurally separate flap sections. A flap
section consists of a surface panel that is hinged near the leading edge of the stabilizer
from three fittings. The two hinge fAttings near the flap's ends incorporate screw
Jack actuators that rotate the flap open (or closed) while the flap leading-edge actua-
tion linkage is mounted on the center hinge fitting.

The flap leading edge is hinged from the flap's surface panel and is actuated Into align-
ment with it when the flap is being extended. When retracted, the surface panel forms
the upper stabilizer leading-edge surface and the flap's leading edge is rotated inward.
Synchronous operation of all flap sections is produced by spanwise torque shafts that

connect with all screw jack actuators. A hydraulically powered drive unit, located
inside the stabilizer center fairing, drives the torque shafts. For auxiliary operation,
the drive unit is equipped with an electric motor.

6.3.5.4 Thrust Vectoring. The updated point designs of the MF/VT and IBF/VT point
designs incorporate engine thrust vectoring to augment lift. Fixed, annular cascade
gas flow diverters have been selected for the tl-xust vectoring device. Because of
their similarity in design to existing engine thrust reverserm, the technical risks in
the development of these devices appears low. Also, system veight can be kept at a
minimum.
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The vectoring cast Z are mounted in the nacelle strunbture in the lower 120-degree
sect=r only. During normal engine and thrust-reversal operations, the vectoring
cascades are covered by a translating portion of the nacelle that blocks the gas flow
through them. For vectoring operation, the cascades are uncovered by the translating
nacelle fairing. Inside the engine duct, peripheral blocker doors divert engine gas
flow through the cascades.

The General Electric GE 13/F2A engine of the MF/VT point design is a mixed-flow
engine, and the vectoring cascades are located in the nacelle structure aft of the gasge.erator ekhaust to utilize the combined flow. Figures 6-45 and 6-46 show the ex-

teral appearance of the nacelle and a cutaway of the system, respectively.

For the Pratt-Whitney STF 369 separate-flow engine of the IBF/VT point design, only
the fan flow is used for thrust vectoring, Figures 6-47 and 6-48 show the operation of
the system. The performance tradeoffs to determine the simplest and lightest vector-
ing system for the IBF/VT are shown in Figure 6-49. Fan vectoring was selected as
the basic system for the IBF/VT. It supplies the required vector thrust so that landing
distances are not critical and the aircraft on final approach in the landing configuration
is controlable.

THRUST REVERSER 
WING

TRANSLATING COWL

I\

PYLON

I- -THRUSTNVECTORINO
.TAItNSLAING COWL

VECTORING CASCADL.S

GENERA I. F'! ECTtlIC
GE 13/'F2A ENGINE

Figure 6-45. MF/VT Thrust Vectoring, Engine Nacelle External Appearance
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TRANSLATING COWL

THRUST VECTORING
\ GENERAL ELECTRIC CASCADES

GE 133/FG2A ENGINE

Figure 6-46. MF/VT Thrust Vectoring, System Operation
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\-"VARIABILE BLOCKER DOORS

THRUST VECTORING CASCADES TRANSLATING COWL

Figure 6-47. IBF Thrust Vectoring, Engirne Nacelle External Appearancc
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Figure 6-48. IBF Thrust Vectoring, System Operation
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Figure 6-49. Effect of Vectoring the Fan and or Primary Flow on IBF/VT
Landing Distances
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6.3.6 FLIGHT CONTROL SYSTEM. The flight control system for the EBF con-
figuxation has been updated to n'flect the latest flight control requirements. This
control system with minimum revisions is also applicable to the IBF/VT and the
MF/VT configurations. The similarity in the control systems resuted in part from a
design objective to keep the pilot tasks as simple as possible. One feature was to
avoid the added complexity -f i separate thrust-vectoring control lever. Thrust
vectoring was slaved to the nominal flap deflection an~le for the IBF/VT and MF/VT
configurations. The simulated flight evrluations demonstrated that the EBF flight

control scheme was suitable for the other two confiunirations except for the gain
changes in the decoupling circuits.

In essence, the revised flight control system is an olectrical flig1t control system

with certain secondary control functions provided thirough conventional hydromechanical

methods. The electrical or fly-by-wire aystem resulted from the control mechanization

trade study, which recognized that a number of control parameters are sensed electrical-
ly and require switching, scheduling, and filtering to provide the necessary augmentation.
A particularly attractive feature of the electrical c-trol c iot is its flexibility for

adjustment to implement developmental solutions and to adapt to alternate STOL con-
figurations. Other basic advantages include lighter control system weights, improved

survivability, and elimination of control friction, hysteresis and compliance problems.

Functional relationships for the fly-by-wire implementatio , are presented in Figures

N ~ 6-50 and 6-51. The design very closely follows the baseline EBr flight control scheme
except that now the system is implemented electrically. Gains and filter characteristics
are probably somewhat different for the three configurations and are shown in general

form only. Definition of these values would reqdire further analysis and simulated
flight evaluation using the zpdaLed configuration data.

Neglecting redundancy for the moment, the implementation of the electrical flight

control system should be discussed. In the longitudinal system, Figure 6-50, pitch
commands are input with side-by-side center sticks. This preferred type of control

device proved suitable to the pilots during the simulator evaluations. However, this
type of device is not critical for the fly-by-wire control system ana coild as easily be

a control column with wheel, a single sidestick or even dual sidesticlk±. Alpha and
bett sensors are assumed to be conical airflow-detector-type probeio r ounted well

forward on the fuselage. Power control is provided through a single p -wer lever at each
pilot station. If differential power is required for ground maneuvering it will be
achieved with individual power controls that are used only on the grounc. The pitch

K attitude hold function depicted in Figure 6-50 is provided with a pitch rate gyro and an

integrator (used for pitch trim changes also). The sultability of this scbeme versus

the use of an attitude reference is subject to practical factors such as rate gyro thres-
hold and integrator drift characteristics. However, the electr"-al control format does

permit dcvelopmental modifications at minimum cost. It cun te seen from the lateral-

directional system, Figure 6-51, that roll command signalE are sent to )oth the ailerons
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and the spoilers. Some logic should be employed to reserve spoiler operation until
initial aileron deflection has exceeded a limit value (say 2/3 full deflection). This would
reduce the loss of lift caused by spoiler deflection except when a large roll control
moment is required. Roll attitude-hold was not a preferred mode of roll control in the
simulator studies. Low-vi-ibflity flight approaches may find such a mode desirable and
it could be easily incorporated.

Redundancy mechanization for the fly-by-wire system is based on established practices
including techniques proven in flight test and on F-111 production aircraft. The
redundancy philosophy for control signal transmission is to provide for quadruple sensor
and pilot input signals, quadruple flight control computations with the attendant signal
selection, monitoring and logic functions in each flight control computer, quadruple
servo actuator electronics, quadruplex servo actuators and reliable, state-of-the-art
hydraulic power actuators.

To illustrate the redundancy philosophy for the fly-by-wire control system, Figure 6-52
shows schematically the redundancy implementation for the pitch-axis controls. The
general approach is equally applicable to the lateral-directional controls. The system
calls for four hydraulic systems capable of being driven from any two engines plus
electric motor-driven pump units for flight emergencies. The electric pump units
provide hydraulic power for ground checks of hydraulic equipment. Figure 6-53 is a
block diagram ot the hydraulic power management scheme. The umit marked PTU is
a power transfer unit consisting of a hydraulic motor and pump which, when activated,
transfers hydraulic energy between systems.

A dedicated four-channel power source provides support to the redundant flight control
computers. Excitation voltages are supplied to the electrical flight control components
from tI e flight control computers. Uninterrupted power for the fly-by-wire control
system is provided by rechargeable nickel-cadmium flight control batteries which are
applied to a chunnel only when low voltage is sensed. Solid-state switching between
the battery and the flight control inverter input is accomplished before the sensed
voltage has dropped below the acceptable mininmum. Inverter output voltages are
essentially uninterrupted by this switching process. Figure 6-54 shows the general
arrangement for this noninterruptable flight control power system.

Final locations of all components of the redundant, fly-by-wire flight control system
and its supporting subsystems require further analysis and study. However, Figure
6-55 identifies the principal flight control system components and indicates their probable
locations in the aircraft. Gyro package locations are shown without consideration to
structural modes of vibration which could prove critical. The objective of sur-vrivability
in a hostile environment is well achieved by the physical separation of thc redundant
flight control branch components.
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6.3.7 POINT DESIGN STRUCTURE. Th3 Table 6-24. EBF Point Design Structural
point design airframe has been designed to Weight Breakdown
meet the updated requirements and cri-
teria. It retains the conventional
apeenach tof structhe al brasi net tak d WEIGHT
approadh to structural arrangemet and COMPONENT (LB)elements of the baselines, but takes... .

greater advantage of newer design tech- Wn (20.039

niques and materials. In the latter Skn 5.150
Stringers 2.44"

category, the new 7050 aluminum alloy Spar cga 902

in its various tempers and product forms Spar ,eb 1.102
s and bulihea 1,403

has made a significant contribution toward Flitings and atchmen Or 5oo
a lightweight, full-service-life airframe. Fixed leading edge u t.i 544

Leading edge devic. 3Lructure) 785
The unique properties of this aluminum Leding edge devic, ,mechanisms) 645
alloy will be discussed in Paragraph Fied tran ..'. e. 489
6.3.7,2 Flap surfaze• 1.775

Flap aupr-,rt3 -od mechanisms 2,800

All- me 6 a ,oilers 860

Cargo-handling structural systems (e.g., Doe ' irgs. miscellaneous 640

floor, ramp, and clearance doors) re- Body (24,081)

main unchanged. Because empennage Bulkhe.ds and frames 4,551
Ski. 3,c05

control surface blowing io not used in the Stringers and longeres 2,597
point design, all structural provisions Flooring. supports and floor frames 3,244

Cargo rails, restraint, conveyors, etc. 2.297

and supports for the system components, Pressure bu d 572

gas turbine air compressors, ducting, and Windshield and windows 614
Cargo ramp and mechanism 1,465

blowing nozzles have been eliminated with A cargo doors and mechanism 1.212
subsequent savings in weight and cost. Entrance, service doors, and mechanism 1.551

Main lending gear doors and failrings 2,006
incorporate four- Fairings. protective finish, miscellaneour 367

wheel-bogie main landing gears as corn- Horizontal 2182)
pared to six-wheel bogies for the base- Skin

lines. This signifcantly reduced the wheel Stringers 758
well cutouts in the lower fuselage and Spar caps 133

Spar webs and stiffeners 86
provides more direct load paths in fuselage Ribs and bulkhcads 198
bending, she'r, tension, and pressuriza- Pivot, pitch-trim fittings and supports 11i

Leading edge and tip 65
tion. A structural weight breakdown of Fixed trailing edge 70
EBF point design is shown in Table 6-24. Miscellaneous doors, falrings 207

Elevators 554

6.3.7.1 Structural Design Criteria. Vertical 2,250)

Structural design criteria for the point srrskin 7

designs airframes have been based on Spar caps 187

applicable sections of MIL-A-008860/8870/ Spar webs and stiffe-ers 164
Ribs and bulkheads 258

8"90 series specifications, plus applicable Pivot, pitch-trim fittings and supports 443

sections of M "L-STD-1530 (USAF), Air- Lead'ng edge, trailing edge 117
Miscellaneous, doors, falrings 63

craft Structural Integrity Program. The Rdr 226

application of these documents, together
with exceptions to, or deviations from
the paragraphs noted, are presented in
the fol~owing listing.
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1. MIL-A-008860 (USAF), Airplane Strength and Rigidity, General Specification

For, Paragraphs in this specification that deal with definition of the structural
design and analysis have been used and are listed below; paragraphs dealing
with laboi•atory tests, flight tests, and documentation do not apply to this study.

3.8 Transient Response. Transient loads due to gusts and landing

have been used since they will result in critical design loads for the

wing box.

3.9 Thermal Considerations. The effects of heating due to power
plant operation have been considered, since this condition produces
critical temperatures for the engine pylon.

3.13 Flight Loads; 3.14 Landing Loads; 3.16 Repeated Loads and
Fatigue. These loads have been used to determine wing box E -
ness for critical design loads. This stiffness should be adequate
to preclude flutter and divergence in the operating speed envelope.

3.19 Sonic Fatigue. Sonic fatigue conditions have been considered.

6.2.2.7 Limit Speed. Figure 6-56 shows a plot of altitude versus

maximum speed and dive speed for the point designs.

2. MIL-A-8861A (USAF), Airplane Strength and Rigidity, Flight Loads.

Specification paragraphs dealing with the analytical computation of loads
have been used and are listed below; paragraphs dealing with laboratory

T tests, flight tests, and documentation
I/ do not apply to this study.

40 - 3.2.1 Balanced Maneuver. The
ML- maneuver load factors have been

SP VUIN iq\, Vbased on the values shown in Figure
C3 6-57.

30 
-I

-J"'30 1 / w" CONSTAN T
230 - BF MF0 _

4I 3

o96 KEAS' W

0 01 02 03 0.4 05 0.6 07 08 0.9 if 10 o ;s, 1,o ,so
MACH NO GRUSS M.IGHT 01.000 LO)

Figure 6-56. Maximum Speed and Dive Figure 6-57. Design Load Factor versus
Speed Gross Weight
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3.19.2 Abrupt Pitching Maneuver; 3.22 Gust Loads. A typical V-n dirgram
for maneuvers and for discrete gusts is shown in Figure 6-58. Typical plots
of limit for a symmetric-maneuver wing shear, bending moment, and torque
versus wing span condition at high speed are shown in Figure 6-59.

3. MIL-A-8S62A (USAF), Airplane Strength and Rigidity, Landing and Ground

Handling Loads. Specification paragraphs dealing with analytical computation
of landing loads have been used. Typical plots of steady-state limit wing shear,
bending moment, and torque versus wing span for a symmetric two-point landing
condition are shown in Figure 6-60. Operation of the STOL transport from rough
fields has been accounted for by designing the gear for satisfactory operation

for 200 passes on CBR6 or equivalent airfield. This gear design follows that
presented in Rderence 6-6.
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Figure 6-58. V-n Diagrams
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Figure 6-59. Flight Steady-State Limit Wing Shear, Bending Moment, and Torsion

Reference 6-7 states that peak counts and peak loads are less for takeoff than
fc-r the taxi condition, primarily because of the increased distances encountered
in the taxi condition. Because structural loads are much less than design loads
for the taxi condition, taxi loads for all major structural components are
accounted for in the fatigue analysis of the structure.

4. MIL-A-8865A (USAF), Airplane Strength and Rigidity, Miscellaneous Loads.
Specification paragraphs dealing directly or indirectly with prime structure
miscellaneous loads have been used; paragraphs dealing with miscellaneous
loads on other airplane components do not apply to this study.
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Figure 6-66. Landing Steady-State Limit WVing Shear, Bending Moment, a-rd Torsion

5. INHL-A-8866A (USAF), Airplane Strength and Rigidity Reliability Requirements,
Repeated LoaLds, and Fatigue. Specification paragraphs dealing with st'ructural
design and analysis have been used; paragraphs dealing with laboratory tests,
flight tests, and documentation do not apply to Udts study. Minmum life re-
quirements for medium and heavy cargo aircraft, as defined in Table 11 of

Sl~MIL-STD-1530 (USAF), have been used. A scatter factor of 4. 0 has been
applied to the service life. Load factors and cycles in Table VIII of M.L-
A--8866A and the occurrences and sinking speeds in Table IK are distr.buated
according to operational mission profiles to determidne the spectrum of
repeated loads resulting from maneuvers, gusts, fuselage pressurization,

and landings.
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6. MIL-A-8870A (USAF), Airplane Strength and Rigidity, Flutter, Divergence
and Other Aeroejastic Instabilities. Specification paragraphs dealing with
detail design reiuirements and analysis have been used for the updated
point design structural configuration; paragraphs dealing with laboratory
tests, flight tests and documentation do not apply to this study.

7. MIL-A-8892 (USAF), Airplane Strength and Rigidity, Vibration. Specification
paragraphs dealing with vibration prediction and analytical requirements for
the structure have been used; paragraphs dealing with equipment, ground tests,
flight tests, and documentation do not apply to this study.

8. MIL-A-8893 (USAF), Airplane Strength and Rigidity, Sonic Fatigue. Specifi-
cation paragraphs dealing with analysis have been used; paragraphs dealing
with laboratory tests, flight tests, and documentation do not apply to this
study. Sound pressure levels shown in Figure 6-61 have been used for the
EBF sonic fatigue design. They are based on References 6-8 through 6-15.

9. MIL-STD-1530 (USAF), Aircraft Structural Integrity Program, Airplane
Requirements. Those parts of the MIL-A-008860/8870/8890 series specifi-
cations dealing with design requirements and analysis, as noted above have
been used; parts of these specifications dealing with laboratory tests, flight
tests, and documentation do not apply to this study. In essence, parts of
Tasks I and II in Table I of MIL-STD-1530 have been used in this study;
Tasks Ill, IV and V in Table I of MIL-STD-1530 do not apply.

6.3.7.2 Materials. Primary objectives in selecting structural materials for the
point design airframes have been:

1. Minimum structural weight consistent with design requirement.

2. Superior corrosion and fatigue resistance.

3. Adaptibiiity for low-cost fabrication.

Table 6-25 presents materials and product forms for the structural components of

the airframe.

Most of the airframe is fabricated from 2024 and 7050 aluminum alloys in tempers
that combine high strength, fracture toughness, and resistance to stress-corrosion
cracking. Clad alur.inum sheet is used on all exterior skins and in areas where
corrosion-inducing elements may exist. Rationale for selecting materials other than
aluminum aUoys remains unchanged from that of the baselines (Paragraph 5.4.1).
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Figure 6-61. EBF STOL Aircraft Sound Pressure Levels (One Engine) at Flap Surfaces

By replacing the 7075 aluminum alloy of the baseline airframe with 7050 aluminum
alloy for the EBF point design, Convair Aerospace has taken advantage of the latest
developments in metuls research. Development of thfs alloy by Alcoa was supported
by Air Force Materials Laboratory. The alloy provides mechanical properties
comparable to or higher than thcse of 7075-T6 and 7079-T6 alloys, but with greatly
increased resistance to stress-corrosion cracking. This feature is significant
because it allows the designer to work the material to higher stress level (as com-
pared to 7075-T73) with subsequent savings in structural weight. Figure 6-62
compares 7050 plate with other high-strength aluminum alloys. Estimated numerical
values of mechanical properties for various product forms and tempers of 7050 alloy
are listed In Table 6-26.



Table 6-25. Material and Product Forms for EBF Point Design Airframe

Component Product Form Material

Wing
Upper skins Clad sheet 7050-T76
Upper stringers & spar caps Extrusion 7050-T76511
Lower skins Clad sheet 2024-T3
Lower stringers & spar caps Extrusion 2024-T3511
Spar webs Sheet 7050-T76
Formed bulkheads & ribs Sheet & ex•'r.usion 7050-T715 & T76511
MAachined bulkheads & ribs Foring & plate 7050-T736 & T73651
Leading edge skins & ribs Sheet 7050-T76
Leading edge flap Sheet 7050-T76
Aluminum fittings Forging & plate 7050-T736 & T73651
Steel fittings F orgings 4330V or D~ac (CEVM)*
Trailing edge flap Sheet & extrusion TI-6AI-4V annealed & 2024-T3 & T8511
Flap vane & spoilers Sandwich 7050-T76 & honeycomb
Trailing edge flap support tracks Forgings 43.OV or D6ac (CEVM)*

Fuselage
Skirs Clad sheet 2024-T3
Stringers & stiffeners Extrusion 7050-T76511
Formed frames Sheet & ertrusion 7050-T76 & T76511
Machined frames Forging & plate 7050-T736 & T73651
Tear stoppers Sheet Ti-8AI-IMo-IV annealed
Longerons Extrusion 7050-T76511
Floor beams Extrusion 7050-T76511
Aluminum fittings Forging & plate 7050-'"736 & T73651
Steel fittings Forging 4330V or D6ac (CEVM)*
Cargo floor Sandwich 7050-FT7G & end grain balsa coreWindshield Laminated Tempered glass

Empennage
Horizontal stabilizer

Upper skins Clad sheet 2024-76
Lower skins Clad sheet 7050-T76
Upper stringers & spar caps Extrusion 2024-T3511

Lower stringers & Vacaps Extrusion 7050-T76511
Vertical stabilizer

Skins Clad sheet 7050-T76
Stringei s & spar caps Extrusion 7050-T76

Spar webs Sheet 7050-T76
Formed -ibs Sheet & extrusion 7050-T76 & T7C,511
Machined ribs Forging & plate 7050-T736 & T73651
Leading edge assemblies Sheet 7050-T76
Aluminum fittings Foring & plate 7050-T736 & T765I1I
Steel fittings Forging 4330V or D6ac (CEVM)*
Rudder & elevator Sheet & extrusion 7050-T736 & T73651
Trim It servo tabs Sandwich 7050-T76 & honeycomb
Horiz. stab. pivot fittings Forging 4330V or D6ac (CEV,%)*

Engine pod & pylon
Skins Clad sheet 2024-T3

Weas & frames Sheet 2024-TSI &
TI-6AI-4V annealed

Longerons Extrusion 2024-T8511
Machined fittings Plate 2024-T851
Thrust fittings Forging 4330V (CEVM)*

ICEVM = Consummable-Electrode-Vacuum-Arc-Remelt
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Fatigue performance of 7050 alloy equals or exceeds that of 7075 and 7079 products.
For instance, crack propagatiou characteristics of 7050-T7351 plate are better than
for 7075-T651 and approach those of 2024-T351 and 7475-T6151.

Plane-strain fracture toughness (KIc) of 7050-T73 plate and hand forgings is superior
to established aluminum alloys having similar yield strength. Table 6-27 substantiates
this comparison.

Because of its inherent reRistance to stress corrosion cracking and exfoliation, the

7050 alloy does not require extensive secondary treatment such as shot peening and
surface rolling to improve resistance. This charat-teristic results in fabrication
cost savings without sacrificing airframe structuraL integrity.

Table 6-27. Average Room Temperature Plane-Strair Fracture Toughness

of Several High-Strength Aluminun, d-'l.oys

Plane-Strain Fracture Toughne. i, q KSI in.

Alloy Product Temper Direction
L-W W-L T-L

7050 Plate T7351 36 30 26
Hand Forgings T73 34 - -

2124 Plate T851 29 23 23
Hand Forgings T852 26 18 16

7075 Plate T651 26 22 16
Hand Forgings T652 26 23 17

7079 Plate T651 27 24 20
Hand Forgings T652 30 22 19

Taken from Alcoa Defense Memo No. 4, dated 31 March 1971.

To minimize technical risk, avlvanced structural composites have not been used in
the airframe structure.

6.3.7.3 Structural Description. The point design airframe structural arrangement
conforms to the design philosophies established for the baseline strufture. Service
life requirements of 50,000 flight hours with 25,000 landings and 15. 000 pressuriza-
tion cycles were satisfied by designing the airframe to withstand tb2 loads expected
during its full-service life. However, fail-safe features such as multiple-element
major components have been designed into the airframe to provide safe flight and
landing protection against catastrophic damage resulting from any cause, including
combat, accident, or indigenous cracks.
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The major areas of refinition of the airframe, because of updated requirements are:

A 1. Main landing gear wheel well.

2. Empennage.

3. Upper fuselage shell aft of center spar box.

4. Movable pressure bulkhead.

5. Trailing-edge flap support to wing attachment.

These differences from the baseline structure are discussed in the following paragraphs.
A structural schematic of the EBF point design airframe is shown in Figure 6-63. The
basic finish system for corrosion protection of airframe components is in accordance
with MIL-F-7179.

6.3.7.3.1 Wing. Wing structural arrangement is identical to tat of the baseline air-
frame described in Paregraph 5.4.2.1 except for structb re =dn support of the double-
slotted externally blown trailing-edge flaps.

For each wing, the vane and main flap are divided into two structurally separate

sections joined by a slip joint at the No. 2 flap track assembly. The vanes consist of
a two-spar box beam with formed sheet-metal skin~s and ribs. A contoured sheet-
metal leading edge is attached to the front spar. The trailing-edge shape, joined to
the rear spar of the vane bw x beam, is of honeycomb sandwich construction.

Each main flap consists primarily of a two-spar box beam similar to that of the vane.
The trailing-edge assembly is of formed sheet-metal skins, stiffened by chordwise
ribs. This assembly is constructed of titanium alloy because of elevated skin tem-
peral-ires generated by the engine gas flow.

Flap track assemblies, four for each wing, are mounted below the wing box beam to
fittings on the rear spar and the lower skin at each track position. Reinforced wing
box beam ribs are incorporated at track locations to back up the track mount fittings

and to distribute the concentrated loads.

Flap track fairings of formed and stiffened sheet metal are attached to lower surfaces
of the wing and flap with drag angles.

6.3.7.3.2 Fuselage. Fuselage's structural arrangement is identical to that of the
baseline airframe described in Paragraph 5.4.2.2 except for the main landing gear

wheel well, upper fuselage shell aft of the wing center spar box, and the movable
pressure bulkhead.

The main landing gears with tbeir four-wheel bogies are retracted into wells below
the cargo floor. A stiffened web between the floor and lower, exterval longeron on
the centerline of the aircraft separates right and left sidea of the wheel well. Together
with the external longeron, this web provides bending load continuity in the fuselige
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shell across the wheel wells. Forward and aft, the wheel wells are closed off by

partial bulkheads below the floor. These bulkheads are designed to carry pressuri-
zation loads as well as to redistribute fuselage torsional shear around the wheel wells.
Each well is covered by a two-segment door hinged from the external longeron.

Since the auxiliary gas turbine air compressors have been eliminated, the upper
portion of the fuselage shell aft of the wing center spar box is designed to carry
normal fuselage loads only. The basic semi-monocoque fuselage construction (frame/
stiffener/skin) is now continued in this area.

The movable rear pressure bulkhead is designed as a cargo-ramp-to-ground extension.
The basic structure of tho buik•?iad is adequate to carry the required 300 lb/ft2 cargo
floor loosing, and only the surface exposed to cargo and handling equipment was re-
designed for wear resistance.

6.3.7.3.3 Empennage. Empennage structural arrangement is identical to that of the
baseline airframe described in Paragraph 5.4.2.3 except for the structural provisions
of the control surface blowing system and the horizontal stabilizer leading-edge (Krueger)
flap.

With the elimination of the control surface blowing system, the structure of the
stabilizers, rudder, and elevators was optimized to the updated requirements.
Stabilizer rear spars were moved closer to control surface leading edges to shorten
the lengdh of the hinge fittings.

AL articulated leading-edge flap was added to the horizontal stabilizer forward of the
front spar. Three flap sections are mounted on each side of the stabilizer on hinge
fittings assembled into the fixed leading-edge structure. The main surface panel of
each flap section is of honeycomb sandwich construction and, when retracted, forms
the upper surface of the stabilizer leading edge. The leading-edge segment of the
flap is hinged from the main surface panel and is constructed of formed sheet-metal

and honeycomb sandwich. When retracted, the leading-edge segment is rotated in-
ward and stowed inside the stabilizer leading edge below the main surface panel.
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SECTION 7

CONCLUSIONS AND RECOMMENDATIONS

The technology developed by Convair Aerospace during the STOL Tactical Aircraft
Investigation has shown that an advanced medium STOL transport could be designed
and produced that would be lighter and more efficient than the AMST prototype.
Additional technology programs should be implemented and Phase H activities should
be broadened to encompass in-depth cruise, low speed aerodynamic, propulsion,
terminal area operations, structure and material, and design studies.

Figure 7-1 indicates the recommended Phase 11 technology areas that would furnish
the required technical data base for eventual development of an advanced medium
STOL transport. The Phase I programs would contribute heavily to the production

of a lighter, quieter, lower cost, more efficient transport.

MASI I RIEW'INE[ENt$ CRUISE AEVRODYNAM•CSII , w, F -ICI S•- , I ..; ,I '-t. tAMG

TV T G O LOI NTA A LITERUIETER.AFER

""OPULSJGA - ME M I CNED 1IT O •"-a s ADOVANCE COT.IR(S 6 MATERIALS

* ThUSTAVIEGH? * K"FV`EkSL &'.CT0*11G LO KL~( AILIACLM.IO CMS

M~Cql eONIRZ)L SYSTEM

THESE TECHNOLOGY DEVELOPMENT -A LIGHTER. OUIETER, SAFER.
PROGRAMS COULD) BE COMBSINED WITH Q . LOWER COST. MORE EFFICIENT
THE AMST PROTOTYPE TO PRODUCE TRANPORT

Figure 7-1. Recommended Phase 1I Technology Areas
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Recommended low-speed programs are illustrated in Figure 7-2. Further small-
and lavae-scale low speed wind tunnel testing is required to determine EBF spread-
ing, scale effects, pressures, thrust vectoring and reversal effects, and engine
simulation effects (turbofan machinery as opposed to ejectors). jAhe point designs
(EBF, MF/VT, and IBF/VT) should be configured and testing on the basic model,
i.e., correct horizontal tail size, fuselage contour, etc. Testing of overwing and
midwing nacelle positions on the basic model should be accomplished to furnish
required parametric data on a comparable basis. The additional data from low-speed
testing should then be Incorporated to update the methodology developed in Phase I.
A feasibility study of a canard design should be vigorously pursued to determine the
potential of this concept on a STOL transport. It is also recommended that data from
the other two contractors' low speed testing be incorporated into the methodology
developed by Convair Aerospace. Further development of the wing-in-jet EBF
methodology supplemented with test data from Convair's semispan model should
continue.

SMALL AND LARGE
SCALE TESTING

e EBF SPREADING
a SCALE EFFECTS
* PRESSURES
*TEMPERATURES

THRUST REVF;;ZAL
•THRUST '.CTORING LOW-SPEED PRED

*POINT DESIGNS • ENG'"t SIMULATION TECHNIQUES

*OVERWING BLOWING UPDATE
LOW SPEED CANARD DESIGN r-\ METHODOLOGY
PROGRAM *-i/DEVELOPED DURING --

PHASE 1

METHODOLOCY

9 INCORPORATE OTHER CONTRACTOR
DATA INTO CONVAIR APPROACH

0 CONTINUE WING-IN-JET DEVELOPMENT

Figure 7-2. Low Speed Technology Programs

Recommended cruise technology programs are shown in Figure 7-3. High-speed
testing is required to attain improvements in wing, fuselage, and nacelle design and
also to minimize power and interference effects so as not to unduly penalize the
point designs generated in Phase I. These cruise effects can easily overshadow the
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attractiveness of the demonstrated STOL technology advances. The crukie investi-
gations would allow a combination of STOL and cndse technology into a data base
that could be used to produce a blended vehicle with attractive low-speed and cruise
characteristics.

CONVAIR 4 x 4
TUNNEL

WING DESIGN
-- OZPEAKY AIRFOIL

*SUPERCRITICAL AIRFOIL
HIGH-SPEED eWING-FUSELAGE JUNCTURE
MODEL WITH *WING TIP SHAPING CUS
FLOW-THRU DATA BASE FOR CRUISE

CRUISE • NACELLES FUSELAGE METHODOLOGY TO OPERATION
CeAFTERBODY ADEQUATELY ASSESS ==..PROGRAM *GEAR PODS CRUISE CHARACTERISTICS

WITHOUT PENALIZING
CORNELL TRANSONIC PROPULSION DESIGN
TUNNEL ePWR AND INT EFFECTS

. *PARAMETRIC NACELLES
(CAPTIVE TRAJECTORY)

,- SEMISPAN MODEL *BYPASS RATIO

INVESTIGATE
POWER AND
INTERFERENCE
EFFECTS

Figure 7-3. Cruise Technology Programs

Parallel propulsion studies arr recommended to determine the optimum engine con-
figuration. The point dep'±n propulsion systems were based on paper engines with
appromdmately 22, 500 pounds of thrust; optimum Phase I point designs required only
66 percent of this thrust capability. This was recognized as being outside the 1 15

percent scaling allowed by the engine mandactures and further illustrates the
requirements for the propulsion studies shown in Figure 7-4. The engine cycle
should be tailored to reflect the improvement indicated.

SSTABILITY AkD

COTROL

Ie•HLOTTLE
DERIVATIVES

CvCLE
REVIEW

I R VI VENGINE CYCLE STUDIES BASIC 114STALLED
STOL TAKEorF 2500-93 OAV SELECTED ENGINZES

rT 7 IDECKS STOLft,
P~OPLSOTAUB F.,0

PROGRAM %OIS C • RS ALT. THRUST REVERSER c u

ANEP- A, Fm *E I•.,. _...COMPON'ENiT RE VIEW P
AT6D tIEFRITI0T S1S ALT~

* THRUST VECTORING SPA
:,THRUST REVERSEII

*SLOWING AIR SVSTE_

Figure 7-4. Propulsion Technology Programs
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Figure 7-5 indicates the recommended terminal area programs that should actively
be pursued to eliminate problem areas still actively associated with the design and
operation of a military STOL tramport. The primary areas of conoern are takeoff,
approach, and waveoff or landing. The simulation should include gear dynamics
and Investigate touchdown dispersion.

EVALUATION OF POINT DESIGNS AND CANARD DESIGN

TAKEOFF
*RUNWAY CONDITIONS
*ABORTED TAKEOFF FIXED OR

VR VLO __ ENGINE-OUT CLIMB MOVING BASE
.GO-AROUND CAPABILITY SIMULATION

T *GEAR DYNAMICS
RUNWAY THRESHOLD

TERMINALL_. FR [_
AREA M APPROACH LANDING
PROGRAMINITIAL FLIGHT TERMINAL/ PATH ANGLE WAVEOFF AND FLIGHT PATH ANGLE AREA.. CLIMB-OUT LO FLARE TOUCHDOWN OPERATIONS

LOW g FLAREM-

RUNWAY THRESHOLD RUNWAY THRESHOLD

0 APPROACH SPEED *DIRECT LIFT 'TOUCHDOWN DISPERSON *AUTO BRAKING
e ENGINE-OUT CONTROL *DIRECT SIDE 'CROSSWIND GEAR 'THRUST REVERSAL
' FLARE TECHNIQUES *GUSTS *GROUND EFFECTS *RUNWAY COXDITIONS
' ENGINE RESPONSE 'FLAP ACTUATION 'GEAR DYNAMICS

Figure 7-5. Terminal Area Technology Programs

Design and analysis activities that encompass structure and material technologies
are Illustrated In Figure 7-6. These activities would combine the low-speed, cruise,
propulsion, and terminal area technologies Into a vehicle design. Advanced material
would be investigated and assessed. Cost would also be addressed. The resulting
optimized design would fulfill the Phase It program objectives.

OtSIG•I AND SPECIFICATIONS

CONFIGURATIONST OEFINITION

REPORT

ADVANCED - --.-

ADVANCED COMPOSITE
METALLIC MATERIAL

AESISG AND - ST U FC- COST
STRULTURE :-D ACQUISITION HI

MECHA1MCALIA
N• COM COMPLEXITY

wmmm:,,•~m• • ,AALYSI.SAND

APPLICATION
OF COMPOSITE2C2~\STRUCTURE

OP.RATIOkS AID LOGISTICS PERFORMANCE STUDIES

Figure 7-6. Design and Analy4is Technology Programs
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The resulting dimensions of improvement of the Phase II program are given In
Table 7-1.

Table 7-1. Dimensions of Improvement

Low Speed Aerodynamics Improve high-lift system
i.e., cost, mechanical complexity,
reliability

Supercritical Aerodymamics Improve cruise mach number
or wing volumetric efficiency

Advanced Structural Concepts Reduce structural weight

Composite Materials Reduce structural weight

Control System Reduce mechanical complexity, improve
engine opt capability, incorporate
fly-by-wire, optimize canar design

Advanced Technology Engine Lower specific fuel consumption
and higher thrust/weight

Landin Gear System Crosswind capability, rough
field operation, lower cruise
drag
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