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Triservice VSTOL
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Ling-Temco-Vought Inc., Dallas, Texas

During the past 2§ years, LTV Vought Engineering has been engaged in the development of a
four-engine tilt-wing VIOL ecargo assault transport, and flight testing of the aircraft has

been initiated recently. The general concept of the aireraft was confirmed as being aero-

dynamically sound early in the development stages of the program; however, other aspects
of the configuration, some of which at the time were beyond the state of the art, required con-

siderable engineering investigation. Combined hover control and conventional flight control
and interconnecting propellers through a system of shafts and gearboxes presented significant
engineering challenges. Some of the design considerations encountered during development

of the XC-142A are discussed.

HE XC-142A is an all-weather cargo assault transport

with VTOI capability. It is being produced as a tri-
service airplane with program management centered in the
Aeronautical Systems Division of the Air Force. LTV
Vought Aeronautics is the prime contractor with Hiller Air-
craft Corporation and Ryan Aeronautical Company as sub-
contractors. The configuration as shown in Fig. 1 is a tilt-
wing, deflected slipstream approach to the VTOL problem.
Some important dimensions and performance parameters are
shown on this figure. The mission of this airplane is to de-
liver troops and supplies to the combat area (including air
drop capability) under all weather conditions. Although the
airplane flying qualities are satisfactory for invisible flight rule
(IFR) requirements, the avionic equipment and cockpit dis-
plays are taken from conventional transport aircraft, and
consequently, do not provide an IFR vertical landing capa-
bility.

Since the basic or fundamental requirement for vertical
flight is that the thrust exceeds the weight of the airplane, it is
necessary to provide either very high power or very low disk
loading. - The XC-1424A is a compromise. It uses propellers
of 15.5-ft diam driven by General Electric T-64 engines of ap-
proximately 3000 hp. The large prop diameter and high tip
speed required for good static thrust result in some unique
design considerations.

TFigure 2 shows the profiles of noise in decibels over the
exterior of the airplane. This noise is the result of high tip

CHARACTERISTICS

GENERAL
GROSS WEIGHT — TAKEOFF  VTOL~37,4 74 LB
WEIGHT EMPTY 23,0458

WING AREA SQ FT 534
© ASPECT RATIO 85
WING INCIDENCE CRUISE 0
sTOL VARIOUS
VTOL 90 DEG
OVERALL. LENGTH 58 FT 1.5 IN
OVERALL HEIGHT 26 FT 1IN
WING SPAN C7TFT 6 IN
PERFORMANCE
TOP SPEED SL —355KT
20,000 FT — 375 KT
2 — ENGINE CRUISE 250KT
MAX RATE OF CLIM8 6,800 FT MIN
CARGO AREA
LENGTH 30.0FT -
WIDTH TFTEIN
HEIGHT 7FT

Fig. 1 General arrangement.
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Fig. 2. Profiles of sound pressure levels.

speeds, large power, and proximity of the propeller {o the
fuselage. Comparative tests of several variations of sheet
metal combinations with insulation and sheet metal balsa
sandwich material showed the sheet metal balsa sandwich to
be by far the best from an acoustical fatigue and attenuation
standpoint. This material is being used as part of the pri-
mary structure for the sides of the fuselage on this airplane.
Also of concern is the downwash veloeity and recirculation
problems associated with ground operation. Because of the
relatively high disk Joading when compared 1o a helicopter,
the downwash is high as shown in Fig. 3, about 100 knots
across the prop disk, several diameters from the propeller.
The operating problems assoclated with this downwash and

ESTIMATED VELOCITY CONTOURS FOR THE
XC—142A AIRPLANE AT ZERO HEIGHT HOVER

Fig. 3 Estimated velocity contours for the XC-142A"°
airplane at zero-height hover.
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Fig. 4 Propeller operating speeds.

recirculation are still mostly speculative. However, it is
probable that an internally carried ground conditioner can be
developed that will permit operation of these aireraft from
relatively unprepared areas.

The operational requirements of the airplane result in many
different propeller operating speeds (revolutions per minute)
to get optimum performance. Figure 4 shows the revolution-
per-minute range desirable for this propeller. Designing
for this wide revolution-per-minute range, and avoiding re-
sonance with the most prevalent excitations within that
range, gave Hamilton Standard a very complex design job.
Results of 0.6 scale wind-tunnel tests at Ames added ad-
ditional facets to the design requirements. These tests
show that higher order excitations, 2-6/rev constitute a
much larger percent of the total propeller load than has
ever been previously experienced. In fact, the higher-order
loadings are just as important to the propeller design as are the
onece-per-revolution loads. Figure 5 shows some of the design
critical speeds and some measured response points of the XC-
142A main propellers.  The reduction between test and calcu-
lated values is explained by an apparent softening of the pro-
peller blade support because of the blade shank rolling on its
support bearings. This bearing roll oceurs during very high
cyclic bending load when the bearing reaction changes direc-
tion enough to let the bearing ball take a new position in the
groove.

In order to maintain attitude control during high-angle-of-
attack operation, it is essential that each propeller provide its
proportional share of lift. Consequently, a means of accept-
ing an engine failure has to be provided. This is done by in-

¢} : MEASURED POINTS <
90 - ®
\SEy
e Q
80 fo _c,o\\‘o >
—
70 —
w
a
)
' 60
>
9
] ®
3
o 50 T WISE ™
@ ST ED
& FIR
wl— f——
i S
H ‘ FIRSY FLAT\N
i
30 -/ ——
20
o |
400 600 800 1000 1200 1400 1600

PROPELLER SPEED — RPM

Fig. 5 XC-142A main blade, 2 Feig design, critical speed
diagram.
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T, GEARCASE

PiLLOW BL\OCK ”\JBD~ 1GC FLEX COUPLING OUTBD 1GC
L:Q___‘_‘_l! %}:ﬁ[:l:ﬁ:éq‘]:l:gf{r:, ‘
, ‘ \ !
i
1 4 ENGINES \ ’ \
SEA LEVEL i ‘
‘ | .003i 015 | ,/130 1 0,9[2 I_’/;L./WQ
P S A S SV 4 . I 4 L
o T s I i
| —‘4011 | —.227 —.003 |—.012]
b ‘
i | i ‘
i i R i
| |eENGINES P "
20,000 FT 0 ¢ | 186 ‘ ! otz | 003 219
ol ‘ | ‘ I = J_J__WL__I__.—/ ;
| —.014 ‘ S | ».)004 =015
=t ; L |
|
L_——_J._JR B N S N N SO I

Fig. 8 Cross-shaft deflections, maximum l-g cruise,

left-hand wing.
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terconnecting the propellers with a system of shafts and
gearboxes as shown in Fig. 6.

The T-64 engines are connccted to this system by over-
running clutches. If any engine fails, it will automatically
disconnect from the line through this clutch. The transmis-
sion system is designed to operate suberitical at full revolutions
per minute; but nevertheless, it is a good nesting place for
dynamic problems. [t is designed for high-speed (8000 rpm)
rotation to save weight. It like the propeller, must operate
satisfactorily over a wide range of revolutions per minute. A
highly complex dynamic analysis including more than 40
degrees of freedom was accomplished to assure that no eritical
responses lie within the operating range. Figure 7 shows a
typical mode shape for the wing shaft system.  This figure indi-
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Fig. 10 Roll and yaw control and stabilization.
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Fig. 11 Simplified schematic height control and

stabilization.
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Fig. 12 Descent capability.
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Fig. 13 Aerodynamic center. Note: symbols represent
Ling-Temco-Vought test 133 wind-tunnel data.

cates a coupling between the bending and torsion modes of the
cross-shaft housing with the cross shaft itself. This coupling
results in a critical speed, in this case, safely outside of the
operating range. The shafting and support structure, in ad-
dition to being stiff enough to prevent destructive responses,
must be flexible enough to accept normal operating deflee-
tions. Tigure 8 shows the deflected shape of the wing shaft-
ing under 1-¢g flight at full power.

Although the drive system is probably the most unusual
part of this airplane, the control system also offers some
interesting design considerations.  The resulting svstem com-
bines the hover control design requirements with the con-
ventional control requirements and then phases these {o-
gether, through transition, so that the cockpit control inputs
always result in corresponding aireraft motions. Figures 9-11
show schematically the resulting control system.  Stabiliza-
tion about all three axes and height control is provided so that
flying qualities are satisfactory for IFR flight. Dualization
of the stab system is provided where necessary so that a
single failure will still permit good visual flight rule (VFR)
qualities. It is anticipated that the flying qualities of the
aircraft with no stabilization will he similar to those for a
large helicopter.  The charts are coded 1o illustrate the con-
ventional, helicopter, and phasing components.

Because of the complex nature of the functions that the
control =ystem hardware must perform, it was considered
necessary to demonstrate the hardware, aiveraft, and pilot
compatibility in a flight control simulator.

There also are acrodynamic considerations that affeet
the operational suitability of this vehicle.  Rate of descent is
influenced to a large degree by the prevention of major separa-
tion on the wing. The air flow over the wing is controlled
during large angles of attack by the use of leading edge slats,
large 509 double slotted trailing edge flaps, and by completely
immersing the wing in the slipstream.  The fuselage and wing
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center seetion are protected from severe separation by use of
front and rear wing ramps, T by submerging the wing in the
fuselage, and by counter rotating the props so that they all
move inboard at the top. These compromises resulted in an
estimated rate of descent as shown in Fig. 12. The data to
develop this curve was taken from Langley, Ames, and LTV
wind-tunnel tests and is backed up by free flight model testing
done at Langley.

It is also interesting to note the effect on longitudinal sta-
bility of some of the constraints and compromises effected to
get full VTOL capability. Figure 13 shows the degradation

+ Wing ramps referred to herein are large movable fairings
used to maintain smooth contour over the wing up to a wing
incidence angle of about 30°.

of longitudinal static stability due to aercelastic effects.
Because of the extremely large tail and the extremely large
propellers located well out on the wing, the wing torsional de-
flections and tail support stiffness are significant contributors
to loss of stability with speed.

Figure 14 presents the STOL capabilities of this aireraft
and shows the tremendous load carrying flexibility that results
from a basic VT'OL requirement when answered by the tilt-
wing propeller concept. As a VITOL, the XC-142A can carry
359 of its weight as useful load. By using as little as 700 ft
of runway, it can carry 509 of its total takeoff weight as use-
ful load. This payload capability when combined with good
hover efficiency and excellent cruise efficiency will provide
the military and the air transport industry with a versatile
and useful work-horse airplane.
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