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J. INTRODUCTION

Structural Analysis of the flap, aileron, wing fan closure doors,
wing trailing edge, and wing fittings for the U.S. Army XV-5A
1ift fan research aircraft are presented in this report.

For each component, a summary type analysis i1s presented primarily
with the intent'of giving structural configuration, final critical
loading, and assumptions made. Structural proof tests were con-
ducted satisfactorily on the basic wing, the fan ddors , fan fittings,
flap and aileron. |

Structural analysis of the wing basic components, which int¢lude the
apars, leading edge, and primary ribs, may be found in Report No. 13k,



II. FLAP

SUMMARY

The flap is a conventional single spar, two cell structure supported by
two hinges. Bencing is reacted by the channel section spar plus a slug
and effective skin. Shear and torque are reacted by the two cells formed
by the skins and spar web, except in the central region where the nose
cell is cut to provide clearance for the fan louver actuator. Stiffening
ribs are located approximately 8 inches apart, and heavier end ribs dis-
tribute hinge loads and the actuator load into the box structure. The

flap pivots about a hinge line located below the lower surface and forward
of the spar. The flaps are actuated by individual screw jacks located
just inboard of the fuselage side skins. The jack is attached to the flap
by a fitting which extends inrough a slot in the fuselage side skin. Power
from a single electrical motor is transmitted tc the screw jacks by flex-

ible shafting.

Originally the flap was constructed from aluminum alloy components.
Subsequent test data showed that the inboard portion of the flap is sub-
jected to higher temperatures than those originally anticipated. There-
fore, the inboard portion was redesigned using components made from
titanium alloys.

Critical flap loads occur during conventional flight at 180 knots with
flaps and ailerons fully deflected. The high temperatures applied to

the inboard portion occur during fan operation in hovering and transition.
However, it is conservatively assumed for analysis that the maximum
temperatures exist during the critical load condition.

The flap is analyzed as a simply supported beam with the airload uniform-

ly distributed along the span. Tkhe torque is reacted at the inboard end
by the actuator load. Ordinary engineering theory is used for the shear
and bending analyses.

The flap was satisfactorily tested to limit load which simulated the
critical loading condition. The structure was at room temperature

during this test.
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III. AILERON AND SUPPORTS

SUMMARY

The aileron is a conventional type control surface structure supported

by three hinges. The typical section is a two cell box with a single spar,
except at the center hinge where the nose cell is cut. Concentrated loads
at the hinge fittings are distributed to the box structure by ribs. Stiff-
ening ribs are spaced between the hinge ribs at approximately 6.5 inches.
The aileron is controlled by a combined tab and boost servo actuator
system. Pilot input at the stick causes tab deflection through mechanical

linkage and movement of the servo valve which controls the boost actuator.

Maximum aileron chordwise pressure distribution is based on a condition
producing a dynamic pressure of 850 psf and maximum aileron deflection
(- 199, trailing edge up and + 15 , trailing edge down). The loads
shown in the following analysis are those for -19° aileron deflection.
Loads for +15° deflection are 75% of the values shown. The spanwise
distribution is assumed to be proportional to the aileron chord. The
total hinge moment resulting from the airload used in the analysis is
greater than the maximum input hinge moment based on actuator capacity
(4500 #ult) because the reduction in torque due to the tab airload has
been conservatively neglected.

The aileron is analyzed as a continuous beam on three supports. Hinge
loads normal to the aileron resulting from wing deflection are calculated
and superimposed on the airload reactions when critical. A link is in-
corporated in the inboard hinge fitting to provide freedom of motion in
the chordwise direction. Therefore, aileron chordwise hinge loads in-
duced by wing deflection are eliminated. Ordinary engineering theory

is used for the shear and bending analyses.
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IV. WING FAN DOORS

SUMMARY

The wing fan closure doors consist of two pairs of semi-circular
honeycomb-fiberglas panels, each hinged to a chordwise wing fan strut
at B. L. #61. In the closed position these doors are latched to a span-
wise wing fan strut and act as a part of the upper surface of the wing in
sustaining aerodynamic pressure. There are two hydraulic actuators
per door (eight per A/C), which open and close the doors for'transition
flight. These actuators operate under two separate hydraulic systems;
One powering the inboard forward and outboard aft actuators while the
other; the inboard aft and outboard forward actuators.

The analysis which follows is primarily a summary of the final critical
flight loads on the doors, with calculated distributions and reaction values. "
In the design phase,the doors were analyzed for preliminary (actnally
higher) loads, and a series of structural development tests were con-
ducted with these values to prove the concept and sizes. The door and
hinge fittings sustained these loads; however for the condition simulating
4 g door-closed flight,the deflection at the leading edge was considered
excessive and the door was subsequently structurally stiffened to provide
the required stiffness. The production design has a stiffness equal to or
greater than that of the development door.

The primary problem that remained was the distribution of door loads
(reactions) to the G. E. '"Record Player" (Dwg. 4012001-2) and the dis-
tribution to the fore-and-aft outrigger locations on the fan strut, since
the record player was limited by G. E. to small normal loads and the
fan strut to small side load.

Both door-open and door-closed structural proof tests were conducted on
the production doors for the critical conditions shown, which involved the
three possibilities of hydraulic power in function. The pressure distri-
butions are shown in Report Number 126, Structural Proof Test Program.
In addition to the tests called for in the report, one other was conducted

to simulate door-open fan mode flight with maximum twist moments on




the doors, producing maximum outrigger lateral reactions. Pressure
distributions for this condition are shov n on pages 70-74.

No permanent set or objectionable deformation way encountered in the
proof tests. Reactions normal to the "Record Player' and lateral reac-
tions at the outrigger locations were also found to be within the limits
specified by General Eleoctric.
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