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FORFWORD

The research werk {n tnis report was performed by Sikorsky Alireraft,
Division of United Aircraft Corporation, Stratford, Connecticut, for the
Aerospace Dynamics Branch, Vehicle Dyramics Divisicn, AF Flight Dynamics
Leboratory, Wright-Patterscn Air Force Base, Ohio, under Contract AF
33(657)-8452. This research is part cf a centinuing effort to provide
more rational structural desigr. zriteria for the most critical components
of large logisti:z V/STOL aircraft. The investigation is part of the
Research and Technology Division, Air Force Systems Command exploratory
development program, This wcrk was parformed under Project No. 1370
"Dynamic Problems in Flipht Vehicles", Task Mo, 137008, Dynamic Load
Design Criteria", Mr. Bernard H, Grocmes =f ‘rhe AF Flight Dynamics
labcratory was the Project Engineer. The resecrecn wes conducted from
June 1962 to February 134 by the Tezhrnlccl Branch of the Engineering
Di-ision of Sikersky Alrereft, Prirnsinal Investipet:or in this study wes
Mro M, J. Rich assisted by Massrs, R, F, Stebbins (Structures), W. D,
Jepson (Acrodynamice erd Cenfigurations Study) end A, C, Buffalens

(Dynemics).
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ABSTRACT

Y

Preliminary designs are evolved for five large logistic V/STOL con-
figurations. Structural elastic characteristics and mass distributions
are calculated. The structural dynamic response is investigated for
ground landing, take-off abort, maneuvers, gust penetration and landing
conditions. The results of this investigationg’/are tabulated in a
matrix showing the degree and relative criticalness for the conditions
and the V/STOL configurations. The degree of criticalness is established
as the ratio of the peak dynamic loading and/or stress to the values used
in the configuration design structural study. The latter structural loads
and/or stresses are evolved through the use of existing military specifi-
cations ar normal design practices. (\

The most critical structural design econdition was found to be the
take-off run of the ground handling condition and is analyzed in further
detail. The detail analysis consists of analyzing the rigid and elastic
body response from a ten inch l-cosine dip at lift-off speed. Wing
bending and torsional loads, nose and main gear lcads, and center of
gravity accelerations are calculated. Time histories of all loads and
accelerations are shown for a dip wave length to landing gear wheel base
ratio of 3.0. A parametric study is included for A/R ratios of 1 to
3.8 to show the effect on the various structural components.

Energy absorbing devices are evolved to reduce the criticalness of
towing and to minimize the effects of dips on the aircraft structure.

Conclusions of the contents of this report are reached and recom-
mendations made for further study items.

The report may be used as a guide in the structural dynamic respcnse
of large logistic V/STOL aircraft to enable the designer to minimige the

structural weight and further increase the efficiency of such type air-
craft.

This technical doocumentary report has been roviond ard is approved.

/ L d
Aset Roaurch & Technology

Vehicle Dymmica Division
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A, dip amplitude, in.

AR,

wing aspect ratio.
total propeller disc area, ft2
major fan diameter, ft.
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horizontal distance between nose gear and center of gravitv, ft.
horizontal distance between main gear and center of gravity, ft.
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b,
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coefficient of ground friction.
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DL, disc loading, 1bs/ft?

Dp, fusela-e parasite drag, lbs,

Dy, vertical jet engine or lift fan momentum drag, lbs,
Dy wing drag, lbs.
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pressure for aircraft making a tail down landing, ft.

FL, total fuel load, 1lbs,

Fn, prescrited shear pin force, 1bs.

y» horizontal forces, lbs.

Fy, vertical load on both main gears, lbs.

EM’ average vertical load on both main gears, lbs.,
Fyp, drag load on both main gears, lbs.

Ry pyy» dynamic vertical load on both main gears, lbs.
FMD YN dymamic drag load on both main gears, lbs,

Fyg, vertical static load on both main gears at some forward
velocity, 1lbs.

Fﬁ: axial compressive load in both main gears for tail down landing,
1bs,

I}{” drag load normal to strut on both main ;ears for tail down
1anding, lbs.

Fy, vertical load on nose gear, 1bs.

EN’ average verticnal load on nose gear, lbs,
F.y» drag load on nose gear, lbs.

Fy pynNs dynamic vertical load on nnse gear, 1lbs,

Fyp pyn, dymamic drag load on rose pear, 1bs,
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Flg, vertical static load on nose gear at some forward velocity, 1lbs,

Fs,

Fy,

spring force, lbs,

vertical forces, 1lbs,

f, equivalent parasite drag area, ft?

g, acceleration of gravity, ft/sec?

H, height lost for a resultant contact velocity, ft.
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horsepower,

h, vertical distance from center of gravity to center of pressure
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X, ¥y, and t.
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%

fuselage pitching inertia matrix.

pitchins mass moment of inertia about the center of gravity,
Slug-ft °

wing pitching inertia matrix,
moment of inertia, inq
moment of inertia, iny

moment of inertia, inQ

thrust incidence angle with respect to the wing chord zero 1lift
line, degrees or radians.

wing incidence angle with respect to the fuselage reference lire,
degrees or radians.

J, moment of inertia or torsional rigidity, 1nQ

»1i
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Wp, propulsion system weight, 1lbs.

wg, wing loading, 1bs/ft2

Wg, average wing loading, 1bs/rt2

Weys fuselage width, ft.

X, maximm longitudinal input acceleration of towing vehicle, g's,
x, horizontal distance, ft.

X,, ratio of flap width to chord.

X5 location of coordinate along x axis.

xp, flap width, ft.

Xyos main gear static oleo deflectionm, in.

Xyrs> main gear static tire deflection, in.

Xy0s nose gear static oleo deflection, in.

Xyr, nose gear static tire deflection, in.

Xy horizontal motion of the center of gravity, ft.

Xns horizontal motion of the arbitrary point P, ft.

Xroots coordinate of wing elastic axis.

X1, absolute horizontal motion of the nose gear, ft.

X1, relative horizontal motion between nose gear tire and oleo , ft.
;:'2 , relative horizontal motion between main gear tire and oleo, ft.
¥is location of coordinate along y axis.

Yproot» coordinate of wing root section,

2, vertical distance , ft.

Z,, bending sectior modulus, in3.

Zp, absolute vertical motion of the arbitrary point P, ft.

2, , torsion section modulus, in3
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M, aircraft mass, slups,

Mp, fuselepe mass metrix,

My, unsprurg mass of both main peers, slugs,

Yo, mnss above mein pear oleo, slups.,

Mp, main recr tire mess, slups.

My, unsprung mass of nose gear, slurs,

byo, mass above nose pear oleo, slugs,

M, nose renr tire mass, slups,

Mp, incremental mass at point P, slugs,

M;, ving mess matrix,

Mgy, mass tensor,

M., airfoil section criticel Mach nunmber.

Mep, cruise Mach number,

M1’ 2,3, « 00+ on, lumped masses assirmed to fuselage stotions,
Ny, input factor of acreleration in towing condition.

N, cesired limitation on input to aircreft for towing condition.
N;, verticel loed factor, g's,

n, number of props or fans,

P, arbitrary point on fuselare.
PE, potential enerry, lb=ft.
PL, payload 1lbs,

q, clipstream dynar-ic oressure, lbs/ft.2

¢ (L/p) max., free stream dynamic pressure gt the speed for
maximum 1ift to drag retio, 1bs/ft.2

SIY fuselare irnoreble coerdinate,

Tos &bsolute vertical motion of centex of naravity, ft,
2
qg # fTee strean dynmanic pressure, lbs/ft.

ﬁb, maximum increrental body pl-,

slugs.,
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G, maximum wing acceleration, g's,

q3, coordinate tensor including translatory and rotory displacements.
qi, modal shape of the ith coordinate tensor.

9, 2, 3u....n’ absolute fusedege coordinates -

2, 3.....ns relative fuselage coordinates,

q;, absolute vertical motion of the nose gear oleo and tire, ft.

dp, absolute vertical motion of the main gear oleo and tire, ft.

a3, absolute horizontal motion of the nose gear oleo, ft.

R, aircraft range, miles.

RATO, Rocket Assist Take-Off, 115,700 1lbs for L.68 sec.yrise time of
0.5 sec. _

Re, structural response factor.,

S, wing area, ft?

Sy, bending stress, lbs/in2

Sg, shear stress, 1bs/in2

S,s; moment unbalance about nose gear, slug-ft.

S, number of semi-chords.

sfc, specific fuel consumption lbs/BFP/hr.

T, thrust, 1lbs.

TM, torsional moment, in-lbs.

Te, thrust coefficient based on slipstream velocity = 1{§.a/§),
Typ, thrust horsepower.

15, vectored-jet thrust, Ibs.

Tjo: static vectored jet thrust, lbs.

T;, natural period, sec.

To, static pror thrust, 1bs3.

T, pcs thrust specific fuel consu;btion, 1bs/1b/hr.

Ty, vertical jet thrust, 1lbs.

xiv
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t, time, sec.
ty,y time for ground run, sec.
tp, critical pulse time, sec.

ty1, time at che end of transition, controls are positioned for
climb-out, sec.

toy, transition interval, sec.

t12, climb-out interval, sec.

tz, time at the instant the aircraft reaches the SO ft. obstacle, sec.
t3, tir> to reach peak gust acceleration, sec.

th’ time duration of wheel penetration in runway dip, sec.

U, gust velocity, ft/sec.

UL, useful load, 1lbs,

V, aircraft forward velocity, ft/sec. or knots,

Ve, horizontal climb velocity, ft/sec.

VLo, aireraft lift-off velocity, ft/sec. or knots.

Vo, hor/'izontal initial velocity for anvy part of the flight path,
ft sec,

V2, aircraft sinking velocity, ft/sec.

v, induced velocity in the propeller plane, ft/sec.
Vs exit downwash velocity (iet engines), ft/sec.
i;‘, fully developed induced velocity = 2v, ft/sec.

W, aircraft design gross weight, take—off weight, lbs.
i, average gross weight, lhs,

Wers crew weight, lbs,

'E’ weight empty, lbs,

Weo, cruise fuel weight, lbs.

Wi, weight at ith coordinate, 1lbs,

W,, maximum or overload STOL weight, lbs.
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'P’ propulsion system weight, lbs.

wg, wing loading, 1bs/ft2

Wg, average wing loading, 1bs/rt2

Weys fuselage width, ft.

X, maximm longitudinal input acceleration of towing vehicle, g's,
x, horizontal distance, ft.

X,, ratio of flap width to chord.

X » location of coordinate along x axis.

xp, flap width, ft.

Xyos main gear static oleo deflection, in.

Xyr» main gear static tire deflection, in.

Xy0s nose gear static oleo deflection, in.

Xyr, nose gear static tire deflection, in.

Xy horizontal motion of the center of gravity, ft.

Xps horizontal motion of the arbitrary point P, ft.

Xpoots coordinate of wing elastic axis.

x1, absolute horizontal motion of the nose gear, ft.

%), relative horizontal motion between nose gear tire and oleo, ft.
22, relative horizontal motion between main gear tire and oleo , ft.
Yis location of coordinate along y axis.

Yroots coordinate of wing root section.

2, vertical distance , ft.

Z,, bending sectior modulus, in3.

Zp’ absolute vertical motion of the arbitrary point P, ft.

2,, torsion section modulus, inJ

xvi
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relative vertical motinn acrosc nose gear oleo, ft,

Z,, relative vertical motior across main gear oleo, ft,

Z,, relative vertical motion of nose gear tire with respect to ground,ft.

2, , relative vertical motion of main gear tire with resoect to ground, £t,

Z., aircraft vertical acceleration, t‘t/secg

2y, vertical distance main gear penetrates dip, ft.

Zy, vertical distance nose gear penetrates dip, ft.

‘z.llG’ vertical acceleratior at the main gear, ft/socz.

'io, vertical acceleration of center of gravity, ft/secz.
A'Z;s, change in vertical steady state acceleration, ft/secz,
><p, fuselage pitching coordinates with respect to ground.

©<p (x, y, t) fuselage relative pitching, free-free mode, a function
of x, y, and ¢t.

Xy, fuselage angle of attack with respect to the horizontal, degrees.

O pgs fuselage angle of attack during the ground run ohase, degrees.
©<¢y, fuselage angle of attack at the end of transition, degrees.

ot 4, 3ngle betweer resultant slipstr~am velocity and horizontal, degrees.
<y, wing pitching coordinate with respect to ground.

&W (x, vy, t) wing relative pitching, free-free mode, a function of
X, ¥, and t.

X ys Wing angle of attack, degrees.
,8, airfoil 1ift slooe, radians.
¥, climb path angle, degrees.

Xl, far area ratio = AZ/Al‘

S, towbex useful stroke, ft.
8?, flap deflection, degrees.

SLG, average larding gear deflection, ft.
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SM, main gear stroke ft.

SN, nose gear stroke, ft.

Sw, wing unbalance matrix.

€ , ratio of fan turbine blade length to fan diameter,

it'h mode,

fi’ normal mode coordinate of the
'l s propulsive efficiency including transmission losses , cruise,
Vh,(, main gear efficiency.
N n, nose gear efficiency.

QO, static pronulsive efficiency including transmission losses.

N w, wing efficiency factor = ,95 to .98 (does not include variations
of f with angle of attack).

6, angle between the thrust vector and the horizontal, degrees.
8;, fuselage ignorable coordinate.

80, thrust tilt angle during ground run, degrees.

€y, pitching motion at the center of gravity, degrees.

€1, thrust tilt angle at the end of transition, degrees.

-A, % chord sweepback angle, degrees.

>\, runway dip wavelength, ft.

>‘1, wing taper ratio =ctﬁr "

Xy, non-dimensional mass parameter.
/u s transformation matrix,

P » air density, slugs/ft3

P1> sign of X% =|5{1|/7.‘| .

,02, sign Ofi.? :li2|/i2 .

T, ratio of instantancous to steadv state braking force.

’r‘l, exponent of equivalent parasite drag function.

¢, angle of inclination of aircraft in tail down landing, degrees.

¢Fi’ normalized fuselage bending shape,
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g 114, normalized wing bendinr shope.
2

$ =Cpg, ft/sec.

W, frequeney, r-3/sec.

Wy, netural frequency, rod/rre,

‘etrix "otation
[ ] metrix array.
= =9
Z > column matrix,
-

rowv matrix,

/7
[ ] prime indicctes transpose

of ¢ matrix,
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I, INTRODUCTION

The purpose of this study is to investigate and determine anulyti-
crlly the criticel structurel dynamic response conditions and coverning
perareters for one class of V/STOL cireraft., This information will aid
the V/STOL aireraft designer in optimizing the structural configuration
and structural weipht resulting in a reduced teke-off gross weight and
power required or an increare in peyload,

The particular class of V/STOL aircraft selected was a large logistic
transport tyve capable of carrying 20,000 1lbs., of cargo end having a 1800
nautical mile range.

ive confipguration types, as described in Section II, were selected
so as to provide an examination of the relative structural dynamic re-
sponse problems involved in the large logistic transport class of V/STOL

airceraft,

The initial part of this study is to determine the structural
arrangement of the five confipuration types through preliminary design
procedures. This involves an aerodynamic and weight analysis to resolve
the size and performance of the aircraft, The scope of this study per-
mits only a limited type of iterative process in determining the config-
uration design and is cnly of sufficient scope to allow a relative struc-
ural study. While the results of such a preliminary design do show rel-
ative rross weights and performance,it must be emphasized that the purpose
of this study is limited to dynemic structural response and is not of
sufficient scope for use in overall design evaluation. For the purposes
of this study the configuration tyves are simplified and altered from a
basic configuration, only where necessary, to represent each of the part-
icular tyves in this class of aircraft.

From the preliminary design analysis, which esteblishes the config-
uration structural arrangement, the structural and elactic properties of
the fuselage and wing are evolved using "static" flight and pround loading
conditions, Thus,the basic structural and weight data become available
for ure in the required structural response studies.,

In 2 perailel effort a review of methods of analysis and the app-
licebility to the part cular tynes of V/STOL aircraft is made. It was
deeclided that for the initial investiration existing methods are of suff-
icient ~conc to enalyze for structural response and the results of such
wnelyses vould point out areas for further consideration and detailed
nnelysis, However, while technicues exist, there is the requirement of
ancsemblinpg the various porticns into proprams that apply to the specific
t'res of structures used in this study.

The next portion of the stuly was to review the tyves of confipur-
ations and select the conditions and “he aireraft mode (VIOL c¢r STOL) to
be investipated, The conditions invrsti-ated were selected by anticipat-
inr the problems that would be fncountered,

[



In penercl, discrete types of loadings were selected in order to
arrive at the maximum structural response, The particular conditions are
(1) Ground Handlinp, (2) Take-Off Abort, (3) Flight Maneuver, (4) Gust
Penetration, and (5) landing,

The resulting investiration yields a matrix of analyses consisting
of eight conditions and five types of V/STOL configurations. The results
of the load analyres are the maximum gear loads, maximum wing root load-
inpes, and the ability to land after an aborted take-off. For some of the
conditions, such as the take~off abort and the landing condition, the
results are relative capabilities or comparisons with other load con-
ditions,

The matrix of analyses that results in comparative loads or capabil-
ities is resolved into a form for direct evaluation in terms of degree of
cr'ticalness, The depree of criticalness is established by the ratio of
the dynrmic and steady state loading or stress to the normal ultimate
flight or ground loads used in the preliminary structural design of the
eireraft, The degree of criticalness can be relatively assessed by the
numerical values for the type of loadings.

The most critical or most pertinent problems were chosen for detail
investiretion as a result of the matrix of analyses. While mamycritical
results are found, the scope of this study did not permit going further
into detail analysis for all critical conditions., The results found
from the matrix of analyses shows that the most critical condition is
sterting and stopping while towing, However, sinee towing conditions are
controllable, in that the initiel input acceleration by the vehicle cen
be limited or a safety device can be incorporated in the towber (see
Cection VI, Special Design Conaiderationagf Thus, this condition can be
eliminated from the critical list,

The next most criticel condition, taxiing and take-off run, cannot
be lerisleted out due to the requirements of rough field landing of whiéh
the dip analysis represents & first approximation., The structural re=-
sponsc vill be more critical for the runway dip condition since the wing
strictures have elastic body frequencies which are very close to their
ririd hody frequencies, It is, therefore, concluded that the texi and
tnlre=0ff run condition is the most critical, A detail dip analysis is
necessery to ascertain more aceurately the loadin s and the effects of
thece loodinpgs on the structure,

Fron the rmatrix of analyses for the investigations and the subce-
quent cdeteil analysis,special desipn considerations were produced. These
involved the use of aupmenting or changing the landing fear system to
reduce the effects of structural dynamic response and/or to minimize the
prohlem involved in order to provide landing safcty.

The recommendations that resu't from this study are considered nec-
essary to minimize the eanticipated rroblems that were investirated for
this class and type of ai-craft, llovever, some of the items moy well be
associated with other classes ~ond i ~cs having similar problems,



II. DESCRIPTION OF V/STOL CONFIGURATIONS

Given below is a discussion of the general features or physical
arrangements which are common to all five V/STOL configurations.

The V/STOL aircraft are multi-engine long range transports, having
tricycle type landing gears, capable of carrying a 20,000 1lb. payload 1800
nautical miles. The fuselages are fabricated from aluminum alloys using
 semi-monocoque construction and are typical of other transport aircraft

in this payload and range classification. The bending and torsional
rigidity of the fuselages vary since the gross weights vary, and it was
on this basis that rigidity data was calculated and plotted (Ref, Table
1 and Figs. 11, 12, 13, 14, 15), However, the structural arrangements
remain essentially unchanged. The fuselage bending and torsional rig-
idities are obtained by comparing the unit fuselage shears and bending
moments of the specific V/STOL with that of the typical aircraft or
reference aircraft mentioned previously. In equation form:

Bending Stiffness V/STOL=BendingStiffness Reference Aircraft times

B,M, V/STOL

(B.M, Reference
and Aircreft)

Torsional Stiffness V/STOL = Torsional Stiffness Reference Aircraft times

( ) )
(Vertical Shear Reference Aircraft)

Calculations of fuselage mass distribution were determined by
assuming 10 penel points along the fuselage length (Ref. Appendix III
Table 15). The load distribution ¢f the V/STOL configurations are pro-
portional to that of the reference aircraft and the differences between
the mass distribution curves are a result of the differences in the
veights of the fuselage and contents.

The tricycle landing gear, designed by a 2g limit load factor, con-
sists of a two-wheel nose gear and tandem main gears which retract into
the fuselage. A retractable ramp in the rear of the fuselage provides
the means for loading end unloading cargo. Each fuselage is approximately
100 ft. in length and 13,5 ft, in diameter in the cabin or cargo com-
partment and each configuration contains a fan in the tail section for
pitch control for the VTOL mode,

Tke winrs consist of two-spar aluminum alloy construction (the
Buried Fan is three-spar) with the spars continuous through the fuselage.
The wing structure is desigmed by a 3g limit load factor produced by a
meneuver condition. Bending moments are reacted by the spar caps and
strinrers while shear loads are resisted in the spar webs and ultimately
balanced at the wing-fuselage intersection., Torsional loads are reacted
in the skins and webs of the torque cell between spars., From these shear,
loads and bending moments produced by this maneuver condition wing spars
and skins pages were found and this in turn determined the bending and



torsional rigidity of the wing structure (Ref. Figs. 6, 7, 8, 9, 10).

The STOL performance requirement is defined as the ability to clear
a 50 ft. obstacle using a 1000 ft, runway at a gross weight greater than
the VTOL weight, This teke-off distance will very depending on the con-
figuration and it was subsequently found that the Buriéd Fan with RATO
(Rocket Assist Take=Off) could not meet the 1000 ft. runway STOL speci-
fication, In the case of the Tilt Prop and Fixed Jet the use of RATO
(Ref. Tablell ) is necessary in order to utilize the meximum take-off
veight and meet STOL requirements.

The following paragraphs are a brief discussion deseribing charac-
teristics which are peculiar to each configuration (Ref. Table 14).

A, Fixed Jet

The Fixed Jet has a cruising sneed of 400 knots at an altitude of
38,000 ft., and is powered by ten direct 1lift jets and four vectorable thrust
turbofan engines. The design gross weight is 172,000 1lbs. in the VITOL mode
which includes 52,520 1lbs, of fuel, stored in wing tanks between spars both
inboard and outboard of the 1ift pods. The STOL take-off weight is
232,000 1lbs,

The wing has 32° of sweep at * chord, an area of 1650 ft.z, an
espect ratio of 8,0 end a wing span of 115 ft. The root section has a
thickness ratio of 18% while o"tboard of the 1lift pods a 15% section is
used and allowed to taper to 10% at the tip. High 1ift devices include
20% chord double-slotted flaps and leading edge slats. Because of sweep-
back a bending moment distribution of 60-40 is assumed to act on the rear
end forwerd spars respectively near the wing root.

Ten direct 1ift jets and four vectorable thrust turbofan engines
with an installed thrust of 221,000 lbs, provide lift in the VTOL mode,.
The 1ift jets are housed, five per side, in a pod on the inboard section
of the wing near the wing-fuselage intersection. The vectorable thrust
turbofans located under the wing are primarly for use during cruise but
contribute 23% of the total vertical thrust.

B, Tilt Wing

The Tilt Wing hag & cruising speed of 275 knots at an altitude of
30,000 ft, and is powered by eight turboprop engines., The design gross
veight is 223,000 1bs (in the VTOL mode) which includes 68,075 lbs. of
fuel, located in wing tanks between sparc. Tie STOL teke-off weight
is 334,0(” 1bSo

The ving of this transport has an area of 2365 ft.z, an aspect
retio of 9,0, a wing spar of 146 ft. and employs a 23021 airfoil., High
1ift devices include 40% chord double-slotted flaps and full span leading
edpe slats., A tilting mechanism is provided tc rotate the wing from the
normal or cruise position to the unright or VTOL position.




The propulsion system with 98,600 instelled hp., consists of
eight turboprop engines which drive four 33 ft, diameter props. The
poverplant installation (2 engines in each wing nacelle) delivers a
total of 15,000 1bs. of thrust at cruise conditions.

C. Extended Flap

The Extended Flap has a cruising speed of 275 knots at an alti-
tude of 30,000 ft. and is powered by eight turboprop engines. The design
gross weight in the VIOL mode is 263,000 1lbs., including 77,500 lbs, of
fuel stored in wing tanks between the spars, The STOL take-off weight
is 394,000 1bs,

The wing has an aspect ratio of 10,3, an area of 2600 ft.z, a
span of 16/ ft, and utilizes a 23021 airfoil. High 1lift device include
40% chord double-slotted flaps and full spen leading edge slats. A tilt-
ing mechanism is installed =2t tge wing-fuselage intersection to rotate
the wing upward a maximum of 3C  in crder tc deflect the airstream to the
desired angle. Since clearance cannot be maintained between the props
and ground the aircraft must land with the wing in this rotated position.

The powerplant installation produces 130,000 kp. to drive four
37.5 ft. diameter props. Each of the four wing nacelles houses two tur-
boprop engines connected by shafting to the props located under the wing
forward of the leading edge.

D, Tilt Propeller

The Tilt Propeller has a cruising speed of 300 knots at an al-
titude of 30,000 ft. and is powered by eight turbojet engines. The
design pross weight is 308,000 1bs. (in the VTOL mode) including 108,000
1bs. of fuel, located in wing tanks between spers in the stationary sec-
tion of the wing and over the fuselage, Tre STOL take-off weight is
462,000 1lbs.,

The wing has an aspect ratic of 4.6, an area of 2560 ft.z, a
span of 130 ft, and uses a 23021 airfoil. High 1lift devices include 40%
chord double-slctted flaps and full span leading edge slats. A mechanism
is installed in the wincs to rotate the outboard section with the rotors.
Due to the large diameter of the rotors the aircraft must land with the
roters inclined or in the VTOL position in order to obtain sufficient
ground clearance,

The propulsion system consists of 2ight turbojet engines located
on top of the wings over the fuseloge, 152,000 hp is supplied to the two
57.5 ft. diameter rotors by shafting placed in the wing. Under cruise
conditions the rotors develop 23,700 lbs. of thrust.

E, Buried Fan

The Buried Fan has a cruising speed of 400 knots at an altitude
of 35,000 ft. and is powered by s.x turbojet engines. The design gross
weight in the VTOL mode is 253,000 1ibs, inzluding 94,500 lbs. of fuel lo-
cated in fuselage tanks. While tLhiz aircraft has n~ STOL zapabilities
within specifications a meximum or STOL weight cf 320,000 ibs. was
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lepislated in those analyses where the use of a maximum weight is war-
ranted.

The wing has an area of 2800 rt.z, an aspect ratio of 4.0, a
spen of 105 ft, and employs a 23015 airfoil with 13° of wweep at 1 chord.
The thickness ratio 1s 15% from the root to a point between the inboard
and outboard lift fans and it then tapers to a 10% section. High lift
devices include full span leading edge slats and 20%.chord double-slotted
flaps., Three-sper construction is used with the addition of a "D" spar
as the leading edge to assist in taking torsion loads inboard past the
fans., The torsional rigidity is greatly reduced in the area of the lift
fans since it is assumed that no wing torsion passes through the fans,

The propulsion system consists of six turbojet engines located
on top of the wings and four 1lift fans (15 ft. diameter fan inboard and
a 12 ft. diameter fan outboard) placed in the wings. Under cruise con-
ditions, with the lift fans not in use, the six jet engines produce
20,650 1bs. of thrust. In the VIOL mode 147,500 1bs. of thrust are
delivered to the fans where 328,000 lbs, of vertical 1ift is produced.

The analysis and procedures used in determining the configuration
design of each aircraft are contained in Appendix I, The analysis es-
timates a solution meeting design requirements considering the relative
importance of such perameters as take-off weight, aspect ratio, STOL
capability, wing loading, structural efficiency and dynamic response
problems, Since a general solution for all five V/STOL's is not possible
the Tilt Wing, Tilt Prop, and Extended Flap, being propeller aircraft,
are grouped together while the jet types are considered separately.

The three view drawings of the five V/STOL configurations are
contained in Figures 1 thru 5., General data for the configurations is
provided in Table ], giving geometrical data, landing gear spring rates
end damping constants based on the static position of the gears, gross
weights in VIOL and STOL modes,airfoil 1lift slopes, lift-off speeds, and
other pertinent data.

The wing structural properties are shown in Figures 6 through
10. The structural data shows the section moments of inertia in bending
and torsion about the elastic axis of the wing.

The fuselage structural properties are shown in Figures 1l
thru 15 and includes section moments of inertia for vertical bending,
lateral bending, and torsion.

The wing ultimate shear, bending, and torsion loadings from a
4.5 g maneuver are contained in Figures lé thru 20, The fuselage ul-
timate shear and bending for a 4.5 g maneuver are contained in Figures
21 thru 25,

The group weight statememt for the configurations is listed in
Table 17 which is a portion of Appendix III, The panel point weight dis-
tributions of fuselage and wing are listed in Tables 15 and 16 .

The landing gear data for spring rates in vertical and dreg
directions and the damping constents are contained in Table 1. The pro-
cedure for determining this data is as fellows:

6




Oleo and Tire Sprine Rates

Oleo and tire spring rates for the study were determined by scaling
from data for a similer type existing aircraft. Shown in Fig., 26 is a
non-dimensional force-deflection curve based on this data. The ordinate,
F/F tatie? is the ratio of the gear force output to the force under
statTE¥2S3 conditions. The abeissa X/ X s o is the ratio of oleo
deflection to corresponding deflection under s%ggic load conditions, A
non-dimensional lineer spring rate in the neighborhood of the static load
condition can be calculated and is found to be:

%ﬂﬂ&?: 7.2 (1)
STATIC )

A dimensional spring rate can be obtained by:

- S
2% = T2 X stavic (2)

A summary of linear oleo spring rates and static gear loads end
deflections are shown in Teble 1 for cach aircraft.

Tire spring rates were also obtained by scaling from existing data.
Fig. 27 gives non-dimensional tire data for the main and nose gear.
Agein, calculation of the non-dimensional linear spring rate is possible
in the neighborhood of the static load condition. This yields the follow-
ing constent.

%F;Eamm:} - (3)
Zstavc) 1.4

Again, a dimensional coefficient can be obtained as follows:

2F - .4 Esxarc (4)
x Asmarc

A summery table of tire data is showm in Table 1. Note that there
are four tires in the main gear carriage and two tires in the nose gear
carriage.

Oleo Damning Coefficients

Values of effective linear damping were chosen for the mein and
nose gear oleo based on 2 weight scaling procedure similar to that used
for establishing the olec spring. Original data for scaling was taken
from similar type existing aircraft,

Refer to Teble 1 for values of damping coefficients used in this
analysis.




Fore ond Aft Ceor Sopring Rotes

The fore ond 2ft rear snring rates vere schled fro  lirear pecr
sprine rotes provided by data on a sirilar tyve alrer-ft, The scaled
gear soring rate was arrived ot using the following equntion .

K = :;%Kgm?;c (5)

where
K = ng ra from 2 similer *rve
Stotie gear spring rate fro siniley tu:
aireraft, lbs/in,
Fotatie = rear reaction from tre similar tyve
eireraft, lbs,
£ = pecr spring rate used in anzlrsis fer
5 g .
a rarticular confisuration, l-s/in.
3 = geéar reaction for thot configuration, lba,
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Table 1

V/ETOL Configuration General Data

Config. Fixed Tilt Externded Tilt Buried
Data Jet Wing Flap Prop Fan
a, Ft. 30,6 | 28,6 29,1 32,0 30.6
a1, Ft. 1.47 3.43 2,30 291 l.43 |
ajz, Ft. 0,12 2.0l Q.9 Q.89 0.20
c1, Ib-Sec/In 162 196 2L0 282 2138
| co, Lb-Sec/In &1L 2U4 913 1070 905
e Ft, 0.6 Q.66 Q.81 0.77 0,26
Lbs -164,000 200,000 F2LL,000 |=286,000 J=242,000
Fn, Lbs —= 8,0001-23,000 1-10,000 1 —22.000 1 —11,000
h, Ft, 0.3 o.4 5n2| 0.5 6,2
| Ky, Lbs/Ip 4900 | 14,900 | 32,000 | 14,000 7,000
| K, Lbs/In 118,000 1 143,000 | 375,000 | 205,000 | 174,000 |
|_K,, Lbs/In 17,700] 26,900 | 32,000 § 38,500 f 32,400
| K, Lbs/Ip Ly, 300 2,700 65,800 17,100 65,200
K:, Lbs/In 2.7001 17,100 13,800 1 16,1001 68,1001
| K5, Lbs/Ip 60,9001 73,900 | 90,400 | 77,100 | 89,700 |
1, Ft 32,0 | 32.0 32,0 I 3h.5 32.0
Ft, 10,3 10,2 10, 10,5 9,2 |
19) Ft- 908 9.8 9-7 9.8 8,2
13, Ft 11,0 1.3 1.0 1.9 10,0 |
My, Slugs _ 643 80,5 98,5 11150 1 97,8
l-{% Slugs 1,97 U1 19,9 22,8 Ilu
ré, Ft,2 204 0 17l 432 200
| S, Ft.° 2365 Z 2560 2800 |
V10, _Knots 100,59 G3aS 59,0 5.1 1100
V2, Ft/Sec 9.0 9,0 9.0 9.0 9,0
W, Ibs 172,000) 223,000 263,000 308,000 253,000
¥o, Lbs 232,0001 334,000 1 39,000 1 LA2.000 1 380 000
Xyo, In 10 10 210 10
L X0, In 11037 bS] ol YA 11ei 11.3
Xy, In 0ol Cal Cal Ca2 0ad
Xyr, In 0,63 0.63 Q.82 Q.41 Q.61
A Radians 2 L.gB ), 75 ), 22 3,78
YT 0.8 0.8 0.8 0.8 0.8
$ , Dagreag 2o 2.0 7.0 8.0 7.0
lotes: 1. Ko, Kb’ Ké, C2, MV’ and FM are values for both main gears.

2.

#legislited fc, analyses where necessary,



III. PRELIMINARY STRUCTURAL DYNANIC RESPONSE
INVESTIGATION AND ANALYSIS

The purpose of these investigations and analyses is to provide a
motrix of conditions and the resulting structural dyneamic response. This
data will eventually be reduced to a numerical chart that will provide
the desirmer with o guide to the structural or operationeal problems in-
volved for each of the V/STOL confipurations. In addition, the matrix
of analyscs will point out the most severe operating condition in regerd
to structurzl response.

The parameters chosen are discussed in detail in each of the part-
jcular analyses ns to the initiel conditions for structural investigation.

In order to provide the matrix of analyses for five V/STOL config-
uretions and eight separcte parameter conditions it has been necessary to
utilize preliminery design cnelysis methods. Within the scope of this
contract investigation the preliminary anelysis uses only linear methods
in all perameter studics and the results form only a guide as to the
structural responses., However, in such a large matrix of anelyses the
overall picture will provide a besis for determining the subsequent de-
pree and relative criticclness of the configurations and the pearameters.

The structurel deta used in this section was defined and listed in
the preceding section II, However the landing condition, Section IIIE,
contains the analysis of gear impact loads end gear stroke which are
used in the dynamic resd>onse cnalysis. The stroke used for condition
IIIE is the result of considering the usual MIL Spec requirement (Ref. 2)
which was required to furnish a basis for the subsequent impact analysis.

1, T Take-Off R

The object of the analysis for this condition was to determine
the degree of criticalness of landing gear loads upon entry into 2 run-
way dip. To simulate the maximum unprepared runway condition a 10 in,
1 - cosine dip was assumed and considered to be a once in a2 spectrum
type load. The dynamic response analysis was made by numerically inte-
prating the equations of motion in an IBM digitel computer for a system
with two degrees of freedom where the nose and main landing gear oleos
ore cssumed to act es linear springs and dampers in the vertical direction.

The initial condition is with the aircraft in forward motion at
o speed not exceedirg the lift-off speed (Ref, Table 1), With the air-
craft constrained to ground o rigid body analysis was performed as a pre-
liminary investigetion. The system is represented schematicelly in Fig.
28 vhere the positive sign convention and coordinates are defined,

%7




Ref. Table 1 & 2 for values of K;, K5; C1, C2; a, 1 and N

Fi 1 i Runway Dip Geom

The equation of the dip is:

Zz=-5(-cos_X-)

where the total dip amplitude is equal to 10 inches.

The STOL gross weight (Ref. Table 1) was used for the struc-
tural response investigation. The take-off speed and STOL weight for the
Buried Fan were legislated since nc STOL capability for this aircraft
exists within the requirement that the aircraft have the ability tc take-
off over a 50 ft, cbstacle using a 1000 ft., runway. An approximate
method for caleculating STOL performance is ccntained in Appendix II. The
objective of the STOL performance analysis Is to determine at what over-
loed gross weight each aircraft is capable of meeting STOL requirements.

The following is = derivation of the equations of moticn of the
nose and main gear, The absclute vertical mction at the center of gravity

is:
%= B+ B +(Ey+ 22-25-F ) o/L (6)
where is is the nose gear foreing function and K = Vi,
for ¢t 420

=0
%:-s(t-cos-z-vgd—) o NV2t2O0
i%;=() for ¢ 2 >y/\/
and i; is the main gear forcing functien,
2,=0 for t 4 RNV
Z,= -s[a-coszg-l (¢ -i/v)] for (AeNYV2tZ 2V
iﬁ o for ¢ 2(L4+N/V



Also the pitching motion ot the center of gravity is:
8y=-(Z4+2,-2z-2,)/ L (7)
The kinetic enerry of the system is:

2KE = M[ 2543, +(E, +5,-25-2,) 0./2_]2

ICE g = s 2 (8)
+I, [( E4+2p "’-‘3"3:)/2]

where M = aireraft mess, sluge, colculated from meximum gross weight,
I = pitching mass moment of inertia cbout the center of gravity,
slup-ft.2
o = horizontel distonce between nose geer and center of grevity,ft.
1 = horizontal distence between nose ond mein geor, ft.

The votenticl energy of the system is:

-2 —-—
2PE = K & +K;p zf (9)
vhere K; = nose gear spring constant, lbs/ft.
K» = mein gear spring constent, lbs/ft.

And the energy dissipated ner unit time is:

2DE = ¢, +C 22 (10)

where C; = nose gecr damping coefficient, 1b. sec./ft.
C2 = moin gear damping coefficient, 1b. sec./ft.

Expending equotion 8 and rearransing terms:

2KE = E5(M-2Mok +Mc§/;za+rq/£2)+i:(m.ﬁff+ I/@) ()
+Z2(M-2 Ma/z+M<$’12+I°/12)+?§(Md$’£2+1'a/,&2)
+E5Z,(2M-4Mof/l +2MoF242L0 /42 + En 2 (2 Mot~
2Ma/P - 230/ L) + By Z2 (2Ma /A -2 Maf£7-2 To /82 )+
Z, E,(2Mo/R -2 MY 2-2T0/02)+ By 2, (2Mc/0* +

2 To/?) + &, 2(2Mo/l - 2M /22 - 216 /42)
Teking the partial derivative of the kinetic energy in equetion 11 with
respect te $ . . B
IRE/DZ, = F(M-2Maf+ M2 To/i? )+ 25 (M —
2MafR+MaY2% To/ £°) + Zq(Mafl - Ma3/43 -
To/43) + B, (Ma/l = Mo¥/3~ To/43)

(12)




If we let All =N-Ha/L + Ma.a/lzi-l'o/l’-) and Ay,= (Ma./l-Ml‘-'Id”

then we cen substitute Aj; and Ay, intc equation 12 and find the time
derivative.

= 7Y &2 XY
&( 33')‘Al|zn+Ala.32+A|a Z,+ A 4 (13)
Now we determine the partiel derivative of equation § with respect to i,
and equation]0 with respect to §| .
aBE - 2 (14)
9,. ' =

-~ B (15)
ggf = ¢,

Adding terms from the three energy equations we arrive at the lLagrange
Equation with dissipative force.

ff(%%)* %Ef-+ %%F:o (16)

Substituting from equations 13,14, and 15 we uetermine the equation of
motion for the nose gear,

Ay 3+ R i +G i +x & = -A, 3'3 o Aﬁ:‘ (17)

In a similer, manner, taking the partial derivative of equation Il with
respect to t 2:

= & (Ma/t2+ T/ + By (Ma/l - Mad/A2 =To/42) (18)
3“‘ +§¢ (MaY 134+ 1/42)+ &, (May4 -Ma‘/l‘ire/l)‘)m

If we let A, = (MA.‘/I‘*I,/I,‘) then we can substitute Al2 and A13
into equatiR 18 and find the time derivative.

#.(ﬁ’a). Aad +As 4R, R a2 (29)

Determining the partial derivative of equation G with respect to 33
and equetion 10 with respect to ;3 :

g-i = K, &2 (20)
ggs =C; iz (21)

Using the same procedure thet wes used for the nose gear we determine
the lagranpe Equation for the main geer.

H(2E)e 2|4 2E 0 @




Substituting from equations 19, 20 and <1 we determine the equation of
motion for the main gear.

< = R - o s
RoZ +RAzZ,+CZ+K 2, = -Rds=Ax 2y (23)

The natural frequency% of the aircraft can now be determined by setting
the right hand side of equatigpsl7 ard 22 equal to zero, omitting damping
forces and substituting for &, and ’, o

Since the resulting equations now describe the free vibration condition
it is therefore assumed that the relative motions are also harmonic, i.e.

V= &, e SINWE

NI

therefore i. ==& w,z. SINwt

and Z= =&, way Wi SIN wt -
= A Fnx W —Aa g W + K E ax =0 (24)
= A&y Wit ~Ag T Wi +¥2 Fo g =0 (25)

Solving foraﬁ we arrive at:

(g = A,
(26

Solving this equation yields the natural frequencies in trana-)
lation and pitch., The criticel dip wavelength A for the pitch condition
is equal to twice the distance between the nose and main gears or =u
To find the criticel forwerd velocity we use the relationWw=2amV,
where Wy is substituted for W, If the velocity calculated from this
equetion exceeds the lift-off speed then the 1ift-off speed is substituted
for V and A 1is caelculeted, For the translaticn condition the critical
speed is assumed to be equal to the 1lift-off speed. Using the rigid
body natural frequencies the system is tuned tc the corresponding W

from the equation W= 2WV/ A . Since@, and V are knewn A\ can be
celculated.

This analysis was conducted using the maximum gross weights and
subsequently the static gear loads vere computed on the same basis, Since
these aircreft are traveling at high forverd speeds (Ref., Table 2) the
effect of wing 1ift may be a factor in computing the gear loads., This is
accomplished by reducing the static gear loads according to the follow=-

ing equation.
FNs, Fme = Fy )FM [\ - (%)2] (27)

actual static geer load while traveling at V, 1lbs,

where FNS, FPB
Fy, Fy
v forward velocity, ft./sec.
Vi.0. = lift-off velocity , ft./szc.

dead weight load ; 1bs,

)
by o




The totel pear lond is the sum of the static and dynemic loads (the dy-
namic load being over and above the stetic load). The dead weight gear
loads were Catermined from stotic equilibrium conditions and the dynemic
loads were computed by solving the equations of motion in the I.B.M,
program,

The ultimete desim landing gear loads are calculated from the
usual desipgn requirements for o three vheel level londing, breoked roll,
and tail down landinec, The procedure for calculating loads is shown in
Section IIIE and o summary of these loads is contained in Table 9.

The method of cnalysis specified in this portion was run on an IBM
computor using the dota specified in Table 2. The data of Table 9 lists
the moximum loads on the main and nose londing gears. The loads were
divided by the pross weirht to show gear load foctors for reference
purposes, The noxirum dynamic loads were superimposed onto the static
loads rnd ineluce the effects of possible wing lift. The analysis shows
tenaion loads, vhich represent a condition where the aircraft would
hounsa off the rround. The limits of this analysis does not permit 2
dlmcontinuous solution therefore it is obvious thot it is only valid to
the velue of the comnressive loeding on the gear during the first initial
impact,

In Firures 29 and 20 the time histories of the Tilt Wing nose and
main landing pecr loods are shown, The scale on the left hend side
shows the loading without wing 1ift while the right hand scele is a
superimnosed wing 1ift effect. These fisures illustrates that wing 1lift
could cause o greater tendency for the gears to bounce cff the ground.
The compressive loads on the mein and nose gears are more ecritical for
the dip condition when tuned for translation.

L2
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Table 2 = Ground Run Din Analysis:

Maximum Gear lczds

FITCH

o THRANSLATION

% Legislated for this analysis

Config, Fixed Tilt |[Extended Tilt Buried
Data Jet Wing Flap Prop Fan
Viiet-nees Knots 108.5 535 59,0 65.1 114,0%
Fy, Nose Gear Dead
Wt, at Max, G,W,, Lbs [-10.700 [-35.700 | -2¢.,800 |=33,000 1-17,000%
FM, Total Main Gear
Dead Wt, at Max.G.W.Lbs|-222,000 | 299,000 | -366,000 |-429,000 [-362,000%
I\, Dip Wavelergth, Ft N 59.2 b 69 b4
(—Adrcraft Pwd. Vel Kts{ 37.6 §3.5 L9.4 28,6 36.5
Flg,Nose Static Load a&V| ~9400 0 -8700 -6300 =15,300
| Main Static Loada V| -195,000 9 -110,000]-81,500 |-325,000
Fls/W -0.05 0 -0,03 | -0,02 -0.06
Fus/v -1.13 0 =0.42 | —0.26 -1.28
. ] 491,000 | +297,000 | +231,000[+251,000 |+134,000
Fiy pyN, (Max.) Lbs -86,000 | -297,000 | -253,000{-291,000 |-126,000
+219,000 f1,253 +757,000 [+1,402,009 +324,000
Fu . ) 5 »
| N-DIR, (Max.), Los ~227,000 }-1,096,00q -928,000 |-1,317,00 =354 ,000
40,53 +1,33 +0,88 40,82 40,53
FN DYN. /W -0.50 =1,33 =0.90 =0,95 -0,50
+1,28 +5,62 +2.88  [+4.55 +1,28
F,
M DYN/W <132 [ -491 | -3.53  [-ke27  |-1.40
F + F +0.47 +1,33 +0,85 +0.80 +0.47
(Fis + PN pyy)pw -0.56 -1,33 -1,00 |=0.97 =0.56
(F +0.14 +5,62 42,46 +,,29 +0
{ Ms + Fu pyn)/w -2.45 ~4491 =3.95  |=4.53 -2,68
N, Dip Wavelength, Ft €4 L1.6 46,3 53.2 64
Mryeraft Forward
[v, Velocity, REay 86,0 | 53,5 59,0 | s | i
Fys,Main Static Load&V| -82,800 0 0 C -177,000
Fys -0,02 0 0 0 -0,03
Frs -0.48 0 0 0 -0.,07
. +117,000 | 4346,000 | +285,000 [+287,000 [+166,000
N DYN (Max), Ibs -87,000 | =342,000] -318,000{-353,000 |.-125.000
b one ON-2 171G [ R - Lo 4
P . +1,327,0004+1,918,000+2,119,004+2, 527, 004 +2 , 020 ,00(
M LYN (Max), Tbs 1,211,00041, 748,000 1, 54, 0 =2, 24,2, 0041, 803,004



Teble 2 = Ground Run Dip Aralysis: Moxirmws Geoor Loccs  (Con't)
Config, Fixed Tilt |Extended Tilt Luried

Data Jet Wing Flap lrop Fan

F +),68 +1,55 +1.,08 0., 94 H0, 66

_ LN DyYw 20,50 |-1,53  |-1.21  bi.u Jo.so

S +7,72 +8,59 +8,07 t8, 20 e 0
&|F .

< |*M Dyn/W -7,03 =7,83 =7.50  F7.27 -7.13

2} , +0.65 +1.55 +1.08 N +0, 62

gﬁ_@ + FN oynJu o3 -2 el bi.w 053

2l +8,59 +8,, OF 8,20 +7.27

1 [(Fus + By pyy)/¥ 751 |-7.8  |-7.50  pr.2r fer.e

Notes: (1) Fpg

Fus

(2) Sign Conveution:

= Fu _“(‘i%)zj

"FMi“T/{T)i

+ Tension load in oleo

(3) Fyp Fyg, Fy DYN, is the total load on both main gears.

(4) Loads are normalized by dividing by the i esign gross weight,
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The dynamic response analysis for this condition was made by numer-
ically integrating the equations of motion in an I,B.M, digital computer.
The computer program supplied information on the time variation of nose
and main geer verticrl loads as well as nose gear longitudinal loads for
a system with 5 degrees of freedom. The nose and main landing geer oleo
and tire are assumed to act as & linear spring and damper in the vertical
direction in eddition to a2 nose gear spring acting in the longitudinal
direction., The innut acceleration to the aircraft by the towing vehicle
can be described by the following equaticn.

X, =X SIN wt for wWt<TT (28)
X, =0 For W= 0 "

where ‘&§= longitudinel acceleration at the nose gear , ft/sec
3= meximum lonritudinal input acceleration = - 1/3 g = - 10.8!"t./sec2

If %, =X SIN wt

then Xy = -X/w Cos wt +C,

Since i. =0 et t =0 it follows that Cl = %

Therefore at Wt =TT , vhere w = 6,35 rad/sec.
%X, = -X/w COSTT+X/w
or X-= w’i,/a (29)
2
Since the finel velocity equels 2 Jmots, XC = - 10,8 ft/sec. The for-
ward velocity of the aircraft resulting from this input increases from O

to 2 knots in epnroximetely 0.5 sec. This can be represemted graphically
as follows:

X, A

Ficure 31 - Sinusoidal Tovine Input Accelereticn




This input yieldr maximum l1onritvdinal nose rear londs wvhiich corresponds
to & velue resulting from the vrocedure specified in Mi1-A-8202 (ASG),
(Pef. ?).,

A ripid body analysis was pertormed as a preliminary investi-
pation with the uircreft constrained tec rround. The system is represented
schemutically in Fir, 2 where *the pestive sipr convention and coordin-
ates are defined,

_2.1:1“' ‘
ﬂ‘

CIIP 777 77 7 7 777777 P77 777 P77 77 77777777 7 P PP P P Pl A mr 7,

K, _—
' %— Z Ko $C
h&i; i:;: e 3 j& Z “ gh# 2z g
"2 Ks 2 M - e
s % | 2
'Ref. Nose Main
Line Ref. Table 1 for values of Kl’ K.» KB’ KA’ K5’ Cl, Cz’l’lj’MN’MM
Fipure 32 - Schemat A aft GCegmetry for Towing Cen

The followinp is a derivation of the equations of motion of the
system,

The absolute vertical motion of the main pear oleo is:
%= 2‘ +2; =2
The ebsclute ver€icel motion of *he nose rear clec is:
g = 33-0- z, \21)
The absolute vertical moticn of an arbitrary point P is:
Zp = L1~ KAWEMNR, =@+ T~ X0 +x/U (g E )42

where x = the horizentel distance hetween the mairn pear and the (32)
arbitrary point P.

The abrolute lonpitudinal metion of the srme point P is.
Tp= X, -il + f;/‘(?.‘gz)= I\‘Z“' 13/1(3.5*2' -24-52)‘1

/o~ N
7

The absolute lonrituc inal motion ~f the nose rear Is: ()

g5='l|-2, (.



We differentiate equations 30 thru 34 with respect to time and arrange
them in motrix form vhere the left column is in absclute coordinates,
the right column is in relative cocrdinates and [;u.] is the transforma=-
tion metrix,

Lo | |aftbae|a/e|afe |1 | 1 X,

Z 1
;..S.J

This ecan be clso written as {g} ‘D“J{g}

The expressicn for the kinetic energy can be written
as follovs:

okt = §, (3§ LABILAG) o9

'l
Evaluating [/u] EM] ru“] in equation 35:



K ih/1 MRl Mo (/1)

Mp(2/2)

Melif] -

1 1 ™

E Ml ) Melly Mt

vhere

My

A = Mp(1=2/2)% + Mp (42/2)°+ M,
8= Mx(l=XF + Mp (L)

c’= Mp(1-%/2l (/1) = Mp(4a/1)*
C/-‘- Mp(ﬁ,/ﬂ)

£’z Mp(3/0)? + Me(hs/)P+ M,
F' = Mp(X/2)?+ Me (13/1)2

G = Mp + My, + 1,

H = Mp + M v M,

-

(36)




where dM
P

M

MM = unsprung mass at main pgears , slugs

incremental mass at pcint P, slugs

unsprung mass at nose geer , slugs

Integrating the preceding equaticns:

A = SA' M ( 1+ /) -2 Su/A + I8 + M)
B = (8 M(\+ K/8) - 2 Sy/8 + T/4?
¢ = S =-m(HRP+ sy/h —1/43

= M(4y/2) > (57)

] 1

ll

l»}
]
o
l»)
S
|

o= (7= 1/024 M4y + Ma
F = SF,: I/jz.’,M(le
6 = 7= M+My + Mu y

where M = total sprung mass of the fusgiage ,
the maximum gross wveignt ::S de

Mo
S = moment unbalance about the ncse geer, slug ft. sSMdeMp

slugs, calculated from

2
I = mass moment of inertia about the nose gear , slug ﬁ.:ww

Writing the equations for the potential and dissipative
energles of the system:

2PE = K.I.a +K; 22 +r,'é§+ Ke2s +h5 e (38)
end
2D = CZ! + G & (39)

By fellowing a procedure similar to that used with the kinetic
energy equation we arrarpge equatiecns X and 2% in matrix form and determine
the fire] expressior for the equations of motion of the system,

{40)

¥l F w F = T T

alplclcip % % % P
BlBlclc D] |% G f{a Z| D
clclelr [ Dl%r+ [ | [l | K& =x;{-1>r
CICIFIF FDl |2 Gl {|& i &l D
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Since the dynamic gear loads computed from the preceding
equation are over and above static loads the total gear loads are the
sum of the dynemic and static loads. Static gear loads were calculated
using the maximum gross weights since the dynamic analysis was performed
on this basis. The dead weight gear loads were computed from static
equilibrium conditions.

The calculations of the resulting loads are shown in Table 3.
The dead weight forces are superimposed onto the vibratory forces result-
ing in the maximum gear loadings. The data calculated shows the maximum
loads on the main gear will always be a commressive loading which is almost
obvious from the fact that the main gear is aft of the aircraft c.g. The
nose gear peak loads indicate a tension lcad could exist, therefore the
analysis can only be used as a guide since it could be expected that the
nose gear will bounce off the ground during some portion of the towing
impulse.

Table 3 shows only the loads that pertain to towing start. If
the aircraft were stopred abruptly the signs of the dynamic loads would
change for all cases., The drag loads are the most critical and bending
of the gear in the drag direction is the major problem., The absolute
value for the drag loads apply for either sterting or stopping while
towing, Therefore the analysis is complete for this condition for the
most critical lead in absolute valus.



Table 3 = Towing Start Analysis:

Maximum Landing Gear loads

Config. Fixed Til1t | Extended| Tilt Buried
Data Jet Wing Flap Prop Fan
Fy, Nose Gear Dead Wt.
at Max. G.W. - Lbs -10,700 | -35,700 | -28,800 | -33,000 | -17,000
Fyq, Total Main Gear
Dead Wt.at Max.G.W.-ps [-222,000 [-299,000 |[-366,000 |-429,000 | -362,000
FN/w -0.06 -0.16 -0.11 -0.11 -0.07
Fym/wW -1.29 -1.3L -1.39 -1.39 -1.43
FN DyN. - Lbs +27,300 | +63,600 | +59,000 | +70,700 | +40,000
(Max. Vertical) -27,700 | -63,600 | -60,000 | -72,000 | -40,700
FM DYN. - Lbs +30,700 +78,700 +65,300 +52,l+00 +52, 700
| _(Max. Verticel) 71,000 | -95,700 |-113,000 J-124,000 | -104,000
FND Dyny. - Lbs +74,000 p129,000 |+137,000 |+160,000 |+111,000
(Mex. longitudinal) -76.000 k130,000 |-1kk -167.000 1 -11
=154, 000 3.000
tp +0.16 +0.23 +0.22 +0.23 +0.16
N DYY/W -0.16 -0.25 -0.23 -0.23 -0.16
+0.18 +0.35 +0.25 +0.17 +0.31
i Dm /v 041 | 043 | -043 | -o0.b0o | -0.k1
I +0.43 +0.58 +0.52 +0.52 +0.L44
ND DYN /W -0.44 -0.58 -0.55 -0.54 -0.45
4+0.10 +0.13 +0.11 +0.12 +0.09
(Fy + FN DYN) /W -0.22 -0.45 -0.34 -0.3k -0.2
<1.%1 -0.99 -1.1%4 -1.22 -1.18
(Fu + Fu Dyy) /W -1.70 -1.77 -1.82 -1.79 1.8

Notes: (1) Fy, Fy pyn. =

(2) Fy, Fy pyy, =

Dead weight and dynamic
main gears.

Dead weight and dynamic
gear

vertical load on both

vertical load on nose

(3) Fyp DYN, = Longitudinal dynamic load on ncse gear

(4) W = Normal design gross weight.

)

/

(5

Sign Convention:

+ Aft acting load

+ Tension load in Oleo



3. Tiedown

Tiedown conditions are usually checked for local structures and
fitting attachments. Because the V/STOL configurations represent some
departure in wing structural characteristics a brief analytical check was
mede on the criticality of the ground gust condition.

The initial condition is with the aircraft tied down rigidly
to the ground through landing gear and/or fuselage attachment points. For
the purposes of this analysis the aircraft was considered rigid to ground
with only the elasticity of the wing responding to the transient air load-
ing.

For a preliminary type of analytical investigation, it is
assumed that the gust is rapidly applied and from a vector direction so
as to obtain the meximum effect. The gust is then assumed to die out
repidly so that the effedt is equivalent to a full cycle versed-sine pulse.
The peak gust velocity is 60 knots.

The 1ift loading on the wing is then:
L.=/5o£w.oﬁlp472£y@ (41)

where L = the gust 1ift per wing , 1lbs.

P = airfoil 1lift slope , radians

(o]
otw= geometric angle of attack = ,175 radians (10 ),
a representative velue for this analysis

V)

$+S

gust velocity, 84.6 ft./sec. as peek value
4+ actual wing area , ft.2

The forcing function on the wing is the 1ift loading assumed
as an exponential ramp input. Each of the modes will respond to this
tvoe of dynamic loading and the response will depend on the ratio of the
pulse period to the natural period of the structure.

The resulting bending moment is conservatively teken as the
result of the full fundamental response of 1l.7. The value of 1,7 is
the maximum response factor that can be obtained from a versed-sine
impulse (Fig. 4-13 of Ref, £ ). Undoubtedly some relief will be due to
the fact that the higher modes will have their own reduced modal response
factor. However, the vibration analysis (Appendix IV) has shown the
fundamental mode to be a dominant contributor for bending with induced
torsion coupling.

The half exponential input was selected as being most repre-
sentative for the gust from the study of the gust penetration analysis
subsequently shown in this report. The initial build up of 1lift will be
similar to the type found for the airdraft free to translate in a vertical
direction. However, the reduction usually considered (gust alleviation
factor) due to the vertical aircraft velocity (which would reduce the
effective angle of attack) is omitted for the aircraft fixed to ground.
The pulse time is used as twice the time usually teken to build up to
peek 1ift, this being dependent on the chord and velocity of the gust,i.e.

54



¢= SC/2U = time for peak build-up (42)
vhere s is the numer of semi-chords
C is the chord of the wing in ft.
U is the gust velocity , ft./sec.

Other equations for this forcing function are the same as subsequently
shown in detail for the pust penetration in Section III D. The response
factor is dependent on the retio of the 1ift bulld up time to the natural
period of the structure. The response factor is tien the ratio of the
dynemic to static amplitudes of wing moticn. In this case the resulting
bending moment will be the combination of the 1lg wing lcadings with the
peak wing 1ift (in positive direction) plus the vibratcry respcnse on the
wving inertial loadings from a first modal contribution. Since the body
is fixed to grourd the inertial loading. are about the lg dead weight
condition.

The steady state loads and the resultant moments, torsions and
stresses are contained in Table 4. Meximum bending and shear stresses at
the wine root are calculated from the follcwing equations.

S, = B¢ (43)

- IM_
Se 2 (44)

vhere Sy » S = bending and shear stresses, lbs,/in2

BM ,TM = bending and torsional mements,; in - lbs

3
2, 2,

bending and tersicnal section moduli, in



e ¥ o

Table 4 - Tiedown Condition: 60 Knot Wing Root Moments, Torsions

and Stresses

Config. Fixed | Tilt |Extended | Tilt | Buried
Data Jet Wing Flap Prop Fan

, Lift Slope, Radians L .62 4 .58 4.75 L.22 3.75
1/2S, Wing Area, Ft° 823 1183 1300 1280 1400
L =/Foxg(1/2)oV2(5/2) \

Wing Tift, Lbs. 8080 11,500 13,100 11,450 | 11,120
Ny=L/(W/2),Load Factor 0.094 0.103 0.100 0.07h4 0.088
Inertial Response Facto 2.0 2.0 2.0 2.0 1.9
1G Steady Weight
Loads

Bending Moment H11200,000 [26,800,000}36,700,000425200,000 [-9,300,000
Torsional Moment 300,000 |-39$00,00] -3,400,000 -2,100,00q-1,600,000
Peak Gust Loading
Bending Moment |1,700,000/3,900,000(5,200,0008,500,000 |2,500,000
Torsional Moment 153,000 151,000| 196,0000 196,000 566,000
Peak Loading with
Response
- - - - -47,000
Bending Moment | -700,00042,800,00043,500,000+3,400,00q -870,000
Torsional Moment " n v b -2,900
Maximum Loading
Bending Moment 10,200,000 25,700,000 f-34,900,000 25,100 000174600, 000
Torsional Moment 697,000%3,300,000¢3,30C, 0004 ,300,009-1,100,004
Maximum Bending
Stress, PSI 15,900 22,800 25, 200 11, 204 3,700
Maximum Shear
Stress, PSI 1,360 7,100 7,500 8,104 790
Notes: (1) o<, = 10/57.3 Rad.

(2) sign Convention
Bend;ng + Compression on upper surface of wing
Torsion + Nose up twist

£6



4s Breking

This condition was analyzed for an initial forward velocity of 30
knots assuming & linear force-time gredient (rise time = 0,1 sec.) until
the maximum drag load is reached. This can be represented graphically
as follows:

— |

/O -

: -t

PL____2

where 7~ = instantaneous braking force/steady state
braking force

Ficure 33 - Drag Load Force - Time Gradient
The main and nose peer braking or drag forces are:
Fmp = -Ce(-KeZ2+ Fin) ’T’|iz|/'iz (45)
where FMD = mein gear drag fcrce , lbs.

Cr coefficient of frictien

Fy = main gear static vertical dead weight loed , lbs.
lﬁzl/& = sign of 2 , where X , = absolute mction

Fap = 'CF(‘KJ z2+ F'N)’T‘l’i.ll/‘i, (46)
vhere FNp = nose gear drag force , lbs.

Fy = nose gear static vertical dead weight lcad , lbs.
|l‘T X, = sign of % | where X 4 = absolute motion

When the brekes ere apnlied there is a possibllity that under the action
of the braking force a condition cen exist vhers the landing geers will
heve a velocity in the af%t direction (with respect to the fuselage) greater
than the forward velocity of the aircraft. If this occurs the direction
of the drag force is reversed, The terms |X%| / X, a.ndlld/'Xz
are used in the computer analysis *o change the sign of the absolute longz-
itudinal motions of the nose and mein pears and hence change the sign of
the drag load. o

The equetions of motion were solved by numerical integration in an
I,B.M, digital computer for a system with 6 degrees of freedom, The out-
put from the computer program sunnlied information on the time variation



of nose and mein peer verticel and longitudinal loads. A rigid bocy
enelysis was performed as a preliminary investigation., The system is
represented schematically in Fig., 34 where the positive sign convention
ond coordinates ere defined. The nose and main landing gear oleos and
tires sre assumed to act as a linear spring and damper in both the ver-
ticel and longitudinal directions.

r J's
e o

o "._%_ Zl
"k }
Ka Z
Tose e Main

Ref, Teble 1 for values of Kl’Kz’KB’KL’K5’K ,01,02,1,13 P&.and )%:

v

i = Scher A B Y

The following is a derivation of the equations of motion of
the system,

The nabsolute verticel motion of the main gear oleo is:

fe= Rt (47)

The absolute vertical motion of the nose gear oleo is:

g = i&d»ii (48]
The ebsolute longitudinal motion of the nose gear is:

%, = - dofl (24 + E)+ Ry/A(Bg+ 2 )+ X, + %o (20}
The absolute lonritudinal motion of the main gear is:

xz = -15/4' (a+ Ez)+ !‘/‘(is* 5‘)"' iz + ZQ ‘;Cj

The absolute verticel motion of an arbitrary point P is:

#p=(1- WAZ+E)+ x/2(Z,+E)+ 2 (51)

wvhere Z. = the horizontal distance between the main gear and the erbitrary
point P.



We differentiate equations 47 thru 51 with respect to time and arrange
them in matrix form where the left column is in absolute coordinates,
the right column is in relative coordinates and DLLjL is the transfor-
mation matrix,

s o

Z, 1 Z4
% 11 Z,

JNb

1

g ak e

Ju

%, &0 a0 | 42 /2 | 1 R

7 0o/ |-t | 40 | 4/0 1 {1 || %

2o -4 |2 X2 |4 | %o )
L72°_J :

This can be written as {5} :Eu:_l{?}

The expressicn fcr the kinetic energy is:

awe = §7} 0460 Bz} )
Evaluating Eu:] Evﬂ D,Z_] in equation 52:



L] M) ] =

111 B/l 4/t %1
1 ~4a/0 -4/ (1-X/2
1|1 A/ |0/0 [x/4
1 |k 18/ |X/2
1
1 1
Mm
M
|
=My (/) |-Mu (1/0) | M (8/0)] Mu(I58) 1 My
a0 ) ) L) I R
Mp(1-1)|Me(-2/) Mo (/)| Me(x/4)
L Mp
A, b/ C/ C, -D, -E/ -F"
E/ B/ C/ C/ _D/ -E/ -F/
/ / / / / / /
G|H|D]JE F
=| || W W] e
/ 4 / /
-D|-D| D D My My
/ / / /
-E |- |E | E Mpm (MM
/ / / / /
~F |-F | F | F [MyIM,| T
= -




vhera A = Mm *(PVQ)Z(MN‘&MM)"'(\'X/I)ZMP A
W= (AP (M + M) + (1= X/2)2Mp
c/ = =(4y0)*(Mut+ M) + (1 - /A /2)Mp
D/ = (f3/t) Mn
B/ = (98) Mm } (52)

il

F/ - (1;/11[\4;1 -+-MM)
MW + (£/0)* M+ M) + (Y2)*M

(]
"

/ 2 2

1= (Ay8)7(Mu+Mm) + (4 Mp

/

I' =MNn+Mm +Mp

—/
where dM.P = incremental mass at pcint P, slups.

My = unsprung mass at nira pear , slurs,
My = unsprun~ mass at rmaln fear o siups,

Intepratines equation 53,

§ 1= M+ (3y2F (Mu+ M)+ (M -2 Sy/% + T/82))
§ B =(0/F (M +Mm)+ (M- 2 S, /8 +T/92)
§ = =y D){Mn +Mm)+ Syl —T/42

g = (13/1) My

J 7= (&) Mm > ()
SF/: (fg/EXMN + Mm)

§0"= M +(by/2)Mn +Mm) + T/42
§'= (A5/0)*(Mn + Mm)+ T/12

Y1 M + Mu + Mm )

bl
I |

]

QO M Mmoo O
" |

i

vhere M = totel sprurp mass of the fuselape , slurs, calculated “rom
maxirum rross weirht = de

v

I = mass moment of inertia nbout the ncse gear,slup - ft.2=&*{de

moment unhalancze ahout the ncse pear , slug - f‘t.tsmp'lde

Writing the equations for the potential and dissipative energies:

o —_ - =2 ] -
2FE = K, & +xzzf+|<3a~;+|<424 +r<57c,2+«6x22 (55)

and

2DE = C, 2 (56)



The formetion of the matrices for the potential and dissipative
energies is similer to the procedure used in forming the kinetic encrgy
moetrix. We can now write the metrix which contains the equations of
motion of the system,

- =
AlB|c|c|oD|E|-F E
B clc | e |-F | %
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where

 =L/2(P Fy+ A Fm) O
43/ (P FN + Fa F)
Ls/2(p Py + R Fw)
Ls/2 (P, Fy + A F)
A F
R Fm
< A Fut R Fm

P = lel
Pz =| %l

%

/e

-

LJ‘ TR M

e

(57)

The static gear loads, based on maximum gross weight, were super-
imposed on the dynamic loads in order to determine the total gear loed.
Here, as in the taxi condition, the effect of wing 1ift due to forward
speed has been accounted for by using equation 27 in computing static
gear loeds (Ref. Table 5)., Because the aircraft begins slowing down at
the instant the brakes cre applied the static gear loads gradually in-

crease since wing 1lift decreases.

The most eritical gear loads are de-

termined at a point where the sum of the static and dynamic loads are a

maximum,



Table 5 - Brakine Condition: Maximum lending Gear Loads

Config. Fixed Tilt Extended | Tilt Buried
Data Jet Wing Flap Prop Fan
V.Initial Fwd.Vel.,Kts. 30 30 30 30 30
FMs + FM DyN., Lbs. = s = = .
(Max. Vertical) -253,000| -299,000] -412,000 -k429, -362,000
Fys + FN DYN., Lbs. +38,800| - - - -
) -80,800] -113,000] -126., =141, =-112,000
FMD DYN., Lbs. +145,000| +176,000 +215,% +182,00q +214,000
Max. Longitudinal) -113,000 - -176,0C0 - -
FND CYN., Lbs. +6,)+00 +19,000 +l6,000 +19,000 +9,300
|(Max. Longitudinal) -3,800 =7,900 -6,100 -Q.;M
(Fys + Fu pyw.)/¥ -1.47 -1.3% | -1.57 -1.39 -1.43
+0.23 - g i .
(Fys + FN pyw.)/W 047 | -0.50| -0.48 | -0.46 | -0.uk
F " +0.84 +0.79 | +0.82 +0.59 +0.85
D DYN./ -0.66 | - -0.67 . «
W +0.0k4 +0.09 | +0.06 +0.06 +0.0k
FxD DYN./ -0.02 -0.0k | -0.02 -0.02 -0.01

Notes: (1) Fys, Fy pyny. = Static and dynamic vertical loads on both main

gears.

(2) Fys, Fy pyN. = Static and dynamic vertical load on nose gear.

(3) Fnp pyn, FMD DYN, = Longitudinal dynamic nose gear load and
' longitudinal dynamic load on both main gears.

(4) W = Normal design gross weight.

(5) (F!ﬁ Fy DYN.) and (Fys+Fy pyN.) are determined at a point such
that the combination of the two

is a maximum.

(6) Fyg and Fyg are calculated taking into account the effect of 1lift
due to forward velocity of the aircraft.

(7) Fas =P |\~ )2]
: Fus':ng\-é@‘]

(8) sign Convention: + Tensior load in Oleo
+ Aft acting load



B. _ Toke-Off A VTOL

For the tnke-off nbort condition the analysis consists of predicting
a safe operational envelope of heirht and forward speed that considers a
partial power failure. The initinl condition is a partial power failure
occurirp while in a normal VTOL mode of operation during take-off., If
there was no prohlem of partinl power failure, these aircraft confipura-
tions could simply —ake = verticel take-off and procerd to clear all ob-
atacles before enterinr *ransition, However, there always exists the po-
tentiel hazard of a partinl power failure with the attendent problems of
not having the ability ‘o recover, thus enebling the airecraft to alirht
within *he aircrafts landines renr structurel 1limits, Since all these con-
firurations have four or ~ore enpinesyconsideration was made of having at
least one enrine out arnd shuttine down, if necessary, other powver plants
for symmetry in order ‘c nmaintain sufficient lateral stability. The con-
fipurations are assumed to have 2 sinrle enpine failure with a resulting
252 loss of power with the cxception of the Buried Fan configuration., The
latter 111 require twc enrines out of it's six enpine installation due to
the laterel stebility problem which appears to be inherent with the enpire
arrancement of this desirn., The ““urled Far confipuration was considerel to
have two larpe and tvo small fans in the wing structure with no cross duct-
inp to the individuel funs,

The methcd of analysis v'ns based on considering the percent of hover
power required 'ith forward speed. A survey of technical literature
(Ref, 7215 ) has provided a comparative power with forward speed relation-
shir of the confipurations end is shown in Fig., 35. The percent power
with forward speed is then related to veriations cf the 1ift to weight
ratio with forward speed by considering the remaining power and the re-
quired power for a particular forward speed. The estirated 1ift to weipht
ratio 13 then based on +*he ratio of the available to the required power,
A plot of this 1ift tc weirht ratio versus forward speed is shown in Fig. 3G

The cate as presented shcws that the Extended Flap, Fixed Jet, Tilt
Wing, and Tilt Propeller configurations have roughly the same 1ift to weight
ratios in the low speed rang2. The Buried Fan confipguration definitely has a
poor 1ift to weipht ratio due to the pgreater power required with forward
speeu and the greater power loss due to the fan arrangement, It is not in-
ferred that the data provided in Fi7, 35 are absolute value capabilities,
but rather a relative picture of the configurations that have been studied.
The analysis was then divided into two parts for the 1ift to weight ratio
concerned; that »f the Buried Fan ani the approximation for all the other
configurations,

Within the scope of this study a simnlifiec method for predicting the
height velocity envelope is as follows:

Eguationg of Motiop

The vertical ac-elercticn of the aircraft folleving a power failure
will be equal to the net ~iffercnce Hetween the weirht and the remaining
vertical capability.

ME& =W -L (53)



where M = mass of the aircraft , slugs
Z = height lost subsequent to time of power failure , ft.
g =(1- L/W)g , ft./sec.”
W = VTOL design gross weight , lbs,
L = vertical 1ift , lbs.

The result of this force balance is a relation hetween the required
height to 1imit the sround contact velocity to a specified value and the
LM retio(assuming that the 1ift to weight ratio remains constant) as

follows: o~ .
#= 48 =(-L/w)3 (59)
2= éa/‘éa (\- L/Wﬂnl— Arbitrary constants (€0)

The cgnditions are that Z=0at32= 0; and Z = H; total height
lost, when Z = V;, the vertical ground contact velocity.

Thus the total height lost for a given resultent contact velocity
for a constent LA ratio is:

2
H= Vlgﬂ("Wﬂ (61)
Solu for H-V F

The H-V envelope was found by using the specific allowable vertical
contact velocity and the 1lift to weight ratios for each velocity considered
at which a partial power failure is assumed to occur. The resulting H=V
envelove diagram is shown in Fig, 37 for the Buried Fan and other config-
urations. The interpretation of this diagram is that there is a maximum
reirht to permit steying within the safe envelope for these designs. It
should be noted that this portion of the H-V envelope only defines the
lower boundries of the areas of safe operation, There is an uprer height
that is not shown which would permit & dive-out procedure to limit the
contact velocity with the ground and/or permit continued flight by enter-
ine into lower power required speed ranges. The latter portion of the
H-V envelope would be associated with continued operation rather then a
teke-off abort condition.
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C, Maneuvers

The five V/STOL configurations were designed for a limit maneuver
loading resulting from a 3g normal load factor. For the wing structural
design the design loads are divided into three types, these being:

(a) Aerodynamic loads on wing
(b) External forces due to propeller, etc.
(¢) Inertial loading

The breakdown of the above loadings are shown in Table 6 for the wing
bending moments and torsions. In general, the inertial forces relieve
wing bending in normal design practice and therefore the designer usually
tries to include the heavy equipment or loadings to counterbalance the
wing 1ift forces. A compromise is, of course, required when consideration
is given to the landing lcads conditions wherein the wing 1ift has usually
one or less g's with the predominent loading being from the landing geare.

A simple type of maneuver condition has been used for this portion
of the load investigation and consists of prescribing the build-up of
maneuver normal loed factor. The build-up was assumed to be from the
normal level flisht condition (1lg) tc a limit normal load factor (3g's)
in .10 seconds and held constant thereafter at the 3g level, This rapid
acceleration build-up is an extreme condition and is to be used only for
a relative comparison of the structural response problems of the V/STOL
configurations,

The method of analysis for the maneuver condition was to apply the
prescribed acceleration on the body. For the purposes of this analysis
only the wing dynamic response was considered in order to study the effects
of the structural rigidity and mass distribution of designs peculiar to
the V/STOL configurations.

The method of analysis considered only the lowest modal frequency
response of the wing structures. In the general solution of the dynamic

system the equation of dynamic equilibrium (in tensor form) for a homo-
geneous or free vibration case is:

Map§ "+ fay g =0 (62)

where Mﬁb is the mass tensor

a
Q@ is the coordinate tensor of the system and includes both
translatory and rotaery displacements.

The coordinate tensor qa is assumed to be a linear combination of the
modes and a time dependent function, that is, a separation of variables,

ran
50091 8.8)23 3 (K u2)§ ) (63)
where qa (r) is the rth mode, r =1 = = = n

The kinetic energy of the system is then

KE = 12 Mas gt = 12 Mas G 5 % (&)

&9



By normalizing the model shapes and using the concept that the modes are
orthogonal to the mass tensor,

KE= 1/2§% My $ (65)
and ?4’” = &q'_) 3(:) = kronecker delta tensor

A similar approach is used with the potentiel energy of the system.
~ a _b
PE = 1/2 Kay, 8“:b= 12 Kab 3 g (66)

where, Keb is the spring tensor
-l a b
Kap = Kab &9 8‘\’) (67)

The system now becomes diagonalized, that is, the spring tensor in the
new coordinate system is diagonelized and the terms are the square of
the frequencies, In metrix form:

W (68)
CAERNY

When assuming only 2 lowest modal contribution the result is an equation
in normal coordinates:

§+ wi§ =0 (69)

This is the equivalence of a single degree of freedom system. Thus, by
assuming the body and wing mass as separate systems with a single spring
between, the classical solutions for response factor of single degree
of freedom systems can be used.

The response of a rapidly applied loed vhen maintained indefinitely
depends on the ratio of the rise time to the natural period of the elastic
structure., The response curve is shown in non-dimensional form in Fig. 38
for reference,

The naturel periods of the wing fixed at its root have been analyzed
and are shown in Table 19 in Appendix IV of which the first bending data
has been used for this analysis, For this analysis the response ratio is
defined as follows:

Rf = Maximum Wing Acceleration
Maximum incremental body g's

The maximum incremental body g's equal 2 g's going from a lg flirht con-
dition to the limit of 3 g's. The response factor is a factor on the
lcwest modal shape and the bending and torsional morments are found by the
followine (Ref. Fig. 39).

7C



Bendi H
B.M, (wing g%ot) = ?_ w; g(“) 2 R‘(g; =Y reot) (70)

weight at ith coordinate.

vhere W

q’i- modal shape of ith ccordinate (normalized to unity at wing tip)
for first mode.

Rf = response factor,
(\j‘_' u root) = distance from ith section to root section.
2 = the number of incremental g's,

(Torsion ) :
T.M.\ Wing Root/ = ZW‘: %o ZRFCZ‘-_ -X :> (71)
vhere (x1 - x root) = distance from wing elastic axis at root.

The final resulting peak bending moments and torsions consider the
direction of the vibrating winge.

Case (1) Wing Vibration Up (See Fig. 40)

In this case the maximum vibration g's are reinforced by the lg
loading and all the inertial forces oppose the air loads and external
forces. This is not a critical condition for bending but must be invest-
ipated because the predominate forces in torsion are inertial.,

Cese (2) Wing Vibration Down (See Fig. 40)

In this case the meximum vibretion g's add to the external forces
with some relief from the 1l'g steady loads. The bending will be greatest
in this case.

The maximum bending and torsional stresses at the wing root are
found by using the section modulus of the wing (Ref. equations 43 ; 44,
pert A 3), The resulting celculation® are shown in Table 6 and tabulate
the maximum wing response factors, bending moments and torsions. The
resulting maximum bending and torsion stresses are shown for all five
V/STOL configurations,
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Table 6 - !-ncuver bondition:

and Stresses

Wing Root Moments, T

Contig: Fixed Tilt | Extended | Tilt | Buried
Data Jet Wing Flap Prop Fan
Airloads and
External Loads
Bending Moment [l,700,00qL1L SO6000157, 000,0000140,600,000 86,300,000
Torsional Moment |6,100,000|4,700,00Q 7,700,004 7,900,00916,500,000
1G Steady State
Flight Inertia Loads
Bending Moment {11,200,000}26,800,00¢-36,700,0004-25,200,004-9, 300,000
Torsional Moment 300,000¢3,300,00043,400,00q-2,100,00( -1,600,000L
1st Modal Inertial
Response loads
Response Factor 2.0 2.0 2.0 1.9 1.9
Bending Moment . ‘ - -4 ,600,004-1,000,00q
15,000,0004-55,200, 9zoo,ooote7,ooo,oo p,moé 00
Torsional Moment - - = 3,200, -T0,00(4
5,200,00042,200, 2,900 ,00361,200,000{-1, 200,004
Maximum Loading
Bending Moment lo,scc,coo‘as,loo,ooo 120, 300,004110,8 00,00 76,000,000
Torsional Moment J1,770,000]1,400,000f 4,300,00Q%,00,000 14,800,000
Maximum Bending
[stress, ps1 68,000] 78,2000 87,00 9, 37,00
Maximum Shear o
Stress, PSI 22,700 3,ol+ol 9,650 104,004 10,800
Notes: (1) Sign Convention:

Bending + Compression on upper surface of wing
Torsion + Pitch up twist

-
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D, Gunt Pepetration

As a preliminary fnveciration of the criticality of rust penetru-
tionga simplified analyais vnn uscd to determine the maximum wing bending
and torsion loads,

The flirht condition is taken 2t 125 percent of the cruise speed
condition for 211 the V/STOL confijurations, The rust velocity is 50
fps usinr stendard sea level density ar a most severe condition,

The crlculation of the —ust lonrds on the aircraft is based on a
sinrle iserete mst to cdetermine ‘he offrets on the wing root bending
moment, This involves the character of *the pust and the dynamic response
of the ripid and elastic structure,

For the purposes of this portion of the investipation of dynamic
response on the V/STOL confifu-ations,a reasonable desifn eveluation is
mace in the following stepe:

(a) Steady state rust response of the ripid aircraft, nerlecting
the depree of freedom in translation and aerodynamic lag.

(b) Gust alleviation factor based on the aerodymamic parameters
including only the trarnslatory degree of freedom and considering the
aerodynemic lap,

(¢) ‘Mon-dimensional acceleration-time history for the configurations
for the ririd body rust loading.

(d) First modal structurel dynaric response of the wing structure
based on the resulting acceleretion-time history of the ripid body gust
loading in the translatory derree of freedom,

(e) Combining the winp serodynamic loading with the dynamic
inertial loedinrs of the fun-icmental modal response,

While this is a simplified tyve of rust response, previous work as

described in section 10-6 of Ref, L4 , shows that this is a rational
approach with reasonable results,

Steedy Stete Gust Responas
The incrementel 1ift load on the wings is:

AL =Bl 1/2 PVES (72)
vhere /@ = the 1ift slone %% in radians,

&py; the incremental chanre in aerodynamic winr anrle of attack
(radians) from a verticrl rust,

V = 125% of normal cruise speed, ft,/scc,

)
S = winp area, ft,



For smell changes in angle of attack, the vertical acceleration for a
steady state condition is:

ads = ALRA (73)
where U is the pust velocity in ft./sec.

Cust Alleviation Factor

The aircraft was assumed to enter a region of a sharp edged
vertical gust. The solution to this type of entry into a sharp edged
gust has been presented in Reference L and consists of the solution in
terms of the ratio of the rigid body acceleration to the steady state
rigid body acceleration with respect to the number of semi-chord lengths
of wing travel. An independent variable, that is part of this solution,
is the non-dimensionel mass parameter 7h\n'

P MﬁpS% (74)
eircraft mass, slugs
wing chord, ft.

where M
C

A plot of the peak ratio of accelerations versus the mass parameter
is shown in Fig, 41, The gust alleviation factor K; is defined as the
ratio of the peak accelerations andis plotted in Fig. 41 and tebulated
for the five V/STOL configurations in Table 7.

Non= A -

The gust loading acceleration is non-dimensionalized by dividing
the pust acceleration by the peak velue. The time history is non=dimen=-
sionalized by dividing by the time to reach the peak acceleration.

In order to provide the time historyea solution of the acceleration
retio versus semi-chords of Fig, 10=22 of Reference L was used. Therefore
the actual time was found from:

t= 'C/Q/V " jauv:' (75)
where s is the number of semi-chords traveled.

Since the mass ratiocs of the V/STOLs are sufficiently close to the
renge of Am= 30 to 70, there is no appreciable difference in their
acceleration~time history, and the resulting non-dimensional acceleration
time history shown in Fig. 42 applies for all the dynamic response cal-
culations,

First Modal Structural Dvnamic Regponss

The characteristic acceleration-time history is shown in Fig. 43.
This history can be approximated by a step function having an exponential
front such as shown in Fig, 4=20 of Roference & .
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3 l-g'” Ot Sts (7¢)
== t2ts

£ pax

In ttis croe n = = 20 hest reprecents the non=dimensional data
and the resultinr response factor s e

<2 —aTr
g, [t
-& 4T+ 4T (/T e

vhere t. is the time to reach peck anceleration and 'I‘.J is the natural peri

The accelerntion response frctor R, 1s shown in Fip, /.3 with the ratio
of the time to peck pulse to furderentel®wing period, Since the fall—off
in accelerrtion i3 rracdualyiné the peck response will occur et less than
the unit retio of ¢ /T.,tkc use of the functional input is considered suff-
iciently acecurate or tke purprses of this aralysis,

In Fir, 434the eacceleration response factor is shown with points
refeorenced to ‘%o V/STOL confifurcticns, While the ratios of t./Ty vary
from ,1C to % for :he ;nsfs,ali the V/STOL wings have a respogse close to

the maximmm of 2,0,
Win ads end Stress

The total ving hending moment is 2 combination of the following:

l. The 1lr stead: state £lirht loads consist of wing 1lift equal to
the weirht of *%e aircraft, The root bendinr moment is the result of the

lp air loading less the lp weipght forces on the wing.
2, The A r air loading from the ripid ~ody wing pust loading.

?, Tre dvnamic inertial loading cn the winp, which will be the full
A g condition times the response fector for the wing vibrating up, in-
crecses the usual inertial relief. A second condition will be for the wing

vibratine down when the inertial relief is reduced es shown in Fig, 40.

The wing tendine moments, torsional moments, and stresses are showa
in Table 8, The most critical of the moment combinations 1s resolved into
pendinr and torsional stresses, The maximum bendinf and shear stresses 2t
the wing root ere cnl~ulated from equations /3 end 44 of part A? of this

section,
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tion 3 Rigid B Da
Fixed T4t [Extended | Tilt |Buried
Jet Wing Flap Prop Fan
h.62 4.58 b.75 4.22 3.45
,125% Cruise, Ft/Sec 850 # 580 580 630 850
Ak, UN, Rad. 0.056 0.087 | °°°87I 0.079 0.056
W/8, Lbs/Ft2 86.7 93.0 100 | 120 .3
AE e , Ft/sec? 91 | 5 | 53 L3 86
w/sc 8.67 7.60 7.00 6.80| 3.2
-t ﬁ- =
Ky, Allevistion 0.84 0.8% 0.uh 0.84 0.78
" Factor | L | el
AE , Pt/sec? 1 L6 45 36 Th
—p— — —
Ax;, Agrs 2.38 1.2 10| 111 2.30
r o
c/2v b.6x10"3 h2.6x10°3 J12.3%1073]13.9x1073 12.6::10'3]
Time to Peak
2ée1emuon, B 0.112 | 0.252 | 0.246 | o.zzleo.lsl
[g/wu, Time Ratio 0.105 | 0.186 i 0.152 0.556 | 0.320




Table 8 - Oust Pemetrationt _ . Guet Wing Root Moments, Torsion

_
Ny Config. Fixed | Tilt | Extended| Tilt Buried
e Pr Fan
Jet i Wing Flap op
Steady State

3
Ffignt Loads

000,000 [11,500,000 ks,éoo, 000 +1mo,ooo 19, 500,000
200,000 |=1, 600, 00¢ 0oq]

A g "ust Aerodynamic I
Wing Lift Loads

Bending Moment u,uoo,oooﬁx.,uoo,ooo 73,300,000 §2,000,000§6, 100,00
Torsional Moment 3,900,000 |2,100,000}2,800,000]2,900, ,800,0

1st Modal Inertial
IGust Response Loads

Bending Moment |7
Torsional Moment |3

Response Factor 2.0 2.0 2.0 2.0 1.9

- =1, 200,000
-17,&0,(1)& 39 ,2(20 ,00d -hBSQO ,000 -50,&_!),(1)0‘-22,9? 8%%|
Torsional Moment 3 4

Bending Moment

4

hda.ximmn Loading

Bending Moment 'Soghoo’ 65)900, 88900,@ ,600, h,bO0,000ﬂ
Torsional Moment f3,200,00¢=1,000, 3,100,00(i32,300. 6,800,004

-

Maxi Bend

Stre::? PSxIl = 78:700 58)500 6“':200 32,900 lbl‘,
imum Shear

tress, PSI 25,700 2,170 T,000 60,500 1z,aoo|

Notes: (1) Sign Convention
Bending + Compression on upper surface of wing
Torsion + Pitch-up taist



E. landing Condition

The initial conditions for landing impact are high forward speed, a
vertical sinking speed of 9 fps.,, and 1ift equal to 2/3 gross weight.,
The following three landing conditions are used to provide the basis of
landing gnar stroke and loads subsequently used in the dynamic response
analysis,

(1) TIhree Point leve: landing

In Fig, 44 a schematic representation of the forces on
the gears is shown for a three point level landing which produces the
maximum verticrl nose gear loads. The equations of motion are related
to the aircraft center of gravity as followss

Ef = M, (78)
Fy+ Fu+ L =NgW= O
vhere FN = average vertical nose gear oleo load, 1lbs,
FM = cverage vertical main goar oleo loed for both gears, lbs,
L

1ift at the center of gravity, lbs,
W

aircraft design gross weight, lbs,

Ng = vertical load factor at the center of gravity equal
to (2 + LA) , g's

ZFy =0

Fva -Fua, -.26 F 4 - .25 R, 4,=0 72)

vhere a = horizontal distance between nose gear ond center of gravity.

aq = horizontal distance between main gear ond center of gravity.
1, = vertical distance between nose gear axle ond center of gravity.
1o = vertical distance between main gear axle and center of gravity.

Conaidering the total drop energy of the aircraft:
vhere V, = verticel sinking speed, ft./sec.

sm = average landine gear deflection which is assumed equel
to the main gear stroke, ft.

The drop energy is absorbed by the landing gear eas follows:
E= FNS,‘ +F St LSLG

where SN and SM ere the nose and main gear strokes, ft,

82
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Fquating the two energies:

[24-+5]w = Rt Fnbu+ L 6s (50

Solvin[tquuationa 79 ang 80 aimultaneoualy and recognizing the gear
efficiencies and F » Where fy, and MNm  are
assumed equal, we arrive at exgressi’ons or the nose and main gear loads
Fyand F
N g

M
= < Mﬂﬂ[&t&ﬁ%
TR, [ Sm(a-.250)+8n(a,+e2 ] &

e - | =
™Mt [ S(a--254)+ Sn (o h2542) (s2)

Substig;ting the expressions for Fy and F in equation 78 and solving
for

SN - l Y ‘& -2 ﬂ
'\M (NeW-L){a +.254)

plotting vs, S for each configuration it was determined
that % y equals SM when tge stroke is approximately 1£t. This value
can now be uaed in e ugtiona 8l and 82 to determine the cear loads assuming
en overell pear efficiency of 80 percent . The drag loads are equal to
25 percent of the oleo load, (Ref, Table 9).

{2) _Tail Dovn landing

In Fig. 44 2 schematic representation of the forces on the geers is
stoum for e tail down lending condition which produces the meximum vertical
nein pear loads, The equations of motion are related to the aircraft center
of pgrevity as follovs:

: F‘ L M.!‘Q
Fu+L-w=(W/9) &

vhere Zo = verticel acceleration at the center of pgravity

2, = 9W(Fu+L-wW) (24)
ZMy = I, 8y
-Fwag-Le’ =3, 6y =(r*w/y) &y

8 =(- Fuaz -La"Y 3/v"W) (°5)




2
aircraft angular pitching acceleration , rad/sec,

£
g
3
2
]

e |
"

IY/M = pitehing radius of ryration , I‘t..2

¢ = horizontal distance betwee.. the conter of pressure and
the center of pravity = 0O,

vertical distance between the center of pressure along
the wing chord and the center of grevity,

t 2
]

™
w
n

vertical distance between static pround line and center
of gravity.

=
1}

angle of inclinetion between eircroft and ground,
e =hsing
a, =a, cos ¢-£3 sin ¢
The total linear acceleration at the main rear is:
Bug 3 =60y
Substituting from equations £4 and 85
o - - - 86
By = 9/r'W [«‘(m-ﬂ. w)+a3(FMa.g+Le’)] (36)
From the equation of uniformly accelerated motion (no rotation):
v | 2 0o
Ve =V +28
vhere Vp = final velocity , ft./sec, = 0
Vi

ac L Y )
g= -zm

6= &y

[ L J
Substitutine and solving for Zm

initial velocity , ft./sec. = Vg

= L
Pre= Tz\g; (7)

[ A J
Fquating the two expressions for Zm from equations 66 and 87

Tz\é = 9/26wm [\-‘( Futl-w) +a(Fuay+ l-a’)]

Since L = 2/3 W andconsidering the overall efficiency nM ve solve for
the pock load Fy = L (23)

Aw

e 8 ¥ - ][]
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Fy 1s a verticel load with respoct to tho ground tut singe tho air-
craft 1s inclined at an angle § the axial load in the strut Fy and the
drag load normal to the strut FMp cre dotermined cs follows,

Fyf = Fy cos § + .25 Fyy ain § (89)
Fﬁs = ,25 Fy cos @ = Fyy sin ¢f (90)

(3) Tvo Point Braked « Roll

The moximum main gear droag loads cro produced by ¢ 2
point brakederoll condition at the meximum groes weight., In Fip, 44
the forces on the pears cre illustrated schematicelly for this condition.

The locds cre calculated cs follows:
FM - W
Fup = C¢ Fy (91)
vhere Fypy = main gear dree load on both gecrs, lbs,
Ce = coefficicnt of ‘rietion = 0.8

For the ccleculetions of the gecr locds the ground friction
factor (vith some braking) is token as .25, The overall gear efficiency
is estimnted 23 heing 80 percent. The summary of the geer date loads
and c.g acecclerations is contained in Table 9,

Dynomic Imncet Anclysis

The cecclerction-time history for the cireraft c.g is best
representcd by the renercl characteristics of known loanding gear date.
The pulse period and peneral character have been reviewed in the jig
drop test datn of Reference 17 and a non-dimensioncl reletionship is
shown in Fip, 45. An assumed equivalent function and drop test date
(Ref, 17) cre illustrated in Fig. 45.

The equivalent foreing function is approximeted cs o symmetricel
oulse with a rise of one quarter of the pulse period, a dwell having con=
stent amplitude for one half the pulse period and, c decay symmetrical
vith the rise. The response foctor for such e foreing function is solved
in Firure 4=21 (a) of Ref. 18 ond is ccleulated with reference to the
ratio of times with the V/STOL confirurations' fundamental period., The
ccleulated values cre shown in Teble (10),

The lendinpg pulse time for recrs investirnted indiecte o totel
period of .4 seconds is rcnrerent-tive, The time to peck ceecleration is
in the order of .1 to .15 scconds, For this cnelysis the approxim-tion
used should be sufficiently renrcesentrtive,



P e -

The 1imit loads arrived at in the preceding landing loads
analysis are multipled by a factor of 1.5 to arrive at ultimate load-
ings, Using these ultimate loads as applied to the aireraft end con-
sidering the v 'ng structural response factor the wing bending, torsion,
and stresses are found, These data are compiled in Table 10, The com-
bination of lg steady state wing loads is added to the dynamic response
inertial loadings of the landing impact.
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Config, [ Fixed | Tilt [Extended [ Tilt | Burie
Data Jet Wing Flap Prop Fan
Oy, Strokertd 20 | 1.0 [ 10 1,0 1,0
Oy, StrokeFtd 2.0 ! 20 ! 20 | 20l - 20
-I-Np-ma—L&pM—q' = = =84,000 |
F'F':m Ih. "450,000 -51.4'000 -m.m -791:000 -m6lm .
3 Point [EwD, Lie. | 15,000 | 31,0001 29,0001 34,0001 23,000
Level Faps_Lb8, 134,000 | 136,000 168.900 197,000 169.090
Ty M 0,36 | <-0,55| -0 =0,43] =0
Land
e A 2,62 | =244 | -2,55 | -2.57] -2.67
| Aol 0001 0. i 0,08
Py _0661 o61{ 0,64 O.64f 0,67}
11z At C,G, 2,66 2,66 2,66 2,66 2,66 |
liz At Gear 2,0 2,0 2,0 2,0 2,0
grgammmmwm
ik 69 Y. ag0] 280 | gl 280
8y, StrokeFt] 2,0 | 20| 2,0 L
Teil |Fyl, ke, |-525,000 |-665,000 1797,000 {-940,0004 =772,00C|
Down |Ev, Ia. | 6,000 ! 83,0001200,000 { 99,0001 96,000
Landing| By /Y 2,051 -2,98| -3,03 | -3,051 -3,05
Byp Al 0321 037 a2l 0.8

Notee: (1) Fop Fyy %3 of Fy & Fy
(2) Fy = the total load on both main gears
(3) A1l loeds ere normalized by dividing by the design gross weight,

(4) For the braked roll condition gear loads are caloulated from
the STOL weight,

(5) For the tail down landing condition Fy” & Fyf ere the
vertical and drag loads with respect to the aircraft coordinate
exis rotated through the angle f,
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Extended Tilt Buried
Flap Prop Fan
0,25 0.80 0,85

ist Modal Inertial
Response loads
Response Fector

Bending Mcment

Maximm Loading

Bending Moment
Torsional Moment

23,700 7,250

Maximm Shear

Stress, PSI 14,000 6,700 3,070 97,500 1,280

Notes: (1) Sign Convention

Bending £ Compression on upper surface of wing
Torsion £ Pitchinpdistirt

e el



IV, DETERMINATION OF DEGRFE AND REIATIVE CRITICALNESS
QF_STRUCTURAL RESPONSE.

Based on the analyses of Section IIIythe structural response cal-
culations were presented in tabular form for all 5 V/STOL configurations
and for each parameter investigated,

The determination of the degree of relative criticalness is based
on the ratio of the value of the peak dynamic response load or stress
including all steady state conditions with a carresponding normal design
ultimate load or stress, These normal design ultimate loads and stresses
were determined in the landing gear loads analysis and the wing structural
analysid respectively for each V/STOL configuration. landing gear loads
were determined for three conditions; (1) 3-Point level landing, (2)
Braked Roll=2 Point, and (3) Tail Down landing (Ref. Section III E), The
maxinum nose and main gear vertical and drag loads were chosen from these
three conditions for comparison with a corresponding dynamic load in de-
termining the degree of criticalness, The maximum wing bending and tor-
sional moments were calculated at the wing root of each configuration
from a 4.5 g ultimate maneuver condition and are subsequently used with
a corresponding dynamic wing bending or torsional moment to determine the
degree of criticalness,

The degree of criticalness (Ref, Table 11) was determined for two
types of conditions,

(1) Wing Structural Conditions

a, Tiedowm

b, Maneuver

¢o Gust Penetration
d. landing Impact

(2) landing Gear Conditions

a, Taxiing and Take-O0ff Run
b, Starting and Stopping While Towing
ce Braking

In the first proup, Wing Structural Conditions, the degree of
criticalness is cefined as the retio of the dynamic and steady state
stress to the ultimate desipn stress at the wing root. This can also
be stated as:

Wing Structural Derree of Criticalness = Dypamic + Steady State Stresa
Ultimate Stress

Spyn + Ssg

Suir




If Spyn + Sss is 2 1.0 Failure of structure
Surr 2 0,897 ———— Yielding for 7075-T6

For the second group, landing Gear Conditions, the degree of
criticalness is defined as the ratio of the maximm total main or nose
gear load (static and dynamic) to the maximum ultimate design loai cal-
culated for the gear (Ref, Table 9), In equation forms

landing Gear Degree of Criticalness = (pru + Fgtatic) M
Forfi

All gear loads have been normalized for convenience by dividing by the
design gross weight of the aircraft in question.

A ratio of 1,0 indicates that a failure condition is eminent and
above 1,0 failure occurs., A value of less than 1,0 may not be critical
if the material used is such that the ylelding is close to the ultimate
stress, However, normal practice usually requires thet a factor of
safety of 50 percent be used with the limit load or stress.

There is a condition in which no ratio can be established such as
take~off abort., In this case only relative numbers indicate the critical-
ness of the configurations and the condition,

With all the conditions of éectim III analyzed for all 5 config-
urations,a matrix is formed and shown in Table 11,

Upon examination of the matrix,the most critical condition appears
to be starting and stopping while towing, However, this condition is
believed to be conservative and can be eliminated by providing an energy
absorption device such as that discussed in Section VI, item A,

The next most critical condition is taxiing and take-off pun., It
is recognized that the method of linear analysis utilized for this condition
may be conservative, However, the trend is such as to indicate that
further detail investigation is warranted for the runwey dip condition on
the Tilt Wing V/STOL configuration.

Other conditions also indicate a relative degree of criticalness
that varrants further investigation. But within the scope of the contract,
only the runvay dip condition is to be analyzed in detail. Recommendations
for further studies are contained in Section VIII,
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Teble 1l- DNegree of Criticalnees

o —

Condition

Nlose Gear
Ta:iing Translation &3 2obie
ﬁ
'.rag‘;o ' |vatn gear | 46 | 2.88 T%.o. 66
Translatio ‘ ‘ ¢
Nose Gear

Starting 0,60
& Stopping | Nose Gear
While 83
Towing Main Gecar

Vertical 0,56

Wing
Berding
Tiedown Stress 0,20 0,29 0,32 0.1 0,05
W
Shang 0,03 | 0,135 | 0.16 | 0,18 0.02

Braking Kgg‘i&@ﬁu 0.4k | 0,66 | 0,54 | 0,56 0.49
ﬁﬁg;i 0,52 0 0 0 0
Not Not ot ot Not
Take-0ff Critical|Critical | Critic Critica:lﬂ Critical
Abort
| W
Bending 0,8 .00 r | o 0,47
Mangrest | Btass. 7 hi Lo & 4
Wing
Shear 0,49 0,07 0,21 2,26 0,24
Wing
Pen‘tmtion.—m.——‘_-d
Wing
Shear 0056 0005 0015 1032 0027
X080
Wing
B ¢ [ ] [ o. o.
Landing ;nding 0,09 0,32 0,24 30 09
Uing
Impact Shear 0,30 0.15 0,07 2,12 0,03
Stress
Notes: (1) Structural Cegree of Criticalness ® oyl Ie8s

Sd e Ire8s
Ir is € 1,0 I'ailure of structure

" 2,897 Yielding for 7075=T6
(2) landing Gear Degree of Criticalness = e 1
U



V. TDETAIL STRUCTURAL RESPONSE ANALYSIS

M. Discussion of Problem

The purpose of the detailed dip analysis is to investigate the
effects of wing-fuselage flexibility, runwey speed, and runway roughness
on the degree  relative criticalness, Consider the fully coupled air-
craft response as it moves cver a single (1 - cosine) dip of fixed depth
for various values of dip length, The mathematical n.del for the aircraft
includes flexibility of wing and fuselage, main and nose gear tire spring
rates, as well as oleo spring and damping rates., Only symmetrical responses
of the aircraft are assumed for this analysis, that is, anti-symmetric
response including roll is not considered. This requires that the dip be
wide enough in thedirection perpendicular to thedirectimd aircraft motion
to encomnass all the gears,

The aircraft chosen for detail study is the Tilt Wing comfiguration
vhich was found to be most critical in the preliminary investigation
(Ref. Section IV), Parameters used in the analys!s are explained and
summarized in part C, Aerodynamic effectshave not beon included.

B. Mathematical Mcdel

Formulation of the mathematical model of the aircraft was based on
representation by normal modes. This allowed the use of a large number
of panel points in the wing and fuselage, but at the seme time did not
require large d ic matrices., A standard transformstion technique was
employed using Lagrange equations, Due to the character of the dip forec-
ing function, a simple closed form was not readily atteinable. Finite
difference integration proved to be most easily adaptable to salve the
transformed dynamic equations.

The aircraft model is shown below.

y4 |
fuselage bending shape (in x, z plane)

Nose
eIt

e X

' iled Runway Dip Analysis

IR




poar is A

vhere

Note thet the winp coordinates & e piven on the wing shear center.
Point A, the axis oripin, represents the location of the nose pear and
Point B represents the main pear. The distance between the main ond nose

L]

The analysis is simplified by considering one wing and half the
fuselape since only symmetric motions cre being taken into account,

To properly consider half the fusalape and one wing the analysis
vas cerried out as follcws:

1,

The

One-half the fuselapge kineti: and potential energy is determin=ad.
This is done by halving the masses and doubling the influence
coefficients.

One-half the nose peer potertial aad kirnetic energy is used,
This is accomplishad by halving the mass and halving the sprin-
rates. These factors are nct shown in the following analysis.,

aireraft fixed coordingtemetrix is:

X 9% ¢

ZB’ qQ,y &,, &nd q. are the ccordinates assigned to the nose
and ml.in j‘landing pear and A is measured positive aft fr-m the
nose gear., The pear systems are shown in the following
schematic drawing.

M
Al Mo Mo

c, 3K

Nose




The absolute mass matrix is:
— —

The total kinetic energy of the system will be:

2KE -{x,},-[M]i,,} (92)

The systems' potential energy ‘s best given by using relative
coordinates, We have chosen to work with the free-free modes of the

structure to obtain the potential energy.

The required transformation metrix is arrived at as follows.
Consider the aireroft on its pear as shown below,

it
line of
rigid body
motion
,&_ A
= X
8.- !'+ !3 &= ia+a

Y
Firurc ‘8- Schematic of Mrcreft Deformation

A line of ripid body motion is defined by the location of the gear.
The motion of every point in the aircraft can be pgiven as the sum of the
ririd body motion and hending with respect to the ririd body.,

he =(1-x/E+ B) + HU(E+Ea) + 2 5, fr (93)
hw =(1- X A)E, +Z5) + 2/2( §3+54)+:§' §. A (94)

%

and



is 2 normalized fuselape bending shape and f is a nodel coordinate
or that shape, Similarly f@,; is a normelized vinr bending shape and
since ve are obtaining coupled vinp-fuselare modes, both winr and fuse-
lare hove the srme $&¢ o lotice thet there is & boundcry condition
placed on fpy, i.e, 4 must he zero at the peer points. In ord
satisfy this condition we have smerelaltematiws two of which ere &S generate
pinnede pinned modes of *he wing fuselare,and (2) (enerate free-free modes
and reference the shapes to the line of "inid body motion, The latter
alternative vas chosen, The rereferencing of the free modes is shown
prephically in the followinr schemetic,

Iicse Jear VMain Jear

Tirmure L9-Schematie cf Transformation of Free- -

Shapes

B = by (508)- 8 b (Ro8) ~(- ) bz (o0t)  (o9)
Similerly

P = M (xyt)- 1 e (410 ¢)~(1- /2) he: 00t) (%)

In order to obtein®X g the reletive fuselage free-free pitching ,
SX F 1s added to the derivitive of the deflection shape.

« 56, 4+ 2he
O‘F §%4+ 'ax (97)

&< 18 the sum of the relative wing pite hing ©%, wand e of the
fuselare at the wing root intersection,

X<, =J.§I &w ;P t -aéth (wing root) (98)



Performing the required differentiation leads to:

= t(EurZe BB )+ (5, RS + &) ()
and
X, = I/I(Z:-}Ea-i'; -Z)ﬁ-tg (S:C%ga +&Fi-) e +j§ o< (100)
But
8% = 10 (00,)-he, (L018) + 20 (x,0,¢) (101)
Identifying
YVe: B 208 (,0,6)+ &y, + //I(Fg,,- 0,0,8)~hy; (l,o,t)) (102)
end

VIWA'. = aahx.a‘ Rine L &WL + '/l (i'.s.; (0,0t) -EPI (10 o, t)) (103)

Combining all these expressions we arrive at the following transformaticn,

o) etz xz] [
I ety = /0 1= /2| % /4 | /4 én
ot e e/asy/ansani 4 \
{ A ?: Voi—ed~ 170 |—1/0 | 1/4 | \/4 23

25 Q [ o [ 0O ) Z

fi o of | I o (o %

2‘ | Q (@) Q | o L&J
L?aJ o olo o ! l




where

¢F4: = EFL (x0t)- x/4 E,.-,;(l,o,t)-(l- x/4) Fl,_-“-. (O, 0,‘6)
Puwi® -m' (¢ yt)~x/t EF;_ (1,0,t)- (|—x/1) Tw,:;, (o, ot)
-VIFL. = -aé-:ii <X;O;‘t) t+ ;‘FL + I/I ( EFL (0,0, t) - ;F& (I'O,-é))

= L./ .
Vo = B + S+ 2 (o (008)=hri (£0,1))
Consider in detnil the i7 (x,y,t ) free-free displacements.,

z |

A

Y

Fi~ure 50 - Schematic of Aircraft Ccordinates fcr Normal Mode
A:alxais

We cefine 2 ipmorable coordinates & and qé at the wing réot. The
rotenticl energy of the svstem can be calculate using influence co-
efficients for a cantilever boundary conditions at the wing root,

Let
‘I—-)w = g+ 6. (X=X ue) + Fhy,

he = g + @ (x- Xwig) + Fhe

definez re .ative torsion

W wivgy v CoTnlass

Sy = Fox,,



where
Fhw = wing displacement relative to cantilever point.
Fh g = fuseloge displacement relative to cantilever point.
Fo(w = wing rotation relative to cantilever point.

FD(F = fuselape rotation rclative to cantilever point.

Therefore
fw | Jololo[s ez  [Fha
,{h;.—>: 1110011 - F he
S ololl o {F"‘w?
SF o 0JofolV O] o Focg
8.
Fh
Fhe
=[Zl)Foxtw
-[Z{JJFO(' ?
A
oL

The mass matrix for this system is:

FA““ 0 qQ
[M]: 0 Mgl O
Sl 0 Tl O |
foloTo
The systems' equations of motion cre: (104)
(Fh; Ku i1z Kig Eh;
th .KEL.KEJTKZLK& th
/
-wf ME\’IJE&}F«W>+ Kz {Kac Kol 34 {Focw}.:O
Fg Ke {1 44 Fotg
i Ji
u—e“:J - x—el'-u
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vhere Ky 1n the flexibility tensor, 1lbia/in,

Solutions may be obtained for this eigenvalue problem by simple
matrix techniques and result in a set of normal modes and frequencies.
These are subsequently designated by w; and

20 e o
Fhwi hw:

4 Fhes and < b_PL ,

Fovg > o~
: Lo
%
s A.J

The equations of motion will come from the Lagrange equation.

2KE ) . 2 - _ 2BE (205)
%(axﬁ) e it R

where Fp forces are not derivable from a potential function.

Th=z kinetlc energy 13°

2KE = {x,%ﬁv]{x%
and {xey =L}

axce =[] [0 1R (106)

Therefore .QK.E.: O
BXR

and

25E.)- LM i (107)
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