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1.0    SUMMARY 

This report presents the XV-5A structural loads analysis in accordance 
with requirements of Structural Design Criteria (Reference 1). 

The report shows the methods of analysis, calculated design loads, man- 
euvering time-histories, aeroelastic characteristics and a compilation 
of other pertinent characteristic loading data.   The analyses extensively 
utilized XV-5A wind-tunnel model data and mechanized digital computer 
(IBM 704) programs. 

From these studies, airframe strength requirements were developed. 
Progressive parametric evaluation of the airplane's inherent capabilities 
then served to corroborate the airframe structural integrity or, as for 
one particular maneuver, defined safe flight-envelope operating limits. 

All requirements of the Structural Design Criteria have been met, with 
the exception of certain rolling pull-out conditions.   During this type of 
maneuver, vertical and lateral load factors must not exceed 2.5 and 
0.8, respectively, as limited by a) strength of the wing rear spar and 
b) internal stresses in the fuselage. 

Elastic loads calculations reflected consideration only of wing flexibility, 
which was found to be relatively stiff in the symmetrical mode and rela- 
tively flexible in the anti-symmetrical mode.   However, the structural 
effect of this latter characteristic is somewhat conservative in that ailer- 
on flexibility (aileron "wind-up") relevant to the wing and flexibility in 
control linkage were not considered and an ensuing load relieving effect 
would, in reality, bo realized. 

Aeroelastic degradation with respect to the elasticized stability deriva- 
tions was primarily a result of aft fuselage bending flexibility and wing 
flexibility, due to aileron-induced loading.   For example, aileron ef- 
fectiveness, although partially compensated by reduced roll damping, 
was reduced 24% and 11% at a Mach 0. 755 for altitudes of sea level and 
20,000 feet, respectively.   Other significant results for the most criti- 
cal flight condition (500 knots at sea level) corresponded to a 22% loss 
in empennage static longitudinal stability (aft eg referenced) and a simi- 
lar 32% loss in elevator effectiveness.   In comparison, directional sta- 
bility and control losses were minor. 



Principal results with respect to specific airplane components were: 

WING 

The critical loading occurred during a rolling pull-out maneuver when 
the vertical load factor exceeded 2.5.   However, actual design load had 
been previously established by a critical symmetrical pull-up maneuver: 
Mach = 0.8, q = 850 psf, nz = 4.0. 

FUSELAGE 

No one condition dictated fuselage design.   However, design loads could 
be exceeded during certain unlimited rolling pull-out maneuvers, yet 
could be avoided at all flight conditions when the combined vertical and 
lateral load factors are prevented from exceeding 2. 5 and 0.8 respec- 
tively.   Although other lateral loading conditions exceed ny = 0.8 (e.g., 
iiy = 0. 9 for lateral gust), these were found to be either tolerable or non- 
critical. 

HORIZONTAL TAIL 

Two symmetrical maneuvers produced critical design lopding.   Shear 
and bending were maximized by a push-over maneuver (M = 0.8, q = 
850 psf, nz = -2.0) while maximum torsion occurred during a pull-up 
maneuver (M = 0.28, sea level, nz = 4.0).   In addition, a lateral gust 
condition produced the maximum rolling moment (couple) at the hori- 
zontal/vertical tail juncture. 

VERTICAL TAIL 

Two flight conditions produced critical design loading.   Shear and bend- 
ing were maximized by a lateral gust condition, whereas a "rudder- 
kick" maneuver (M = 0.397 at sea level) produced maximum torsion. 



2.0     INTRODUCTION 

This report presents a description of the loads analysis 
and a compendium of the calculated structural design loads 
for the U.S.  Army XV-5A Lift Fan Research Aircraft.    The 
XV-5A is a V/STOL aircraft designed for research flight 
testing of the General Electric X353-5 lift  fan propulsion 
system.    The structural design criteria (Reference 1)  to- 
gether with the material herein form the basis of the air- 
craft structural design geometrically illustrated in Figures 
2.1 and 2.2. 

The XV-5A also features high-subsonic conventional flight 
operation.     It has a basic design gross weight of 9200 
pounds,  a limit dive speed of 500 K£AS  (q = 850 psf)  and 
corresponding 0.90 maximum Mach number. 

The text of this report is sub-divided into  two main parts, 
presented in Sections 3.0 and 4.0 of the report.    Section 
3.0 provides a summary of employed methods of analysis 
whereas final results or design loads (limit values) derived 
therefrom are presented in Section 4.0.     Tables,  graphs and 
other illustrated material immediately follow the text for 
each subsection. 
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3.0 METHOD OF APPROACH 

3.1      GENERAL 

The loads analysis consisted of evaluation of various loading conditions 
within specific environmental and functionary restraints (Reference 1), 
and in some instances, evaluation of the influence on structural design. 
This required the determination of the integrated effect of aerodynamic, 
propulsive, all other non-aerodynamic, and inertial forces, and then 
corresponding decomposition of these forces to derive component loads 
throughout the airframe. 

For some conditions (e.g. 4g symmetrical maneuver), total design load 
on the airplane was directly established by the structural criteria.  How- 
ever, for others (e. g. rolling pull-out maneuver) it was necessary to 
analyze specified maneuvers to determine the design load resulting as a 
consequence of the calculated dynamic conditions incurred during the 
maneuver. 

Wind-tunnel test data (References 2 through 4) were utilized extensively 
throughout the analysis together with current calculated and/or actual 
distributions of airplane mass. 

The design eg limits were treated invariant with airplane weight and rep- 
resentation thereof was artificially effected.   The 9200 lb. basic design 
gross weight was used throughout the analysis.   Adequate structural in- 
tegrity was assumed adequate for all greater gross weights when, in 
accordance with the design criteria, a constant nW product is main- 
tained. 

Principal techniques employed in the analysis and related considerations 
reflected in final results are presented in the following sub-sections. 

3.1.1 Pitching Maneuvers 

Maneuvers of this type are characterized by aircraft loading produced by 
displacement of the cockpit longitudinal control to attain a pre-estab- 
lished vertical load factor.   The design maneuvering envelope and asso- 
ciated flight parameters are presented in Figures 3.1 and 3. 2. 
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Since the dynamic state of the airplane is defined by the above, it then 
was necessary to place the applied forces in equilibrium with inertial 
forces and parametrically evaluate the effects of speed, altitude, eg, 
power, etc.   Therefore, to "balance" the airplane and therefore deter- 
mine the primary subdivision of loading between wing, body and tail, a 
system of equations were derived to determine: 

1. Trim angle of attack for unaccelerated level flight assuming zero 
elevator deflection whereas trim is achieved by tail incidence 
and subsequently  

2. Equilibrium angle of attack which produces specific linear and 
angular (assumes both zero and finite value) accelerations and 
angular rate. 

3. Subdivision of loading among the primary aircraft components 
for above Items (1) and (2). 

To facilitate solution of the equations and thereby afford broad param- 
eter Investigation, an IBM 704 Digital Computer was employed.   Although 
the equations were developed on the basis of a stability axis system 
which thereby assumes a negligible variance from an Ideal body axis 
system, artificial derivatives were utilized to provide realistic solutions 
for the high speed stall conditions.   Iterative calculations were required 
for the solution of the high speed stall conditions because of non-linear 
aerodynamic derivatives.   The dynamic CL was considered 1.25 max« 
times the static value for the high speed stall conditions. 

For the static trim state, lift and pitching moment equations In terms of 
coefficients are 

0 = C ̂ HMS>L)m/(
C"*)mJ

(aW<%L>m.t] 

+ (^HTL     (W) (1) 
trim 

and 0=CLTH+(CL.)m.tr-m-^oL)m.t] 

+ (CL      ) 
\     HT/ 
'CT       ^ -W/qS, (2) 

trim 



where C^ = MThrugt / qSc . (3) 

CLfr„  =LThrust/qS' <4) 
1H 

and 

'W'*-  [(C-a)cm-(V)m.tl   +   |K)cm-(C^)m-tl 
(5) 

From the above, explicit equations for trimmed tail lift coefficients and 
angle of attack can be derived and are as follows: 

,   ,    l(W/qS>-SH-(cv)(riJ 
nrim-(«oL)m.t (ST)  

m-t 

Similar to Equations (1) and (2), lift and pitching moment equations for 
the dynamic state, in terms of coefficients are: 

O = (CmJ       A« + Cmö   6e - 1^ öVqSc + ^m j      (0c/2V) 

cm cm (8) 

and 
O = /CL  \       Aa +CLö   öe + /CL   \     (0c/2V)-(r^-l) W/qS 

^     "''cm e q/cm /m 

Simultaneous solution of the above for the required change in angle of 
attack. A«, and corresponding equilibrium elevator deflection, öe, yield: 

(nz-l) W/qS - CL    öe - /CL  \       (0c/2V) 
ö
e \     q'cm 

AO = K] (10, 
\     a/cm 



and 

s
e- 

Vy^^^KV^aL-K) q/ cm 

se-K
/cgcm(c\) 

[K"1)  (Cm /CL   )        <W/(1S)1 

se-K
/cgcra(% j (ii) 

Incremental tail lift coefficients are then determined by: 

(A   LHT)öe    "    ^5 
= CT.   öo. (12) 

and 

(ACLHT)A<» =   [(CL
a)cm" (CL<.)m.t 

(A%T)ä     =(%)-  ^^ 

Aa. 

HT 

where 

(   LHT) total   ' (   LHT)trlm+Z(      LHT) 

Also 

(c^-tLar^w/qS-(c-HT) total, 

(13) 

(14) 

(15) 

(16) 

and 

(' B(W)'total   V    0^B<W)   l B<W'1 

I  ^(B)/total   (  Lm-t/total     \   LB(W)/total .) 
(18) 



Total aerodynamic pitching moment coefficients for the wing and body 
components are 

^  mB(W)) total" \  mOL/B(W) + (   ma!/B(W)   I ^ trim 

+   **-{a0L) 1 (19) 
B(W) 

and 

'   mW(B)/total     \  mOL/m-t     (   mB(W)) total 

+ (c-»Jm-tl<a)^+Aa-K)m, 

+ [(SL-(%)HT     'H^)1<^V)     (20, 

The center of pressure of total horizontal tail lift is 

MKx)       -(A%r)al('H^) 
X^/c 

c-, 6'     
e total e 

m6     e 

cp'"   HT /cT      \ 
\     HT/^, (21) total 

In the foregoing equations the combined pitch damping for the wing-body 
was assumed produced entirely by the wing.   Also, contribution of the 
wing to the wing-body stability coefficients was deduced from integrated 
wing surface pressure data. 
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3.1.2 Rolling Maneuvers 

Roll maneuvers were investigated through impulsing the airplane by (1) 
rapid and (2) maximum possible movement of the cockpit lateral control 
such that specific motion and/or attitude displacement in accordance with 
the procedures and limitations prescribed by the Structural Design Cri- 
teria were produced.   Item (2) corresponds to "steady-state" rolls and 
item (1) is related to the classic "rolling pull-out" maneuver. 

For the rolling pull-out analysis, the characteristic motion in the anti- 
symmetrical or lateral-directional mode was determined separately 
from the symmetrical or longitudinal mode, and subsequently the results 
were super-imposed for representation of the net unsymmetrical loading 
condition.   Vertical load factor, nz, was assumed constant during the 
maneuver and corresponded, respectively, to values of 1. 0 and up to 
and including 3.0 for "flaps-down" and "flaps-up" configurations.   Wing 
loads were primarily dependent on angle of attack, roll rate, roll accel- 
eration and corresponding aileron deflection.   Since load factor, and 
therefore angle-of-attack, were held constant, a simplified one-degree 
of freedom analysis was employed.   At a later date a digital program 
afforded a more complete three-degrees of freedom simulation which 
was necessitated by the significance of cross-coupling effects on fuselage 
and empennage loading. 

In the following sub-sections the mechanics of both methods of analysis 
are presented. 

3.1.2.1       Simplified Analysis 

Assuming aileron rate to be a constant during any particular time inter- 
nal and neglecting 2nd order terms, the following equations were as- 
sumed to approximate motion in roll: 

P-K.     /«»    +*At\+KnP (1) w^r*" 
Since this equation is of the form ... 

y = Q - Py (2) 

whose general solution is ... 

- fpdx   f Qe     / Pdx + Ce = /pdx , (3) 
y = e 
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it follows . .. 

KöAÖA 

P —    [exp (Kpt) - 1 

K; 

i -v(vv) (4) 

Or, in terms of 0^: 

P = 
6A A 

K 
exP   IS   ÖA-ÖA     ^A"1] 

K. 

K, («A)     <5) 

It can be shown by the above equation for 6^ = 6^    or by Equation (l)for 
o 

p = 0, that equilibrium or steady-state roll rate is: 

K, 

Pss = 

<{\) (6) 

In order to utilize the above equations, it was necessary to determine 
suitable values of aileron rate.   The lateral control system consisted of 
a servo tab, hydraulic boosted network whose maximum output provided 
an aileron rate (referenced to total aileron deflection) of 4250/s.   How- 
ever, during realistic operation, output rate was dependent on the rela- 
tive position of the control stick (or tab) and aileron,  ... and opposing 
aerodynamic hinge moments.   The derived representative rate equations 
are: 

öA=Ae   (6A) ^B    , |öA|  -*0 
max. 

(7) 

and 

fiA=Ac (6A) ^BC/1-6A/6A        \    .fiA-(äA) 
max. \ max./ max. 

(8) 

Use of the above equation (7) for, typically, an abrupt left roll "check" 
assumed a step-input of the control stick and consequently ... 

ÖA = (ÖA) (9) 
max. 
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As ö^ continued beyond neutral, the error value, e, was maintained 
constant (emax# - 0. 45") until full stick travel (5") had been attained. 
Thereafter, e was assumed linearly diminishing to zero at full aileron 
deflection.   The resultant profile is shown in Figure 3.3 for both (1) low- 
speed flaps-down and (2) high-speed flaps-up configurations. 

It should further be noted that when aileron rate varied with time, or 
more appropriately aileron position, an iterative solution was employed. 

3.1.2.2       Three-Degrees of Freedom Solution 

The transient lateral-directional motion of the airplane during various 
roll maneuvers was represented by three-degrees of freedom which cor- 
responded to the interacted motions in roll (p), yaw (r) and lateral dis- 
placement (V/3).   In addition, a number of auxiliary equations were de- 
rived to simulate pilot/control system response characteristics.   The 
combined equations were then mechanized for digital computer solution 
to provide a time history of events.   Although this method primarily 
served as a means of evaluating the "Rolling Pull-out Maneuver", it 
also enabled examination of the inherent characteristic lateral motion 
during "steady-state" rolls. 

The type of rolling pull-out maneuver which was investigated consisted 
of rolling the airplane out of a constant altitude turn through an angle 
equal to twice the initial bank angle, maintaining zero rudder deflection 
and assuming vertical load factor to remain constant.   Execution of the 
maneuver was by rapid displacement (from neutral) of the cockpit later- 
al control and subsequently "checking" the roll by rapid reversal of the 
cockpit lateral control.   The applicable initial bank angle corresponded 
to the relationship: cos </>= ± (l/nz) for various values of nz up to and 
including the maximum design condition.   Aileron deflection and rate 
were the maximum attainable commensurate with a 60 pound stick force 
and pilot application (neutral to maximum and full left to full right) time 
of 0.1 second. 

The derived control system equations which were found representative 
of the specified pilot reaction and maximum attainable output rates of 
Figure 3.4 are as follows: 

Roll Execution 

For 0 < t ^ 0.1" , 

öA = 12.2173 t1-6 ~  radians, typical (1) 
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and for        0.1" < t s t check 

öA = 0.59341 - 1. 46084 exp (-16. 27 t) (2) 

Roll "Check1 

For 

For 

tcheck < t * (tcheck + 0. 048"), 

öA = -0. 58364 exp [20.33493 (tcheck -t) ] 

+ 11. 86824 (tcheck -t) + 1.17705 

(tcheck^'048'^^ Scheck+ 0•131,,) 

6A = 7. 41765 (tcheck-t)+0.74334 

and for        (tcheck + 0-131") < t » 

ÖA = 5. 27089 exp   [ 20.33493 {tcheck -t ] -0.59341 

With respect to a body axis system (and implied appropriate stability 
derivatives), the employed airframe equations of motion are: 

ß =(g/V) sin^ +C! p +C2 r 

(3> 

(4) 

(5) 

+ (qS/mV) 

p = (qSb/1^) 

yg   A     y^ (6) 

Ci     öA    C^ ß +(b/2V)|ci   r+C^   p| 

+ dxz/^) ^ 

Where 

;-=C4öA +C5/3+C6r + C7p 

C1= a+ (qSb/2mV2) /cy ) 

C2 = (qSb/2mV2) /Cy \ - 1 

C3 = (qSb)   (1^) / (1^ Izz - Ixz
2) 

(7) 

(8) 

(9) 

(10) 

(11) 

) 
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C4 = C3K    +(Ix*/l*x)% A A 

C6=C3(b/2V)  [CnrMIxz/lxx)Cir 

C7 = C3(b/2V)    Cn   +(Ixz/lxx)Ci 

(12) 

(13) 

(14) 

(15) 

17 



! 

.4   _,  r- 

■T-f 

ffc    ... , _ 
•   ■:    •■ 

1 
|—r-- 

1   ■•;-■ 

'      1 
i 

t 

! .   .    . 

i 

i 

-.1 - 
( 
!• ■     ■     ■ 

j 
*♦ -■—•--•■- 

t         i 

—:. 

..-..„.I  I... ..,,. 

„J._. 

I 
i 

I 

as 

az 

r- 

I-. 

a^ 

öi^ • 

^ 

^T-     />?£l^ 

"   !"       ^y 

( SA    ) -   *■ 2 S dej /sec* 

i,. 

i 

/*r>r/4<H 

i 
-i. 

....] .^. 

i 
! 

( 
1 

i           ,   .j 

 ■       ,   ,  ' 

i 
t 
i 

i   .   . 

1 

I   - 
t 

i      .   ■ 

'   '   1 

| 

.1..... 

...A ...  -4 «-.— 

,.;..„]......,, 

.,..4. 

tS'jb ?\ S/*/ks tefa*<t*el 

I. L... 
/<? ^^ 3C7 

i 

cr/^. 

...i Figure 3.3    Lateral Control Rate for One-Degree of Freedom Analysis 

18 



1 

i ■ 

1 ' 

 :■—■ 

i 

...    ,.. 

t 

■ 

; 

.. . I; . 

—*f  
■ 

■■■■;-• 

... .   .. 

i ... .... 

Figure 3.4   Maximum Lateral Control Rate for Three-Degrees of Freedom Analysis 

■I  • 

L.    :_ „1....... L_^_.L_:.._L:...L_L.._i.„ 
19 



3.1.3 Yawing Maneuvers h 

An extensive analysis was made to determine structural loading produced 
by rudder-impulsed yawing maneuvers.   As has been the practice, post- 
superposltlon of loading within the plane of symmetry, prevailed which, 
for the present type of maneuver, corresponded to trimmed, 1-g flight. 

Two methods of solution were employed which differed from one another, 
primarily, by the consideration of dynamic over-shoot In side-slip 
angle, ß .   Although the design criteria specified a 50% overshoot value 
above a steady-state condition, further effort was devoted in ascertain- 
ing Its accuracy.   In one case a closed static solution was possible 
whereas a tlme-hlstory study revealed the airplane's Inherent charac- 
teristics.   Each of these methods Is described In the following sub- 
sections. 

3.1.3.1       Static Solution 

Four (4) distinct rudder-Induced yawing conditions were analyzed and 
are described as follows: 

1. A rudder "Kick" maneuver which assumes an Instantaneous 
rudder deflection to the maximum mechanical limits (±25°), or 
as limited by a pilot pedal force of 200 lbs. for speeds greater 
than .6 VJJ, or 300 lbs. for lesser speeds.   Sideslip and roll 
angles, and yaw and roll velocities are considered zero.   The 
equations used In defining the maneuver are: 

6   =(Fr/kqSrcr)//Ch     \^ |250| (1) 

where 

F   = effective pilot effort In pounds 

k = rudder gearing ratio = . 13426 (lb. /in. -lb.) 

"y =  cy6   
(ör) (q s) / w (2) 

r 

) 

) 
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<p^ c,    + 
KZ 

lZZ 
n. \iör)ilzz<lSb> 

5 ' ^xx^zz " ^z^ 

r = ^xz) W + (cnö   1 (ör) (q s b) / (Izz) 

(3) 

(4) 

2. A steady-state sideslip maneuver which results from a rudder 
deflection to the mechanical stops or as limited by a pilot effort 
of 300 lbs.   Zero rolling moments are maintained by aileron de- 
flection.   Roll-and-yaw rates and corresponding accelerations 
are considered zero.   The equations used to define the maneuver 
are: 

= (Ms7rrhCh     +/Ch 

_ N 

n. '\] ■\ 

aA=fir 

/c, \ 
ö  1 r| c   - c„ 

tt* \%) 
ör 

lcf. \ öA\ 

N rS \c'ßj 

ß 

5) 

(6) 

ß    =      f /Cn.  \ 6r + /Cn.    \ ÖA 1   / Cn l(\)6r+(C"aA) ß 
(7) 

^IW^CVOM M   (qS)/W (8) 
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3. A dynamic-over swing sideslip condition which assumes that dur- 
ing a rudder-induced yawing maneuver, the airplane will attain 
an "overswing" sideslip angle 50% larger than the steady-state 
value.    The above steady-state sideslip equations are solved for 
ß, considering a pilot effort of 200 lbs. at speeds greater than 
.6 Vj| and 300 lbs. for lesser speeds.   The sideslip angle thus 
obtained is increased by 50% to define the dynamic overswing 
maneuver.   Yaw and roll rates and aileron deflection are consid- 
ered zero.   The rolling and yawing moments and tbo side forces 
are balanced by airplane inertia.   The equations used in defining 
the maneuver are: 

"y 

0 = 

(q S) / W (9) 

VVWCS) 
izz q s b 

1 1 -1  ' 

r - [(S)"(\ q S b + (1^) 0 /I zz 

(10) 

(11) 

where the value of ör and ß are determined from the steady- 
state equations with the appropriate pilot effort values. 

4. A rudder deflection reversal maneuver which assumes that the 
rudder is instantaneously returned to neutral with the airplane 
in the steady-state sideslip condition resulting from a 200 lbs. 
pilot effort for speeds greater than . 6 VJJ or 300 lbs. for lesser 
speeds.   Yaw and roll rates are again considered zero.   Unbal- 
anced moments and forces are balanced by airplane inertia. 

The equations used in defining the maneuver are: 

*>= (%) 
iß) (q S) / W (12) 
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0 = 
l L 
\ + fe) (S) 

i2Z q s b 

I   I   -I   2 XX z       xz 

r = [(%) ^+ (c
%) q S b + (Ixz) </> /I zz 

(13) 

(14) 

where the values of ß and 6r are determined from the steady- 
state equations with the appropriate values of pilot effort. 

The equations for the above four rudder-induced maneuvers were pro- 
grammed for solution by a digital computer.   Other equations for solu- 
tion of airplane component loading (wing, fuselage vertical and horizon- 
tal tail, etc.) were also programmed. 

3.1.3.2       Dynamic Solution 

To determine the validity of increasing the steady-state sideslip angle 
by 50% to establish the maximum dynamic-overswing sideslip angle from 
a rudder kick, a time-history study of the maneuver was made by utili- 
zation of a three-degrees of freedom lateral/directional digital computer 
program.   The simulated maneuver consisted of; (1) an instantaneous 
deflection of the rudder to the maximum displacement attainable with a 
200 pound pilot effort, (2) maintenance of this pilot effort for 5 seconds 
until steady sideslip is attained, and (3) instantaneous neutralization of 
the rudder. 

The equations of motion which were solved for the study were identical 
to those discussed in Section 3.1.2.2 except that all reference to aileron 
deflection (6^) should be changed to rudder deflection (ör), and the equa- 
tion defining the rudder deflection is: 

6r = k q Sr cr N)* / Ch      =£   ± 25' 
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3.2 SPIN RECOVERY 

Since the vertical load factor which the airplane is assumed encountering 
during a "steep" spin is twice that of a "flat" spin, the latter condition 
was deemed non-critical.   Furthermore, the specified "entry speed" is 
irrelevant in view of the following relationship of the components of ang- 
ular rate (body axes) with angles of attack and side-slip: 

p =ß cos ß cos O! (1) 

q = ß sin 0 (2) 

r =ß cos ß sin a (3) 

From the above equations the appropriate values of o; and ß were deter- 
mined for p = r = ±3.5 rad/sec and q = +1.0 rad/sec. 

Aerodynamic force derivatives were then estimated and subsequently 
applied at a velocity which produced the required 2. 0-g vertical load 
factor.   This speed, in conjunction with a and ß, also enabled the deter- 
mination of the components of spin chute drag forces.   The associated 
linear/angular accelerations were then whatever resulted from the above 
for an assumed power-off condition and estimated loading distribution. 

3.3 GUST PERTURBATION 

The gust spectrum as defined in the design criteria consists of maximum 
gust intensities, vertically or laterally, of 24 ft/sec at all speeds inclu- 
sive of VL and 40 ft/sec at all speeds inclusive of VJJ.   The resultant 
airplane loading was determined on the basis of an Incremental change 
In angle of attack or angle of sideslip beyond a trimmed 1-g flight condi- 
tion.   For a vertical disturbance, an allowance was made for airplane 
damping during the progressive "build-up" of a gust Intensity to Its full 
value.   No similar allowances were made for lateral gusts.   It should 
also be noted that gust Intensities were treated in terms of true air- 
speeds. 

3.3.1 Vertical Gusts 

The Incremental change in lift on the airplane as a whole, or locally on 
the horizontal tail, was a direct result of incremental angle of attack, 
computed as follows: 

Aa=±Ktan-1 (V^/V) (1) 
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where for the wing or complete airplane  

KL   =±lLü (2) 

and 

5.3 + M 

2 (W/S) 

g cavP lC 

(CL   ) \     a;/cm 

(3) 

For a 9200-lb. airplane, Equation (3) reduces to a function of density 
ratio, (T, and untrimmed complete-model CT     (per radian): 

a 

H =105.94 / /CL   \        a 
\     a/cm 

(4) 

When computing a local horizontal-tail load, however,  .... 

KHT = I-1 Kw (5) 

Since the design criteria limited the gust-induced incremental load factor 
to ±3.0 (maximum of V-n diagram), it was only necessary to evaluate 
local horizontal-tail loading. 

3.3.2 Lateral Gusts 

As a result of the gust velocity, the airplane was assumed instantaneous- 
ly exposed to the effects of a sideslip angle defined as: 

^GUST " tan 
(^ 

A simple lateral/directional static balance of the airplane was per- 
formed to determine lateral-gust loading.   Considering zero control de- 
flections, the rolling and yawing moments, and side forces induced by 
/JQUST were balanced by airplane inertia. 

^= lIzz (%) + IxZ (S)l ^GUSTH^AWZZ-IXZ
2
) 

(6) 

'=[(%)   (^GUST) ^Sb) + Jxz '^ ] / Izz <7) 
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"y^liS) (/3
GUST) ^j/w (8) 

The above equations were programmed for solution by a digital computer 
along with auxiliary equations defining airplane component loading. 

3.4 AEROELASTIC CONSIDERATIONS 

Although the computation of flight loads considered the effects of an 
elastic wing, rigid-body aerodynamics were otherwise employed.   The 
derived loads are assumed to be adequately, if not conservatively, 
represented. 

However, elastic coefficients - the ratio of an elastic stability deriva- 
tive to its corresponding rigid value - included the additional affects of a 
flexible fuselage and a flexible empennage. 

In addition, for both the wing and empennage flexibility effects of the 
control surfaces (aileron, elevator and rudder) and associated control 
linkage were not considered. 

Pertinent techniques are described briefly in the following sub-sections. 

3.4.1 Wing Aeroelasticity 

Aeroelastic characteristics of the wing were determined by means of 
appropriately coupling structural influence coefficients with the analyti- 
cal procedure discussed in Section 3.6.1 for calculating wing panel point 
loads.   In its basic form, the structural coefficients relate linear de- 
flections at points illustrated in Figure 3.8 with unit loads.   Transform- 
ing this to an S-matrix (Tables 3.1 and 3,2) which relates angular de- 
flection with a point load yielded  

H =   is]   {f) (i) 
E 

However, as noted by the elastic subscript notation "E" an implicit solu- 
tion of € is involved, since elastic loading is the sum of the initially 
applied rigid load and the induced elastic load .... i.e. 

If}      =   Ul +   If) (2) 
ER IE 
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Since an aerodynamic influence coefficient matrix, A, can be derived 
which has the relationship .... 

if)        =     [A]      {c)   , (3) 
IE 

it follows implicitly that: 

M    =[    HI    -     [S]      [A]   I [S]     {f) (4) 
R 

The above equation thus enables the calculation of twist distribution for 
any type (a, 6^ ,  etc.) of rigid loading and through use of Equations (3) 
and (2), equilibrium elastic loading was established.   Appropriate integ- 
ration then yielded elastisized force and moment coefficients. 

3.4.2 Empennage Aeroelasticity 

As indicated previously, aeroelasticity of the empennage was evaluated 
solely for purposes of incorporation into stability analyses rather than 
structural loading determination. 

In contrast to the wing analysis which used structural influence coeffi- 
cients, elastic characteristics of the empennage were represented by an 
elastic beam(s) having flexibility in bending (El) and torsion (GJ) shown 
in Figures 3.5 through 3. 7. 

Aerodynamic loading on the empennage was determined by an extension 
of "Lifting Line Theory" to account for interference effects and to pro- 
vide solution of loadings due to angles of attack (ex) and sideslip (ß), 
angular rate or damping (p, q and r), and control surface deflections 
(öE and 6R). 

The fuselage was treated as a non-lifting elastic body which due to verti- 
cal and lateral bending only altered the effective free-stream orientation 
of the empennage and hence modified the magnitude and distribution of 
tail loading.   Therefore, loading on the elastic tail was first determined 
(assuming a rigid fuselage) in terms of "Elastic Coefficients" which were 
subsequently modified to account for fuselage bending. 
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Algebraically, the net (combined body-tall deformations) elastic coeffi- 
cients were calculated by .... 

ETEF 

RTRF 

ETEF 

ETRF 

ETRF 

RTRF 
forces (5) 

M 
ETEF 

M 
ETEF 

M 
RTRF 

M 
ETRF 

M 
ETRF 

M 
RTRF 

moments (6) 

where the subscripts:   R, E, T, and F denote, respectively, ... rigid, 
elastic, tail and fuselage. 

Typically, for an elevator-type (ög) of loading .... 

and 

( 

ETEF 
) - 

l-(c
L)        OST"™ Fop)« -<xop>a V    a/ETRF y I E        va 

E /r (7) 

ETEF 
xi !     = ! " (Fz/

Mv) (Mv/Fz) M—/. z   yETRF' y  ^ ETRF/ö E JE 
ETRF 
a 

I1 ~ ^ETEF^ETRF^ 
E 

(8) 

where  

kf     = Angular deflection of the fuselage with respect to a unit 
z        vertical force applied at F. Sta. 455.22, deg/lb. 

S = Angular deflection of the fuselage with respect to a unit 
moment at F. Sta. 455.22 due to a couple applied at the 
forward and rear spar of the Vertical Tail, deg/ln-lb. 

The counterparts to Equations (7) and (8) relevant to ETRF/RTRF were 
determined from loading distribution through a rigorous sequence of 
computations which were programmed to an IBM 704 Digital Computer. 
The crux of the problem was (similar to Sec. 3.4.1) the calculation of 
aerodynamic influence coefficients and solution of a system of simultane- 
ous equations (33 X 33) after which was found elastic twist, stability de- 
rivatives, and finally .... elastic coefficients. 
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3.5 LANDING 

The method of Reference 5 was utilized to determine ground reactions 
for the following specific configurations: 

Conventional Landings (Gear Forward) 

1. 9200 lbs., 10 ft./sec. sink speed 

2. 12, 500 lbs., 6 ft. /sec. sink speed 

Vertical Landings (Gear Aft) 

1. 9200 lbs., 10 ft./sec. sink speed 

Emergency Landings (Gear Aft) 

1. 9200 lbs. , 6 ft./sec. sink speed. 
(Corresponds to a "conventional" landing with gear aft but loads 
treated as ultimate.) 

The complete work in this category may be found in Reference 6. 

3.6 DISTRIBUTION OF LOADING 

3.6.1 Wing Loading Distribution 

In general, the distribution of wing (exposed) loading — inertial, aero- 
dynamic, and induced aeroelastic — was represented by concentrated 
forces (except for a fan center-line "couple") at a discreet number and 
location of "panel points" depicted by Figure 3.8.   Although the stress 
analyses employed panel points 100-126, additional points were incor- 
porated in the loads analysis.   The effect of these on the foregoing points 
was, however, appropriately included. 

For this mathematical model, analytical expressions were derived and 
subsequently programmed for solution on a digital computer (IBM 704). 
Although the detailed equations are not presented herein, the essential 
considerations reflected in the analysis are presented in the following 
sub-sections. 

» 
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3. G. 1.1       Inertial Loading 

Inertial loadings accounted for were those produced by linear (nz) and 
angular (0  and ^accelerations.   To determine localized effects, it was 
necessary to partition the wing into a series of rectangular areas which 
encompassed, concentrically, each panel point.   Within each area the 
localized wing weight, eg and moments of inertia were then determined 
and, as a final correction, redistributed in terms of unit loads to the 
exact panel point locations in such a manner that inertia properties of 
the complete wing were preserved. 

3.6.1.2       Aerodynamic Loading 

The transformation of aerodynamic loading into a finite number and loca- 
tion of point loads was, in essence, a process of synthesizing values 
which best duplicated the "exact" distributions of wing shear, bending 
and torsion.   In determining shear, bending, and torque, however, it 
was necessary to analyze and/or separate the loading — represented by 
wind-tunnel surface pressures — in terms of distinct contributions and 
the structural component to which it was proportionately applied.   By 
contribution of loading is meant either of a "basic" type at zero angle of 
attack or linearized "additional" type due to angle of attack, aileron de- 
flection, flap deflection, etc. 

Distributions used in the panel point loads analysis are presented in 
Figures 3. 9 through 3. 27.   Except lor the theoretical roll damping dis- 
tribution, all other data were derived from wind-tunnel pressure data 
typified by that shown in Figures 3.28 through 3.39. 
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Figure 3.11   Distribution of Local Aerodynamic Center, M-0.285, Flaps Retracted 
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3.6.2 Fuselage Loading Distribution 

Loading on the fuselage represented the combined effects of inertia and 
external aerodynamic forces.   The analysis included weight distribu- 
tions for the 9200-pound gross weight airplane with respect to both limits 
of eg (F. Sta. 240 & 246). 

To combine all of the distributed and concentrated loads in the many 
combinations required to define the fuselage loading, a digital computer 
routine entitled "Fuselage Shear and Moment Program" was devised. 
Basically, the program combines the effects of (a) fuselage vertical and 
lateral distributed airloads, (b) fuselage distributed inertia loads pro- 
duced by linear and angular accelerations, (c) concentrated loads and 
moments at the landing gear(s) and parachute attachments, (d) wing in- 
ertia and airload, (e) empennage inertia and airloads, and (f) engine 
thrust and ram-drag. 

The program applies wing loads, both inertia and aerodynamic, to the 
fuselage at the fore and aft wing spar locations. Stations 214.0 and 
296.5.   At the forward wing spar location, vertical and longitudinal 
loads may be applied as well as concentrated moments about all three 
axes.   At the aft spar, only vertical loads and concentrated moments 
about the yaw axis may be used by the program.   Wing weight data used 
in the program are: 

Weight 2519.86 lbs. 

C.G. Station 259.14 Inches 

CG. Waterline 101.21 inches 

^ 14,316,246 lb.-in.2 

Vy 4,588,515 lb.-in.2 

lzz 18,351,518 lb.-in.2 

Ixz - 16,805 lb.-in.2 

The moment of inertia values given above are with respect to the wing 
eg. 

Empennage loads were applied to the fuselage at the intersections of the 
three vertical tail spars with W. L. 113. 0.   These intersections corre- 
spond to Fuselage Stations 429. 23, 455. 22, and 486. 39.   Vertical and 
lateral empennage loads, aerodynamic and inertia, were applied to the 
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center spar and the unbalanced moments reacted as couples between the 
forward and aft spar locations.   Empennage rolling moments were ap- 
plied to the fuselage at the center spar location, Station 455.22.   Empen- 
nage weight data used in the program are: 

Weight 223.21 lbs. 

C.G. Station 491.91 inches 

CG. Waterline 181.47 inches 

Ixx 327,606 lb. -in.2 

lyy 284,623 lb.-in.2 

hz 253,843 1b.-In.2 

hz 64,809.8 lb.-in.2 

The moments of inertia values given above are with respect to empennage 
eg. 

i 

Concentrated loads are accepted by the program at locations of the nose 
gear, main gear and parachute attachments.   Three (3) components of 
force and moment may be applied to the fuselage at Station 486.39 and 
W. L. 113.0 for parachute conditions. 

Nose gear forces, acting along any of the three body axes, are assumed 
applied at Station 135.312 and W. L. 29.3 by the program.   Gear side 
loads act on the fuselage only at Station 136.5.   Vertical and longitudinal 
loads are assumed reacted at two points in the fuselage, one located at 
Station 110.0, W. L. 86.5 and the other at Station 136.5, W. L. 74.0. 

The main gear loads were assumed to act at the apex of the tripods situ- 
ated at F.S. 275.65, W.L. 37.0, and B. L. ±51.0.   Three (3) component 
forces and moments may be applied at these points.   A redundant solu- 
tion of the distribution of main gear loads in the three arms of the tripod 
is presented in Reference 7.   For the fuselage shear and moment pro- 
gram, the main gear loads are distributed to the fuselage at two points 
(1) F.S. 286.0, W.L. 96.0, and (2) F.S. 315.89, W.L. 96.0. 

3.6.2.1       Inertial Distribution 

Two distributions of fuselage weight were used in the analyses.   One re- 
sults in an airplane c. g. at Fuselage Station 240 and the other at 246. 
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In order to simplify fuselage stress analyses it was desired that fuselage 
loading be available at specified fuselage stations.   These are stations 
which correspond to locations of bulkheads, landing gear fittings, spar 
attachments, etc.   Fuselage weights data, available in 10 inch incre- 
ments, were modified by a digital computer routine.   The routine com- 
bines basic fuselage, wing, and empennage weight distributions, multi- 
plying each by factors, to obtain distributions with the desired weight 
and e.g. locations.   Each such result is interpolated to produce output 
at the desired stress stations.   The output consists of not only weight, 
but of moments of inertia about the airplane X, Y, and Z axes and of the 
product of inertia Ixz.   The two weight distributions used are listed in 
Tables 3.3 and 3.4, and in Figure 3.40. 

3.6.2.2      Aerodynamic Distribution 

Fuselage wind-tunnel pressure data is available for Mach numbers of 
. 4 to .9.   (Reference 5).   The majority of the pressure orifices which 
could be used in defining the vertical component of airload were located 
on the plane of symmetry at B. L. = 0.   At those stations where pres- 
sures were measured at B. L. locations other than zero, the circumfer- 
ential pressure distributions were plotted versus B. L. and were inte- 
grated to determine the local running load.   This value of running load 
was compared with the value obtained by assuming the pressure at the 
plane of symmetry to act uniformly across the width of the fuselage. 
The ratio of these two values was assumed to hold for other fuselage 
stations where only centerline pressure orifices were located. 

O 
>> 

i 

O 

The fuselage vertical running load distribution was determined by fair- 
ing through the available data points considering also the fuselage pro- 
file and the aerodynamic lift and pitching moments indicated by wind- 
tunnel force measurements. 

The effect of engine operation upon fuselage pressure was available only 
at the inlet area and not in the vicinity of the tailpipe exhaust.   It is 
likely, however, that the exhaust will affect the pressure immediately 
aft of the nozzle exit plane.   The effect of the jet exhaust on this pres- 
sure field was assumed similar to the effect of the engine intake air at 
low speed upon canopy pressures.   It was thus considered that the ex- 
haust causes a large negative pressure peak immediately aft of the 
nozzle exits.   Since the effect of engine operation upon fuselage pressure 
diminishes rapidly with speed, only a low speed condition has been in- 
vestigated. 
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At high angles-of-attack for use with spin conditions an estimate of the 
fuselage vertical airload distribution was made on the basis of an equiva- 
lent circular cylinder. 

The fuselage running loads resulting from the vertical component of air- 
loads arc shown in Figures 3.41 through 3.45. 

Fuselage side airload distributions were determined in somewhat the 
same manner.   Pressure orifices were located only on one side of the 
fuselage of the wind-tunnel model, mostly at or near waterline (W. L.) 
90.0.   Pressure measurements, however, were made at both plus and 
minus angles of sideslip. 

Lengthwise pressure distribution curves were constructed along those 
waterlines for which data were available.   These lengthwise distributions 
were then utilized to determine the circumferential pressure distribu- 
tions at various fuselage stations.   Integration of the local pressures 
across the height of the fuselage yielded values for the running load. 
The fairing of this curve was performed with consideration of the side 
force and yawing moment values measured during wind-tunnel tests. 

The fuselage side airload distribution used in the analyses is shown in 
Figure 3.46. 

At high angles of attack for use with spin conditions, an estimate of the 
fuselage vertical airload distribution was made on the basis of an equiv- 
alent circular cylinder. 
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Figure 3.41    Fuselage Vertical Airload Distribution Low Speed, High Angles-of-Attack.,  
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3.6.3 Empennage Loading Dlatrlbution 

3.6.3.1 Inertial Distribution 

As an Isolated structural component, local Inertial contributions were 
conservatively omitted.   Inertial effects on the fuselage, however, were 
accounted for and only required knowledge of "over-all" inertial prop- 
erties. 

3.6.3.2 Aerodynamic Distribution 

The distribution of the aerodynamic contribution was determined through 
application of the well-known "Lifting Line Theory".   This theory, to- 
gether with a simplified method of solution, may be found in Reference 
7.   For the present treatment, however, an expanded version was formu- 
lated and mechanized for solution with an IBM 704 Digital Computer. 
The extended method provided greater accuracy (Increased number of 
control points) and solution of all forms of symmetric/anti-symmetric 
loadings.   Since the method only defines the spanwise distribution, local 
center of pressure was assumed identical, in terms of % chord, to that 
of an equivalent two-dimensional section with accounting for angle of 
attack or deflected control surface.  With the above information, appro- 
priate Integration yielded distributions of shear, bending and torsion. 

Distributions and associated characteristics are presented in Figures 
3.47 through 3.53. 
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3.7 PROPULSION SYSTEM 

Loads relevant to the propulsion system were determined by multiplica- 
tion of "unit" mount reactions - presented in Tables 3.5 through 3.8- 
by specific values of, primarily, inertia parameters derived from flight 
maneuver investigations and/or values dictated by the design criteria. 
The data which these tables contain were derived from information sup- 
plied by the General Electric Company.   Although these data were based 
on motion with respect to the particular propulsion unit, only axes trans- 
formation was considered in the case of the pitch fan and additional in- 
cremental values are, therefore, included in that table. 

Particular solutions are not shown in this report, but are presented in 
the appropriate stress report, when and where applicable. 

0 
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3.8 MISCELLANEOUS ITEMS 

3.8.1 Parachute Applications 

Two (2) different parachutes are employed by the XV-5A. The larger of 
the two serves for aerodynamic braking during landing and the other has 
the dual usage of high-speed decelerations or spin-recovery. 

Drag forces were computed on the basis of the following fundamental 
expression: 

F=CD   S0qX (1) 
o 

where 

X = opening shock factor 

Pertinent characteristics of the parachutes which were used in the analy- 
sis follow: 

Landing Chute 

1. Type:  Ring Slot 

2. D0:       12.75 ft. 

3. CD :    0.55 
o 

4. X: 1.05 

5. Max. deployment speed:   168 KEAS 

High Speed Chute 

1. Type: Ribless Guide Surface 

2. Ref. dia.:   6 ft. 

3. CD S0:        16.688 ft.2 

o 

4. X: 1.17 

0 



5.    Max. deployment speed: 

a) high-speed deceleration ... 500 KEAS 

b) spin recovery    125 KEAS 

3.8.2 Landing Gear 

Drag loads developed by the extended nose and main landing gear during 
a landing approach condition were based on a maximum speed of 180 
KEAS.   Drag was assessed for each member (struts, braces, etc.) on 
the basis of frontal area and drag coefficients obtained from Reference 
9.   The incremental forces and moments were then summed up to yield 
net load and center of pressure.   In general, a wheel drag coefficient of 
0.35 and member drag coefficient of 0.4 were used. 

The drag at intermediate gear positions were assumed to vary as a sine 
function of the extended angle. 

% 
3.8.3 Thrust Spoiler 

Thrust spoiler loads were assumed to result solely from the impinge- 
ment of exhaust gases acting normal to the apparent surface of the de- 
flected (75°) plane in diverting the thrust through an effective 60-degree 
angle.   Gross thrust was based on an engine RPM of 98.6% ±0.5%, hot 
day conditions and 2500 ft. altitude. 

3.8.4 Nose-Fan Thrust Modulator 

Design loads for fan mode flight were determined from scale-model 
tests conducted by the General Electric Company which produced the 
characteristics shown in Figure 3.54. 

High-speed loading was determined from wind-tunnel surface pressure 
data. 

3.8.5 Wing-Fan Closure Doors 

For the fan-supported flight mode, door loads were evaluated with con- 
sideration of various flight conditions inclusive of a 110 knot conversion 
speed, corresponding angles of attack, louver vector/stagger angles, 
and exposure to lateral gusts of 40 ft/sec. 
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D For the conventional flight mode, pitching maneuvers were evaluated 
and a critical speed/angle-of-attack combination determined which pro- 
duced the most critical pressure loading on the door.   Originally, the 
distribution of internal pressure on the door was assumed identical to 
the pressure on the lower surface of the wing and later modified to ac- 
count for louver leakage. 

Surface pressures were obtained from the l/S-scale wind-tunnel model 
tests.   However, two other similar tests served to define force and mo- 
ment characteristics of the door (fully opened) for the fan-supported 
flight mode.   Ames wind-tunnel tests of a full-scale model provided the 
required data for unyawed flight.   The affects of yaw were determined 
from hinge moment measurements on a l/6-scale model (complete air- 
plane) having a "representative" door geometry.   Force and moment 
characteristics of the Ames tests are summarized In Figures 3.55 
through 3.58. 
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4.0    RESULTS 

4.1 MANEUVERING FLIGHT 

4.1.1 Pitching Maneuvers 

A comprehensive study of the loads encountered by the airplane during 
symmetrical flight was made which encompassed all primary points on 
the V-n diagram, and the associated parameters of angular rate, with 
and without angular accelei    an.   In addition, parameters of Mach num- 
ber, altitude, engine thrust and c. g. location were evaluated. 

In the analysis of a flight condition, the airplane is considered to be 
initially In level unaccelerated flight at the velocity and altitude appropri- 
ate to the maneuver.  Airplane longitudinal balance Is accomplished by 
means of horizontal-tail incidence.   From this Initial condition, the air- 
plane is then balanced for the desired maneuver by deflecting the elevator 
while maintaining constant horizontal-tall incidence. 

Shown in Table 4.1 is a partial listing of the conditions investigated. 
Those conditions which require an elevator deflection (5e) larger than 
the available limits (±25°) are shown with a slash through the listed value 
of de.   The power-on conditions were determined using the engine per- 
formance characteristics shown in Figure 4.1. 

All of the listed conditions assume a rigid airframe.   The effects of an 
elastic wing upon loads w*re investigated for flight condltionsF-1 through 
F-8 and F-21 through F-24.   No appreciable change in loads resulted 
from the investigation.   In most cases, the loads on the airplane compo- 
nents were slightly lower. 

The effects of altitude upon the airplane loading are shown in Figure 4.2. 
In all cases investigated, the magnitude of the structural loading 
decreased with an Increase In altitude. 

The airplane component loads which result from selected flight condi- 
tions are shown in Figures 4.3 and 4.4 as a function of Mach number. 
In Figure 4.3 the loads on the wing alone and wing-body combination are 
presented for the symmetrical flight maneuvers which produce the criti- 
cal loading.   Figure 4.4 shows similar curves for the critical horizontal- 
tall loading conditions. 
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4.1.2 Rolling Maneuvers 

4.1.2.1       Rolling Pull-Out 

The results of the simplified analysis of this maneuver which were used 
in determining wing loads are presented in Figures 4.5 and 4.6.   For 
each configuration (flaps up or down), wing panel point loads were calcu- 
lated for (1) aileron reversed to neutral; (2) aileron reversed to the posi- 
tion producing maximum roll acceleration, and (3) aileron fully reversed 
to the opposite side (see Section 4.4.3 regarding limiting value of 
n2 = 2.5). 

The three-degrees of freedom analysis of the rolling pull-out maneuver 
Initially considered instantaneous control-stick displacement and rigid 
airplane aerodynamic characteristics.   It was apparent from results 
thus obtained that the unsymmetrical loads were much higher than pre- 
viously established design loads determined from rudder-induced yawing 
maneuvers and from lateral gusts.   At high speeds, the peak sideslip 
angles were double those obtained from other unsymmetrical flight con- 
ditions.   Further investigations were made to determine either a prac- 
tical means of reducing the loads or flight boundaries within which the 
airplane could safely operate. 

In order to realistically reduce the severity of the calculated roll condi- 
tion, elastic values of aileron effectiveness and wing contribution to roll 
damping were used.   The ratio of elastic to rigid values of these deriv- 
atives for the complete airplane (elastic wing) are shown in Figure 4.7. 
This change reduced the peak sideslip angle (/?) by 10% at M = 0.756.   A 
finite pilot response time of 0.1 seconds to initially deflect and also to 
subsequently reverse the stick (roll "check") was also considered and 
further reduced the peak value of ß by 3%.   In terms of ß.q product, how- 
ever, design values were still exceeded. 

The critical portion of the maneuver occurs after initiating reversal of 
the stick. Therefore, "roll check" was evaluated by means of neutral- 
izing the ailerons instead of reversing them. Upon investigating this 
type of maneuver, it was found that peak ß occurred prior to control 
neutralization and produced only 92% of the design value at M = 0.756. 
However, in terms of ß.q, design values were still exceeded by 25% at 
a Mach number of 0.7. 

In a further effort, flight velocity-and-altitude limits were determined 
for the maneuver checked by reversing tho aileron.   Vertical and lateral 
shear, bending, and torsion were determined at two critical fuselage 
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■tatlons as a function of Mach number for sea-level altitude and as a 
function of altitude for a Mach number of 0.756.  The study resulted in 
two speed-altitude limits based on structural strength capability: 
M ■ 0.5 at sea-level and M * 0.756 at 15,000 feet.   Extrapolation of 
these results to a higher altitude indicate that no roll-maneuver speed 
restriction need be imposed above about 25,000 feet.   At all speeds and 
altitudes, regardless of the means used to check the maneuver, it 
appears that as long as a lateral load factor of 0.8 Is not exceeded, 
critical structural design loads will not be exceeded. 

The curves of Figure 4.8 are typical of the results of the higher speed 
maneuvers.   The figure shows the time history of a number of maneuver 
parameters for two Mach 0.5, sea-level conditions.   As with most of 
the conditions investigated, the maneuver initiated at a load factor of 
1.1 produces the maximum sideslip angle.   Selected loads from the 
1. Ig condition of Figure 4.8 are shown in Figure 4.9. 

The peak values of sideslip angle ß, lateral load factor n», and vertical 
tail sideforce Fv     as a function of Mach number, vertical load factor, XVT 
and means of checking the maneuver are shown in Figure 4.10.   The 
values of ß, Uy, and Fy      all peak at the same time during the maneu- 

ver, so the values shown in Figure 4.10 can be considered to act simul- 
taneously.   The horizontal tall rolling moment shown on the figure is 
not necessarily the maximum value at a particular Mach number but is 
the value that occurs simultaneously with the peak values of the other 
parameters.   The curves are not extended through the . 383 Mach num- 
ber values because the nature of the maneuver changes considerably 
between the Mach numbers of . 50 and . 383. 

The curves of Figure 4.10 show that a lateral load factor of 0.80 is not 
exceeded at sea-level Mach numbers less than 0.5 for the maneuver 
checked by aileron reversal and M = 0.63 for the maneuver checked by 
aileron neutralization.   In Figure 4.11 it Is shown that at M = 0.756, 
an Uy value of 0.8 is not exceeded at altitudes above 15,000 feet. 

4.1.2.2      Steady-State Roll 

The three-degrees of freedom time-history study of a "steady-state" 
roll maneuver, undertaken to determine the resulting structural loads, 
investigated sea-level flight conditions at a vertical load factor of 1.5. 
The particular Mach numbers were . 383, .500, .575, .638, .700, 
and . 756. 
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The curves of Figure 4.12 show a typical calculated time history of the 
roll maneuver.  Shown are the time histories of the sideslip angle ß, 
roll rate p, and yaw rate r, for the Mach .638 case.   The(cyclic nature 
of the curves is a result of the ((g/V) sin <P ] term in the ß equation. 

All of the flight conditions resulted in similar time-histories with the 
exception of the . 383 Mach case.   The sideslip angle at this speed was 
reversed from that of the higher speeds.   Because of the different nature 
of the roll maneuver the curves of Figures 4.13 and 4.14 were not faired 
through the values for this Mach number.   Figure 4.13 shows the peak 
"steady-state" sideslip angle for the maneuver and the values of roll- 
rate and yaw-rate which occur at the same instant.   The curves of 
Figure 4.14 show the peak values of lateral load factor n», vertical tail 
side force Fy     and horizontal tail rolling-moment My      as a function 

VT XHT 
of Mach number.   Although the peak values of IL, and Fv     occur at the 

' VT 
same time, it is not the time at which the peak value of M»      occurs. -xHT 

From this analysis of the maneuver, it was determined that structural 
loads developed during this maneuver are at least equaled during other 
loading conditions. 

i 
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Figure 4.5   Rolling Pull-out Characteristics, 500 Knots at S. L., One Degree of Freedom     !   : 
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Figure 4.6 Rolling Pull-out Characteristics, 180 Knots at S. L., One Degree of Freedom, 
Flaps,Extended 45 Degrees1 : ! ' 
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Figure 4.13   Steady-State Roll Maneuver 
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4.1.3 Yawing Maneuvers 

Results from the solution of the equations defining the static balance of 
the airplane during rudder-induced and lateral gust conditions are pre- 
sented in Table 4.2 for sea-level altitude.   Selected parameters of the 
table are shown as a function of Mach number in Figures 4.15 through 
4.17.   Figure 4.15 shows various flight parameters for the maneuvers 
and Figure 4.16 presents the airplane lateral load factor and empennage 
loading.   Figure 4.17 is included to show loading-envelope curves of the 
same parameters as are shown in Figure 4.16. 

Typical solutions of the dynamic equations defining the motion of the 
airplane which result from a rudder-kick are shown in Figure 4.18. 
The values of the parameters shown in the figure agree very well with 
the values calculated by means of the static balance equations.   Figure 
4.19 gives values of the overswing to steady-state sideslip ratio as a 
function of Mach number.   The figure validates the 1.5 ratio specified 
in the Structural Design Criteria (Reference 1). 
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4.2 SPIN RECOVERY 

Utilizing the equations and parameters shown In Section 3.2, the appro- 
priate angle of attack and angle of sideslip are, respectively, 45 and 
±11.4 degrees.  Estimating force coefficients with the aid of References 
8 and 9, a speed of 125 knots was found which satisfied the required 
angular rates, above attitudes and produced a vertical load factor of 
2.0.   The resultant calculated subdivision of loading plus the compo- 
nents of spin chute force (1040 lbs.) which were used in the "Fuselage 
Shear and Moment Program" are as follows: 

Fuselage 

Distributed loading for Fz ■ 1699 lbs. 

Distributed loading for Fy - 695 lbs. 

Wing Fwd. Spar (F. Sta. 214. BL 0, WL 101.27) 

Fx - 2136 lbs., Fy - 0, Fa - 3167 lbs. 

M « -23,973 ln-lbs., M,. - 67,825 in-lbs., M. - 0 
^113 * 

Wing Aft Spar (F. Sta. 296.5, BL 0, WL 101.27) 

Fx = 0, F   » 0, Fz » 10,264 lbs. 

M = -53,968 ln-lbs., M,, = 0, M_ - 0 
113 y 

H. Tall (F. Sta. 506.64, BL 0, WL 206) 

F9 - 3280 lbs.. M-.        » -1849 ln-lbs. 
z ^206 

V. Tall (F. Sta. 459.6479, BL 0, WL 113) 

•302 lbs. 

Spin Chute (F. Sta. 486.39, BL 0, WL 113) 

Fv = 593.7 lbs., Fw - -291.9 lbs., F_ ■ 802.4lbs. 

c 
MJJ       « -1128 ln-lbs.. My " -18,179 ln-lbs., Mz - -5779 

in-lbs. 
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o Note that for above: 

a) Axis system of Figure 4.21 

b) Chute reactions were transferred from the actual attachment 
point (F. Sta. 488.08, BL 0, WL 109.14) to the specified refer- 
ence coordinates. 

4.3 GUST PERTURBATION 

4.3.1 Vertical Gusts 

The effects of vertical gusts were found less critical than symmetrical 
maneuvers. 

4.3.2 Lateral Gusts 

O 

The loads resulting from lateral gusts are discussed with the yawing 
flight maneuvers, Section 4.1.3. 

4.4 WING LOADS 

4.4.1 Symmetrical Flight, Flaps Retracted 

Rigid-body wing loads which correspond to perimeter polMs (A-E) of the 
V-n diagram of Figure 3.1 are presented in Tables 4.3 through 4.7. 

Since the most critical of these conditions was designation F-l, the 
corresponding results (EF-1) for the elastic wing are presented in 
Table 4.8.   Associated twist (negative for "wash-out") is shown In 
Figure 4.20. 

The above loads data are related to the panel point geometry of Figure 
3.8 and, In groups of four, provide the effect of c. g location and pitch- 
ing acceleration.  As a typical example for point B of the V-n diagram: 

F-l : Fwd. e.g. (F. Sta. 240),'« ° 0 

F-2 : Fwd. c. g. (F. Sta. 240), 9 ■ finite value 

F-3 : Aft. e.g. (F. Sta. 246), 0*0 

F-4 : Aft. e.g. (F. Sta. 246), 9 - finite value 
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Beneath each column of data are also shown specific auxiliary Informa- 
tion.   With respect to the wing root (BL s 24) and rear spar (F. Sta. 
296.5). . . sheur (S), bending (M)t and torsion (T) produced by points 
(P) = 100-124 are noted.  Although applied loads at points 127-131 are 
shown separately, their effects are appropriately Included at P = 100- 
124.   Torsion, T, is referenced to the rear spar and assumes a positive 
wing leading-edge "up" sign convention as do the hinge moments for the 
aileron (AHM) and flap (FHM).   Centroids of T and M are designated by 
X and 7 in terms, respectively, of F. Sta. (actual) and lateral distance 
from the wing root.   The tottil root conditions for the exposed wing, as 
an Integral unit, may be found by summation of S, M, and T with their 
respective incremental values (i.e. AS, AM, AT) plus the contributions 
of points P - 127 and 128. 

O 
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o 

D 

p 
|  

i 

j 1.3406978E 02 

f'Z r- 3 F-t- | 

100 1.3035559E 02 1,3133965E 02.n 1,2754252E 02 

101 ' 3.1077191E 02 3.019B749E 02 3.0398934E 02 2.9486027E 02 ' '{ 

102 1 3.4835612E 02 3.3225394E 02 3.3716263E 02 3.2064232E 02 

103 5.2053372E 02 5.0225623E 02 5.065597GE 02 4.8766904E 02 

104 ; 4#5492065E 02 4.4287940E 02 4.4641883E 02. 4.3409442E 02 

105 
: 2.6623287d 02 2.5920228E 02 2.6280769E 02 2.5586172E 02 

106 7.1312157E 02 6.9147973E 02 6*9660019E 02 6.7427474E 02 

107 7.U40Ü950E 02 6.ti962449E 02 6.9388527E 02 6.7919820E 02 . 

108 7.2260542E 02 7.i663372E 02 7.1887835E 02 7.1284214E 02 

109 
1 7.7732114E 02 7.5452999E 02 7.5943972E 02 7.3603631E 02 1 

110 : 8.197Ö798E 02 8.0225683E 02 8.0792093E 02 7.9022744E 02 - « 

111 i 7<9236099E 02 7.Ö094802E 02 7.8629667E 02 7.7493370E 02 

112 
!-1.5812000E 01 -1.5464000E 01 -1.5812000E 01 -1.5374000E 01 

A A CK 

113 9«7658392t 02 9.4952910E 02 9.5452347E 02 9.2666159E 02 

114 7.4u54466E 02 7.2766416E 02 7,3512258E 02 7.1435671E 02 
■ 

115 1.9577304E 02 1.7782712E 02 1.8994692E 02 1.7242627E 02 > 

116 1.2252333E 03 1.1873441E 03 1.1953461E 03 1*1566606E 03 

117 -5.8219759E 01 -5.3432628E 01 -5.2786074E 01 -4.9278355E 01 
'■•• 

118 5.1444756E 02 4iyU2341E 02 5.0179825E 02 4.7736750E 02 '1 
119 -3.153Ö713E 02 -3.023J28ÖE 02 -3.2136056E 02 -3i0698248E 02 

120 1.9659420E 03 1.8141998E 03 1.8850341E 03 1.7467346E 03 m 
121 '-1.7064437E 04 -1.6607418E 04 -1.7982217E 04 -1.7573250E 04 

122 -2.3805785E 02 -2.542bl69E 02 -2.3735538E 02 -2.5189947E 02 m 
123 ; 7.3484154E 02 7t0746918E 02 7.1150116E 02 6.8342859E 02 
124 -1.2781035E 02 -1.360Ö036E 02 -1.3074072E 02 -1.3869974E 02 
125 0. 0* 0« 0. » 
126 0« 0« 0* 0. 

\L 

127 -9.987ä212E 02 -1.0063251E 03 -1.0002081E 03 -1.0056823E 03 
128 -1.4451852E 02 -lt4931234E 02 -1,4543695E 02 -lt5028336£ 02 
129 -2.8055711E 02 -2.8479345E 02 -2.8135309E 02 -2.8563711E 02 
130 -3.444b909E 02 -3i4869878E 02 -3.4494717E 02 -3.4883284E 02 

. 

131 -2t6506462E 02 -2»6891873E 02 -2.6581867E 02 -2.6943477E 02 

'1 
6^ 1.2170170E 04 1.1696473E 04 1.1866517E 04 1.1403584E 04 

M 1,0282725E 06 9.9564216E 05 1.0065635E 06 9.7403697E 05 1 
T 4.7531185E 05 4.5684912E 05 4.6023433E 05 4.4196812E 05 i 
% 2.5744452E 02 2»3744129E 02 2.5771572E 02 2.5774305E 02 

8.4491217E 01 8.512J2Ü3E 01 8.4823837E 01 8.5414982E 01 j 

AHM 2.8350245E 03 2.8471613E 03 2.8428005E 03 2.8557255E 03 I 
FHM -4.7548603E 01 -2.0357181E 01 -4.7563095E 01 -7.4826931E 01 1 
IS 
AM 
L T 

2.5443071E 02 2.2892704E 02 2.3562378E 02 2.1027635E 02 i 
-lt546ö000E 01 -1.5766500E 01 -1.5468000E 01 -1.5676500E 01 

$■ 

6t0501417E 04 5.6808626E 04 5.7500893E 04 5.3691322E 04 i 

Table 4.3  Wing Panel Point Loads, Symm. Fit., Flaps Retracted. Pt.Bof V-n Diagram 
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o 

o 

p F-5 F-& F- 7 

-5.0649532E 00 

r-a 
100 -6.0459a96E 00 -2.3318108E 00 -1.267B288E 00 

i 101 -6.71627i33E 01 -5.8378323E 01 -6.4725515E 01 -5.5596458E 01 
| 102 -2.4^7i&74E 02 -2.2665353E 02 -2.3873349E 02 -2.2221319E 02 

103 1 -2.373Ö660E 02 -2.1908916E 02 -2.3234522E 02 -2.1346461E 02 
! 104 1.3Ü66104E 01 2.5907386E 01 1.6921131E 01 2.9245557E 01 

105 l»3il6649E 02 1.3819720E 02 1.3239731E 02 1.3934335E 02 
106 -1.7b07749E 02 -lt5343560E 02 -1<6914073E 02 -1.4681530E 02 
107 ltö693895E 02 2«0134393E 02 1.9059696E 02 2«05';::e403E 02 
108 i3.4206839E 02 5,4803995E 02 5,4340764E 02 5i49^4385E 02- 
109 -1.727130ÜE 02 -1.4992179E 02 -1.6628758E 02 -1,4288407E 02 
no 2t5639822E 02 2.7392921E 02 2.6066247E 02 2.7833581E 02 
HI &t3364283E 02 5*4523536E 02 5.3602192E 02 3.4738446E 02 
112 3.953U000E 00 3.6050000E 00 3.9530000E 00 3#3130000E 00 
113 -2.0i)22983E 02 -1.7817516E 02 -1.9730270E 02 -1.6944098E 02 
114 i#796y4!}3E 02 2.0057523E 02 1.8451766E 02 2.0328364E 02- 
115 9.6063906E 01 1«1401036E 02 9.8157605E 01 1.1367864E 02 
116 -3.Ö963677E 02 -3.5224767E 02 -3.7889719E 02 -3.4021174E 02 
117 3.4244593E 02 3,3965836E 02. 3.4049347E 02 3.3698493E 02 
118 -3.8326976E 02 -3.5994578E 02 -3.7872421E 02 -3t54^9390E 02 
119 1.3613970E 01 5«6016922E-01 1.5760309E 01 1«3827448E 00 

1 12o 1.2284586E 03 1»3802009E 03 1.2575318E 03. 1.3958313E 03 
121 1-6.8506652E 04 -6.8963675E 04 -6.8176860E 04 -6,8385830E 04 
122 1.8370671E 02 1.9993163E 02 1#8345384E 02 1,9799940E 02 
123 -4,b729905E 02 -4.2992665E 02 -4.4891200E 02 -4.2083932E 02 
124 -1.9068825E 02 -1.8241792E 02 -1.8963466E 02 -1.8167585E 02 
125 -0. -0. -0. -0. 

[ 126 -0. -0. -0. -0 , 
127 -6.1Ö71314E 02 -6.1117013E 02 -6.1820071E 02 -6«1272634E 02 
128 -1.3090762E 02 -U2611380E 02 -1.3057759E 02 -1#2573118E 02 
129 -2.6/26232E 02 -2.6302598E 02 . -2.6697629E 02 -2.6269228E 02 
130 -2t9b33435E 02 -2.9114466E 02 > -2.9518975E 02 -2.9130407E 02 
131 -2.4769Ü54E 02 -2.4383643E 02 -2.4741958E 02 -2.4380348E 02 

S 1.1849923L 03 1.6586912E 03 1.2941069E 03 lt7370392E 03 
M 9.1052876E 04 1.2368324E OS 9.8853748E 04 1«3138027E 05 
T -1.4227166E Ob -U2380892E OS -1.3685374E 05 -1.1858756E 05 

X 4.l65612i3E 02 3.7114253E 02 4.0223149E 02 3.6399283E 02 
y 7.683Ö369E 01 7.4566762E 01 7.6387622E 01 7.4773666E 01 

AHM 3.3b29131t: 03 3.3407762E 03 3.3301189E 03 3.3371939E 03 
fH/ti -4.6656091E 02 -4.9375233E 02 -4<6655570E 02 -4.3929186E 02 

ts -6.1972384E 02 -5.9422154E 02 -6.1303797E 02 -5.8749145E 02 
d M 3.867U000E 00 4.1654999E 00 3*8670000E 00 4.0733000E 00 
& T -9.y02ü634E 04 -9.5327846E 04 -9.7942435E 04 -9.4132839E 04 

Table 4.4    Wing Panel Point Loads, Symm. Fit.,  Flaps Retracted, Pt. C of V-n Diagram 
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0 

D 

n 

^ r-9 F'/o 
-3.3180381E 

r- // F~ /Z 
100 -4.0608690E 01 01 -3.8948097E 01 -3.1353857E Oil 
101 -lt4527413E 02 -1.2770540E 02' -1.4114864E 02 -1.2289055E 02 
102 -3.2400430E 02 -2.9180008E 02 -3.1719585E 02 -2.8415532E 02 
103 -3.6349610E Oü -3.2694146E 02 -3>5499644E 02 -3.1721528E 02 
104 -1,0470605E 02 -8.0623642E 01 -9.9534814E 01 -7<4886000E 01 
105 5.7135196E 01 7.1196534E 01 5.9218616E 01 7t3110681E 01 
106 -3.5352987E 02 -3.1024640E 02 -3.4348074E 02 -2.9882996E 02 
107 -2.7734463E 00 2<5996318E 01 3.3845680E 00 3.2758654E 01 
108 3.3412897E 02 3.4607203E 02 3.3639588E 02 3.4846826E 02 
109 -3i6791451E 02 -3<2233232E 02 -3.5703816E 02 -3.1023122E 02 
110 3.4002642E 01 6.9064431E 01 4.1220726E 01 7.6607361E 01 

i 111 3t0810958E 02 3.3093456E 02 3.1179812E 02 3.3452321E 02 
112 7.9060000E 00 7.2100000E 00 7.9060000E 00 7.0300000E 00 

1 113 -4.5091277E 02 -3t9680383E 02 -4.3749459E 02 -3.8177120E 02 
114 -2.1327916E 01 2.0433185E 01 -1.3163823E 01 2.8368000E 01 
115 4.1629810E 01 7.7522519E 01 4.5173855E 01 8.0215725E 01 

! 116 -6.9289255E 02 -6.1811488E 02 -6.7471374E 02 -5.9734294E 02 
117 3.4464250E 02 3.3906749E 02 3.4133743E 02 3.3432071E 02 

! 118 -5.0230955E 02 -4.5566193E 02 -4.9461545E 02 -4.4575481E 02 
119 9.4904224E 01 6.8796600E 01 9»8537455E 01 6.9782156E 01 
120 6.7180948E 02 9.7529254E 02 7.2102155E 02 9.9762021E 02 
121 -6tl496822E 04 -6«2410866E 04 -6t0938584E 04 -6.1756527E 04 
122 2.3853601E 02 2.7098613E 02 2.3810837E 02 2.6719913E 02 

i 123 -6.3075597E 02 -5.7601159E 02 -6.1655924E 02 -5«6041432E 02 
124 -1.5034183E 02 -1.3380156E 02 -1.4855912E 02 -1.3264090E 02 
125 -0. -04 -0. -o.       1 
126 -0t -0« -0. -0. 
127 -3.3624690E 02 -3.2116093E 02 -3t3537953E 02 -3.2443117E 02 
128 -8.8476586E 01 -7.8888963E 01 -8.7917949E 01 -7.8225136E 01 
129 -1.8439143E 02 -1,7591876E 02 -1.8390728E 02 -1.7533924E 02 
130 -1.9483595E 02 -1.8641658E 02 -1.9455732E 02 -1.8678598E 02 
131 -1.6957762E 02 -1.6186931E 02 -1.6911886E 02 -1.6188667E 02 

S -2.0180432E 03 -1.0706511E 03 -1.8333461E 03 -9.0748225E 02 
M -1.7922103E 05 -1.1396071E 05 -1.6601655E 05 -1.0096360E 05 
T -2.6026145E 05 -2.2333623E 05 -2.5109057E 05 -2.1455827E 05 

^    1.6753277E 02 
~    8.8a09308E 01 

8.7901483E 01 
1.0644057E 02 

1.5954247E 02 
9.0553851E 01 

6.0067527E 01 
1.1125683E 02 

AHM       2.4908893E  03 
fHM    -4.3661643E   02 

2.4666157E   03 
•4.9099927E   02 

2.4861595E   03 
•4.3660761E   02 

2i4603096E   03 
•3.8207994E   02. 

tS        -6.6240023E   02 
AM 7.7340000E   00 
tT       -1.1098893E   05 

•6.1139590E   02 
8.3309999E   00 

•1.0360341E   05 

•6.5108275E   02 
7.7340000E 00 

■1.0916387E   05 

■5.9999025E   02 
8.1509999E 00 

•1.0154474E   05 I 

Table 4.5    Wing Panel Point Loads. Symm. Fit., Flaps Retracted. Ft. Dot V-n Diagram 
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r-is 

C 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
HO 
111 
112 
113 
114 
115 
116 
U7 
118 
119 
120 
.121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 

0310909E 
2235310E 
3019711E 
6672062E 
140607OE 
3134688E 
8106341E 
0076670E 
4817798E 
5649977E 
455609OE 
4987668E 
5812000E 
7162822E 
6361185E 
8865840E 
2855143E 
9612425E 
1795768E 
6845206E 
9929385E 
0363035E 
4769783E 
0893828E 
2429244E 

0029394E 
7727927E 
2800989E 
0905986E 
0287393E 

01 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
01 
02 
02 
01 
03 
02 
02 
02 
02 
04 
02 
03 
02 

02 
01 
01 
01 
02 

F- /* 

6335179E 
0937038E 
0067639E 
3808126E 
9223109E 
1052572E 
3950382E 
7278724E 
3609164E 
1117187E 
1089633E 
2490267E 
5116000E 
1618341E 
2151887E 
2813570E 
2113041E 
9776212E 
6566417E 
4775859E 
9093182E 
1905187E 
8533037E 
0268359E 
0369276E 

0420859E 
0225015E 
8299596E 
5991702E 
8781615E 

Ql 
02 
02 
02 
02 
02 
02 i 
02 j 
02 
02 
02 i 
02 1 
01 ! 
02 
02 
01 
03 
02 
02 
02 : 
02 
04 
02 
03 
02 

02 
02 
01 
01 
01 

f- /5 F' /& 

8827672E 01 4« »4669199E 01 
1721059E 02 2« ,0369737E 02 
1990129E 02 3< ,8946bl4E 02 
5544407E 02 4« »2589549E 02 
0622216E 02 2. »8386471E 02 
2529767E 02 2i »0416994E 02 
6474109E 02 6« »2179523E 02 
9067952E 02 3t >6205394E 02 
4432593E 02 1. »3204562E 02 
3819390E 02 6« »9154492E 02 
3355190E 02 3, »9846764E 02 
4297713E 02 2< .1779810E 02 
5812000E 01 -1« »4936000E 01 
4844809E 02 8. i9114239E 02. 
4974278E 02 4< »0771447E 02 
3045601E 01 4< .7595549E 01 
2550557E 03 li »1780286E 03 
9349194E 02 -1. »9391084E 02 
0267931E 02 7. »4784403E 02 
7679002E 02 -1. •5370622E 02 
1483752E 02 3i .3198678E 02 
9676881E 04 3i .1139033E 04 
4909537E 02 -2. »8355449E 02 
0621349E 03 9i »9778513E 02 
1975521E 02 9« 

0« 
»9490453E 01 

9730425E 02 
0< 

-4« >9658340E 02 
6566460E 01 -li »0104291E 02 
2431381E 01 -6« i7897246E 01 
8086746E 01 6« .3314987E 01 
9733226E 01 e, »5665627E 01 

s 
M 
T 

5 

9,3093953E 03 
7<4340269E 05 
5.0861090E 05 

2.4186585E 02 
7.9855099E 01 

8.3355510E 03 
6,7873795E 05 
4.7096069E 05 

2.3999975E 02 
6.1426884E 01 

8«9878825E 03 
7.2141167E 05 
4.9284132E 05 

2.4166602E 02 
8«0264919E 01 

8.0311469E 03 
6*5674898E 05 
4.5542555E 05 

2.3979259E 02 
8.1775241E 01 

AHM    -1.0988619E 03 
WM      9.1229973E 02 

.1.0377220E 03 
9.3378141E 02 

•1.0776085E  03 
8.9911271E  02 

•1.0119256E  03 
8.1022950E   02 

C 
Table 4.6   Wing Panel Point Loads, Symm.   Fit., Flaps Retracted, Pt. A of V-n Diagram 
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' D 

D 

p r-r/ 
-5.3483812E 01 

r- /B 

-4,6623456E 01 

F-/9 

-5.2295817E 01 

F' 2 0 

-4,5217475E 01 
1 

100 i 

101 -1.1994611E 02 -1.0601006E 02 -1.1729603E 02 -1.0275145E 02 
102 -1.6522441E 02 -1.4061595E 02 -U6102595E 02 -1.3590193E 02 
103 -2.8150938E 02 -2.4785428E 02 -2.7522339E 02 -2»4024951E 02 
104 -1«6528889E 02 -1.4252287E 02 -1.6133336E 02 -1,3796272E 02 
105 -4.0911947E 01 -2,7575152E PI -3.9191654E 01 -2.6158108E 01 
106 -3.6893263E 02 -3.2428989E 02 -3.6051199E 02 -3#1423067E 02 
107 -2.0831729E 02 -1.7940528E 02 -2#0327121E 02 -1.7363655E 02 
108 -6.1555934E 01 -5.0687671E 01 -5.9884428E 01 -4.8921431E 01 \ 
109 -4t0684826E 02 -3.5839159E 02 -3«9745766E 02 -3.4742393E 02 

| 110 -2.2040060E 02 -1.8582204E 02 -2.1458743E 02 -lt7959538E 02 

1 1U -4.4888366E 01 -2.7922871E 01 -4.2840655E 01 -2.6322255E 01 
112 7.9O60000E 00 7«2100000E 00 7.9060000E 00 7.0300000E 00 

1 113 -4.9283848E 02 -4.3638449E 02 -4.8142689E 02 -4.2302825E 02 
114 -2.1751013E 02 -1.7668448E 02 -2,1098598E 02 -1,7032768E 02 
113 5,2981511E 01 7.9255105E 01 5.4218580E 01 :.9092610E 01 
116 -6.5470498E 02 -5*7889364E 02 -6t3966551E 02 -5.6090510E 02 
117 7<3632439E 01 7.7706693E 01 7.2750143E 01 7.5805259E 01 
118 -4,2807600E 02 -3.7365411E 02 -4.2031698E 02 -3.6317871E 02 
119 6.4638062E 01 4.6033823E 01 6.9023184E 01 4.8199064E 01 
120 -1.3232655E 02 1.5514116E 02 -9»4737228E 01 1.6552061E 02 \ 

! 121 -1.3415923E 04 -1.5127827E 04 -1.3110532E 04 -1.4756239E 04 
{ 122 1.0377014E 02 1,4345277E 02 1.0478137E 02 :»4145685E 02 

123 -6.2559143E 02 -5.5451016E 02 -6.1098439E 02 -5,3740287E 02 
124 -2.0256122E 01 -3»8359408E 00 -1.8733199E 01 -2.9882984E 00 
125 -0. -0. -0. _ -0, 
126 -0« -0. -0. -0. 
127 2.4245415E 02 2.4710845E 02 2.4112350E 02 2.4120242E 02 
128 8.2808663E 01 8.3882295E 01 8.1685256E 01 | 8»2431914E 01 
129 2.9693410E 01 3.5359933E 01 . 2.9541322E 01 3.3188770E 01 
130 6.9744479E 01 7,3548241E 01 6.9308871E 01 I 7.2064509E 01 
131 3.0776462E 01 3«6595030E 01 , 3.0957968E.01 | 3«6075323E 01 

S -4#4056830E 03 -3.4528843E 03 -4.2530904E 03 -3.3190979E 03 
M -3.5402390E 05 -2.9086392E 05 -3.4359736E 05 -2.8056084E 05 '- 
T -2.5996860E 05 -2.2154233E 05 -2.5219067E 05 -2.1393468E 05 

K 2.3749244E 02 2,3233847E 02 2«3720414E 02 2«3204433E 02 
a 8.0356188E 01 8.4237956E 01 8,0787693E 01 8.4529243E 01 

AHM -1.0199990E 02 -9,7519283E 01 -1»0166019E 02 -9«6374198E 01 
rm -4.5952604E 02 -4.8049633E 02 -4.5304420E 02 -3»6360698E 02 ,; 

Table 4.7    Wing Panel Point Loads, Symm. Fit., Flaps Retracted, Pt. E of V-n Diagram 

139 



■   ^iiimirim' iWÜ^iilt^ü^'iäHv^ wfc'tWWfJi'J^ ■  . ■■^ca.-mum atJuti*...» ' im>liMn>iiL'g--.**>'»iWwfr4!tJ^».f.*i <w ■ 
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rf"""* THOJ? ZU £ 'tAS. Z/vOi/css £ C 4S. JA/Dü^SD fits. 
z0 

1 
£"/-"-/ 0 

1» .3023940t 00 

Due   T^o (<J: ■ 

-8.7036248E 00 

..A 
3 

1 US    'fo     c-C 

100 1« 33264Ü3E 02 ,1799406E 00 
1 101 3i 0Ü77227E 02 3, ,2356034t 00 -2,1622856t 01 / ,9000Ö75t 00 

102 3. 4505607E 02 5. .3398259t 00 -3,5684932t 01 1 ,3037782t 01 
103 5. 0293675h 02 1. ,0647937t 01 -7,2Ü13115E 01 2 ,7081565t 01 
m 4. 4421466t 02 6i 478233it 00 -4,4299691E 01 1 ,6476495E 01 
105 2i ,6191974E 02 2. ,609953Bt 00 -l,7a47481t 01 6 ,6380588£ 00 
106 O ( .9433257t 02 1. ,1566905t 01 -7,3993739E 01 2 ,7963388t 01 

1 107 6« .9249570t 02 7. ,0881221t 00 -4,8406833t 01 1 ,7135777t 01 
> 108 7. .ia36681E 02 2. ,6093384t 00 -1,7319926t 01 6 ,3081645t 00 

109 7. .6100354t 02 1, ,095ö4l2£ 01 -7,3844932E 01 2 ,4192455E 01 
110 8i ,üö95852t 02 7. ,2725342t 00 -4,9007ü80t 01 1 ,6055236t 01 

1 111 7. ,0682652t 02 3. .7163538t 00 -2,5043250t 01 8( ,2ü445b6t 00 
112 -1. .5812Q0Üti 01 0, , -0, 0 . 
113 9< .6060026E 02 1« .2i25317t 01 -8.1121149E 01 2. ,5406713t 01 

1 114 7. i3b8201<it 02 7, ,3774519E 00 -4,9356844t 01 1, ,5456301t 01 
115 1 ,9155240t 02 3< .202536i£ 00 -2,1425700E 01 ö. ,7104155t 00 
116 1. .2161505t 03 1. .2997068t 01 -8,7371207E 01 2, 7891504t 01 
117 -5. ,6569459t 01 -2i .362b691E 00 1,5684100t 01 -5« .0706o01t 00 
118 5( ,0930135t 02 5. .8391565E 00 -3.a967314t 01 1. 2152255t 01 
119 -3 ,1781707t 02 2 ,7571579t 00 -1,3399753E 01 5. 7381039E 00 
120 1 ,9802576t 03 2. ,4273314t 01 -1,6233924E 02 5, 1135903t 01 
121 -1. ,6884976t 04 2 .7057511t 02 -1.8095987E 03 5. 7001290t 02 
122 -2. ,3777149E 02 -3. ,24&4083t- -01 2,lb7e088E 00 -6, 7604777t- -01 
123 7 ,4700532t 02 4 ,76B6315E 00 -3,1674132t 01 9, 8619591t 00 
124 -1 ,2620010t 02 5. ,9901107f -01 -3,9787423E 00 !• 2308088t 00 
125 0 % 
126 0 * 
127 -9 ,9699763t 02 
128 -1. ,4336921t 02- ' 

129 -2 ,7956104t 02 : 

130 -3 ,439159it 0^ 
131 -2 

1 

i641209ot 

,2047585t 

02 | 
.J 

04 1 

1 

_ 1 

02 

  

s ,4407755t -9,7066959E 02 3, 2402060t 02 
At 1 ,0141437t 06 1 ,2002300t 04 -8.1095079E 04 2, 7797ö73t 04 
r 4 ,7115694t 05 ,5079607t 03 -4,3735501E 04 1. 4205045E 04 

* 2. ,573920üc 02 C ,5133015E 02 2,5144296E 02 2. ̂ 266007t 02 
d< 4i7öi70h 01 3 ,3304442E 01 8,3545502£ 01 8. 5790427t 01 

Ahr/ 2, b2^2917t 03 
FHK, -4 i 7530464E 01 

tS 2. 7771190t 02 
£A' -1. 546ü000t 01 
£T 6. 4256177t 04 

Table 4.8   Wing Panel Point Loads. Symm. Fit., Flaps Retracted, Pt. B of V-n Diagram 
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4.4.2 Symmetrioal Flight, Flaps Extended 

Rigid-bocty wing loads are presented in Tables 4.9 through 4.16 for 
points A, B, L and F of the flaps-extended, V-n diagram (Figure 3.1). 

The results shown are in two parts (i. e. F-33A and F-33B).   The first 
part corresponds to full flaps of 45* and the second part is the increment 
due to 15° of aileron droop. 

The proper combinations of pitching acceleration and c. g. location fol- 
lows the same sequence shown in Section 4.4.1. 
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o 

o 

F' 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
m 
115 
116 
117 
118 
119 
120 
121 
122 
•123 
124 
125 
126 
127 
126 
129 
130 
131 

F-33A 

3.4492541E 01 
1.101527ÜE 02 
1.974Ö472E 02 
2.1ü2b032E 02 
1.3276629E 02 
8.3381656E 01 
2.3993397E 02 
1.7317338E 02 
1.2026479E 02 
2.2576690E 02 
2.1115648E 02 
2.8366323E 02 
-7.9060000E 00 
3.4734029E 02 
2.3166894E 02 
4.8594'f29E 02 
6.1596899E 02 
•3.47bl863E 00 
3.4443182E 02 
•5.9355230E 01 
3.7269590E 02 
8.3333406E 03 
•9.5602913E 00 
5.7100681E 02 
1.5239786E 02 
0. 
0. 
•2.4632182E 02 
1.8389499E 02 
2.4616506E 02 
9.5688Ö15E 01 
3.8335263E 01 

F-338 
-1.1857400E 01 
5.8380288E 00 
6.705422äE 01 

-2.0162583E 00 
8.776704'3E' 00 
6.7594218E 01 
7,2577690E 00 
1.4519735E 01 
2.1781701E 01 
5.6448923E 00 
1.9295433E 01 
5.3921795E 
0. 
1.2674535E 

01 

01 
1.1591520E 01 
3.4722608E 01 
8.1606323E 00 
-1.1545150E 01 
-1.3581753E 01 
-5.5137482E 00 
5.6992684E 01 
1.0599167E 02 
2.5542568E 00 
-2.4084285E 01 
2.0840073E 

-0. 
01 

-0. 
-1.1599392E 01 
-1.9515635E 01 
-4.5078914E 00 
4,9697ei2E 01 
9.1545161E 01 

r-34-A 

2.943b783E 01 
9.7086244E 01 
1.6948049E 02 
1.8392321E 02 
1.1342963E 02 
6.5899510E 01 
2.0941213E 02 
1.4793932E 02 
1.0263349E 02 
1.9739451E 02 
1.7735452E 02 
2.3998414E 02 

-7.2100000E 00 
3.0695938E 02 
1.8903800E 02 
3.9918582E 02 
5.4372534E 02 

-1<5846040E 01 
2«98994t55E 02 

-4,1797403E 01 
i).8311386E 01 
].0624864E 04 

-6.0320361E 01 
5.0453776E 02 
1.2161113E 02 
0« 
0. 

-2.504730bE 02 
1.5286077E 02 
2.0919749E 02 
7.4202297E 01 
2.5509231E 01 

F-3+S 

-1.O513050E 01 
5.1761339E 00 
5.9451860E 01 

-1.7376630E 00 
7.7817050E 00 
5.9930631E 01 
6,4349104E 00 
1.2873538E 01 
1.9312165E 01 
5.0048970E 00 
1.7107782E 01 
4.7808324E 01 
0. 
1.1237541E 01 
1.0277318E 01 
3.0785889E 01 
7.2354090E 00 

-1.0236181E 01 
-1.2041900E 01 
-4.8886229E 00 
5,0531058E 01 
9,3974700E 01 
2>2646546E 00 

-2.1353695E 01 
1.8477297E 01 

-0. 
-0, 
-1.0?84295E 01 
-1.7303023E 01 
-3.9968030E 00 
4.4063253E 01 
8.1166101E 01 

o 

T 

5.0641471E 
3.833Ü573E 
2.198G997C 

03 
05 
05 

2.5308302E 
7.570b884E 

02 
01 

AW 
FHM 

-1.0767420E 
-2.737Ü932E 

03 
03 

AM 
6 T 

4.614b719E 
-7.7340000E 
7.0624003E 

02 
00 
04 

3.5062229E 02 
3.6303479E 04 
2.0604996E 03 

2.9C62331E 02 
1.0354013E 02 

•5.1369137E   02 
■2.9164762E   01 

1.3790131E-0? 
0. 

-6.8390365E   01 

4.0311624E 03 
3.165^049E 05 
l,H5b9543E 05 

2.b04b982E 02 
7.8523377E 01 

•9.540^747E   02 
-2.3533858E   03 

3.9b99368E 02 
•Ö.3309999E   00 
6.2340662E   04 

3.1086999E 02 
3.2187519E 04 
1.8268875E 03 

2.9052331E 02 
1.O354013E 02 

■4.5545089E   02 
•2.5e58166E   01 

1.2226105E-02 
0. 

•6.0636497E   01 

Table 4.9    Wing Panel Point Loads, Symm. Fit., Flaps Extended, Pt. A of V-n Diagram 
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o 

p 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
llh 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 

r-ssA 
3.3585986E 
1.07636A0E 
1.9271302E 
2.Ü524932E 
1.2943720E 
8.1012009E 
2,3415701E 
1.6B79737E 
1.1729171E 
2.2017467E 
2.054688ÖE 
2,7656847E 

■7.9060000E 
3.3897913E 
2,247y328E 
'f.7322125E 
6.0152353E 
-4.2b^8313E 
3.3833444E 
-6.400792bE 
3.3019333E 
8.1419127E 
-1.2766303E 
5,5704297E 
1.485/171E 
0. 
0. 
-2.4^äyt?28E 
1.7931Ü136E 
2.A02c349E 
9.2945714E 
3.6977130E 

01 
02 
02 
0<i 
02 
01 
02 
02 
02 
02 
02 
02 
CO 
02 
02 
02 
02 
00 
02 
01 
02 
03 
01 
02 
02 

02 
02 
02 
01 
01 

f- 35B 

-1.1598460E 
5.7105391E 
6.5589907E 

-1.9722278E 
8.5851178E 
6.6118106E 
7.0992759E 
1.4202654E 
2.1306032E 
5.5216186E 
1.887406e)E 
5.2744265E 
0, 
1.2397752E 
1.133R395E 
%3964336E 
7.9824212E 

-1.1293033E 
-1.3285153E 
-5.3933442E 
5,5748088F 
1.0367702E 
2.^984651E 
-2.3558337E 
2.0385005E 

-0. 
-0. 
-1.1346088E 
-1.908y456£ 
-4.4094489E 
4.8612C)20E 
B,9?4601?E 

01 
00 
01 
00 
00 
01 
00 
01 
01 
00 
01 
01 

01 
01 
01 
00 
01 
01 
00 
01 
02 
00 
01 
01 

01 
01 
00 
01 
01 

F-36A 

2i8437642E 01 
9.398!3731E 01 
1.6388099E 02 
1.7795704E 02 
1.0962717E 02 
6.3466632E 01 
2.0261250E 02 
1.4296857E 0^ 
9.9203634E 01 
1.9111391E 02 
1.7i21049E 02 
2.318Ö983E 02 
-7.030Ü000E 00 
2.9728963E 02 
1.8212682E 02 
3.846456AE 02 
5.263197ÖE 02 
-1.5948140E 01 
2.903bl74E 02 
-4.4303230E 01 
4«0752349E 01 
1.0389379E 04 
-6.1038301E 01 
4,8825744E 02 
1.1714023E 02 
0« 
0. 
-2.4442778E 02 
1.4703343E 02 
2.0174656E 02 
7.142bb38E 01 
2.4346493E 01 

^-SbS 

-1.0185546E 
5.0148866E 
5.7599807E 

-1.7319732E 
7.5392874E 
5.8063662E 
6.2344489E 
1.2472499E 
1.S710549E 
4.S439802E 
1.6574845E 
4.6319010E 
0, 
1.0887471E 
9.9571511E 
2.9S25827E 
7.0100095E 

-9.9173143E 
-1.1666771E 
-4,7363294E 
4.8956907E 
9.1047180E 
2.1941122E 

-2.0638482E 
1.7901716E 

-0. 
-0. 
-9.9639:6SE 
-1.6763996E 
i-3,S722937E 
i 4.269C588E 
; 7.3537602E 

01 
00 
01 
00 
00 
01 
00 
01 
01 
00 
01 
01 

01 
00 
01 
00 
00 
01 
00 
01 
01 
00 
01 
01 

00 
01 
00 
01 
01 

S ,H,89bb396E   03 
M 3.7223405E   03 
T 2.12B4769E   05 

? 2.5302473E   02 
tf 7.6030686E   01 

3,4296547E 02 
3,5510688E 04 
2.0155028E 03 

2.9062331E 02 
1.0354012E 02 

3.8751310E 03 
3.0515361E 03 
1.7884955E 05 

2.5034684E 02 
7,8746655E 01 

3.0118574E 02 
3.1184810t 04 
1.7699760E   03 

2.9C62331E 02 
1.0354Q12E   02 

AHM      -1.0539450E   03 
FHM     -2.6736680E   03 

•5.0247346E   02 
-2.8527867E   01 

■9.2445196E   02 
•2.3820753E   03 

■4,4126261E   02 
•2.5C52628E   01 

o 
A T 

4.4933979E   02 
•7,734000CE   00 
6.ay47405E   04 

1.3475418E-02 
0. 

•6.6896850E   01 

3.e403772E 02 
•8.1509999E   00 
6.0341939E   04 

1.1821747E-02 
0* 

■5.8747543E   01 

Table 4.10   Wing Panel Point Loads, Symm. Fit., Flaps Extended, Pt. A of V-n Diagram 
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] 15 
116 
117 
118 
i 19 
120 
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123 
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124 
125 
126 
127 
128 
129 
130 
13] 

r- 3 7 A 

•2.42b238bE 
6.8i;031;y8£ 
2.0 744 212E 
1.0B27332E 
3.0364923E 
1.427237 IE 
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1.2L'105S3E 
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02 
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2,10 
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02 
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1.26 
1.69 
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•7.55 
2.26 
2.17 
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6.4 2 

•3.01 
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0. 
0. 

•1.89 
5.c0 
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1.53 

!01236E 
06c 981 
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8 9 18 3 E 
41353E 
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55351E 
84250E 
09469E 
8O000E 
46783E 
43331E 
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24337E 
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42194E 
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00 
01 
02 
02 
01 
0 2 
02 
02 
01 
02 
0 2 
02 
00 
02 
02 
03 
02 
o: 
02 
01 
02 
02 
01 
02 

02 
02 
02 
0.'. 

-^ 

r 

3.44 
1.69 
1.94 
,-.3 5 
2.55 
1.96 
2.10 
4,21 
6.32 
1.64 
5.60 
1.56 
0. 
3.68 
3.36 
1.00 
2.37 
•3.35 
■3,94 
•1,60 
1.65 
3.07 
7.4 2 

•6.99 
6.03 

•0, 
-c, 
•3,37 
-5.67 
-1.30 
1.44 
2.65 

3a ~J 

51708E 
62410E 
82624E 
82445E 
00972E 
39519E 
87469E 
87133E 
86796E 
01255E 
62931E 
66992E 

02 06SE 
C2736E 
97691Z 
39715E 
98472E 

01 
01 
02 
00 
01 
02 
01 
01 
01 
01 
01 
02 

25896E 01 
7919SE 01 
üS£66C 0 2 

10741E 01 
44344E 01 
61731E 01 
20314E 01 
59241E 02 
93910E 02 
11025E 00 
76963E 01 
51181E 01 

01 
01 
01 
02 
02 

,j  

T 

5,4371179E 
3.9171686E 
i.64bü5 79E 

03 
05 
05 

'J' 
J 

2,6617405E 
7,2044945E 

02 
01 

AW -3,Ü65946^E 
-a.2713ä48E 

03 
03 

AS 
A Al 
4 T 

4.5293G57E 
-7.7340000E 
4,8989571E 

02 
00 
04 

1.018734 IF 0 3 
1.0547986E 05 
5.9867876E   03 

2.9062331E 02 
1.0354012E   02 

•1.4925310c   03 
•8.473Ö300E   01 

3,9981842E-02 
0, 

■1.9870836E   02 

5.3846929E 03 
3.a9073 52E 0 5 
1.6724471E 05 

2.6544072E 02 
7,2255456E 01 

•3.0637771E   03 
'8.2441747E   O-"1. 

4.5363132E   02 
•8.0324999E   00 
4.9518836E   04 

1.0187341E 03 
1.0547986E 05 
5.9867876E   03 

2.9062331Z 02 
1.0354012E   02 

■1.4925313E   03 
■8.4738300E   01 

3.9981842E-02 
0. 

■1.9070836E   02 
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JH IE 

06 BE 
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OC 
01 
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0] 
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0] 
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01 
01 
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•7.4048325E 00 
5.7560724E 01 

1.8895497E 02 
8.5633365E 01 
6.3123961E 01 
1.3421674t 02 
1.217ül2yc 02 
9.510/762E 01 
e.3:,.00729E 01 
1.0108073E 0^ 
1.467Ö995E 02 
3,9323587E 02 

•7.4680000E 00 
1.8940724E 02 
1.91A3464E 02 
1.2007951E 03 
4.8565153E 02 
1.40726S3E 01 
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•ü,O097876E 01 
b.ll46681E 02 
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0. 
0. 
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1,5 4 2 30 86^ 0 2 

•3.4451708E 01 
1.6962410E 01 
1.9482624E  02 

•5,8582445E 00 
2.5500972E 01 
1.963951«E 02 
2.1087469E 01 
4.2187133E 01 
6.3286796E 01 
1.6'(01255E 01 
5.6062931E 01 
1.5666992E 02 
0. 
^.6G25896E 01 
3.36 79198E 01 
1.0C83666E 02 
2.3710741E   01 

-3.354434'iE   01 
-3,9461731E 01 
-1.6020314E 01 
1.6559241E 02 
3.0795910E 02 
7.4211025E 00 
-6.'5976963E 01 
6.0551181E 01 
-0. 
-o. 
-3.3702068E 01 
-5,6702736E 01 
-1.3097691E 01 
1,4439715E 02 
2.6598472E 02 

// 

y 

5,2 73V191C   03 
3,8071683E   05 
1,5 f. :29: 05 

2,666?924£   02 
7,218060''L   01 

1,0187 ^4 IE 03 

1 . 0 5 W u M 6h Ob 
b,9ö67876E   0 < 

2,906233 ! r O^3 

1 ,0^54n ] 7c   02 

u, /ö4ü^ü8E 0 ''' 
i.4ö0339bfc O'J 
I.JOVD/JUC   Ob 

2.6/4D^lVt 0 2 
7.2 74ä345E    0 1 

1.0187341E 03 
1 .0547986E 05 
5.9867876E   03 

2.906233iE 02 
1.0354012E   02 

/i//Ä'    -3.065y462E   03 
,-///,■    -8.2 71304 8t   0 3 

■1,4^253 18E 03 
■«,4 738 300r n] 

•3.063JV6^E   0-^ 
•il.29d629Jb   U.5 
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0 

/ :'        A.4098247E   02 
/:/.     -7.7J^OOOOK oc 
/ -       'i . 70 /AH^bL   0^ 

3,9981842E-02 
0. 

■1.9870836E   02 

4.üdöl4/bt   0/ 
■7.y424999t   ÜÜ 
4,^iyv534E   O^ 

3.9981842E-02 
0. 

■1.9370836E   02 
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131 

•2. 3 35 79 3 7E 
't.7M66 74E 
1 . 14 81 7 91-' L 

-1.89669491: 
3.1892807E 
1.1787569^ 
7.67543d6E 
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01 
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01 
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01 
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5.8582445C 00 
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0. 
3.6825Ö96E 01 
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}.6020314E 01 
1.6559241E 02 
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6.9976963E 01 
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0. 
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3,3702068E 01 
5.670273&E 01 
1.3097691E 01 
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r- / r / 
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•3.025?blüE 
i.4253238E 
I.2470114E 
2.5420609E 
3.0^9l..:'75E 
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7.7n67;38E 
7.73041895 
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-4.300V999E 
4. .'960112E 
1.2 743099E 
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2.5140122E 
2.3354045E 
6.63Ü4240E 
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7.5387729E 
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0. 
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1.7165637E 

01  -3.4451700E 01 
01 1.6962410E   01 
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00 i o. 
01 !     3.6825Ö96E   01 
02 i     3.3679190E   01 
03 I 1.008a666E 02 
02 2.3710741E 01 
01 I -3.3544344E 01 
01 I  "-3.9^61731E   01 
01 j  -1.6020314E   01 
02 I      1 .65592/ilE   02 
03 i     3.079591CE   02 
01 !     7.4211025E   00 
02 j -6,997696?E 01 
02 |     6.0551181E   01 

I -o. 
j -o, 

01 ! -3.37C205WE 01 
02 i -5.6702736E 01 
02 \ -1.3097691E 01 
02 I 1.4^39715E 02 
02 !  2.6598472E 02 

'■i 

T 

3.1263659E 03 
2.105312 IE 05 
4.62e2444E 0'* 

2.8I69609E 02 
6,7340i'5iC 01 

1.0187341E 03 
1,0547986C 03 
5.9S67876E 03 

2.9062331t 02 
1.0354012E 02 

3.6249462E   03 
2.4:;2A654E   05 
6.^737^31E   04 

2.7864112E   02 
6.7103490t   01 

1.01873'! IE 0 3 
1.0547986E 05 
5.9867876E   03 

2.9062331F 02 
1.0354012E   02 

AH/A -3.049jjo^t Ü.3 

fHK -d. j35Ü24ctc 0J 

/IS 2.290150^t 02 
fiU -3.oo7üüOOE 00 
AT 9.4^Vlbo0t 03 

-1.4925318c   03 
■8.4738300F   01 

3.9981842E-02 
0. 

■1.9S70336E   02 

•3.0517072E   03 
■8.3Ü22342E   03 

2.6100097E   02 
•3.56850Ü0E   00 
1.4154501E   04 

■1.492531ÜE   03 
•8.4733300E   01 

3.9981842E-0? 
0, 

•1.9670836F   02 

Table 4.13    Wing Panel Point Loads, Symm. Fit., Flaps Extended,  Pt. F of V-n Diagram 
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1.0 3 34012E 0 2 

2.7V2^22l 02 
6.725-'44JE   01 

2,9ü6?331E   0 2 
1.0354012E   02 

1       p 
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01 

F~*2B 

-3,4451708E 01 -2.33bl203E 01 

^-44* 

A     1 lco 
W         id 

-2.9004087E -3.4451708E 01 
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•B.473B3C0E   01 

/  r 2.231 7625E   02 
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,  T -Lb 139475E   0 3 

.9?8184^E-02 

•1.987nS35E   02 

2.b5,jl047E   02 
•3«6b85ÜOüE   00 
l.i333706£   04 

3 .9° 8 I R4;,!--0? 
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•1.9B70R36E   02 

Table 4.14    Wing Panel Point Loads, Symm. Fit., Flaps Extended, Pt. F of V-n Diagram 
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-2.355e337E 01 
2.0385005E 01 
-0. 
-0. 
-1.1346038E 
-1.9089456E 
-4,4D94489E 
4.8612520E 
8*9546013E 

/- -/£ A 
1.5217409E 
6.0128717E 
1.285b923E 
1. 113457BE 
7. ^634537£ 
/.0510219E 
1.3258837E 
1.00539 18E 
7.3103979E 
1.216934 IE 
1.jl60i35E 
2.1Ü8936SE 
•4,648,.Jt'99E 
1.9017797E 
1.550vib88E 
4. /'IS.^OOE 
3.65'* ■t 311E 
1.505l'74lE 
1.967775BE 
•5.2119240E 
5.5962861E 

•i.0642804E 
5. /OH /934E 
3.219d747E 
1.24S1976E 
0. 
0. 
•1.0687338E 
l.vy56I56E 
2.5829749E 
1. 15 1 5 2 71E 
5.^680130E 

01 
01 
02 
02 
01 
01 
02 
02 
01 
02 
0 2 
02 
00 
02 
02 
02 
02 
Ü1 
02 
01 
02 
0 2 
01 
02 
02 

02 
02 
02 
02 
01 

-1.1593460E 01 
t>.7105391E 00 
6.5589907E 01 
-1.9722278E 00 
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-1.9069456E   0] 
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A 
r 

■s 
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1.945Ö506E 05 
9.669220Ut   04 

2.5Vc4026£ 02 
7.37746Ö3E   01 

3.4296547E 02 
3,551068eE OA 
2.0153028E   03 

2.9062331E 02 
1.0354012F   02 

3.Ö342202E 03 
2.5998208E 05 
1.3357Ü99E 05 

2.5974411E 02 
7.15 3/240E 01 

3,4?96547E 0? 
3.5510688E 04 
2.0155O28E 03 

2.9062331E 02 
1,0354012E 02 

Am -1.0375370t 03 

/^A'M -2.7573080E 03 

A S 2.29A6151E 02 
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AT 3.0022642E 04 

■5.0247346E   02 
■2.3527867E   01 

1.347541JE-02 
C. 
-6.6396850E 01 

■i.0418750t 
•2.B117280E 

03 
03 

2.y339649E   02 
■3.2700000E   00 
3.942 7418E   04 

•5.0247346E   02 
■2.8527867E   01 

1.347541bE-02 
0. 
6.6896850E   01 

Table 4.15    Wing Panel Point Loads, Symm. Fit., Flaps Extended,  Pt. L of V-n Diagram 
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£ 

p F-+7A r- -/- 7& /-- /-o/! /---A5^ r? 

100 7,'i7l3l65E 00 -1.159Ö460E 01 1.468lJ32iE 01 -1,159H460E 01 
101 4,3i:4'.'63iL 01 5.7105391t 00 5.9136606E 01 5.7105391E 00 

.     102 9.9101152E 01 
01 • 

6.55a9907E 01 1.2682025E 02 6.5 58990 71: 01 

:   103 7.6700600t ■-1.9722278E 00 1.0v710j7t 02 -1 .972?278E 00 

104 5.1'i2a242E 01 8.5851178E 00 7.410i531E o: 8,5 8 511 7 ö E 00 

105 !     5.5aoi>733E 01 j     6.6113106E 01 6.94624201- 01 6.6] 1B1.06E 01 

'     106 :     9.3/'77634E 01 ;     7.0992759E 00 1.3011937E 02 7.0992759E 00 
1     107 6.9t>7015 5E 01 .,      1.4202654E 01 9.8530306E 01 I . 4 '-' 0 ^ 6 5 41 0 1 

108 5.2589673t 01 2.1305032E 01 7,lc<432 4 3E 01 2.130öÜ32t 0 1 

109 Ö , 41» 2 4 4 9 3 E 01 5,5 215iS6E r\ o 1.191599SE 02 5.5216LöbE 0 0 
110 9.2t6692l'.E 01 1.3c74C65E 01 I     1.2979172E 0 2 1 , Ho74 06^E 0 L 

ill 1.726b27b£ 0.: ^.2744265E 01 !     2 • 0 d ^t i.10 3 ij t 0 2 ^ ,p-/^^y_hh-ri 01 

112 1 -2.9^3'jnoüt 09 i -4.8 2 89999^ 00 0 . 

:   us i .:jao,j784E 02 1.2397752E 01 1    1.2647227E 02 1.239f fh?r 01 

1      114 1.0 96 1904L 02 1,1333385E 01 :     1.5229344L 02 1.133H385E 01 

115 4,26 7i505L 0.: 3,-V;64 3 3DE 0.1 4 .6o5C/94 2E 02 3.3064336E 01 

1.16 2.018940tE 02 1     7.9G24212c CO 3.6023401E 02 /.OH?/,?],?!: 00 

i     117 3.2363557^ 00 -1.129^033E 1.40275 lie 01 -1 .l?93033t 0 1 

!     '.16 1.4 161066L 02 -1.3 205153E A 1 1.954070ÜE 02 -1.3285153E 01 

119 -3.«2610401 01 -5.3933442E 00 -5.6912421E 01 -5. 393344?E on 

12Ü 2.463D522t 0- 5.374;jOaOE 01 5.12290ilE 02 5.S74H0H8E 01 

;    121 1 •4324244t 03 J . I./ j ü l   1 O c.U 0 7 -2.0 17434 7E 02 1,0367702E 02 

12,^ ü.&tC2537E ... . '1   / \j • r l.t J i, C 00 5.3021143E 01 ?,49S465]e 00 

123 2.3V24639Ü 02 ■   -2.3 5 5.{3 3 7t 01 3.1C09396E 02 i - '^ , 3 5 5 H ^ 3 7 E 01 

124 9.7 3b4996E 01 2 • 0 3 d 5 C 0 'J t 01 1,228742£E 02 ^ . C 3 cl 5 0 n ^ F 01 

125 \     0. -0. 0. :  -''• 

126 0. , -o. ;    0. -0, 
1    T7 
i. »'-   t -1 .063100 11 A   3 -l«I34606i3E 01 -1.10504C7E 02 ; -1.134608 HE n i 

128 1.92328561: n > -1.908n4D6E 01 1.9957G56E 02 | - 1 ,908U/'5(SE 01 

129 2 . i> 1U 6 b ■'.'.- L 0^ ;  -4,4094439E 00 2.^6309+VE 02 -4#/k0944B9E 00 

130 1 .0 79077 I'L 02 4.86 12 52CE 01 l.i44567iE 02 i     4,8612520E 01 

131 4,ä90^129E 01 S.954601 :jE 01 '    5.4125130L" 01 H , Q 5 4 6 0 1 31 01 

5 
AJ 
T 

2.^503021!. 03 
1 ,Ö870376E C:> 
9 . 262 1 54 1E OH 

2.60iy213E 02 
7.3992709E 01 

3.42965',7E 02 
3.531068CE 04 
2.O15502ÖE 03 

2.9 362 33 IE 0 2 
1.0 354012E 02 

3.530421oE 03 
2.540994ÜE 05 
1.2925256t 05 

2 . 5 9 fJ a B 91E 02 
7,1974 25 4 01 

3,^.7 06547c; n ? 
3.5510688E 04 
2.r!1^502';JE 03 

2.906^^31E 02 
1.0354012E 0 2 

Ah" -1.0 375 370F 03 
FHK -2.7573CS0L; 

A o 2.23ü701HL 

/J// -3.8670000E 00 

A " 2.899H896t 04 

•5.0247346L    02 
■2.852 7367E   01 

1.347541ÜE-02 

-6.689685ÜE   01 

•1.0426370E   03 
■2.7C2dl90t   03 

3.45000C0E   00 
3.37546821'   0't 

•5,0247346E   02 
•2.8527e67r   01 

1.3/'7^4 18E-02 
0. 

•6.69 96«5OF   01 

Table 4.16    Wing Panel Point Loads. Symm. Fit., Flaps Extended. Pt. L of V-n Diagram 
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5 4.4.3 Unsymmetrical Flight, Flaps Retracted 

Wing loads developed during a rolling pull-out maneuver are presented 
in two parts:   Symmetrical contribution and antisymmetrical 
contribution. 

The symmetrical contribution assumed a rigid wing and considered 
vertical load factors, nz, from 1. 0 to 3. 0.   These are shown in Table 
4.17 for designations RP-1 through RP-4 which correspond, respec- 
tively, ton„ = 3.0, 2.5, 2.0 and 1.0. 

- 

Various antisymmetrical contributions are presented in Table 4.18 for 
an elastic wing with specific combinations of roll rate, roll acceleration 
and aileron deflection.   The undeflected aileron case is presented, 
among other data, in Table 4.19.   Upon superposition of all possible 
combinations, the rear-spar fuselage joint slightly exceeded its allow- 

- 

able loading for nz  
was placarded to n7 = 2.5. 

3.0andöa = 15°. Consequently, the maneuver 

D 

• 
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i P RP-f /e/^-^ RP' S ßP~t 

A            100 
w             101 

l.U6b'^i'fL c^ 9.2 70368ÖE 01 7.o7l2033t: Oi b.0695080E   01 

^ 2.3b7^66'.)l: 02 i.vyo>2ö7t 02 l,6l30bobt; 02 8.573715dE   01 

102 2.327y3t>7L OZ 1,7376405£ 02 l.i4734b2E 02 -3.4624301E   00 

103. i,7227412t: 0^ 2» J6i3ö60oL 02 2«2übyY9bt 02 6.9349649E   01 

10^ 3.6y7c99üE 02 3 • 2;+6Uü!?3E 02 2.00643091: 02 1.924bl50E   02 

105 2»4a0335af 02 2.265biy2L 02 2.1307024t 02 1.Ö606474E   02 

■M 106 ^,iV4ÜY^ /L 02 4.5ü7üa24E 0^ 3 .ü200bb3L 02 1.Ö440655E   02 

107 6.ü300y03E 02 3.'313/3b6E 02 4 . 9 V 7 4 ä! ö ö t 02 3.9635558E   02 

1Ü8 o.bY3UJ49i: CL; 6,6,>3i;7üÜE 02 Ö.i) L330'.>iL 02 6.1b23159E   02 

109 Li,915633011 02 '♦•VböVÜSöE 02 4.üiüi/3dt u^: 2.1185118E   02 

110 7.ÜV9297tiC 02 6.5 36//33L 02 0 %'i /4t'b06E 0^ 4.8477398E   C2 

111 7.4209Ül5t: 02 7.1b2904t>E 0*; 6.904b314t 0^ 6.3Ö79311E   02 

112 -UlJiüVOOÜc Oi -y .602^99911 00 -7»yU6J000t Gü -3.9530000E   00 

113 V.^'tÖjOlc. 02 6.27442ölt 02 t>.U'/H^22 d E 0^ 2.7310y52E   02 

114 0.37c>ö42f3ti 0^ 5.bUm4L 02 b,243dV8bE 02 4.1065047E   02 

115 li7721639E 02 1.6/2cj7bjc 02 J .i» /iiby -,L 02 1.3743075E   02 

116 .   9.0936Ü7BE 02 7.4t0viyit 02 b . bOc;^3Ü4c Oc 2.6391692E   02 

•117 2.Ö62ÜU9ÜL 01 u • 0 6 4 9 4 b i t 01 1.006/62^1-: 02 l.d079660E   02 

118 3 #37909701: 02 ^.4ü23Ü«i)l: 02 U5öbM02E 02 -2.0963745E   01 

119 -^.^öib/06t 02 -2.ib22406t 02 -l.b22b007E 02 -1.1646629E   02 

120 i«S37o70Uc 03 |     i,yü4bl2öE 03 i.uVl334bE 03 1.5440415E   03 

121 -2»713'+J.i0^£ Ü4 i -3.22 7^j3iL 04 -3.7 4 Ü -' o 1J b t 04 -4.7b96211E   04 

122 -1 ,'j3Ö?ü3Ht 0<- i  -i.il /Üi4;L 02 -o.Vb291uyL 01 1.4Ö22154E   01 

" 123 5.Ü IV^V^ÜL 02 J • ü t >' 1 j u J L 02 2 • 6 J b (' 1',' li c 0^ 2.b496781E   01 
...i 

12^ -i»3Vt>obü 7_ 02 - 1 . 4 "J 9 b b l 3 L Oi -l.y222 IbcL 02 -1.647906ÜE   02 

f*              125 
W              126 

u* 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

■■ 127 -y,2^H^942t Oc -ü »0441^loc 02 — ü .40 i'/A j bL 02 -7.7037777E   02 

) 12Ö -l.'tiWblOh 02 
1 -1.40 2103 it 02 - 1. . 3 d d H 2 J 2 '•. 0^ -1.3611825E   02 

129 ; -2. / VVU'/Oil. U i. -2.7ä3/J72t 02 -2. /bü3d44E 02 -2.7237767E   02 

130 1 -Ji J-Vi .ii^L Oi -3.^90i6L>UE 02 -3. 247196 9!: ü; -3.148yl69E   02 

■ 131 j-^tüi^lOüit 02 -2, JVüO r/üt 02 -2•b792^ /9c 02 -2.b444827E   02 

I 

5 I.üü4b290t 04 

M d.'+byb /o^t 03 

T J.b'^J / /b^tL Üb 

2 2.61 i^^44L. Oi 

5 b.4217^0JL Oi 

AHM t . 9 i 6 7 b 2 b t 0^ 

f.- V -1, 3 J 3 W 6 /.' L 02 

AS 0,401^/V4L 01 

Aft -l.lüOiüOüv 01 

AT 2 .9 J C ' 9 d 2 L 04 

d.94bVb66c 03 
7.b242347E Ob 
2t9372ybOL   Ob 

,:.ö36//34L 02 

b.4ü79 1bÜE   01 

^.'yüb4ü^i.'L      03 
•1, /j.4b7^E   0^ 

■j .c joy 1^'vL   00 
■ V • ö u V 4 '.• j :• u     00 
i.3b/voB2E   Ot 

7.üb2bö49L 03 
ö . b cü b99 11: Üb 
2.32Üblloc 0? 

2.0694bö3c: 02 
8,3902b01E 01 

j> . U'+ U 2 1 / b L   0 J 

■ 2 « i b 14 9 rt 7 L   0 ^ 

-9. 'j .> j 

•7.734U00ÜE   00 
•2.b,j0o424E   03 

5.656338bE 03 
4.7146530E Ob 
1.0d59869E Ob 

2.77300b3E 02 
8.335l67bE 01 

3.1437780E   03 
•2.9d9,J230E   02 

3 -^ E 01 _ 2.6532740E 02 
3.8670000E 00 
3.444822bE 04 

Table 4.17    Wing Panel Point Loads, Symm. Contributions. Flaps Retracted 

152 



. wfeWffflMMftttgWMnBKWMwnftinwiMiMI . -iWiilgfifWiii miiiii mi i v.     . m&i.&imtw-.^T'v.toi.-.M^t.^Jw -^j&w*.v'.w.>-:fa&wmUKBmmmm 

o 

o 

A. S. Iw-G-tJ/VCt.: \A.S. Ince., I//fi : \A.S.IHC/?..JHCL: A.S.jA/ce.tJAict.: 
z0 

\h   *,? SA~-   705* i,*,* $A=-W 
»        * * y^>f^^\ 

i  10C 
-1.013/494E 02 1.27711 HE 0 2 -2.6010187E 02 3.1599500E 02 

101 7,94424 32E 01 -B.3524454E 01 -9,0799209E 01 7,7891660E 01 
i 102 5.149550^E 02 -6.4132797E 02 1  7,6732531E 02 -1.0355197E 03 
1 103 

1.6b9ü5B7F. 01 J.9929829E 00 -4.6574680E 02 5.1006685E 02 
104 b.71bB902t 01 -6.475Ü955E 01 -1.3435421E 02 1.1330567E 02 
105 4.446Ö294E 02 -5.77515.>1E 0 2, 9,5838056E 02 -1,2402839E 03 
106 1 #05 759 191: 02 -1.0j7U45'jt 02 -3.9753142E 02 4,0189189E 02 

i 107 9.9544494E 01 -l.lö6v2 35L 02 -7,7840953E 01 3.7204447E 01 
108 1.4381<849E 02 -1.642'->88i)E 0 2 2.4358200E 02 -3.2y21548E 02 

| 109 9.644Ü210E 01 -9,3089528E 01 -4,2963931E 02 4,3675028E 02 
110 Ö.373449BE 01 -1.1301450E 0 2 -1.4021168E 00 -6.0737200E 01 i in 3.2070173E 02 -4.2493566E 02 7.6222636E 02 -9,8343633E 02 

I 112 -2.1023991E 01 2.1j23991t 01 -7.2042442E- •01 7.2042442E-01 
i 113 1.5014946E 02 -1.606J935E 0 2 -3,0680130E 02 2.B453919E 02 

114 -5.4794259E 01 4.Ü55Ü930E 01 -1.0391752E 02 7,3689642E 01 
115 3.4180796E 0 1 -i.0ö5l9U3E 0 2 4.7219923E 02 -6.129H543E 02 | 
116 U4215278E 02 -l,440U4«iE 02 -4.2124203E 02 4.1731151E 02 
117 - !i0749485E 02 2,2o2l693E 02 -6.8319286E 01 1.1229677E 02 1 
118 l. .673047eE 01 -6.3633144t 01 -4,24145Ö4E 02 j 4,943cl672E 02 i 
119 -4.9799277E 0 2 5.1]7VB72t 0^ -1.917356aE 02 2.2103506F 02 | 

I 120 -2.4349258E 03 2.3431Ö63E 03 -3,3647025E 02 1,4177662E 02 1 
1 121 4,1968505E 0 3 -4.1470633E 0 3 -1.06B7586E 04 1.0793247E 04 
122 -2,5700182E 02 2.5151637E 02 6.9311724E 01 -8,0953841E 01 
123 -1.6080766E 02 2,129925BE 02 -6.3219022E 02 7,4293945E 02 
124 
125 
126 

9.715500HE 
0. 

01 -1.3c952':5E 02 3,6366295E 
0. 
0. 

02 -4,5236693E 02 

0, -o. 
-0» 
-o.        I 

127 2.2702436E 02 -2.035232BE 02 -7.8901005E 01 1.2b77609E 02 
i2B j -1.7606710E 02 2,1560ö9BE 02 -3,2370666E 02 | '♦.076iy0iE 02 
129 -7,9956589E 01 R.9089857t 01 -8.4298358E 01 1.0363140E 02 
130 2,8878392E 02 -3.8947467E 02 7.8782064E 02 -1.0015113E 03 
131 j 6.012U185E 02 -7,8667HnBt 02 j 1.4558777E 03 -1.849503HE 03 

5 
M 
T 

-1.25 IB IV IE   0 3 
1.122656HE   05 

•1.0703B2HE   05 

2.109>381t   02 
•6.9682031E   01 

7,264«+736E   02 
•1.6901981F   05 
1.1049318E   05 

1.4439926h   02 
■^.3266620t   0^: 

-7.0627031E   02 
5.0753111E   04 

•2.5518898E   05 

•6.4Ö19145E   01 
•7,ld60745E   01 

-4.0869759E   02 
-1.7119934E   05 
2.6252114E   05 

9.3a8J592E  02 
4.1ä8yü00t   02 

y4/V/W      -4.Ü799000E   03 
FHM 5.5202842E   01 

5.1206704E   03 
3.äb6?645E   0C 

■8.1139911E   03 
■4,6650237E   02 

1.0322762E   04 
5.9190504F   02 

A An 
& r 

•1.910ÖBO7E   01 
•3.17887&1E   01 
3.4662504E   03 

1.907Ü655F.   01 
3.178876IF   01 

■3.3276874E   03 

■9.4959035B 01 
•1.0892990E 00 
•1.7813403E   04 

9.4899373E 01 
U0892990E 00 
l.Ül0746yE   04 

Table 4.18   Wing Panel Point Loads, Antisymm. Contribution. Flaps Retracted 
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4.4.4 Unsymmetrtcal Flight,  Flaps Extended 

A rigid wing was assumed for both symmetrical and antlsymmetrlcal 
loads.   The full-flap (45°), 1 g symmetrical contribution is presented as 
A and B parts in Table 4.19, the latter of which is the drooped aileron 
contribution.   Roll damping and roll acceleration increment (6 .  = 0) is 
also shown therein as one of five antlsymmetrlcal contributions.   The 
remaining antlsymmetrlcal contributions are presented in Table 4.20. 
None of the above cases were found critical. 

4.4.5 Unit Inertial Loads 

Unit inertial panel point loads are presented in Table 4.21.   Residual 
fuselage reactions associated with these data are shown in Table 4. 32. 

4.4.6 Unit Aerodynamic Loads 

Unit aerodynamic panel point loads are presented in Tables 4.23 through 
4.26.   Although these, as shown, are unadulterated, certain scale fac- 
tors were applied such that a reasonable agreement with total aerodynam- 
ic data was realized.   In particular, basic and additional angle of attack 
loadings were multiplied by a scale factor "K" and basic loading (a = 0) 
was treated displaced by an incremental angle, Aa.   For example. 

1.   (Pt. Load)porr   = K(Pt. Load) 

2.   (a) corr. = (a) uncorr. 

uncorr. 

+ Aa 

where 

(M = .285)ßF=0     (M =.285)6 F = 45«     M = .8       M = .9 

K 1.0653 1.1063 0.8870        0.9719 

Aa -2.203 -3.435 1.0534      -0.4530 

c 

Roll damping and incremental aileron loadings were similarly corrected. 
However, the distribution of aileron loading, derived from M = .285 
pressure data was applied at all evaluated conditions. 
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A. S. Trt<:*£/MS*r, 
/^ PP-5A £P-5B Fi A PS- up, °A* & 

100 -2i8774684E 01 -3.4451708E 01 1,77696741: 01 
101 3.8133886E 00 1.6962410E 01 1.Q346520E 02 
102 1.1335814E 02 1.9482624E 02 1.3041655E 02 
103 -2.0900702E 01 -5.8582445E 00 1.9';87671E 02 
104 1.9576358E 00 2.5500972E 01 1.C196416E 02 
105 l,173461bE 02 1.9639519E 02 -5,2330523£ 00 
106 5.5299917E 00 2.1087469E 01 2.4796'J26E 02 
107 1.4863862E 01 4,2187133E 01 1.153193l3E 02 
108 3.1124731E 01 6.3286796E 01 2.4ai2663E 01 

\    109 -1.1228071E 01 1.6401255E 01 2,528636bE 02 
| 110 5«753t)865E 01 5,6062931E 01 7.1'.6431vt 01 

111 3.1215150E 02 1.5666992E 02 -3.2087631E 01 
112 -3.953OO00E 00 0. -1.7522896E 01 
113 2.1420957E 01 3.6825896E 01 2.494115ÜE 02 
114 1,0385411E 02 3.3679198E 01 -5,0312862E 00 
115 1.1790013E 03 1.0088666E 02 -1.3922646E 02 
116 2.ia8b660E 02 2.3710741E 01 2,8Ö23749E 02 

! 117 2.7717765E 01 -3.3544344E 01 -1.4a53653E 02 
118 3.84412791: 01 -3.9461731E 01 2.5094905E 02 
119 -5.9268155E 01 -1.6020314E 01 -3.45462,jHE 02 

1 120 5.9533347E 02 1.6559241E 02 -1.9287219E 03 
| 121 -8.7364i)54E 03 3.0795910E 02 7,bl3116UE 03 

122 6.9813405E 01 7,4211025E 00 -2.4533C32E 02 
123 9.6106863E 01 -6,9976963E 01 1,15ÖH330£ 02 
124 1,9085119t 02 6.0651181E 01 -6.261701IE 01 
125 0* -0. u. 
126 0. -0, ü. 

1 127 -4.4305120E 01 -3.3702068E 01 2.2377306E 0? 
i 128 5.9693711E 02 -5.6702736E 01 -2.0152214E 01 
129 7.7095435E 02 -1.3097691E 01 -3.4140860E 01 
130 3.500O643E 02 1.4439715E 02 -6,9319037E 01 
131 1,6876886E 02 2.6598472E 02 -7.088961UE 01 

5 3.0749C)35E 03 1.0187341E 03 -^.795/081E 02 
A7 2.070659ÜE 05 1,0547986E 05 7.4tJ2y694E O^ 
T <t.3«83y72t 0^ 5.9867876E 03 1.0993269E 04 

? 2.8222a57E 02 2.9062331E 02 3.1060169E 02 

s 6.7339520E 01 1.0354012E 02 -V,59db321E 01 

AHM -3.049i^82E 03 -1.4925318E 03 -2.2266558E 02 
FMW -Ö.355024ÖE 03 -8.4738300E 01 2,32669Ü2E 02 

ts 2.2t)2492iE 02 3.9981842E- -02 2.1645279E 01 
AM -3.dö7ü00üt 00 0, -2.6^95Ü39t 01 

AT ä.ö459ä49E 03 -1.9870836E 02 1.0033143E 04 

A. S. TNcee/*etr\ 
ftAPS- /7/V, C^ .'^J 

7.3118881E ool 
3,3522603E 01 
3.9353582E 01 
6.3729501E 01 
3,2616703E 01 

-3.5426626E 00 
6.8057947E 01 
3.7371065E 01 
1,9950079E 01 
5,7043238E 01 
2.3569533E 01 
1.3510139E 01 

-5.5164027E 00 
6.6450466E 01 

-9,4545317E- •01 
-4.0521677E 01 
8.8293600E 01 

-3,0900951E 01 ! 
7.9834030E 01 

-1.0287700E 02 i 
-6.3657358E 02 1 
1.3744425E 03 ! 

-6.6308258E 01 
4.4678339E 01 

-1.3556025E 
0, 

01 1 

0. 
6.3768368E 01 

-8.1585274E 00 j 
-1.3006108E 01 1 
-2,4182627E 01 
-2,6144874E 01 

■2.2544930E  02 
2.4629823E 04 

•1,8880743E   02 

2.9566253E   02 
•1.0924772E   02 

■3.0710554E   01 
7,1961970E   01 

1.2511278E 01 
-8.3409334E 00 
4.0623688E 03 

- 

i 

Table 4.19   Wing Panel Point Loads, Symm. Contrib. (Flaps-dn.) Plus Antlsymm. Increments 
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;- MWinWtMw. .<■ i-:mimaKtm nMltlltMWk'UMUMiariiiiIM um'  • •■  * • - 

' 

c 

A.S.JA/^J?.}TA/CI\\ A.S.Iw.i.lmt^ A.S. Incc. Inci: 
M                           **                  §                         * 

p Lt>ts*:9y} I, tj 4*':'^* <*, t, f f^' •) * t,A*^-2S* 

100 -2.4832206E   01 4.6557871E   01 -3.7358227E 01 6.451b310E  01 

i    101   ! 3.2479713E   01 -4.3176414E   01 1.1617047E 01 -2.4987926E  01 

102 1.4512120E   02 -2.6798099E   02 1.4738628E 02 -3.0096104E  02 

103 2.7289587E   01 -2.3595307E   01 -2,0981227E 01 2.5599077E  01 

104 2.4709398E   01 -4.0790816E   01 2.6960809E 00 -2.279760BE  01 

105 1.1028147E   02 -2.341306i>E   02 1.409293yE 02 -2.9574088E  02 

106 4.5293887E   01 -5.8591900E   01 -2.2159982E 00 -1.4406515E   01 

107 3.5611690E   01 -6.2215406E   01 1.2215494E 01 -4.5470152E  01 

108 4,6538339F   01 -8.6447756E   01 4.0930760E 01 -9.0817559E  01 

109 3.2378933E   01 -4,2721758E   01 -8.8748844E 00 -4,0936620E   00 

110 2.3250533E   01 -5.8604500E   01 8.7050776E 00 -5.2S97522E  01 

111 9,2423511E   01 -1,9122146E   02 1.0386436E 02 -2.2735176E  02 

112 -8.5698457E   00 8.5698457E   00 -5.9396695E 00 5.9396695E   00 

113 5»3787974E   01 -7.7010842E   01 9,792263i>E 00 -3.8020823E  01 

1   114 -2,5687845E   01 4,4493613E   00 -3.1261199E 01 4,7130418E  00 

115 -1.3545704E   01 -5.007/i560E   01 1.8138965E 01 -9.7664448E   01 

116 6.0503790E   01 -7.5456073E   01 -6.9928241E- •01 -1.7991080E   01 

!   117 -6.3873031E   01 8.502644!?E   01 -5.3111102E 01 
1 

7,9553131E   01 

118 5.9691332E   01 -3.4806302E   01 5.5680795E 00 2.5538315E   01 

1   119 -1.9074083E   02 2.0084345E   02 -1.4940691E 02 1.6203508E   02 

|   120 -1,0552397E   03 9.5081517E   02 -7.6818738E 02 6.3765665E  02 

j   121 1.1026512E   03 -1.2968539E   03 lt899R960E 02 -4.3274302E   02 

|   122 -1.0051734E   02 9.5837545E   01 -6.8277067E 01 6.2427009E   01 

i    123 -3,1960158E   01 7.6088476E   01 -7.8570233E 01 1.3373064E   02 

1    124 [     2.1579162E   01 -5.9763522E   01 3.8701752E 01 -8.6431376E   01 
1            /A 

i    125 o. -0. 0. -0. 

1   126 
i   127 

1     0» 
1     1,0174098E   02 

-0, 
-8.04ÖB048E   01 

0. 
7.1988876E 01 

-o» 
-4,5422709E   01 

1    128 [   -^,168^560E   01 8.743y989E   01 -5,7344680E 01 1.0224147E   02 

\    129 -2,921b692E   01 3.747t32,^E   01 -2.5267097E 01 3.5591551E   01 

i    130 i     6.176B469E   01 -1.5282704E   02 9,8132730E 01 -2,1195597E  02 

j   131 1,4236511E   02 -3.1009830E   02 2.0057626E 02 -4,1024277E   02 

5 -7.0402598E   02 6.1599954E   01 -6.8429770E 02 -1.1873492E   02 
/i>; 2.3314310E   04 -8.9831178E   04 7.8904691E 03 -9.1036576E   04 

r -4,131!3984E   04 3,7540643E   04 -5.1452431E 04 4,6733255E   04 

'J- 2.3781469E   02 -3.1292647E   02 2.2130987E 02 6.9009319E   02 

5 -3,3115696E   01 -1.43B2994E   03 -1.1530755E 01 7.6672119E  02 

AHf< -1,0744828E   03 2.0156914E   03 -1.3165339E 03 2.4930447E   03 

/•'//A 5,3499484E   01 -6.2'>90463E-02 4,6148539E 00 6.2181400E   01 

/3 M 

-4,9357307E   00 4.9105346E   00 -1.6978357E 01 1.6946775E   01 
-1.2957813F   01 1.2957813E   01 -8.9809231E 00 8.9809231E   00 

6 r 1.926428e-E   03 -1.8011206E   03 -1.1038645E 03 1.2604994E   03 

Table 4.20   Wing Panel Point Loads, Antisymm. Contributions, Flaps Extended 
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o 

o 

p 
100 1 
101 1 

! lQ2 

! 103 j 
I 104 | 
i 105 
j 106 i 
107 
108 

! 109 i 
no 
111 
112 
113 
114 
lib 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 

1 

7-;...- f *. 

2.5320000E 00 
4,4700üüOE-01 
7.2b899991£ 00 
5,071OO00E 00 
7.096Ü00üt 00 
1.1384000E 01 
7.568OO00E 00 
1.0084000E 01 
5«673O000E 00 
1.0447ÜOOE 01 
2,0333000E 01 
1,6277000E 01 
3.933OO00E 00 
l,093a000E 01 
3.6696Ü00E 01 
4,537bO00E 01 
1.2066O00E 01 
1.922'J000E 01 
3.7737O00E 01 
l«327t>900E 02 
7.5949399E 02 
0. 
7.6464000E 01 
2.3221000E 01 
2,029100ÜE 01 
0. 
0, 
9.1999999E 01 
1.3C18000E 01 
1,1582000E 01 
1.4962000E 01 
1.192a000E 01 

^W= /7V- 
495e.208E- 
0471975E- 
Ü4Q2Ö98E' 
2411i>00E- 
3299409t- 
0717794t- 
3930672E' 
6'i71188E- 
3892B20E- 
51Ö4364E' 
6982789E- 
2341687E- 
0491638E- 
424ia86E* 
2760b66t- 
2J.9112bE- 
073377bE- 
b607419E- 
2711151E- 
4097761E- 
5ä83697E- 
9006635E 
992ai69t« 
9635690E- 
2499b03E- 

6497043t' 
2079887E- 
7419Ö58E' 
2149701E- 
3b97t)87t- 

•03 
■03 
•02 
•03 
■02 
•02 
'U3 
•02 
■02 
■03 
■02 
■02 
■03 
■02 
02 

■01 
'02 
■02 
02 
01 

■01 
01 
•01 
02 
02 

■02 
■02 
■02 
■02 
•U2 

9(A) -- / Vs 

1 
9 
1 
2 
1 
2 
3 
1 
1 

-3 
2 
3 

-b 
-1 
3 
1 

-1 
4 
8 

•2 
3 

•1 
1 

•3 
4 
0 
0 
4 
4 
3 
3 
3 

7976891E 
2502449E 
8448130E 
Ö623399E 
1414453E 
764Ö015E 
2H12189E 
3718288E 
2374384E 
2883475E 
1642082E 
806'J630E 

0963613E 
Ö291050E' 
324b522E' 
1341149E' 
3857914E' 
3528510E' 
7877325E- 
6001914E- 
5313246E' 
9006635E 
8017033E- 
5709435E' 
708b982E- 

15562a9E- 
2132247E' 
7489671E- 
8100537E- 
0368728E- 

-03 
-04 
-02 
-03 
-02 
-02 
-03 
-02 
-02 
-03 
-02 
-02 
-03 
-02 
-02 
-01 
-02 
-02 
-02 
-01 
-01 
01 
-01 
-02 
-02 

02 
02 
02 
02 

■02 

-2.0472712E-02 
-3.1939524E-03 
-5.0265481E-02 
-3.4819318E-02 
-4.8729592E-02 
-7.8574721E-02 
-4.6460663E-02 
-6.1487948E-02 
-3.4627332E-02 
-5.5361843E-02 
-1.0669197E-01 
-8.4089961E-02 
-1.7418386E-02 
-5.0963613E-02 
-1.6824974E-01 
-1.9769344E-01 
-4,544Ö372E-02 
-7,2431163E-02 
1.2239994E-01 

-3.9423496E-01 
-2.6385538E 00 
0. 

-2.1848031E-01 
-4,4558255E-02 
-3.9374627E-02 
0. 
0. 
2.9153979E-01 

-2.5761059E-02 
-4.1067596E-02 
-7.6358153E-02 
-8.2554072E-02 

--4 

■ 

5   -1.2069839E 03 
M -5.5917984E 04 
T        -4.5505034E 04 

9.a263779E-01 
5,5874798E 01 

■1.ÜÜ62115E   01 

6.7237062E-01 
4,1440974E   01 

•2,1534894E   01 

-4,3897R21E 00 
-2,2742506E 02 
-1.5802378E   02 

/ 2.5U79a56t   02 
ij 4.632a689E   01 

3.0673990t   02 
5.6862049E   01 

3.2852831t   02 
6.1634125E   01 

2.6050191E   02 
5.1807825E   01 

AHM      -1.6408000E   01 
/r/y/v;       8,3639998E   01 

•2.5237460t-02 
•3.1660272E-01 

•2.9670597E-02 
3.170Ü414E-01 

•9.6970491E-02 
2.2722441E-01 

Table 4.21    Wing Panel Point Loads, Unit Inertia 
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w-f ■^■■■'f-. ■'■.im'-'. ,vFÄ^<*^MWIHin^tilMMUhfc?^.'1^AM-«*MV'W^u^^.« 

D 
/^ 

BASIC A DD / r/cs/ /ii A £D /r/osv/ii ADD/T/O/VAL 
(v.-.o) Due To   -x* 

» Das To &, Vs DJJ£     Th   ^ >  
100 -2.7Ö23767E 01 ■5.9361809L 00 -1,1740656E-01 -2.0749147E 00 
101 -1,69Ü74H6E 01 1.0539630E 01 -3.0582968E-01 1.0215909E 00 
102 2.0092680^ 01 1.8758817E 01 -5,383ü27eE-0l 1,1733753E 01 
103 -6,6312137E 01 2.4116071E 01 -6.9463669E-01 -3.5282319E- •01 
104 -2.442<:,969E 01 l.t)8Ö7730E 01 -4,2891790E-01 l,535d409E 00 
105 5.0869926E 01 9.4423275E 00 -2,1180747E-01 l,102b246E 01 
106 -6.049903 IE 01 3.347244]fc 01 -d.7791150E-0l X.2700300E 00 
107 -2,912343yE 01 2.0351965E 01 -5.1050118E-01 2,5407937E 00 
108 2.25215'33E 00 7,231488?E 00 -1,43G9085E-01 3.8115574E 00 
109 -6,5 054917E 01 3.742 7208E 01 -9,283Ü549E-01| 9,b779422E' •01   i 
110 -2,4509623E 01 2,3öl830JE 01 -5.191b418E-01 3.3764a86E 00   ! 
111 5.3b34626E 01 1.095Ü620E 01 -l,2735595t-01 9.4357209E oo : 
112 0. 0, 0, 0. ! 
113 -5,729350bE 01 4,6 3 79 74 IE 01 -9.1603480E-01 2.2179048E 00  \ 
114 -1.8382917E 01 2.7106619E 01 -4,773b393E-01 2.Ü283878E 00   ' 
115 7.0Ü43052E 01 ä,1997786E 00 -5,7222575E-02 6.0760729E 00 
116 -7,761870 If 01 6,1035678E 01 -9,84ft/452E-01 1.4280209E 00 
117 -1.5173070F 01 -4,3905897E 00 1,60Ü>>999E-01 -2.Ü202665E oo : 
118 -5,019575öE 01 3,1071782E 01 -4,12463936-01, -2.3766537E 00  ! 
119 -3.5270176t 01 1,7275300E 01 -l,862b204E-01 -y.6484954E- -01     ! 
120    . -0. 1,60541]4E 02 -1,984Ö705E   00 9.9730933E oo ; 
121    , -0, 1,306.2987E 03 -1.3909901E   01 l.b547375E 01 
122 -2,0344591E 01 3,4788177E 00 3,9899863E-02 4,4695464E- •01 
123    ! -1.2977294E 02 5,7040707t 01 -5,274370lE-0r -4,2144853E 00  i 
124    ; 2,5966l4bE 01 7, 5 74 3017E 00 3.3174194E-02, 3.Ö468057E 00  , 
125    I 0. 0, 0« 0. 

1 

126 0. 0, 0.                         i 0. 
1 

127 0. -5,6829205E 00 2,5276157E-01 -2.0297660E 00 
128   ' 3,1738646E 01 -3,4908765b 00 2,3507850E-02| -3.4150218E 00 
129 -6.496rt53aE- •01 -6,763152dE- ■01 5.2170665E-03, -7.d883l44E- •01 
130    ' d,8464024E 01 1.7828172E 00 j -4,1049610E-02i Ü,6965712E 00 
131 6.3701611H: 01 3.3986763L 00 -9.265Ö340E-02 

....I 
1.6019397E 01   , 

 1 

5 -4.969l3343E 02 t..31/4311E 02 -1.0716765E   01 6,1355060E 01 
fa -3.3436til4h 04 4,3153d99t 04 -Ö.8777381E   02 6.3527098t 03 
T -3,973708üt 04 3,1582424c 04 -4,9903424E   02 3.6056479E 02 

$ 2.1653862E 02 2.4646805E 02 2.4993425E   02 2.9062331E 02 

i 6.7282992E 01 6.Ö363142E 01 8.2939718E   01 1.0354011E 02 

AH* -5,1280962E 02 -1,9669380E 01 5.l44Ü/ö3E-0i -b.y89ü347t 01 
FHt* -3,206lUa4E 01 <i,6363ü39E 01 -1.8276938E-01 -5.i035l28E 00 

/3 -S"  -3,2562103E 01   4,2067-.'0VE 01   -2.4266613E-01  2. 3996b30t-03 
^ //' 0, 0. 0 • 0. 
L-r       -/,8722Ö91E   03        6,47.iO/69E   03       -4,052l629E   01    -1,1967560E   01 

Table 4.23    Wing Panel Point Loads, Unit Aerodynamic. 
Retracted 

M-.285 at 2500 Ft. (q - 109.8 psf), Flaps 
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. 

G 

ß ASIC A DD/r/o/V 4L A DO I Tfo/V /I I A DDtTlCS,'/iL 
p 

-2, 4979388F 01 

Due   7'c cc" 

5t62M267F 00 -1.2671084E-01 

Due 7~o  SA 

-2.0749147E TOO 00 
101 8. ,ft'3.96270F' -01 1.2666rt47F 01 -3tl71<;i60E-0l 1.O215909E 00 
10? li »04352H0F 0? 1. 970756/[•: 01 -5,0767254E-01 1. 1733753E 01 
103 -2. ,0411059E 01 2.6105H33F 01 -6.8663175E-01 -3.5282319E -01 
10^ 4. ,?«71765F 00 1 .662731 HE 01 -4.4132743E-Q1 1.5358409E 00 
105 1. .l'»6?16RE r ■ .'.l/ifl80?8r 00 -1.9602312E-01 1.182»246F 01 
106 r> ,0533205F 00 2.8963720F 01 -7.6025093E-01 1.2700300E 00 

1   107 li »7539083F 01 2.n')65H6Ff 01 -tj.2?lü782E-0l 2.5 407937E 00 
!    108 3, ,0024846F 01 1.3749450f 01 -2.8396470E-01 3.nilb574E 00 
,    100 -7, ,^y67092E 00 2.J;'W4^ft?OE 01 -6«849/'.36E-01 9.M779422E -01 

1 10 6, ,^?75659E 01 ;'.6nt5052E" 01 -^.26H3/t26E-01 i.3 7648B6E 00 

, 111 ?. ?1?0515F 0? 2.3486485F 01 -3.686V419F-01 9.4357209E 00 

i   \\7. 0, • 0, 0. 0. 

\    113 1. ,954^692E 01 '1.139184 7F 01 -7.585H483E-0] ?.2179048E 00 
1U 1' ,2002807E 0? 2.96 71524F 01 -4.8072946E-Ü1 2.02B3H78F 00 

!    115 1. »1019015E 03 1.7951203F 01 -2.02H7409E-01 6.O760729E 00 
j   116 1. l93A4719E 02 6.4804754E 01 -9.4316H23E-01 lt4280?09E 00 

i   117 4* ,1897302F 01 2.1748905F 00 7.3129967E-02 -2.0?02665E 00 
'    118 -h* .6343012E 00 ^. 1061934E 01 -3,77?2249E-01 -2.3766537E 00 
[    119 6. il498024E 01 2.0907390? 01 -2.0185812E-01 -9.648A954E- ■oi 

120 1. >lB5iH6 7E 03 1.6476633F 02 -1.8283084E   00 9.97 30933E 00 
I   121 -H, ,]99!535E 0 3 ] .3 1.0861 IE 0 3 -1 .262't0a4E   01 1 . 8 5 4 7 3 7 5 E 01 
,   122 1. .2963Q35E 02 1.Ü752846E 01 -2.6493747E-02 4.4695464E- •01 
,    123 91 2206054F 01 6.66260/44E 01 -5.3997816E-01 -4.7144853E 00 

124 1. .8747732F 02 1.3965012F 01 9.9772364E-03 3.6468057E 00 

125 0, • 0. 0. 0. 

i   126 0, • 0. 0. 0. 
t   127 'M 5,>1H00?F 01 -9.1015568F 00 ?.6234l0lE-01 -2.0297660F 00 

12« '5. ,5103424F 0? 0, -0. -3.4150218E 00 
129 7. ,0f'9^43RF 0? o. -0. -7.HR83144E- •01 
130 ^ ,2

a71299F 0? 0. -o. 8.696!3712fc" 00 
131 1. 

.... 
6324176E o; 

..... 
0, -0. 

   
1.6019397E 01 

s 
A. 
T- 
i 

3. 
2. 
7. 

705fi496F_ 
266299 IF 

317M81F 

03 
Ob 
0A 

6.9407116F 
4,6/H2018R 
J. ^3 /V601.E 

02 
04 
04 

-1 .0698494E   01 
-H.8776729E   02 
-4,57y3334E   02 

b. 1355060E 

6.3527098E 
3.6056479E 

01 

03 
02 

u 
2. 

6. 

767t;4l^F 

I15A64 2F 
0? 
01 

?,4<.'H4H?9F 

'.) • 7 'i 0 2336 '"■ 
02 

01 

2.t)369647E   02 
8.2^80587^   01 

2.9062 331 E 
1.035401 IE 

02 
02 

AW -2. 
-7, 

7/.0l33«F 
6235009E 

03 
03 

0. 
0. 

-0. 
-0. 

-8.9890347E 
-5.1035128E 

01 
00 

ä 5 2. 2207855E 0? r5. 08 3 9 76 OF 01 -2.4752474E-01 2.3996830E -03 

AM 
A T 

0, 
7. 6H99692F 03 

0. 
H.1432680c 03 

0. 
-4.3092113E   01 

0 • 
-1.1967560E 01 

J 

Table 4.24    Wing Panel Point Loads, Unit Aerodynamic, M 
Flaps Extended 45° 

285 at 2500 Ft. (q - 109.8 psf), 
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0 

BA SIC /(£>/'/TV ■ V/y ■ ^ A DDfr/aw A L A pp / r/0/v At. 

p (<*  -- o) OtJ£    So   <X. 
0 

Doe   To   if 7s Due  To   Sß 
   ,   _ 

100 -3.1323018E 0 J 4,1208704t ÖL -2.9386901E-01 -1.4182470E 01 
101 -5.39l36!337E 01 1.Ü237687E 02 ■-8.2094600E-01 6.9827839E 00 
102 -2.274ö23bE 02 1.6895603E 02 -1.3942424E 00 8.0202620E 01 
103 -2.1430BlbE 02 2. 10924H5E 02 -1.7745477E 00 -2.4116i95E 00 
10^ 2.38 84 11 VE 01 1.2832723t: 02 -1.1441568E 00 1.0497788E 01 
103 1.2667740E 02 5,17ö0blVE 01 -5.6476811E-01 8.0848496E 01 
106 -1.493H821E 02 2.4937546E 02 -2.2503283E 00 8.6809148E 00 
107 1.972b479E 02 1.5281562E 02 -1.3516671E 00 1.7366850E 01 
108 Ü.438V778E 02 5.6255775E 01 -4.530Ü588E-01 2.o052785E 01 
109 -1.4716b07E 02 2.69V0 368E 02 -2.3754110t 00 6.7517750E 00 

, 110 2,5993323E 02 1.7912121L 02 -1.3687400E 00 2.307Ü998E 01 
111 3,2977^936 02 9,1533290t 01 -3.8874146E-01 6.4495097E 01 
112 0. 0. 0. 0. 
113 -1.7176069E 02 3.3298127t 02 -2.3120467E 00 1,5159838E 01 
114 1.7001734E 02 2,025969WE 02 -1.2570826E 00 1.3864446E 01 
lit) 6.2417703E 01 8,7946830E 01 -2.9274100E-01 4.1531193E 01 
116 -3,4134031E 02 4,5111891t 02 -2.5813295E 00 9.7608155E 00 
117 3,1228543E 02 -8.2013446E 01 5.8887184E-01 -1.3808970E 01 
118 -3,2006894E 02 1,9093714E 02 -9.8917766E-01 -1.6244936E 01 
119 -1.0712141E 02 9.0157582t 01 -3.9340194E-01 -6.594y243E 00 
120 6.3183056E 02 l,22122y4E 03 -5.6611933E 00 6.Ü168142E 01 
121 -6.6639184E 04 l,38530O5E 04 -6.Ü899786E 01 1.2677512E 02 
122 1.05B2613E 02 -1,0621979t 01 2.0237380E-01 3«Q550874E 00 
123 -4,3333640E 02 3.5230Ü83E 02 -1.2640405E 00 -2.8806874E 01 
124 -2.0507740E 02 4,4253982E 01 1,8636252E-01 2.4926550E 01 
125 0. 0. 0. 0. 
126 0. 0, 0. 0. 
127 -7.0784234E 02 2.1524826t 01 5.558Ü461E-01 -1.3b.73867E 01 
128 -1.4207682E 02 1.3862941t 01 -4.6080487E-02 -2.3342376E 01 
129 -2.7724203E 02 1.2014545t 01 -5.7351779E-02 -5.3918250E 00 
130 -3.0939426E 02 6.9141489E 00 -5.9943259E-02 5.9442840E 01 
131 -2.5810063E 02 1.1381908E 01 -9.7221673E-0? 

. _. _   j 

1.094958rtE 02 

5 5.8923939E 02 4.5833865t 03 -2.7953827E 01 4.1937437E 02 
M 7.8834760E 04 3.2767779t 05 -2.3255154E 03 4,3422077E 04 
r -1.3742590E 05 2,2758150E 05 -1.3126823E 03 2.4645344E 03 

£ 5.6363892E 02 2,4684643E 02 2.4954106E 02 2.9062331E 02 

i 1.3378617E 02 7.1492504E 01 8.3191304E 01 1.0354013E 02 

AH fin 3.320a322E 03 -l,1737i38t 02 1.0003243E 00 -6.i441899E 02 
l-'HW -3.8289174E 02 2,1875195t- •01 -3.2631131E-02 -3i48a3559E 01 

2)5  -5.1601794E 02   2.8084341E 02  -5,3973809E-01    1.6485214E-02 
^A?   ü. 0, 0. 0. 
z 7- -9.4712508E 04   4,5289982t 04  -9,620Ü194E 01   -8.1800731E 01 

Table 4.25    Wing Panel Point Loads. Unit Aerodynamic, M - .8 at 6316 Ft. (q ■ 750.8 psf) 
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-.    "' ,■ ' •'.' A . I A D-r;^; .' 

•/A.'V :"/■•/-//.• tl 

p 
':       •   ■                    4 Dt-z  /'- •-' 

r 

Dvf   ?£>  9- ;   '/ 
1 

Due n r<:A' 
* 

100 -1.1575466E 02 2.2856569E 01 -3.3947518E- -01 -1.5993156E 01 

loi : -9.3413495F. 01 5,936319/4E 01 ~8.40380Ö2E- -01 7.8742819E 00 

102 2.126778yE 02 9,5869821E 01 -1.3412865E 00 9.0442150E 01 

103 -2.5799531E 02 1.2683087E 02 -1.7706781E 00 ' -2.7195120E 00 

lO'» -1.731830BE 02 9.60560801 01 -1.1731327E 00 1.1838049E 01 

103 2.2474243E 02 6.5281290E 01 -5.7558733E- -01 9.1170484E 01 

106 -1.3045962E 02 1.7A86011E 02 -2.0331334E 00 9.7892153E 00 

107 -3.5202486E 02 1,3575624E 02 -1.3881244E 00 1.9584089E 01 

10ß -5,7359010E 02 9.6652369E 01 -7.4311531E- -01 2.9378963E 01 

109 -2.6467053E 02 2.0527906E 02 -2.0157862E 00 7.6137800E 00 

110 -4,3265623E 02 1.7870255E 02 •  -1.3997338E 00 2.6025513E 01 

111 -4,1470512E 01 1.52 I 2604E 02 •  -7.8368133E- -01 7.2729245E 01 

11? 0* 0. 0. 0. 

113 -'+,2709169E 02 2.9324382t 02 -2.0091875E 00 1.7095304E 01 

114 -4,0A46115E 02 2.1709244E 02 -1.2654796E 00 1.5634532E 01 

115 6.8232219E 02 1.4094106E 02 -5.2177185E- -01 4.6833528E 01 

1 16 -6.7603421E 0? 4,3170218E 02 -2.2362831E 00 1.1006989E 01 

117 -5.9357492E 02 1.3076439E 00 2.2753435E- -01 -1.5571944E 01 

1 18 -6.3357688E 02 1.8740407E 02 i -8.0032700E- -01 -1.8318929E 01 

119 -4.0832853E 02 1.2241511E 02 ; -4.0489999E- -01 -7.4369169E 00 

120 -2.7811A34E 03 1.5649208E 03 -5.8792616E 00 7.6871228E 01 

121 -8,6621600E 03 1.2519447E 04 |-4.1070179E 01 1.4296rs0E 02 

122 -1.8308017E 02 5.7426145E 01 i -9.4729736E- -03 3.44509J1E 00 

123 -1.2666184E 03 4,1712756E 02 -1.1242417E 00 -3.2484671E 01 

124 -2.2140387E 02 1.3080381E 02 1-1.0989100E- •02 2.8108960E 01 

125 0. 0. 
1 0. 0. 

0. 126 0. 0. : 0* 

127 -1.9040640E 03 1.8479584E 01 6«660^817E- -01 -1.5645156E 01 

128 2.3512307E 01 0, -0, -2t6322517E 01 

129 3,2123758E 02 0. -0. -6.0802038E 00 

130 1.3020867E 03 0. , -o. 6.703i971E 01 

131 5,9686351E 02 0. -0. 
1 

1.2347530E 02 

/ 

7 

-8.91O7890E   03 
-4.7100217E   05 

4.9740185E   03 
3.13B0064t   05 

-4.68201 12t    05        2.32r/440L   05 

2.4395683E   02 
5.2857516E   01 

2.4970194E   02 
6,3087951E   01 

•2.843b494E 01 
■2,356t,044E 03 

-1.1993752E   03 

2,5432564E 02 
8,2863193E 01 

4.7291627E 02 
4.Ö965811E 04 
2.7791837E 03 

2.9062331E 02 
1.0354013E 02 

Ahv      -1,4600958E   04        0. 
fl'ss        1.2971 177E   03        o. 

•0. 
0. 

■6.9286239E   02 
•3.9337173E   01 

c 
AM 

■1.0669250F.   03 
0. 

-1.3809725E   05 

3.906860OE   02 
0. 
5.3105209E   04 

•5.802b984E-01 
0. 

-8.6831977E   01 

1.8579483E-02 
0. 

•9.2244304E   01 

Table 4.26    Wing Panel Point Loads, Unit Aerodynamic, M » .9 at 9340 Ft. (q ■ 846.7 psf) 
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0 4.5 FUSELAGE LOADS 

Fuselage internal loads, as a result of the various flight and landing 
conditions, are presented in this section.   All loads and loading condi- 
tions are limit.   Only the 9200 pound gross weight with center-of-gravity 
at fuselage stations 240 and 246 were considered. 

The body axis sign convention used for the fuselage internal loads of this 
section is as follows: 

+F    ~   Net load forward of the fuselage station in question, 
acting aft, or in other words, compression exists at the 
station in question. 

+F    ~   Net load forward of the station in question, acting to the 
y        left. 

+F    ~   Net load forward of the station in question, acting 
upward. 

+M   ~   Net moment acting forward of the station in question 
r"^ which tends to roll the airplane to the right. 

+M   ~   Net moment acting forward of the station in question 
which tends to rotate the airplane nose-up and produce 
compression in the upper surface. 

+M   ~    Net moment acting forward of the station in question 
which tends to rotate the airplane nose-right and pro- 
duce compression on the right side. 

This sign convention is shown as a diagram in Figure 4.21. 

Fuselage loading envelope curves for all flight and landing conditions are 
shown in Figures 4 00 through 4.24.   The particular loading condition 
which produced the various portions of each curve are designated in each 
figure as an F, L, LG, AF, SPC, ROLL, or HSC numbfer.   Each of these 
designations refer to a particular loading condition discussed in detail 
later in this section.   The loading conditions are broken down into the 
following categories: 

F     ~    Symmetrical flight 

A L      ~    Landing 
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LG  ~    Lateral gust O 
AF   ~     Unsymmetrical flight 

SPC ~    Spin with parachute 

ROLL ~ Rolling maneuvers 

HSC  ~  High-speed parachute 

i 

c O 
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Figure 4.21    Fuselage Loads Body - Axes System 
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Figure 4.23   Fuselage Loading Envelope Curves Unsym metrical Flight and Landing Conditions 
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4.5.1 Symmetrical Flight Maneuvers 

The fuselage distributed loads which result from selected symmetrical 
flight maneuvers are shown In Tables 4.27 through 4.47.   Only the loads 
resulting from the flight conditions which contribute to the fuselage 
loading-envelope curves of Figure 4.25 and 4.26 are presented in the 
tables.   Refer to Table 4.1 for definitions of the conditions. 

Figure 4.25 shows fuselage vertical loading-envelope curves for the 
flaps-down flight conditions.   The conditions which produce the critical 
bending moment along the length of the fuselage are Identified in the 
figure.   The curves of Figure 4.26 present the same Information for 
symmetries' flaps-up flight conditions. 

4.5.2 Rudder and Lateral-Gust Conditions 

The fuselage distributed loads resulting from the rudder and lateral gust 
flight conditions are shown in Figures 4.27 through 4.34.   Each of these 
unsymmetrlcal flight conditions is described in Table 4.2.   Figure 4.27 
shows the resultant bendlng-moment envelope curve for the dynamic- 
overswing condition where the resultant bending moment is 

'RV: 
M_   =  /       2 „2 

MY      +    Mz 

The vertical bending moment (M  ) and lateral bending moment (M  ) 
i z 

curves shown on the figure present the values of these parameters which 
produce the ML envelope and are not necessarily the maximum value of 

these parameters at any given fuselage station.   Figure 4.28 shows 
similar curves for the lateral gust conditions. 

Shown on Figure 4.29 is the fuselage torslonal-moment (M  ) envelope 

curve for all lateral gust and rudder maneuver conditions.   The parti- 
cular conditions which result in the critical loads at the various fuselage 
locations are indicated at the top of the figure.   The vertical bending 
moment (M ) envelope curve for the same flight conditions is shown z 
in Figure 4.30. 
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o In Figure 4.31 the resultant bending moment (M^) curve for all lateral 

gust and rudder maneuver conditions is presented. Again, the M and 

M curves shown on the figure give the values of these moments which 

result in the peak value of M  . 

The curves of Figures 4.32 through 4.34 were constructed to provide 
values of the fuselage vertical loading for the lateral gust and rudder 
maneuvers.   It was seen on Figure 4.17 that values of the lateral loading 
parameters peak at Mach numbers of . 383, . 638, and . 756.   The verti- 
cal one-g fuselage loading of Figures 4.32 through 4.34 are for these 
three Mach numbers. 

Three lateral-gust conditions and four rudder-maneuver conditions pro- 
duced the highest fuselage loads for these types of maneuvers. 

Tables 4.48 through 4.54 show calculated values of fuselage distributed 
fuselage loading for these seven conditions. 

O 
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Figure 4.27    Fuselage Bending Moment Envelope Curves Dynamic Over swing Rudde   Maneuvers 
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i     Figure 4.29    Fuselage Torsional Moment Envelope Curve Lateral Gust and Rudderi 
:■-■':■ l Maneuver Conditions 
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0 *. 
4.5.3 Rolling Pullout 

Table 4.55 summarizes the loads and flight conditions of four rolling- 
pullout maneuvers which were chosen for detailed study.   Fuselage 
distributed loads for these four conditions are given in Tables 4.56 
through 4. 59.   Graphical presentations of the fuselage loads are shown 
in Figures 4.35 and 4.36.   The resultant bending moment envelope 
curve shown in Figure 4.36 was determined from 

%'J M 2   + 
y 

M 

The vertical bending moment M  and lateral bending moment M   curves 
shown on the same figure present the values of these parameters which 
produce the MR envelope and are not necessarily the maximum values of 
these parameters at any given fuselage station. 
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4.5.4 Landing Conditions 

A detailed study has been made of the fuselage distributed loading result- 
ing from 20 symmetrical and unsymmetrical landing conditions.   The 
landing-gear applied loads for the conditions resulted from the landing 
analysis of Reference 7.   Wing lift equal to aircraft weight was assumed 
for all of the landing conditions and was applied at the forward and aft 
wing spar locations.   Tabulated values of the landing gear loads and re- 
sulting aircraft load factors and angular accelerations are given in 
Table 4. 60 for the symmetrical landing conditions and in Table 4. 61 for 
the unsymmetrical landing conditions. 

A graphical summary of the fuselage loads resulting from the landing 
conditions is given by Figures 4,37 through 4. 39.   The fuselage vertical 
bending moment moment envelope curves for the symmetrical landing 
conditions are shown in Figure 4. 37.   The conditions which produce the 
positive My envelope curve are indicated at the top of the figure and 
those for the negative My envelope are Indicated at the bottom. 

i 

Fuselage torslonal, lateral, and resultant bending moment envelope 
curves for the unsymmetrical landing conditions are presented In Fig- 
ures 4. 38 and 4. 39.   The landing conditions which produce the curves 
are indicated on each figure.   The resultant bending moment envelope 
curve of Figure 4.39 was determined from the relation 

MR= JMZ
2 + My

2 

The values of My and Mz which produce the MR curve and also the cor- 
responding values of Mx are also shown on Figure 4. 39. 

Tabulated values of the fuselage loads resulting from the nine landing 
conditions which result In critical loads are given In Tables 4.62 
through 4. 70 
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4.5.5 Parachute Conditions 

A detailed study of the fuselage loading from two spin-with-parachute 
conditions and six high-speed parachute conditions has been made.   For 
the spin-parachute conditions, the parachute loads are superimposed 
upon the loads resulting from a 2.0 g steep spin condition.   The high- 
speed drag parachute loads are applied to the structure in addition to 
those imposed by a 1.0 g level flight condition.   The applied parachute 
loads and the resulting airplane linear load-factors and angular acceler- 
ations are listed in Table 4. 71. 

Figure 4.40 shows calculated fuselage bending moment curves for the 
four unsymmetrical parachute conditions.   Figure 4. 41 presents fuselage 
vertical bending moment envelope curves.   The parachute conditions 
which produce the positive My envelope curves are indicated at the top 
of the figure and those which produce the negative My envelope, at the 
bottom. 

The curves of Figure 4.42 give values of the fuselage moment envelope 
for the unsymmetrical parachute conditions.   The parachute conditions 
which produce critical torsional (Mx) and resultant bending moments 
(MR) along the length of the fuselage are shown in conjunction with each 
curve.   The resultant moment MR is defined as 

MR = VMy2 + Mz
2 

where the values of My and Mz are those which produce the maximum 
value of MR and are not necessarily the maximum values of My or Mz. 

Tabular values of the fuselage distributed loads are given in Tables 4.72 
through 4.79 for all eight of the parachute conditions. 
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4.5.6 Unit Loading Conditions 

The 24 sets of curves of this section are presented to show the distribu- 
tion of fuselage internal loading for various unit loading conditions In- 
cluding inertia, airloads, and landing loads.   The appropriate combina- 
tions of these unit distributions resulted in the design fuselage loads for 
the XV-5A.   The fuselage loads for future, and as yet undefined, loading 
conditions may readily be defined from these curves. 

The curves of Figures 4. 43 through 4.46 depict fuselage unreacted 
shears and moments from external airloads.   The curves of Figures 
4.47 through 4.51 show unreacted shears and moments from unit linear 
and angular accelerations.   Unit values of thrust and ram drag are con- 
sidered to produce the unreacted fuselage loading of Figures 4. 52 and 
4.53. 

The remaining figures depict fuselage loading from unit loading condi- 
tions which are reacted by inertia.   Figures 4.54 and 4. 55 show, re- 
spectively, reacted fuselage loading for a unit vertical load at the for- 
ward and aft wing spar locations.   The fuselage loading due to unit loads 
applied to the nose gear is shown In Figures 4.56 through 4.58. 

Unit loads or moments applied to each main gear produce the reacted 
loading curves of Figures 4.59 through 4.61, and unit loads and moments 
applied only at the left-main-gear result in the reacted shear and mo- 
ment curves of Figures 4. 62 through 4.66. 

-; 
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Figure 4.44   Fuselage Aerodynamic Loading Curves Fuselage Low-Speed Vertical Airload-- — 
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' Figure 4.59    Fuselage Loading Curves Reacted Unit Pitching Moment on Each Main Gear 
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4.6 HORIZONTAL TAIL LOADS 

As a result of the symmetrical flight maneuver investigation of Section 
\. 4.1.1, two particular conditions were found which produced critical 

loading.   Maximum shear and bending occurred for flight condition F-12 
whereas maximum torsion occurred for condition F-13 (see Table 4.1). 
These data were then incorporated with the unit shear, bending and 
torque curves of Figures 4.67 through 4.69 to define local conditions, 
and to enable the construction of composite values used in design.   The 
corresponding composite root (center line) conditions, per panel, were 
as follows: 

Horizontal Tail Static Test Loading 

Shear, lbs.          3,550 

Bending Moment, in-lbs.     121,050 

Torsion (center spar), in-lbs.       29,640 

Design elevator loads are presented in Section 4.9. 

4.7 VERTICAL TAIL LOADS 

Similar to the horizontal tail, two flight conditions were found which pro- 
duced maximum root values of shear, bending and torsion.   Maximum 
shear and bending resulted from a lateral gust (40 ft/sec) condition 
(LO 3 or 4, Table 4.2) whereas maximum torque occurred from a rud- 
ler kick condition (AF 17 or 18).   Local spanwise characteristics were 
obtained by applying these data to the unit shear, bending and torque 
curves of Figures 4.70 through 4.75. 

With reference to the center spar of the vertical tail, root (fuselage 
Juncture) values were as follows: 

Vertical Tail Design Loading 

Shear, lbs.         3,527 

Bending Moment (center spar), in-lbs. 177,309 

Torsion (center spar), in-lbs. 84,828 

Design rudder loads are presented in Section 4.9. 
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4.8 AEROELASTIC CHARACTERISTICS 

A complete listing of elastic coefficients - the ratio of an elastic stability 
derivative to its corresponding rigid value - is presented in Table 4.80 
in terms of tail and "model-minus-tail" contributions.   Figures 4.76 
through 4.78 provide a graphic portrayal of a few of the most important 
of these terms. 

o 

All of the foregoing data include the effects of fuselage bending and per- 
tain to a body axis system - orthogonal, right-hand rule, x positive 
forward - at small angular perturbations. 

To illustrate the significance of fuselage bending to the above net tail 
coefficients, data for an elastic tall, but rigid fuselage, are also shown 
in Tables 4.81 through 4.88.   These data also provide theoretical rigid 
tail stability derivatives upon which the elastic coefficients were based. 
Particular attention should be devoted to the theoretical rotary deriva- 
tives shown therein before establishing an actual finite value for an 
elastic derivative.   Also observe the coefficients to be relevant to 
(1) wing geometry, (2) dc/da = f (Mach), (3) dor/d/3 = 0, (3) qj/q* »1.0, 
and (4) e.g. « F. Sta. 246. 

0 
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PAGE 

CY 
■11 
CMZ 
tMY 
CMX-VT 
CMX-HT 
tMX-TOT 

BETA 
5.00 

■0.8816 

0,5359 

•0,1269 
■O,0321 
■0,1590 

STABILITY  DERIVATIVES 

RIGID  X   100 

ALPHA 
-5.00 

0.7130 

-1.5613 

DR 
10,00 

DE 
10.00 

P 
1,75 

0 
1,75 

R 
1,75 

0.2070 -15,5072 64,2^23 
0.5554 294,4757 

-0,1502 9,6092 -39,1532 
-1.3015 -644,9423 

0.0289 -2,5498 9,4278 
0,0068     -0.0018 -1,7968 2,3706 
0,0357 -4,3466 11,7984 

O 

ELASTIC   COLFFICIENTS 

CY 0,9921 0.9846 0,9783 0,9920 

IZ 1.0040 0.9771 1,0040 
tvz 0,9919 0.9868 0.9782 0,9918 
tMY 1.0040 0,9785 1,0040 
CMX-VT 0,9908 0.9816 0,9775 0.9908 
tMX-HT 0,9954 0.9846 0.8362 0,9951 0.9955 
tMX-TOT 0,9917 0.9822 0,9848 0.9917 

Table 4.81    Theoretical Stability Derivatives, Empennage (Rigid Fuselage), M ■ .3, 
Alt. - 0 S. L. 
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PAGE 

CY 
•CZ 
CMZ 
CMY 
tMX-VT 
CMX-HT 
tMX-TOT 

BETA 
5.00 

•0.8816 

0.!J359 

•0.1269 
•0.0321 
•0.1590 

STABILITY  DERIVATIVES 

RIGID  X   100 

ALPHA 
-5.00 

0,7130 

-1.5613 

DR 
10.00 

DE 
10.00 

P 
1.75 

Q 
1.75 

R 
1.75 

0.2070 -15.5072 6^.2423 
0.5554 294.4757 

-0.1502 9.6092 -39.1532 
-1.3015 -644.9423 

0.0289 -2.5498 9.4278 
0.0068     -0.0018 -1.7968 2.3706 
0.0357 -4.3466 11.7984 

ELASTIC  COEFFICIENTS 

o 

CY 0.9964 
cz 
tMZ 0.9963 
CMY 
«MX-VT 0.9957 
1MX-HT 0.9979 
CMX-TOT 0.9962 

1.0018 

1.0018 

0.9929 
0.9893 

0.9900 
1.0018 

0.9963 

0.9939 
0.9900 

0.9899 
1.0018 

0.9962 

0.9915 0,9896 0.9957 
0.9929 0.9219 0.9978 0.9979 
0.9918 0.9930 0.9962 

c Table 4.82   Theoretical Stability Derivatives, Empennage (Rigid Fuselage), M - .3, 
Alt. " 20,000 
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PAGE 

0 

STABILITY DERIVATIVES 

RIGID X 100 

B^TA ALPHA DR DE P        0 R 

5.00 -5.00 10.00 10.00 1.75     1.7b 1.75 

CY -0.8974 0.2116 - 15,9492 68.7194 

C2 0.7530 0.5Ö42 316,0167 
CMZ 0,5513 -0.1513 9,9753 -42.3279 

tMY -1.6591 -1.3655 -696,5050 
{MX-VT -0.128Ö 0.0295 -2.6074 10.0711 
tMX-HT -0,0317 0,0068 0.0025 -1.8179 2,4582 
tMX-TOT -0.1605 0.0363 -4.4253 12.5292 

CY 0,9673 
11 
CMZ 0,9666 
CMY 
CMX-VT 0,9618 
tMX-HT 0,9 713 
IMX-TOT 0,9637 

1.0059 

ELASTIC COtFFlCItNTS 

0,9430 0,9133 
0.9159 

0.9128 
1.0060 

0.9500 

0.9321 
0.9360 
0.9328 

0.9159 1.0064 
0.9128 

0.9203 1.0065 
0.9099 

1.2678        0.9723 
0.9355 

0.9666 

0,9659 

0.9617 
0.9713 
0,9636 

Table 4.83   Theoretical Stability Derivatives, Empennage (Rigid Fuselage), M - .6, 
Alt. -S. L. 
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PAGE 

tY 
-C7. 
CMZ 
tMY 
CMX-VT 
CMX-HT 
tMX-TOT 

BPTA 
5.Ü0 

-0.897A 

0.5513 

-0.1288 
-0.0317 
-0.1605 

STABILITY DERIVATIVES 

RIGID X 100 

ALPHA 
-5.00 

0.75 30 

-1.6591 

DR 
10.00 

0.2116 

-0.1513 

0.0295 
0.0068 
0.0363 

DE 
10.00 

P 
1.75 

0 
1.75 

R 
1.75 

-15.9^92 68.7194 
0.5842         316.0167 

9.9753 -42.3279 
-1.3655        -696.5050 

-2.6074 10.0711 
0.0025  -1.8179 2.4582 

-4.4253 12.5292 

o 

tY 0.9847 
CZ 
cvz 0.9844 
tMY 
tMX-VT 0.9821 
CMX-HT 0.9866 
tMX-TOT 0.9830 

ELASTIC COEFFICIENTS 

0.9731 0.9593 
1.0027 0.9590 

0.9764 0.9591 
1.0028 0.9612 

0.9679 0.9577 
0.9698   1.1454  0.9871 
0.9683 0.9698 

1.0029 

1.0030 

0.9843 

0.9840 

0.9821 
0.9866 
0.9830 

Table 4.84   Theoretical Stability Derivatives, Empennage (Rigid Fuselage).  M - .6, 
Alt. ■ 20, 000 
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PAGE 

O 

STABILITY DERIVATIVES 

RIGID X 100 

BETA ALPHA DR DE P        Q R 
5.00 -5.00 10.00 10.00 1.75     1.75 1,75 

CY -0,7058 0.1782 -11.3774 58.5956 
11 0.7989 0.6270 352.9265 
CMZ 0.4396 -0.1270 7,2201 -36.6127 
«MY -1.7831 -1.4626 -787.9489 
tMX-VT -0,0945 0.0236 -1,7757 8.0583 
«MX-HT -0,0162 0.0041 0.0089 -1,4801 1.3290 
«MX-TOT -0,1107 0.0277 -3,2558 9.3874 

ELASTIC COEFFICIENTS 

tY 0.9672 0.9379 0.8813 0,9661 
<LZ 0,9728 0.8587 0.9728 
CMZ 0.9665 0,9445 0.8804 0,9654 
CMY 0,9727 0.8643 0,9727 
tMX-VT 0,9605 0.9252 0.8748 0,9604 
CMX-HT 0,9451 0.9149 0.9932 0.9512 0.9446 
tMX-TOT 0.9583 0.9237 0,9095 0,9582 

Table 4.85   Theoretical Stability Derivatives, Empennage (Rigid Fuselage), M - .8, 
Alt. » S. L. 
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PAGE 

CY 
•CZ 
tMZ 
CMY 
CMX-VT 
tMX-HT 
CMX-TOT 

BETA 
5.ÜO 

-0.7058 

0,^396 

-0,094b 
-0,0162 
-0,1107 

STABILITY DERIVATlVEb 

RIGID X 100 

ALPHA 
-5,00 

0,7989 

-1,7831 

OR 
10,00 

0,1782 

-0,1270 

0,0236 
0,0041 
0,0277 

DE 
10,00 

P 
1,75 

Q 

1,75 
R 

1,75 

-11,3774 t>ö,b956 
0,6270 352,9265 

7,2201 -36,612/ 
-1,4626         -787,9469 

-1,7757 8,0b83 
0.0089  -1,4801 1,3290 

-3,2558 9,3874 

o 
r 

ELASTIC COEFFICIENTS 

tY 0,9845 0,9704            0,943b 
•CZ 0,9873 0.9282 
«MZ 0.9841 0.9736            0.9431 
tMY 0.9872 0.9311 
tMX-VT 0,9813 0.9644            0,9404 
«MX-HT 0,9740 0,9594   1,0029   0,9769 
CMX-TOT 0,9803 0.9636            0,9570 

0,9873 

0,9873 

0,9840 

0,9837 

0,9813 
0.9738 
0,9802 

Table 4.86   Theoretical Stability Derivatives. Empennage (Rigid Fuselage), M-.8, 
Alt. » 20,000 
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o 

STABILITY DERIVATIVES 

RIGID X 100 

BETA ALPHA DR DE P U R 
5,00 -5.00 10,00 10,00 1,75 1.75 1.75 

«Y -0.2087 0,0501 -2.6164 19.3152 
CZ 0,3057 0,1779 107.0678 
tMZ 0,1366 -0,0395 1.7575 -12.7059 
{MY -0.7039 -0.4375 •246.6070 
tMX-VT -Ü.Ü266 0,0066 -0.4371 2.6215 
tMX-HT 0.0016 0,0002 -0,0678 -0.5010 0.0641 
tMX-TOT -0,0250 0.0068 -0.9382 2.6856 

ELASTIC COEFFICIENTS 

CY 0.9928 0.9750 0,9437 0,9889 
CZ 0.9567 0,8882 0,9559 
CMZ 0.9926 0.9786 0,9431 0,9886 
CMY 0.9565 0.8947 0,9557 
tMX-VT 0.9903 0.9670 0,9377 0,9856 
tMX-HT 0.8574 0.9326 0.7984 0,9448 0,9403 
«MX-TOT 0.9991 0,9661 0,9415 0,9845 

Table 4.87    Theoretical Stability Derivatives. Empennage (Rigid Fuselage), M ■ 
Alt. *S.L. 

9. 
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o 

STABILITY DERIVATIVES 

RIGID X 100 

»ETA ALPHA DR DE P Ü R 
5.00 -5.00 10,00 10.00 1.7 5 1.75 1.75 

tY -0.20Ö7 0,0501 -2.6164 19.3152 
CZ 0.3057 0.1779 107.0678 
CMZ 0.1366 -0.0395 1.7575 -12.7059 
CMY -0,7039 -0.4375 •2<*6.6070 
tMX-VT -0.0266 0,0066 -0.4371 2.6215 
tMX-HT 0,0016 0.0002 -0.0678 -0,5010 0.0641 
tMX-TOT -0,0250 0.0068 -0,9382 2.6856 

ELASTIC COEFFICIENTS 

CY 0.9967 0.9ÖÖ3 0.9733 0.9948 
11 0.^795 0.9457 0.9791 
t*z 0.9966 0.9900 0.9730 0.9947 
«MY 0.9794 0,9488 0.9790 
«MX-VT 0,9956 0.9846 0.9704 0.9933 
«MX-HT 0,9311 0.^680 0.8983 0.9739 0.9717 
CMX-TüT 0,9999 0.9842 0.9723 0.9928 

Table 4.88    Theoretical Stability Derivatives, Empennage (Rigid Fuselage), M - .9. 
Alt. = 20.000 
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4.9 MISCELLANEOUS LOADS 

4.9.1 Parachutefs) Loads 

Deployment of the landing chute rX a maximum speed of 168 KEAS re- 
sulted in an opening shock load c f: 

7075 lbs. 

Deployment of the smaller drag chute for spin recovery at a speed of 
125 KEAS resulted in an opening shock load of: 

1040 lbs. 

with components .... 

Fx " 594 lbs., Fy - -292 lbs., Fz » 802 lbs. 

Deployment of the smaller drag chute for high speed retardation at a 
speed of 500 KEAS (q M 850 psf) resulted in an opening shock load of: 

16,597 lbs. 

The above load was assumed oriented, in terms of chute a and ß, with 
respect to the fuselage for three conditions having the following force 
components: 

for a = /J = 0 ... 

Fx = 16,597 lbs., Fy = 0, Fz = 0 

for a =7.3°, ß = 7.8°... 

Fx = 14,133 lbs., Fy = 2233 lbs., F2 = 2091 lbs. 

for a = 14.8°. /J = 0 ... 

Fx  = 16,043 lbs., Fy = 0, Fz = 4252 

4.9.2 Landing Gear Loads 

Loading incurred during landing is presented in Reference 7.   Aerody- 
namic loading is summarized herein.   The main gear loads are esti- 
mated for the insulated configuration. 

I 
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Figure 4.79    Design Loading Conditions, Main Landing Gear Door, Extended 
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Figure 4.81    Design Loading Conditions, Nose Landing Gear Door, Extended 
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During landing approach (180 KEAS), the main gear (each) exclusive of 
drag strut and nose gear drag loads were, respectively  

210 lbs. ~ Y      = BL 36. 4, Zcp = WL 53.2 

100 lbs. ~ Ycp = 0, ZCp = WL 55 

Landing gear(s) door loading is illustrated in Figures 4.79 through 4.81. 

4.9.3 Thrust Spoiler Loads 

The thrust spoiler loads were assumed directed normal to the apparent 
deflection plane and coincident with the area centroid.   Each thrust 
spoiler sustains, in addition to a steady-state load, a differential amount 
due to 0.5% RPM fluctuation which are as follows: 

1035 ±27 lbs. 

4.9.4 Wing-Fan Closure Door Loads 

The critical door loading for conventional flight is illustrated in Figure 
4.82.   This condition corresponded to maneuvering flight designation 
F-l (M = .8. q « 850 psf, nz = 4). 

The critical door loading for the VTOL configuration was found with re- 
spect to the following condition: 

V = 110 KTS, 40 ft/sec. lateral gust (/J = 128) 

MAX, Fan Thrust, ß3 =13°, 40° < /3V < 50° 

Corresponding loads are: 

YAW LEFT YAW RIGHT 

Hinge Moment, in-lbs. 
(+ opening) 

Twisting Moment, in-lbs. 
(+ leading-edge outbd.) 

Side Force, lbs. 
(+ Fy causes + HM) 

Outbd. Inbd. 

-800 

Outbd. 

12,500        10,000 

500 

-6,500 

600 

Inbd. 

■5,500 7,000        10,000        -10,000 

-6,500 

-800 
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Figure 4.82    Design Wing - Fan Door Loading, Conventional  Flight 
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4.9.5 Aircraft Support Pad Loads 

To provide facility for jacking the airplane or suspension during full- 
scale wind-tunnel test, three support pads were provided.   Design (limit) 
reaction loads at each of two wing pads and one aft fuselage pad are as 
follows: 

Wing Reactions 

Rx = +3000 lbs., fore or aft 

Ry = ±2100 lbs., lateral 

Rz = 6000 lbs. down, or 7000 lbs. up 

Fuselage Reactions 

Ry = 1000 lbs., omni-directional horizontal component 

Rz = 3000 lbs. down, or 2500 lbs. up 

4.9.6 Control Surface Loads 

Aileron, elevator and rudder control surfaces were designed to the load- 
ing shown In Figures 4.83 through 4.85 on the basis of maximum pilot 
effort Inputs. 

Design flap load in terms of a developed hinge moment for the condition 
of full flaps (45°) at 180 KEAS was 9420 in-lbs. (max. per side). 
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Figure 4.84    Elevator Design Loading 
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Figure 4.85    Rudder Design Loading 
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4.9.7 Wing Drag Loads 

Section 4.4 provided, by means of panel point forces, net wing loading 
perpendicular to the wing chord plane.   For each exposed semi-wing 
span, "drag" loads (parallel to wing chord plane) were calculated for 
two conditions as follows: 

Condition F-l (PLAA) 

1057 lbs. (viscous) 

1417 lbs. (press.) 

2474 lbs. (net aero.) 

Condition F-13 (PHAA) 

■2000 lbs., fwd. (net aero.) 
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5. 0   CONC LUSION AND RECOMMENDATIONS 

All XV-5A structural loading conditions have been evaluated and shown 
commensurate with Inherent structural integrity and to comply in scope 
and with requirements set forth by the Structural Design Criteria, ... 
except for rolling pull-out maneuvers which produce, in combination, 
vertical and lateral load factors in excess of 2.5 and 0.8, respectively. 

It is recommended that the XV-5A Structural Design Criteria be revised 
to reflect actual strength capability and thus eliminate conflict with the 
present report through implicating erroneous capability, and to further- 
more advise all appropriate parties as to flight boundaries deemed safe 
by this report. 

n 
j 
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