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RESEARCH MEMORANDUM

EXPERTMENTAT: INFLUENCE COEFFICIENTS FOR THE DEFLECTION
OF THE WING OF A FULL-SCALE, SWEPT-WING BOMBER

By Alton P. Masyo and John F. Ward

SUMMARY

The results of deflection tests on the wing of a full-scale, swept-
wing jet bomber are presented in the form of structural influence coeffi-
cients releting the deflection of a system of points on the wing to con-
centrated loads applied on the wing spars. The procedures used for
determining the coefficlents are presented.

The influence coefficients are used to determine the wing deflec-

~tions under assumed flight conditions and wing twist under s specifilc

system of concentrated torques. These calculated wing deflections are
compared with experimental results obtained from static proof tests at
the same loading conditions. Alsc presented are curves of twist in the
streamwise directlon due to concentrated loads applied along the wing
one-quarter-chord line.

INTRODUCTION

In comnection with current flight tests belng conducted by the
National Advisory Committee for Aeronsutlcs with a Boeing B-U47 airplene
it is required to esteblish values of wing structural influence coeffi-
clients in order to analyze properly the flight data for aercelastic
effects. The use of experimental influence coefficlents provides an
easier gpproach to the analysis of the aercelastic effects than the
use of the more indirect and less accurate theoretical methods. Inas-
much as the influence coefficients are of general Interest and published
data for an actual wing are practlically nonexistent, it was thought
desirable to publish these dats and 1llustrate some of the procedures
necessary to adapt the deta to almost any deflection analysis. Wing
deflections are calculated using the influence coefficients, which are
based on relatively small concentrated loads, and compared with deflec-
tions measured wlth large distributed losds during the static proof
tests In order to establish the rasnge of validity of the coefficients.
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2 <y NACA RM L53L23
ATRPLANE AND TESTS

The airplane used in the test was a Boeilng B-4T7A, six-engine, jet
bonber shown in figure 1. The main wing structure was & tapered box
beam with two spars at 17 percent and 58 percent of the wing chord (see
figs. 2 and 3 and teble 1). For ease in applying loads normal to the
wing, the tail of the airplane was elevated to bring the wing root chord
into the horizontal plene. Loads were applied symmetrically on both wlings
in order to eliminate the necessity of providing rolling restraint at the
airplane fuselsge. .

The loads were applied upward with hydraulic Jacks through rectan-
gular felt-covered loading pads, approximately 8 inches square, which had
sufficient surface ares to reduce localized skin deformstions. Sensitive
dynamometers were used to messure the concentrated loads applied. Loading
points were located at the intersection of rib and spar center lines (see
fig. 5), so as to take advantage of additional strength at these points
and to correlate loading~point locations with known structural dimensions.

Wing deflections were measured by means of dlal geges and hanging
scales located symmetrically about the airplane center line on the front
and rear spars at locatlons shown in figure 3. The reference plane for
these messurements was the heavily reinforced floor of the Langley sir-
craft loads calibretion laboratory which housed the airplane. Four dial
gages were mounted above the wing attachment flttings to establish correc-
tions for any movement of the ailrplane fuselage after the initial gage
readings were recorded. Dial gages, supported on tripod stands were used
at deflection stations 9 to 16 and hanging scales were used at statlons 1
to 8. The hanging scales were read with a surveyor's transit set up beneath
the alrplane tsil. The distance from the transit to the scales was approxi-
mately 60 feet. Test procedures were the same for all loading points with
every deflectlion gage being read at each change in load magnitude or
location (see fig. 3).

The net concentrated loads used increased in magnitude from
2,000 pounds &t the wing tip to 20,000 pounds at the root (see fig. 3).
In order to eliminate effects of structural slippage, a tare losd of
20 percent of the station meximm load was applied at each statilon.
All subsequent data teken was adjusted so as to be the incremental
values from the 20-percent-tare-load condition. These adjusted gage
reedings are referred to as deflection resdings for the rest of this
peper. The concentrabted loads were applied and relieved in 20-percent
increments in order to provide a more thorough check on gage behavior.

JE—
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ACCURACY OF MEASUREMENTS AND CORRECTION FOR ATRPLANE MOVEMENT

The dial gages used to measure the deflections at gage stations 9
to 20, inclusive (see fig. 3) were gradusted and read to 0.001 inch with
an estimated overall sccuracy of +0.001 inch. The hanging scales used
had gradustions of 0.050 inch and the overall estimsted accuracy of the
scale readings was t0.050 inch. The accuracy of the loads applied was
estimated to have been t5 pounds. The centers of load and gage loca-
tions were estimated to be within 1.0 inch of the locations given In
figure 3. ' -

During the application of the point loads, the airplane was slightly
pltched, rolled, and displaced vertically, thus changing the zero readings
of the four root geges used as reference points.

The corrections for airplane movement were based on the four root
gages, 17 and 18 on each wing (see fig. 3). The corrections applied to
the individual deflection readings at a point P expressed In terms of
the deflection of the four root gages were:

Roll:

o - 2 Zop - 7
AZP=E<183 8L AR lTL)YP (1)

2 gl.2 88.0

(where positive values of Y correspond with the left wing and negative
values of Y correspond with the right wing)

Pitch:
Z - Z Z - Z
1[{“17L 18L 1TR l&%)
== + X 2
“2p 2( 80.9 80.9 / ° (2)
Vertical displacement:
AZP = %E.Eoll- (Zl&: + ZlSR) - 0.204 (Zlﬂ, + ZlTR] (3)

The above equations are deduced from the root-deflection gege locations
showa in figure 3.



" L NACA RM L53L25
INFLUENCE COEFFICIENTS AND CURVES

The deflection readings, corrected as in the foregoing section,
were converted to-influence coefficlents, which relate the deflection
of a system of points on the two spars to concentrated loads spplied
along these spars. In order to obtain an influence coefficlent, the
corrected deflection data for a given deflection station were plotted
ageinst the net load applied at-a given loed station and a line faired
through the points. The influence coefficlent is the slope of the line.
Figure 4 shows & typical result obtained for the deflection at station 2
on the left wing as the loed 1s epplied at station 42 on the left wing.
The scatbering of the uncorrected points in this figure illustrates the
necessity of including the corrections for airplene movement. When the
date are corrected, the slope of the load-deflection curve shows good
agreement at a2il points, Implying a linear relatlon between deflection
and load. ’

In general, individual plots were not made to obtain :Influence coef-
ficlents. Instead, the original data were inserted into the ITBM calcu-
lator, which was set up to give influence coefflicients based on & least-
squares analysls of the datas and which included the corrections required
for airplane movement. -~ -~ -~ - ' ’

The coefficlents were obtalned In terms of deflections in inches
at the deflection stations per 1,000 pounds at the load stations.
Influence coefficlents obtained in this manner are given in table 2 for
the left wing and table 3 for the right wing.

It may be noted in teble 2 that the deflection at station 2 with
1,000 pounds at station 42 is 2.274k while from figure L4 the corre-~
sponding value is 2.2T7 as close as can be resad.

Figure 5 shows a typical influence-coefficient curve for the deflec-~
tion at statlon 6 on the left front spar due to 1,000 pound loeds at
various positions along the front and rear spars of the left wing. The
curves shown were plotted directly from teable 2. A curve of this type
is partilcularly useful when 1%t 1s requlred to determine the deflection
at a tebulated deflection station due to loadings distributed along the
span. Since any load distribution on the wing can be considered to be
divided into distributed loads on the front end reer spars if the chord-
wise centers of pressure are known, the station deflection may be deter-
mined by either of two methods. The dlstribubted loads aslong the spars
can be replaced by equilvalent concentrated loads which in turn are muiti-
plied by the influence coefficients correspornding to the loading stations.
The deflections at the station for each of the concentrated loads are
added to glve the tdtal deflection under the original load dlstribution.
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Alternately, the curves of spar loed distribution cen be multipliied by
the influence~coefficient curve for the station {o obtaln & product
curve which 1s then integrated to obtalin the deflection at that station.

Although the dste presented in tables 2 and 3 are consldered the
basic data of this report, the epplication of this type of data to a
specific analysls may call for influence coefficients at stations other
than those tabulated.

In order to obtain Influence coefficients for statlons on the wing
spars but not at deflection statlons tebulated, 1t 1s necessary to plot
several deflection curves for & 1,000-pound load at a different spar
station in each case. This has been done in figure 6 as an example.
Influence~coefficlent curves are then plotted from values of deflection
at the station in question (see fig. 7). In order to obtain influence
coefficients for deflection stations off the spars, 1t is necessary to
determine the influence coefficients for the front and rear spars at the
same spanwise location and inbterpolate between them.

Another type of interpolation which can be made directly with appar-
ently little error in the results is to use Maxwell's Law of Reciprocal
Deflections in which the loading and deflectlon stations are interchanged.
A demonstration of this law applied to present date is shown in figure 8.
The data used in figure 8 were obtained by constructing influence-
coefficient curves for each deflection statlion and reading values at all
other deflection stations. A given point on the plot is the result of
choosing two arbitrary deflection stations P and @ and plotting the
deflection at P, due to a 1,000-pound load at @, against the deflection
at Q, due to a load at P.

From the basic date given in tables 2 and 3 other types of IiInfluence
coefficients can be derived to suit any particulsr analyticsl procedure.
One type of influence~coefficient curve which will be particularly use-
ful in the analysis of flight dsta for a Boeing B-47 is a curve of stream-
wilse twist induced by airioads acting slong the quarter-chord line. Fig-
ure 9 shows these curves of streamwise twist for 1,000-pound point loads
on the quarter chord at various statlons along the span. The points are
retained in figure 9 to show the scatter and fairing required.

COMPARTSONS

The influence coefficlents were obtained with concentrated loadings
which, while high on a pounds-per-square-foot basis, were relatively low
on a total loads basis. Since the influence-coefficient resulis are
expected to be used with larger distributed loads, where nonlinearitiles
may exlst, a number of comparisons are made between deflections determined

R
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from the influence coefficients and deflections obtained from statlc
proof tests at high-load levels. :

Figure 10 shows a comparison between the deflection of the front
and rear spars measured in a static proof test of a Boelng B-47B wing
(ref. 1) and deflections computed through the use of experimental
Influence coeffilclents usging similsr loading conditions. The equivalent
concentrated spar loeds uged to duplicate actual proof-test loading con-
ditions asre given in table 4. The Boeing B-4T7B wing differs primarily
from the B-LTA wing in the skin thickness near the root.

Another comparison is shown In figure 11 where the deflection
resulting from & 8,000-pound concentrated load on the XB-47 wing (ref. 2)
is compared with resulits obtalned with influence coefficients from the
B-4T7A. The B-LT7A wing 1s basically similar to the XB-47 wing except for
the substitution of forged fittings In place of machined fittings.

In still another test described in reference 1 g B-4t7B wing is sub-
jected to three large concentrated torque loads and the wing twist meas-
ured. The front and rear spar deflections of the B-LTA wing under similar
torques as determined from the infiuence coefficlients of this report are
shown in figure 12. The spar deflections in figure 12 were found to be
somewhat erratic, because the influence coefflcients used to obtain these
deflections were determined with loadings which contained very small
torque components. This resulted in a loss of accuracy which is evident
from the scatter in figure 12. Least-squares perabolic curves were
passed through the points which assume zZero deflectlion at the wing attach-
ment £ittings. The twists derived from the least-squares curves are com-
pared in figure 13 with B-47B data from reference 1.

Calculations of the tip deflections made In reference 3, using the
EI distribution of the B-L7B for an assumed in-flight loading condition,
resulted in a tip deflection of 87 inches, whereas, the tip deflection
computed by the influence coefficients contained herein gave a deflec-
tion of 82 inches (see fig. 10).

DISCUSSION

In order to provide a check on original dste, the uncorrected and
corrected data for each gage station were plotted. The station-deflection
curve shown in figure 4 is typical of about 90 percent of the data with
regard to scatter of the final corrected points and linearity of the
curves. It is typical of all the data in indicating the need for
including corrections due to movements of the alrplane during load appli-
cation. In the cases rot typified by figure 4, a few of the data points
were errgtic due to reading and recording errors durlng the test.
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Influence curves, for a particulaer deflectlon station due to loading
along the spars, resulted in fair curves with very little scatter. As
might be expected, the curves showling wing twist, in planes perpendicu-
lar to the elastic axis derived from smsll differential deflections of
the spars show a great deal of scatter as 1s evidenced in figure 12.
Because of this scatter the twist curves shown in figure 13 are only a
general comparison and the results cannot be comsidered conclusive as

to the relative stiffnesses of the B-4TA and B-A7B wings. In the twist
curves for loads along the quarter-chord line in figure 9, the stream-
wise component of the twist perpendicular to the elastic axis 1s second-
ary to the twist in the streamwise direction due to bending. The small-
ness of the scatter shown in figure 9 is due to the fact that the stream-
wise twist was obtained from large differential spar deflections mainiy
due to wing bending which could be determined with fair accuracy. Imn
connection with figure 9 it is to be noted that for the outboasrd stations
the twist continues to increase outboard of the loading point, which 1s
not in agreement with elementary beem theory. This discrepsncy cannot
be fully accounted for by possible inaccuraclies 1n measurement and is
assumed to be due to secondery stress carryover into the outboard portion
of the wing and to differences 1in the slopes of the front end resr spars
at the streamwise loading station.

The data in figure 9 correspond to the structural maetrix [?é] In

equation (14) of reference 4. The required values to be inserted in the
matrix may be read from the figure taking proper account of the units
involved. The twist curves of figure 9 are for eight equally spaced
stations; similar curves for any other system of stations may be obtained
from cross-plotting of the curves given.

Although the influence coefficients given were obtained under con-
ditions with no chordwise forces present, such forces should be included
in the most accurate calculations for wing twist. The Inclusion of chord-
wise forces is in the nature of a correction. The necessity arises because
the chordwise forces acting on the deflected wing produce a torque distri-
bution along the span. This torque distribution may be duplicated for
use with influence-coefficients methods by application of couples through
superimposed spar loads. In the comparisons given in figure 10, the effect
of chordwise force on the deflected wing has been included in the calcu-
lation of deflectioms by influence coefficlents so as to agree with the
chordwise force effects present in the proof-test deflections. In the
comparisons shown in figures 11 and 13 no corrections for chordwlse forces
were necessary.

From the comparisons shown in figures 10 and 11 it appears that there
is apparently little difference in the deflection characteristics of the
Boeing B-47A and B-47B wings. More important, however, is the indication
thet the Influence-coefficient results obtained with relastively smalil
point loads can apparently be extended to the maximum loading conditions
to be expected in flight. Further confidence in the influence coefficients
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and in the ability to analyze the flight results arises from the fact
that Maxwell's Law of Reclprocel Deflections (see fig. 8) is checked
very well by deflection measurements.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., December 3, 1953.
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TABLE 1.~ PERTINENT WING AND NACELLE CEARACTERISTICS

Sweepback of 25-percent-chord line, deg . . . « « .+ .
Sweepback of elastic axis, deg .« « « ¢« ¢ « s ¢ & « .
Front spar cenber line, percent chord . . « . « . .« .
Rear spar center line, percent chord . . « .« « « . .
Elastic axis (assumeds, percent chord v « « o« « « «
Thickness retio . . « . .« . o c e s s e .

Horizontal distance from elastic axis forward t0o nacelle

center of gravity, in.:
Inboard nacelle o« o« o« « « = s ¢ o o & s o s = = o &
Outboard nacelle . . .
Vertical distance from elastic axis to nacelle center
gravity, in.:
Inboard nacelle .« ¢ « v o« o« s« o o &« o« s« s o « « v &
Cutboard nacelle . & ¢ « o« o e a = « *« o o « = = =
Nacelle deadweight, 1b:
Inboard nacelle . ¢« o« ¢ « o ¢« ¢ ¢« s o« & a « & s o =
Outboard nacelle . ¢ o« o o o o o s« « s a2 o o ¢ = &

- « * e e = - « a L] « e -

7,566
3,251



TAFLE 2.- DEFL.ECTTON JAFLUENCE CORFFICIENTS FOR LEFT WING

Deflaction influence coefficients, in./1,000 1b, for load atations -

Deflaction
whations 21 22 51 42 61 62 a & 0L 102 121 102 161 162 201 202 302
1 2.9688 | 3.1926 | £.123%2 | 2.%577 | 1.3000 | L.5775 |0.8769 | 1.0940 |0.3kkT o.716; 0.3512 |0.4%58 |0.0879 [0,13L0 | 0.05Th |0.0hSL | 042k
2 29130 | 2.95% | 2.0163 | 2,27k | L2 | 1kmhz | 058 | L0078 | .5ek | .6THT b0 | a8 | L0808 | 1267 | .ozer | .omos | Lhoes
3 2.b27L | 2.5051 | 1.7695 12,0030 |1.1100 |1.3327 | .T575 | .9402 | .hBag | .€266 | 305 [ .36m | .061B | .1196 | .c285 | .ohoe | 3755
b [2.2705 | 2.2250 | 1.6820 |1.8557 |1.070% | 1.2478 | .Th66 | .8863 | .L7e8 | (5927 | .3095 | .3661 | .0800 | .112h | .o3ho | .0377 | .3sus
5 1.6003 {1.6263 | 1.2hoa |1.30e2 | 0368 | .98%9 | .59e7 | .50 | .3ReB | Lhosh | .24s8 | L3050 | o638 | .ooes | .cems | .om35 | 2088
6 L4826 [ 1,h530 11,1565 {1.2575 | 8088} .9o70 | 5761 | .6n50 | 3664 | .36e0 | .ph2o | .2908 L0671 | L0915 | L0206 | L0300 '.eaoo
T 11083 (1.1763 | .3e31 [1.0083 | .63p2 | 1609 | 4915 | 5831  .31k8 | .baop | 2078 | .2633 | .om%3 | .08v6 | .0em3 | o287 | .esbo
8 .9T32 [ 1.008% | .B5ho | 8736 | 608 | L8700 | .heoe ﬁ'r!rl 2989 | 3600 | .pohe | .2367 | L0550 | L0765 | .0ok3 | .om60 | .2238
9 1238 .Bore | .6mes | (7008 | .hE72 | L5mmL| LTl .?l-lb 2hed | 3em | L1m3 | L2063 | L0MB3 | .OfOL | L0189 | .0e3T | .1808
10 683 | L6650 | .55k | ook | LAO26 | ML | L3m3 3690 | .2289 | .2772 | 160k | .1765 | L0468 | L0616 | .Oelh | .0eOS | .ATTY
I | Jess| .| Jgko | AeTT | .32va| 3699 | o600 | 300w | 1869 | .zok | 1308 g7 | oot | Losh | Lo | Loass | .10
i} J19B | Jheesy AasTB | LAT6O 2796 JSoak | o8 | k22 | 1699 | 939 | 12ms | 3k9 ) o519 | .obgo | .on8 | LouThk | L1330
13 JA785 | L1066 1588 1729 | (1865 | .1b12 | L1OM: | .79 | L0805 | L1007 | W0632 | o753 | L0205 | Lom1l | L0085 | .ok | Lo738
14 L1268 | 1302 | sk | .uge | L0927 0970 | L0801 .080% | 0620 | 069k | om0 | .om0h | .oe05 [ .e38| .0L06 | .cace | Lokg3
15 0655 0760 | .osh5 | L06LG | .ohéO | o5t | .0B36 | JOwe | .omer ! 0390 | .obh | .omes | .omu7 | .oaso | .oo28| .08 | .&TO
16 L0035 | L0468 | .05TO | -0BT9 | .03L7| .0322 | .00k | .0eS2 | L0289 | L0230 | L0095 | .cu95 | .on22 | L0096 ] .co95 | .ooMi | .oP13
1 -0003'Y ~.0003 | L0007 | 000N | .0007 [ .000% | L0008 | .coo6 | .0007 |-.0006 |-.000% | .ooo2 | .oooe | .ooce |-.o00k |-.000L |-.c002
18 40003 | +,0006 | 0005 |-.0001 | .000L | -.000% |~.000L [=-.0001 |=.0003 |~.0008 (-.0005 | 0000 |~.0001 | .0000 |-.000% | .0000 |-.0m2
19 ~-.0052 | -.001k | ~,0006 |~-.0006 (-,0005 |-,0009 |-.0005 |-.0000 |-.0011 |-,0009 |-,0005 | .0002 |-,0000 | .0000 |-.000% |-.0001 |-.0009
20 |-.0027-.00e3 | -.0021 |-.00e7 [-.0022 | -.0007 |-.0021 | -.0006 }-.co12 [-.0010 |-.0007 |-.0005 |-~.0007 -.000% |-.000% {-.000e |-.0cms

0T
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THELH 3.~ DEFLECTION INFLUMNCE COEFFICIENTS FOR RIGHT WING

Deflection influence ooefficients, in./1,000 1b, for losd stations -

Deflsation
sallom | o L ee |l | % | & | 62 | & | & | 2 | e | se | 122 | 180 | 260 | e | 22 | 3
1 3.0950 | 3.221% | 2.0061 |2.5423 | 1.3168 | 1,555 | 0.8857 | 1.0852 (0.5628 | 0.7137 |05 |0.49AR | 0.0972 |0.15TR |0.0%58 [0.0%29 |0.hok)
2 £.5083 |3.0083 |2.0092 2.2542 | L.OT6T |1.4%50k | .8305 [L.0e51 | 956k | 6763 | .06 | .bea7 | .0967 | .1299 | .0B66 | 0518 | .3977
3 2.4e36 {2,573 (17457 (1.9829 |1.1259 |1.53215 | 7668 | .0383 | .hoh6 | .62k | 36T | .3995 | .0898 | .1221 | .0%17 | .GATH | 3713
b 2.e438 | 2.4180 [ 1.6672 |1.85%5 | 1.0935 (L.2407 | 7370 | .B%k0 | .hoeg | 5077 | 310k | L3786 | L0883 | .1162 | .oe27 | (o4O | 3488
5 1.5633 |1.7h98 |1.2209 (13797 | .Bho9 | .OBWT | 5936 | .T198 | .396k | .hg32 | .23h3 | .3206 | .oTne | .1006 | .0f1 | .c389 | .3038
6 14661 [1.058% [1.1506 [1.2517 | .B093 | .900L | 5706 | .6639 | .300h | W67 | 2523 | .2997 | .O7hL | .OGMT | .c26h | .C3TO | .2763
7 1.1687 [1.2h23 | .9205 |1.0199 | .561% | .T65% | .MOWB | .56h3 | .3300 | .Jipo | .2108 | .e7h7 | .06h0 | .OBE | .022L | .B%2 | .2%63
8 1.0110 |1.0692 | @465 | 6778 | .6L12 | .6592 | .ASM0| .BLP5 | .316e | (3662 | .R069 | .23GT | L06RA | L0795 | .0033 | L0312 | .2238
9 L3 | JBLTh | GRS | 713 | ATBR | LS3TE | L3TOR | 393 | L2605 | J3amS | L1mme | W2ATL | .0%05 | 068k | o183 | L0069 | 204k
10 S35 | 6T [ W06 | MB35 | LB | JMhBo | L3380 | (36h9 | L2437 | .ET6 | L1664 | L1863 | .oh9® [ .06h0 | L0196 [ .com { .1TB4
hh L5 | 5350 | he6B | ST9| J3eTT | L585W | .emok | L3000 | L1000 | L8306 | L1332 | 1491 | .Ohea | .0385 | .0lh2 | .0BLL| .1378
12 ey | Lheob | 358 | sTEs ) 2Tro | L20eT| L2233 | .22 | e | L1023 1264 1386 | .oh26 | om0l | Loush | .019% | .1e8e
13 JA865 | L1979 | W612 | 1736 JleBh | .1k0g | L10%0 ( 1180 | L0780 ) .lceo | L0652 | .OT6T | .0ese | 015 | .ooBR | .ol | .O7E9
" 2365 | 38| .o | 1388 | .oges | .osTL|-.0799 | .0M5 | .0fp0 | 0650 | 0505 | .0%e5 | .tev6 | .coke | .dum [ .cuoh | .oMgm
15 .0883 | .ofite | .o62% | .OTOW| .0PRT| .OSTS | .OMBD  .OMBS | .OBWL | 0383 | .0RT3 | .OBBT | .OLh9 | .0178 | .003L | .o0h | .0B67
16 L0018 | o5 | Lom05 | LORT9| JoB62 | (0385 | .o3h5 | .oB02 | L0260 | L0270 | .0200 | ,0209 | .0126 | .0090 | .0066 | .oom0| .ae06
17 0012 | .0000 | 40005 |-.000% | ,000% | .00Ok [ .00OL | .00OL |-.000L |~-.C005 |-.0002 [ .000S | .0OCR [ .OOOY {-.00L1 | .0OC2 {-,0005
13 LO006 | L0003 | L0006 | L0008 | .000T | 00Ok [ .OOOK | .000% 1 .000L |-.0COS P-.000% | .OO02 | .0002 | .0OOL |-.0008 | .0ODO [-.0005
19 =.0006 | ~,001L | -.000k | -.0C0B4 | ~.0007 | ~.0089 | -.000L |-.000% |-.0010 (-,0010 |-,000%4 |-.000% |-.0002 |-.0001 |-.0005 | .0000 |-.00MT
20 -.0009 {-,000% { -.001} |~,CQL1 | -,0011 | ~.0Q10 | ».000% | ~,0009 |~.0000 |.,0016 [-.0012 {=.0006 |~.0006 |~.000% (=.0005 | .0000 |-.0022
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TABLE 4.- EQUIVALENT CONCENTRATED SPAR LOADS

FOR PROQF-TEST CONDITIONS

Elastic axis Front spar Rear spar
station, in. loading, 1b loading, 1b

821 2,128 1,081
T 2,147 510
132 3,509 899
692 b, 119 1,048
685 | meeeee- ~8,T40
658 2,116 |  ceme———
652 5,040 367
612 4,604 1,166
573 717 1,142
532 5,048 1,278
ko2 5,811 1,381
452 5,936 1,456
Lk 6,344 91k
376 5,328 1,332
343 | cemeeee -1%4,536
342 5,274 1,318
308 5,308 1,351
304 30,116 = |  ee———
270 6,019 1,639
235 6,612 1,778
198 1,137 2,119
163 7,086 2,104
128 7,406 2,249
93 6,323 1,867

70 L, 794 0

57 3,796 0
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[16° at O° dihedral

Figure 1l.- Three views of test airplane.
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All dimensions are givenin inches

87.36

25%-chord line

Elastic oxis station O——\
s
P

34.03

4__1 .

82082 _|67493

208

—-Airplane ¢.

696

Figure 2,- Wing plan-form geometry used,

In wing deflection calculstions.
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0 Deflection station
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Flgure 3.~ Locations on wing of load stations and gage stetions used

during test and magnitude of loads applied.
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Defiectionat gage station2(left wing),in.

12.5 ; i
0 Un|correcfed data, increasing load
a Unlcorrac'red data, decreasing load
0.0 < Gorrected data,increasing load
10- < Corrected data, decreasing load
/ |
7.5 o
Rt
5.0 E
\\
B| <
25 9
\\
<
0
0 1000 2000 3000 4000 5000

Applied load at load station42 (left wing), Ib

Figure L.~ A typlesl statlon deflection with load.
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——O—— Front spar oy
—— Rear spar
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Load position, elastic-axis station, in.

Figure 5.~ A typlcal influence-coefficient curve showing the deflection
of a etatlon with chenges in load positicn along spars.
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Deflection, inches per {000 pounds
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Point used in constructing figure 7
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Figure 6.~ Typical front-spar deflection curves for 1000-pound loads
applied at variocus spanwise stations.
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Flgure T.- Influence-coefficlent curve for a polnt on the wing where no
deflection gage was located.
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Figure 8.- Comparison of experimentel date with Maxwell's Law of Reciprocal
deflectiaons.
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Figure 9.- Twist of wing in plenes parallel to the airplane center line
due to 1000-pound point loads applied st verious stations along wing
25-perdéent-chord line.
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Deflection,in.
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Figure 10.- Wing deflectlons due to applicabion of polnt loads representing

& proof-loading condition,

© - Front spar, influence-coefficient method
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Front spar. /
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Deflection,in.

o Reference2data
Influence-coefficient method //
/‘/
// 8000-pound point load
M
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Elastic axis station,in.

Figure 1l.~ Deflectlon of wing elastic axls with an 8000-pouni point loed

applied on elestic axis at atation 612.
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Deflection,in.
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Flgure 12.- Deflection of spars due to three concentrated torques applied
in planes perpendicular to wing elastic axis,
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Wing twist, radian
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Figure 13.~ Twiet of wing in planes perpendicular to elastic axls due to
three concentrated torgues spplied in planes perpendicular to wing

elastic axis.
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