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ABSTRACT

Results from and details of the procedure used to calibrate strain gage
bridges for measurement of wing structural loads, shear (V), bending moment (M),
and torque (T), at three semispan stations on both the left and riqht semispans
of the ARH-2 wing are presented. The ARW-2 wing has a reference area of
35-square feet, a span of 19-feet, an aspect ratio of 10.3, a midchord line
sweepback angle of 25-degrees, and a taper ratio of 0.4. The ARYW-2 wing was
fabricated using aluminum spars and ribs covered with a fiherglass/honeycomb
sandwich skin material. - A1l strain gage bridges are mounted on the aluminum
spars or ribs. The resulting loads equations are presented along with an esti-
mate of their accuracy by means of a comparison of computed loads versus actual
loads for three simulated flight conditions.

INTRODUCTION

The second Aeroelastic Research Wing (AR¥W-2) desiqned and fabricated as a
part of the Drones for Aerodynamic and Structural Testing (DAST) program (ref.
1) is a supercritical wing of energy efficient aerodynamic design that was
desiqned structurally, using an inteqrated design procedure, to include the
benefits of active control systems for Maneuver Load Alleviation (MLA) and Gust
Load Alleviation (GLA) to reduce structural strength requirements and an active
control Flutter Suppression System (FSS) to reduce structural stiffness
requirements. The strain gage bridges, lncated at three stations on bhoth the
left and right semispans, are used to get measurements of structural loads,
shear (V), hending moment (M), and torque (T) to: (1) assure that safe loading
levels are not exceeded during testing, (2) provide data for evaluation of the
active control systems, and (3) provide data for the evaluation of the effects
of wing flexibility on aerodynamic 1nads measurements obtained over a range of
Mach number and dynamic pressure test conditions.

The purpose of this paper is to document the procedures used to obtain the
equations which define the relationship between structural loads, V, M, and
T, and the strain gage bridge outputs and to provide an evaluation of the
accuracy of the equations by comparison of computed versus actual loads for
three loading conditions.
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SYMBOLS

L ith general load (v, M, or T)
M bending moment, inch-pounds
T torsion, inch-pounds
v shear, pounds
Bij coefficient of jth bridge for ith load equation, load/mV
Hj output of jth bridge, mv
Xw,Yw axis system oriented perpendicular and parallel to the wing 62-
percent chordline (rear spar) with origin at the vehicle centerline
Xw ,Yw inboard strain gage bridge station reference axis system oriented
I "1 perpendicular and parallel to the wing 62-percent chordline with
origin at Yw = 21.4-inches
Xy Yy midwing strain gage bridge station refarence axis system oriented
M M perpendicular and parallel to the wing 62-percent chordline with
origin at Yw = 60.4-1inches
Xw ,Yw outboard strain gage bridge station reference axis system oriented
0 0 perpendicular and parallel to the wing 62-percent chordline with

origin at Yw = 96.5-inches

WING AND INSTRUMENTATION

Wing

The ARW-2 is a high aspect ratio, low sweep angle wing desiqgned for energy
efficiency at a cruise Mach number of 0.8. The airfoil shapes and wind tunnel
test results are presented in references 2 and 3. The general arranaement.of
the ARW-2 wing mated to a BQM-34F drone aircraft is shown in figure 1.

The wing structure is like that of ARW-1 (ref. 4) in that it consists of a
wing center section and right and left wing semispan panels with removable.
leading and trailing edges and tip sections. The center section mounts on the
BQM-34F fuselage at the same position as the standard target drone wing and uses
the same attachment bolt locations. The outhoard ends of the center section are
in a plane normal to the 62-percent chordline of the semispan panels.

The primary structure of the wing semispan panels consists of a front spar
at the 25-percent chordline, a rear spar at the 52-percent chordline, aad an
auxiliary spar located inboard in the trailing edge extension (yehudi) area as a
support for the inboard control surfaces. Ribs are located perpendicular to the
rear spar every 13.2 inches with the exception of a special streamwise tip rib
that also functions as an outboard spar end fittina. The upper and lower skin




surfaces located between the front and rear spars are riveted and qlued in place
except for a section on the upper surface skin located over the first and second
inboard cavities between ribs (locations used for mounting wing instrumentation
packages) which is held in place with removabhle screw fasteners. The wing lead-
ing and trailing a2dge panels, the wing tip fairing and the upper and lowe: skin
panels between the rear spar and the auxiliary spar are also held in plac:
removable screw fasteners. The wing semispans are joined to the wing cent.
section at the front and rear spar inboard end fittings with four tension bo]r*
at each location.

The wing center section was machined from a thick aluminum plate in a
configuration to provide a high degree of stiffness without consideration of
minimum weight. The spars and ribs were machined from 7075-T73 aluminum alloy.
The wing skins are of fiberglass material with honeycomb panels sandwiched
between the middle two layers of fiberglass for areas of skin not Tocated over
the spars or ribs. The number of layers of fiberglass used to make the skins
varied froimn 36 at the inboard end to 27 at the outboard end with approximately
25-percent of the layers at +/-45 degrees orientation.

Wing Mounting

For the calibration procedure reported on herein the left and right
semispans were calibrated separately with the mounting being to a backstop
rather than to the wing center section attached to a fuselage as was done for
ARW-1 (ref. 4). The left semispan was mounted directly to a backstop using a
plate which had a hole pattern similar to that of the wing center section. The
right semispan was mounted to the backstop using a half center section fabri-
cated for later use as the wall mounting method for a wind tunnel test (ref. 5)
using the right semispan. For both semispans the assembly was mounted upside
down so that inert masses (shot bags) would apply forces in the nroper direction
for most loading conditions as noted on figures 2 and 3. An overhead frame with
a cable-pulley arrangement as shown in figures 4 and 5 was used to achieve nega-
tive loadings when required.

Strain Gage Bridges

tach semispan was equipped with a primary set of 23 strain gage bridges at
15 locations each as shown on figures 6 and 7 and also with a second identical
set of backup bridges on each semispan. The individual strain gaases for all
bridges were mounted on the vertical web of either the spars or the ribs between
front and rear spars. Bridges intended for the measurement of shear loads were
mounted with individual gages arranged in an x-pattern about the centerline of
the spar vertical web as shown in figure 8 (gages for the backup bridge are
mounted directly over the primary bridge). Bridges intended for measurement of
bending moment 1oads were mounted with individual qages located on the spar ver-
tical webs adjacent to the spar caps, two near the upper spar cap and two near
the Tower spar cap as also shown in figure 8 (gages for the backup bending
moment bridge are located side by side with those for the primary bridge). The
gages for the bending moment bridges were not mounted on the spar caps because
previous experience indicated that installation and removal of screw fasteners
used to attach the wing leading and trailing edge skins caused large shifts in
the no-load output of the bridges. Also previous experience in working with




fiberglass skin materials indicated that, for bridges mounted directly to the
fiberglass skins in an arrangement satisfactory for the measurement of torsion
loads, the zero or no-load drift was excessive (unsuitable for flight testing).
As a result bridges arranged for the measurement of shear and bending moment
loads were also used for determining torsion loads with a somewhat less than
satisfactory result (ref. 4). 1In an effort to improve the capability to measure
torsion 1oads on ARW-2, strain gage bridges were nounted in the middle of each
rib, as noted in figures 6 and 7, in an x-arrangement as shown in figure 9. Ai1l
of the strain gage bridges were subjected to an input excitation of 10 volts.

CALIBRATION PROCEDURE

The calibration procedure consisted of: (1) measuring the electrical
imbalance of each of the strain gage bridges for a large variety of wing loading
conditions, described in terms of shear (V), bending moment (M), and torsion (T)
for each wing semispan station of interest, and (2) then using a multiple linear
stepwise regression analysis program to establish loads equations for V, M, and
T as a function of the electrical imbalance of the selected strain gage
bridaes. The accuracy of the selected loads equations were checked by perform-
ing three additional wing loadings simulating specific flight conditions and
using the measured electrical imbalance of the bridges as input to the loads
equations and comparing the calculated values of V, M, and T with the magnitudes
of V, M, and T loads actually applied.

Input Loading Conditions

A single point and *wo multipoint loading procedures, each with a large
number of -individual steps, were performed to obtain strain gage bridge output
measurements for the development of loads equations for V, M, and T. Figure 10
shows the locations on the winga right samispan where loads were applied. The
locations and numbering system for application of loads to the wing left semi-
span were similar. Table I presents the Xy and Yy position of each of the
locations shown in figure 10 with respect to the wing reference axis system and
also the Y position in the inboard, midwing and outboard strain gage bridge
reference axis systems. {The X positions in all axis systems are the same.)

Single Point Loadings.- Single point step loadings were applied
individually at each of the loading locations shown in figure 10. The loads
applied to the wing were in the form of 25-pound lead shot bags or scale weights
hung from the inverted wing by means of cords and special brackets attached to
the wing at the appropriate locations as shown in figure 11. Table II(a)
through II(f) 1ists the maximum single point wing loadings in teris of shear
(V), hending moment (M), and torsion (T) and the resulting measured electrical
imbalance or output of each of the strain gages for each wing station for bdth
the right and left semispans. Influence coefficient plots of the data from
Table II are presented as figures 12 and 13 for the right and left semispans
respectively.

Bending Moment Multipoint Loadings.- The multipoint loading procedure used
to apply large bending moments for calibration purposes is listed in Table III.
It is a 48-step procedure that used 18 of the 22 loading points. Al1 chordwise




loads at each semispan station were applied or removed before a recording of the
strain gage outputs was obtained. The series of eight loading steps were
repeated three times with all previous loads remaining in place so that the
maximum loading occurred at the 24th step. By following the same sequence
during the unloading process an additional 21 distinct loading conditions were
achieved along with two repeats and a final zero loading condition. Table IV
lists the wina loadings and the measured electrical imbalance or output of the
strain gage bridges.

Torsion Multipoint Loadings.- The multipoint loading procedure used to
apply Targe torsion Toads to the wing for calibration purposes is listed in
Table V. It is also a 48-step procedure similar to that just described. The
necative loads needed to achieve a torsion loading were applied using a cahle
pulley arrangement described earlier (figs. 4 and 5). Table YI Tists the wing
lToadings and the measured output of the strain gage bridges for the torsion
multipoint loading conditions.

Loads Equations

Loads equations for calculating wing loadings as a function of the output
of selected strain gage bridges were determined by means of the standard
regression analysis methods described in reference 6. The load equations have
the form:

Bin Biz P13 - c - By | “i\
Bar B2 Bpz - 7 - By Mo
1 = - - - - - - - -
-4
- ' 1
L_811 Bj2 By3 - = Byj _} Hj

where Ly 1is the loading of interest, g 1is the cnefficient of the jth
bridge for the ith load, and pu 1is the output of the jth bridge.

The regression analysis can bhe performed using one or as many of the strain
gage bridges as are available at each wing station. A stepwise regression
analysis orocedure (ref. 7) was used which selects the hest single strain gage
bridge, then goes on to select a second bridae that when used with tha first
bridge selected, gives the hest combination of two bridges and continues on in
the same manner to include as :nany bridges as are available at the snecified
semispan station as long as anv of the remaining hridges met the minimum F-value
and tolerance level statistical criteria for entrv.

For the inboard wing stations (left and right semispans) the loads and
strain gage bridge output data from the two multipoint loadings were combined
and nsed as the innut to the rearession analysis procedures., For the midwing
and outboard stations on each semispan the single point loading data as well as
the data from the two multipoint loadings were used as the innut for the




appropriate regression analysis. Table VII indicates which bridges were
selected for each load measurement and lists the associated load coefficients
(811) and probable errors along with the standard error of estimate for the
equation and the multiple correlation coefficient which is an indication of how
well the calibration data fit the linear regression equation selected.

Figures 14 and 15 provide a visual nresentation of how well the selected loads
equations predict the loads data from which they were derived. These figures
present load as calculated using the selected loads equations as a function of
the actual applied load for the single point loading and both multipoint
loadings. For a perfect correlation coefficient of 1.00 a1l the data would fall
on the straight line with a one to one relationship between applied load and
calculated load.

Check Loading Conditions

Three single step distributed loading procedures which simulated design
flight test conditions were also performed to obtain data, indenendent of that
used in the rearession analysis procedure, for evaluation of the accuracy of the
derived 1oads eauations.

Design Cruise Distributed Loading.- The distributed loading that
represented the design cruise pressure loading, used to establish the wing
construction jig shape, is defined in Table VIII. Al1 22 loading points were
used and all loads were applied before the strain gage bridge outputs were
recorded.

Nesign Bending Moment Distributed Loading.- A distributed loading that
represented the spanwise bending noment distrihbution used for the wing strength
design is defined in Table IX. This loading was also the "proof loading" to
show that the wing had adequate strength for flight testing.

Torsion Distributed Loading.- In order to provide a check of the torsion
equations a distributed torsion lnading was also defined, as shown in Table X,
which represented straight and level flight at high dynamic pressures where the
aircraft anqgle of attack would be very low:. The overhead pulley system was used
to achieve the negative loads required.

Check Lnading Results

The wing 1oadings and strain gage bridge ou*tputs for the distributed
loadings are presented in Table XI. A comparison of the loads calculated for
the distributed loadings compared to the actual applied loads and the nercent
error in prediction are presented in Table XII. The results indicate that the
selected loads equations did quite well for shear and bending moment loads but
not so well for torsion loads.

COMCLUDING REMARKS

The ARW-2 Aeroelastic Research Wing consists of conventional spars and rihs
coverad with fiberglass/honeycomb sandwich skins. Strain gage bridges arranged
for measurement of shear and hending moment loads at three semispan stations

()]




were installed on both the right and left semispans. Aridges arranaed in an
x-pattern were also installed on the rib sections between the front and rear
spars in an attempt to improve measurenent of torsion loads. Both single point
and multipoint loadings were used as input to the stepwise regression analysis
procedure used to derive loads equations for shear (V), bending moment (M), and
torsion (T) at each wing station. Comparison of loads predicted using the
derived loads equations with actual applied 1oads for three simulated flight
conditions indicated excellent results for shear and bending moment loads with
somewhat less satisfactory results for torsion loads.
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Location
number

WONOUIP WM

TABLE I.- LOAD APPLICATION LOCATIONS.

Xy

(in)

-2.55
2.96
-2.74
2.73
-2.94
2.91

23.09

3.12
-3.31
3.24

-3.62

3.62
-4.01
3.99
-4.33

4.34

-4.70
4.71
11.23
-5.07
5.01
14.19

i

{(in)

117.3
119.4
111.6
111.6
105.0
105.0
98.4
98.4
91.8
91.8
78.6
78.6
65.4
65.4
52.2
52.2
39.0
39.0
39.0
25.8
25.8
25.8

Yy

4.
4.

(9]
~
. . L) L] . L] . L] . . . L) . L] .
Ahpmmmmmaommhhoommmmoo

18.2
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TABLE IT.- WING LOADINGS AND STRAIN GAGE BRIDGE OUTPUTS FOR SINGLE POINT APPLIED LOADS.

A.- Right semispan, inbnard station.

Loading -- Applied Loading -- = —-e-comcccoma- Strain Gage Bridge Qutput, mV —---ececencmaaa.
location Shear Bending Toraue pl ue u3 nd ub ub ") u8 ul? nl8
1 100 9590 -255 032 2.765 .241 2.618 -1.267 .517 -.580 1.810 -.125 .018
2 100 9300 296 -.070 2.573 .300 2.549 -1.127 .513 -.459 1.724 -.165 -.052
3 100 9020 -274 .058 2.581 .249 2.431 -1.175 .476 -.568 1.669 -.122 .03l
4 100 9020 273 -.048 2.504 .333 2.493 -1.083  .498 -.407 1.640 -.172 -.074
5 100 8360 -294 083 2.417 .251 2.270 -1.089  .439 -.523 1.525 -.114 .026
6 100 8360 291 -.026 2.317 .334 2.317 -.987 .460 -.350 1.489 -.168 -.077
7 100 7700 -309 090 1.916 .218 1.793 -.861  .343 -.413 1.189 -.094 .018
3 100 7700 312 -.009 2.129 .342 2.144 -.894  .423 -.286 1.292 -.164 -.100
9 100 7040 -331 133 2.046  ,254 1.917 -.911 .361 -.422 1.231 -.101 016
10 100 7040 324 010 1.948 344 1.974 -.796  .388 -.224 1.191 -.160 -.112
11 100 5720 -361 .180 1.689 .255 1.565 -.731 .285 -.317 .938 -.088  .004
12 100 5720 362 .048 1.571 .354 1.624 -.608 .315 -.096 .890 -.15% -.138
13 150 66090 -602 .35 2.003 .385 1.817 -.837 .318 -.316 .972 -.110 -.016
14 150 6600 599 .129 1.811 .549 1.932 -.630 .363 .063 .897 -.220 -.220
15 150 4620 -650 423 1.457  .391 1.278 -.572 .201 -.156 .533 -.141 -.162
16 150 4620 651 .187 1.246  .558 1.411 -.347 .253 .261 466  -.201 -.107
17 150 2640 -705 512 905 376 .741 -.311  .093 -.049 .181 -.172 -.617
18 150 2640 707 .228 .698 583 .,904  ,206 .122 .510 -.150 -.071 .526
19 75 1320 842 027  .300 .35  .A72 008 .139 .60 -.512 -.106 -.099
20 150 660 -750 J09 272 278 .281 .131 024 -.001 035 -.398 -.126
21 150 660 752 179 .221 744  .333 253 .047 -.004 -.039 .244 .087

22 75 330 1106 -.011  .084 311 .167 :954 -.323 -.402 .013 -.133 .043
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TABLE II.- COMTINUED.

B.- Right semispan, midwing statinn.

Loading
location

— e )
HFOWONOOTPDWHN

p—
N

——
S W

Loading
location

RN WN

-- Applied Loading --
Shear Bending

100
100
100
100
100
100
100
100
109
100
100
100
150
150

-- Applied Loading --
Shear Bending

100
100
100
100
100
100
130
100

5699
5900
5120
5120
4460
4460
3900
3909
3140
3140
1320
1820

750

750

2080
2290
1510
1510
850
850
190
190

Torque

-255
296
=274
273
-294
291
-309
312
-331
324
-361
362
-605
599

Torque

-255
296
=274
273
-294
291
-309
312

712
.357
.816
535
930
.h36
.891
732
1.158
.832
1.391
1.027
2.775
1.507

8.
7.
7.
7.
311
.237
.376
.313
.419
.398
.599
.540

NP

1.

Strain Gage Bridge Output, oV

ull

042
09
166
172

954
456

ull

722
1.054
.764
1.255
.821
1.341
770
1.432
.946
1.522
1.071
1.691
1.512
3.218

NP WWRWAEROTITNO

nl2

.109
.095
472
.536
.763
.815
.487
.106
.318
.408
.895
002
.910
.537

C.- Right semispan, outhoard

--= Strain Gage Bridge Output, mV ---

nl3

782
.949
.7186
.006
.976
.653
.946
.894

NN NN

NN A B3I,

nld

.986
.310
.392
.149
570
474
.404
.044

nls

.207
.996
.362
.436
.286
.991
.584
.088

N = N =

F)

TN~ Wwohe

pnlé

.899
.659
417
174
.954
.031
.686
N12

nl9 u20
467 -.100
534 -~ 162
419 -.096
512 -.164
.373 -.086
-.468 -.157
276 ~-.072
.427 -.153
275 -.066
.389 -~.149
.183 -.1560
.311 N13
.356 -.892
092 1.005
station,
n2? n23
101 30
.195 .381
013 -.262
.146 .761
.090 -.661
.086 .972
377 -.387
.569 .634

- - -

.030
068
.042
071
.052
074
.043
-.058
-.071
097
.604
.820
.134
.199
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TABLE TI.- CONTIMUED.

D.- Left semispan, inboard station.

Loading
location

W WNIO P WN

-- Applied Loading --
Shear Bending Torque

100
100
100
100
100
100
100
100
100

100

100
100
150
150
150
150
150
150

75
150
150

75

9590
9800
9020
9020
8360
8360
7700
1700
7040
7040
5720
5720
6600
6600
4620
4620
2640
2640
1320

660

660

33C

-255
296
-274
273
-294
291
-309
312
-331
324
-361
362
-602
599
-650
651
-705
707
842
-760
752
1106

.251
.134
.266
141
.278
.150
.292
.159
.304
.167
.332
.181
.536
.290
.579
.314
.638
.323
.059
.809
.231
-.006

e NN N WW

.100
079
915
.839
739
.610
.516
.409
.319
.204
911
.788
.252
.061
.662
.454
.052
.840
.369
.342
.302
122

001
.089
.016
116
.031
.138
.049
.159
N66
.182
.099
.228
.200
.410
.251
.480
.290
.554
.362
.230
774
342

Strain Gage Bridge Output, mV

[l el el e Tl el i anl aadl A S TS IS A S M)

ud

.389
.518
.236
.335
.085
.154
912
.995
.750
.835
417
.511
.625
.785
.136
311
.639
.831
.445
.215
.264
.162

-1
-1
-1
-1
-1
-1
-1

ud

313
.298
2217
.185
.139
074
.039
.975
944
.876
.754
.678
.831
714
.551
.422
.284
074
.067
114
234
963

ub

.765
.796
714
.730
.660
.667
.599
.610
.542
.553
.426
.438
467
.492
.299
.324
.138
125
.141
041
-.087
-.461

1.796
1.812
1.662
1.657
1.530

1.491

1.379
1.348
1.233
1.201
.939
.899
.969
.897
.537
.456
.206
-.111
-.438
.030
-.041
-.002

079
.135
.067
.126
.053
.104
027
.125
.001
.090
.030
.033
.044
.056
.270
.273
.120

-.001

.489
.500
.081
.087
.090
.036
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TARLE II.- CONCLUDED.

E.- Left semispan, midwing station.

lLoading -- Applied Loading --
locatior Shear Bending Torqgue

1 100 5690 -255

2 100 5900 296

3 100 5120 -274

4 100 5120 273

5 100 4460 -294

6 100 4460 291

7 100 3900 -309

8 100 3900 312

9 100 3140 -331 1

10 100 3140 324

11 100 1820 -361 1

12 100 1820 362

13 150 750 -605 2

14 150 750 599 1

F.- Left semispan, outboard station.

Loading -- Applied Loading --

location Shear Bending Torque
1 110 2080 -255 2
2 100 2290 296 1
3 100 1510 =274 2
4 100 1510 273 1
5 100 850 -294 2
6 100 850 291 1
7 100 190 -309 3
8 100 190 312

- -

.592
.289
703
.386
.804
.495
912
592
.020
594
.251
.891
.541
311

ul3

591
.862
.589
167
.805
.441
052
.814

--- Strain Gage Bridge Output, mV

ul0

7.905
8.187
7.065
7.136
6.208
6.110
5
5
4
4

Strain
uld

6.217
6.574
4.484
4.537
2.582
2.574

.100
1.119

ull

.730
1.220

.783
1.351

.859
1.455

.935
1.550
1.032
1.680
1.159
1.875
1.534
3.518

ul2

.293
.657
.614
247
.939
.810
.183
.321
.468
.605
.981
.161
.986
662

N WWaAEPLPLEPLITITOIOD

ul9 u20
433 .091
574 (184
392 .077
521 .186
346 072
475 177
.297  .064
434 .169
.251  .060
393 .1563
.159  .160
314 -.016
306  .881
.117 -1.008

Gage Bridge Output, mV ---

ulbd

1.141
2.110
1.348
2.446
1.266
3.112

.658
4.160

nulé

5.415
6.379
3.730
4.411
2.193
2.246

.890
-.021

ul2 u23
035 -.330
173 -.400
-.031 .276
102 -.766
060  .651
-.147  -.977
401 .450

-.582 -.656

.078
.090
.605
.835
.015
-.201



TABLE III.- BENDING MOMENT MULTIPOINT LOADING PROCEDURE.

l.oading Location
Step FS RS AS
1 1 2 -
2 5 6 -
3 9 10 -
4 11 12 -
5 13 14 -
6 15 16 -
7 17 18 19
8 20 21 22
9 to 24
25 1 2 -
26 5 6 -
27 9 10 -
28 11 12 -
29 13 14 -
30 15 16 -
31 17 18 19
32 20 21 22
33 to 48

Applied Loads

FS
(1bs)

25
25
50
50
50
50
50
50

*

=25
-25
-50
=50
=50
-50
-50
=50

+

RS
(1bs)

25
25
25
25
50
50
25
25

*

-28
-25
-25
-25
-50
-50
-25
-25

+

* Repeat steps 1 through 8 two more times.
+ Repeat steps 25 through 32 two more times.

FS
RS
AS

Front Spar
Rear Spar
Auxillary Spar

14

AS
(1bs)

Total
Loads
(1bs)

100
175
250
350
450
550
650
1950
1900
1850
1775
1700
1600
1500
1400
1300
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TABLE IV. - WING LOADINGS AND STRAIN GAGE BRIDGE OUTPUTS FOR BENDING MOMENT MULTIPOINT APPLIED LOADS.

WING LOADINGS

SHEAR,
L8S

50.0
100.0
175.0
250.0
350.0
450.0
550.0
650.0
700.0
750.0
825.0
900.0

1000.0
1100.0
1200.0
1300.0
1350.0
1400.0
1475.0
1550.0
1650.0
1750.0
1750.0
185C.0
1950.0
1950.0
1900.0
1850.0
1775.0
1700.0
1600.0
1500.0
1400.0

MOMENT,
IN-LBS

4848.
9028.
14308.
18598.
22999.
26078.
27838.
28218.
33126.
37306.
42586.
46376.
51276.
54356.
56116.
56556 .
61104
65584,
70864 .
75154.
79554,
82634.
82634.
84394.
84834.
84834.
79987 .
75807 .
70527.
66237.
61837.
58757.
56997.

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

TORQUE,

IN-LBS

10.0
9.0
-76.0
-167.0
-168.0
-168.0
-5.0
222.0
232.0
231.0
146.0
55.0
54.0
54.0
217.0
444.0
454.0
453.0
368.0
277.0
276.0
276.0
276.0
439.0
666.0
666.0
656.0
657.0
742.0
833.0
834.0
834.0
671.0

NWWWWWWWWWwWwwNMN
« o .

[SaN%aXE)
N R W
A

.488
.384
.224
.N18
.801

(A) RIGHT WING, INBOARD STATION

u2

1.391
2.561
4.142
5.460
6.748

7.718 -

8.255

8.4217

9.836
11.111
12.738
14.046
15.423
16.439
17.028
17.221
18.678
19.924
21.636
23.026
24.400
25.496
25.496
26.075
26.301
26.424
25.018
23.935
22.338
21.049
19.783
18.871
18.319

STRAIN GAGE BRIDGE QUTPUTS, MILLIVOLTS

u3

.148

.287

.488

.698

.992
1.305
1.650
1.971
2.100
2.241
2.443
2.647
2.940
3.253
3.596
3.900
4.044
4.177
4.374
4.580
4.861
5.160
5.160
5.483
5.7
5.786
5.667
5.555
5.348
5.132
4.838
4.522
4.178

ud

1.346

2.478

4.013

5.239

6.497

7.438

8.047

8.268

9.602
10.816
12.329
13.526
14.828
15.801
16.415
16.655
18.024
19.208
20.717
22.019
23.278
24,312
24.312
24.875
25.128
25.199
23.882
22.847
21.361
20.114
18.891
17.940
17.351

u5

-.595
-1.108
-1.785
-2.328
-2.846
-3.165
-3.296
-2.968
-3.601
-4.164
-4.880
-5.424
-5.929
-6.218
-6.270
-5.807
-6.387
-6.869
~7.465
-8.004
-8.432
-8.727
-8.727

-8.787

-8.403
-8.345
-7.674
-7.169
-6.489
-5.940
-5.481
-5.162
-5.066

u6

.266

.492

776

1.011
1.264
1.431
1.533
1.418
1.701
1.951
2.261
2.514
2.780
2.937
3.027
2.858
3.127
3.361
3.654
3.907
4.168
4.347
4.347
4.470
4.342
4.349
4.082
3.832
3.547
3.315
3.N64
2.901
2.806

u?

"0267
-.484

-.849
.834

-.610

-1.072
-1.340
-1.534
-1.646
-1.641
-1.295
-1.523
-1.827
-2.088
-2.381
-2.573
-2.673
-2.631
-2.631
-2.181
-2.327
-2.320
-2.022
-1.786
-1.539
-1.380
-1.302
-1.351
-1.707

18

.920
1.664
2.619
3.344
3.987
4,351
4.209
4.221
5.174
5.974
6.923
7.665
8.329
8.681
8.544
8.560
9.508
10.287
11.261
11.993
12.722
13.096
13.096
12.937
12.933
12.938
12.060
11.256
10.342

9.651

8.951

8.621

8.748

1659
.552

ul8

-.006
-.021
-.043
-.086
-.180
-.276
-.436
-.479
-.507
-.549
-.611
-.670
-.789
~-.896
-1.055
-1.110
-1.130
-1.162
-1.194
-1.221
-1.292
-1.375
-1.375
-1.516
-1.558
-1.559
-1.576
-1.575
-1.568
-1.554
-1.464
-1.376
-1.222
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SHEAR,

L8S

1300.
1250.
1200.
1125,
1050.
950.
850.
750.
650.
600.
550.
475.
400.
300.
200.
100.

.
ODODODODOODODIDOoOODDO0ODO O

0

WING LOADINGS

MOMENT,
IN-LBS

56557.0
51710.0
47530.0
42250.0
37960.
33560.
30480.
28720,
28280.
23433.
19253.
13973.

OOoDODODOD

444,
434,
435,
520.
611.
612.
612.
449,
222.
212.
213.
298.
389.
390.
390.
227.

.
ODOO0ODDO0O0ODDODOODDOOOOO

TORQUE
IN-LBS

2
2

b e ek b ek N N

ul

.530
.536
514
.438
.323
.164
.930
.703
.430
.421
.389
.291
.158
.960
724
.486
.224

TABLE IV. - COMTINUED

ul

18.151
16.759
15.511
13.956
12.670
11.313
10.353
9.807
9.608
3.145
6.856
5.211
3.866
2.434
1.392
.787
.584

(A) CONCLUDED

3.
.719
.575
.375
171
.869
.581
.222
.906
.761
.623
427
.226
.928
.616
272
.040

=t = = A PO NN WD WW

STRAIN GAGE

TK]
862

ud

.129
752
537
.045
.796
.462
.509
914
.659
.284
.063
.558
.320
.989
.020
.403
.152

BRIDGE OUTPUTS, MILLIVOLTS

ud

-5.419
-4.308
-4.307
-3.705
-3.235
-2.813
-2.560
-2.490
-2.871
-2.250
-1.716
-1.020
-.467
041
.375
.492
.160

ub

2.922
2.643
2.410
2.128
1.911
1.692
1.550
1.459
1.598
1.319
1.072

.770

.522

.265

.090
-.030

.080

ul

-1.542
-1.296
-1.063
-.758
-.547
-.425
-.425
-.764
-.571
-.319
-.116
-.109
-.266
.318
.270
-.125
-.005

u8

8.727
7.780
6.957
5.975
5.232
4.540
4.169
4.286
4,269
3.301
2.484
1.501

.778

.103
-.265
-.122
-.123

ul7

418
.331
.256
.158
071
.964
.869
.767
.645
.563
502
.425
.365
.279
.198
.101
.025

ul8

.176
171
.150
119
071
970
.865
706
.654
.621
574
.508

-.436
-.320

.206
.048
.004
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TABLE IV. - CONTINUED

(8) RIGHT WING, MIDWING STATION

WING LOADINGS

SHEAR,
L3S
50.0

0.0

175.0

250.0

350.0

400.0

450.9

525.0

600.0

700.0

750.0

800.0

875.0

950.0

1050.0
1000.0

950.0

875.0

300.0

700.9

650.0

600.0

525.0

450.0

350.0

300.0

250.0

175.0

100.0

.0

HMOMENT,
IN-L8BS
2898.0
5128.0
7483.0
8848.9
9348.0)
12246.0
14476.0
16831.0
18196.9
18696.0
21594.0
23824.0
26179.0
27544 .0
28044.0
25146.0
22916.0
20561.0
19196.0
18696.0
15798.0
13568.0
11213.0
9848.9
9343.0
6450.0
4220.0
1865.0
500.0
.0

TORQUE,
IN-LBS
10.0
9.0
-75.0
-167.0
-168.0
-158.0
-159.0
-244.0
-335.0
-336.0
-326.0
-327.0
-412.0
-503.0
-504.0
-514.0
-513.0
-428.0
-337.0
-336.0
-346.0
-345.0
-260.0
-169.0
-168.0
-178.0
-177.0
-92.0
-1.0
0

49
.296
.690

1.531
2.534
4.001
4.342
4.798
5.651
6.663
8.147
8.482
8.914
9.770

10.750

12.239

12.005

11.584

10.792

9.842
8.351
8.064
7.637
6.808
5.819
4.339
4.000
3.546
2.675
1.679

.194

STRAIN GAGE BRIDGE QUTPUTS, MILLIVOLTS

ulo
4,129
7.208
10.680
12.784
13.482
17.703
21.014
24.459
26.586
27.420
31.800
35.070
38.838
40.831
41.866
38.055
34.787
31.391
29.489
28.557
24.445
21.133
17.693
15.670
14 .806
10.564
7.242
3.731
1.672
.788

nll
472
.487
1.821
2.699
4,238
4.654
5.152
5.951
6.861
8.402
8.868
9.369
10.275
11.236
12.833
12.338
11.830
10.928
9.941
8.403
7.959
7.427
6.6A06
5.677
4,123
3.721
3.249
2.482
1.607
.075

nl2

3.165
5.589
8.111
9.478
10.062
13.217
15.737
18.423
19.896
20.443
23.778
26.267
29.196
30.210
31.378
28.377
26.089
23.397
21.831
21.441
13.165
15.612
13.002
11.487
10.992
7.747
5.297
2.722
1.243
.723

-1
-1
-1
-1
-1
-1
-2
-2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1

ul9

255
.466
.725
.909
084
.317
.525
.718
.858
.972
.160
.333
.508
.645
.805
.549
.350
.135
.976
.823
.603
.390
.157
977
814
.559
.331
.077
.102
272

u20
-.069
-0127

.159
.104
.048
.010

[ XN S R N R R A |
*® e o o o
N
N
~N

-.028
-.009
.010
.046
-.026

ull

.010
017
.026
.119
.100
.113
117
.129
.218
.198
.210
217
.233
.320
.303
.263
.248
.228
.126
.144
.126
121
.109
013
031

029 -

.036
.036
.055
.035
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TABLE IV. - CONTINUED
(C) RIGHT WING, OUTBOARD STATION

WING LOADINGS STRAIN GAGE BRIDGE OUTPUTS, MILLIVOLTS

SHEAR, MOMENT, TORQUE,
LBS IN-LBS  IM-LBS ul3 uld uld ul6 u22 423
- 50.0 1093.0 10.0 1.273  3.092 .812  2.660 -.084 .167
100.0 1518.0 9.0 2.426 4.314 1.869 3.711 -.085 .249
150.0 2611.0 19.0 3.665 7.485 2.703 6.384 -.294 .400
200.0 3036.0 18.0 4.844 8,791 3.727 7.457 -.309 .480
250.0 4129.0 28.0 6.047 11.936 4.460 10.188 -.523 .627
300.0 4554.0 27.0 7.180 13.225 5.433 11.247 -.531 .97
250.0 3462.0 17.0 5.840 10.221 4.530 8.681 -.551 .515
200.0 3037.0 18.0 4.740 9.014 3.493 7.624 -.547 .453
150.0 1945.0 8.0 3.503 5.927 2.681 4.992 -.324 .305
100.0 1520.0 9.0 2.316 4.605 1.606 3.933 -.316 .230
50.0 428.0 -1.0 1.093 1.481 .819 1.197 -.101 .088
0 0 0 -.067 161 -.223 .123  -.088 .004



61

WING LOADINGS

SHEAR, HMOMENT,
LBS IN-L8S
50.0 4848.0

100.0 9028.0

175.0  14308.0

250.0 18598.0

350.0 22999.0

450.0 26078.0

550.0 27838.0

650.0 28278.0

700.0  33126.0

750.0  37306.0

825.0 4258h.0

900.0 46876.0

1000.0 51276.0
1100.0  54356.0
1200.0 56116.0
1300.0  56556.0
1350.0  61404.0
1400.0  65534.0
1475.0  70864.0
1550.0 75154.0
1650.0  79554.0
1750.0 82634.0
1850.0  84394.0
1950.0  84834.0
1900.0  79987.0
1850.0  75807.0
1775.0  70527.0
1700.0 66237.0
1600.0 61837.0
1500.0  58757.0
1400.0  56997.0
1300.0  56557.0

TORQUE,

IN-LBS

10.0
9.0
-76.0
-167.0
-168.0
-168.0
-5.0
222.0
232.0
231.0
146.0
55.0
54.0
54.0
217.0
444 .0
454.0
453.0
368.0
277.0
276.0
276.0
439.0
666.0
656.90
657.0
742 .0
833.0
834.0
834.0
671.0
444.0

pl

.094
.200
.387
.582
.840
.124
.399
701
.764
.843
015
213
.467
.748
025
.328
.399
.489
.670
.867
.112
.396
.673
.970
.937
873
741
574
.343
4.076
3.311
3.515

-h-h-hhbbhb#wwwwwwi\)mf\’l\’b—"—"—"‘"—‘

TABLE IV.

(D) LEFT WING,

4

1.529

2.863

4.638

6.116

7.652

8.770

9.447

9.687
11.286
12.712
14.524
16.050
17.569
13.646
19.318
19.560
21.153
22.541
24.356
25.893
27.372
28.517
29.205
29.430
28.063
26.757
25.147
23.773
22.355
21.307
20.715
20.516

wwwha-b.p-hpapwwwwwwmmmmt—‘r—‘h‘-—“—‘

STRAIN GAGE

u3

.020
.066

.164

.291
.559

.847

.193

.532
.626
.740
.875
.042
.305
.588
.920
.238
.321
.408
.539
.691
944
.221
.555
.366
.793
.704
.570
410
.150
.867
.530

3

N
o
[

INBOARD

1
2
3
4

7
7
7
9
10

13

ud

.218
.275
.696
.847
6.
.105
.691
917
271
.484
1.
.265
.580
.494
.081
.309
.665
.844
341
.621
.923
.857
.468.
.682
.451
.322
.939
.768
.515
.635
.N80
.878

171

999

- CONTINUED
STATION
BRRIDGE OUTPUTS,

ud

-.641

-1.
.894
.421
.908

-1
-2
-2

-3.
.298

-3

-2.
.547

-3

-4.
479
.918
.304

-4
-4
-5

-5.

-5

-5
-5
-6
-6
-7
-7
-7

-6

-5,
.029
-4,
.966

-5
-3

-3.
.560
.895

-3
-3

180

203

936

028

513

527
-5.
.642
.048
.532
.924
.316
.480
.488
-5,
.305

066

998
720
482
674

ub

.386

.730
1.160
1.527
1.895
2.136
2.278
2.117
2.510
2.864
3.291
3.642
3.983
4.209
4.328
4.117
4.501
4.860
5.329
5.694
6.079
6.294
6.419
6.196
5.761
5.414
4.963
4.615
4.255
4.026
3.887
4.030

l l [ I | Il—‘h—lb—‘l—')-‘b—ll—'b—'l I t 1t o l ! I l l LI B |

MILLTVOLTS
u’7 u8
-.300 912
496 1.673
680 2.589
.763 3.284
778  3.901
711 4.235
.30  4.115
467  4.107
616 4,990
744 5,783
.803 6.616
902  7.341
955 8.031
.948 8.419
552 8.224
779 8.192
.909 9.097
N4l 9,909
.252 10.900
430 11.613
.507 12.319
542 12.676
157 12.466
415 12.446
127 11.531
.901 10.800
.635 9.857
469  9.147
429 8.496
487 8.136
874 8.220
725 8.215

ul7

-.067
-.122
.178
-.214
.209
.192
.138
.035
.042
.044
.062

.068

.059

.040
.012
.109
.099
.087
.073

.064

.073

.092
.144

.248

.255

.259
.266
.266
.248
223
172
071

ul8

.064

.113
.156
.166
.136
.090
.027
.058
.033
.021
.008
013
.023
.077
.189
.224
.188
171
.145
.137
.166
.159
.265
.300
.354
.389
439
.464
441
.396
.279
.249



02

SHEAR,

LBS

1250.
1200.
1125.
1050.
950.
850.
750.
650.
600.
550.
475.
400.
300.
200.
100.

L]
DOOCOOOoODODODOOODODOO0O

WING LOADINGS

MOMENT,

IN-LBS

51710.
47530.
42250,
37960.
33560.
30480.
28720,
283280,
23433,
19253.
13973.
9683.
5283.
2203.
440.

DoDDOLOOLODOLOODOLL

TORQUE,
IN-LBS

434.0
435.0
520.0
611.0
612.0
612.0
449.0
222.0
212.0
213.0
298.0
389.0
390.0
390.0
227.0

0

3
3

2
2

b o )

ul

.443
.359
.187
.999
734
.453
.173
.870
.786
.683
.485
.262
.966
.645
.339
.024

TABLE IV. - CONTINUED

02

.953
.649
.899
.494
.966
.909
.261
.042
434
.017
.166
.627
.027
.839
.110
.848

(D) CONCLUDED

B e e e = DN N N N WD W

STRAIN GAGE BRIDGE QUTPUTS,

n3

.119
.034
.896
.743
.487
.208
877
.559
.487
.407
.286
.148
.920
.664
.359
.049

R NWPRAINDO OO

ud

.553
.413
.956
.756
.468
545
.964
752
.388
.216
.706
.482
210
.280
.706
491

-3
-2

-2.

-1
-1

-1.

— e e

ud

.261
.749
102
.589
.146
.856
.781
197
.597
.120
.468
921
331
.566
.581
.132

e = NN W W

ub

.634
.261
.801
.434
.063
.835
.703
.876
.479
112
.660
.304
.029
.243
.352
.161

MILLIVOLTS
u? u8
-.486 7.283
-.337 6.468
-.133  5.485
-.012 4.761
.001 4.070
-.048  3.720
-.440 3.836
-.236 3.841
-.119  2.957
-.021  2.188
.093 1.241
.162 .518
173 -.158
131 -.545
-.277 -.383
-.053 -.347

ul?

.082
.096
.119
.136
.137

124

.081
.009
.019
.052
111
.161
.205
.230
211
.132

ul8

312
.345
.383
.399
.367
.319
.207
.173
217
.241
.263
.264
.234
.191
.084
.0583
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TABLE 1V.

- CONTINUED

(E) LEFT WING, MIDWING STATION

WING LOADINGS

SHEAR, MOMENT,
LBS IN-LBS
50.0 2898.0

100.0 5128.0

175.0 7483.0

250.0 8848.0

350.0 9348.0

400.0  12246.0

450.0 144756.0

525.0 16831.0

600.0 18196.0

700.0 18696.0

750.0  21594.0

800.0 23824.0

875.0  26179.0

950.0 27544.0

1050.0  28044.9
1000.0 25146.0

950.0  22916.0

875.0 20561.0

800.0 19196.0

700.0  18696.0

650.0 15793.0

600.0  13568.0

525.0  11213.0

450.0 9848.0

350.0 9348.0

300.0 6459.0

250.0 4220.0

175.0 1865.0

100.0 500.0

9 0N

TORQUE,

IN-LBS
10.

[
[
[$2)
o
OCODOOO0COOCOOODODODODO0O

u9

.203
.546
1.280
2.163
3.473
3.712
4.045
4.741
5.597
6.859
7.077
7.390
8.068
8.908
10.186
9.933
9.599
8.874
8.008
6.708
6.465
6.119
5.399
4.542
3.226
3.008
2.679
1.960
1.076
-.233

STRAIN GAGE BRIDGE OUTPUTS, MILLIVOLTS

ul0

3.989

7.076
10.510
12.467
13.173
17.346
20.595
24.076
26.094
26.795
31.204
34.586
38.303
40.383
41.157
37.411
34,331
30.963
29.039
23.402
24.196
21.036
17.593
15.668
14.868
10.649

7.427

3.951

1.919

1.159

ull

1
1
2
4
5
6
7
8
10

10.
11.

12
14
15

15.

14
13
12
10
10
9
8
7
6
5
4
3
2
1

.513
.067
.929
971
.687
.366
.090
.187
.350
.129
879
695
.885
.045
.749
182
.b15
575
.516
.820
.323
.729
.793
723
.n24
.423
.760
JA72
726
.042

ul2
3.246
5.762
8.359
9.954
10.549
14.078
16.824
19.751
21.508
22.177
25.765
28.565
31.633
33.477
33.993
31.039
28.401
25.747
24,152
23.549
20.298
17.690
14.982
13.328
12.753
9.272
6.564
3.674
2.008
1.401

ul9
.233
.450
.672
.807
.948
1.110
1.265
1.430
1.542
1.674
1.833
1.952
2.056
2.133
2.254
2.003
1.830
1.629
1.480
1.337
1.118
.925
.719
.563
414
.174
-.018
-.218
-.364
-.533

pn20
081
.127
.163
.212
.161
.250
.334
423
.505
472
597
.696
.788
.853
.810
724
.657
.593
.526
.586
.523
475

415

.347
406
.324
.256
.202
.156
.219

n2l
.020
.028
041
.128
.106
.102
.101
.105
.197
.179
.185
.194
.200
.295
.280
.251
.232
.209
.122
.136
.121
.118
.104
017
037
.038
.047
.052
-.030
-.010
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TABLE IV. - CONTINUED

(F) LEFT WING, OUTBOARD STATION

WING LOADINGS

SHEAR, MOMENT, TORQUE,
LBS IN-LBS  IN-LBS

50.0 1093.0 10.0
100.0 1518.0 9.0
150.0 2611.0 19.0
200.0 3036.0 18.0
250.0 4129.0 28.0
300.0 4554.0 27.0
250.0 3462.0 17.0
200.0 3037.0 18.0
150.0 1945.0 8.0
100.0 1520.0 9.0

50.0 428.90 -1.0

0 .0 .0

STRAIN GAGE BRIDGE

K uld rels

1.133  3.206 .783
2,192 4.506 1.867
3.257 7.722 2.696
4.291 9.018 3.798
5.322 12.297 4.670
6.338 13.580 5.772
5.183 10.479 5.024
4.107 9.182 3.935
3.071 6.073 3.151
2.013  4.727 2.033

962  1.460 1.177

076 140 .070

OUTPUTS, MILLIVOLTS

1
1

PP WONFONAN

nlé

.937
.107
.091
.283
427
.628
.769
.h68
.652
.494
.420
244

nu22

.059
.042
.209
.199
.369
.359
.408
419
.245
.261
.104
.123

na3

-.199
-.283
-.437
-.510
-.641
-.706
.492
.413
.269
-.194
-.051

.026



TABLE V.- TORSION MULTIPOINT LOADING PROCEDURE.

Loading Location @ -e-e-. Applied Loads ------ Shear
Step FS RS AS FS RS AS Total Load
(Tbs) (1bs) (1bs) (1bs) (1bs)
1 1 2 - -25 25 - 50 0
2 5 6 - -25 25 - 100 0
3 9 10 - -25 25 - 150 0
4 11 12 - -25 25 - 200 0
5 13 14 - -25 50 - 275 + 25
6 15 16 - -25 50 - 350 50
7 17 18 19 50 50 25 475 175
8 20 21 22 50 50 25 600 300
9 to 24 * * * 1800 900
25 1 2 - 25 -25 - 1750 900
26 5 6 - 25 -25 - 1700 900
27 9 10 - 25 -25 - 1650 900
28 11 12 - 25 -25 - 1600 900
29 13 14 - 25 -50 - 1525 875
30 15 16 - 25 -50 - 1450 850
31 17 18 19 -50 -50 -25 1325 725
32 20 21 22 -50 -50 -25 1200 600
33 to 48 + + + 0 0

* Repeat steps 1 through 8 two more times.
+ Repeat steps 25 through 32 two more times.

FS = Front Spar
RS = Rear Spar
AS = Auxillary Spar

23




¥

TABLE VI.

SHEAR,

LBS

25.

50.
175.
300.
300.
300.
300.
300.
325.
350.
475.
600.
600.
600.
600.
600.
625.
650.
175.
900.
900.
900.
a00.
900.
875.
850.
125.
500.
600.

- . .

MOMENT,
IN-LBS

51.0
51.0
51.0
51.0
1152.0
1921.0
4121.0
4671.0
A4722.0
4722.0

ot
w
=
(o)}
o~
L] . . L[] . L] L] . L] L] L] . . L) . L) L] . . L) L]
COOCODODIDODOIDDODODODDDODOCODODO

WING LOADINGS
TORQUE,

IN-LBS

138.

284.

448,

629.

929.
1254.
1535.
1887.
2025.
2171.
2335.
2516.
2816.
3141.
3422.
3774.
3912.
4058.
4222.
4403.
4703.
5028.
5310.
5661.
5524,
5377.
5213.
5032.
4733.
4407.
4126.
37174.
3636.

nl

-.025
-.052
-.084
-.117
-.133
-.141
116
413
.390
.364
.334
.301
.284
.275
.534
.827
.805
J79
.749
.715
.698
.h88
.944
1.235
1.266
1.293
1.323
1.355
1.371
1.378
1.123
.833

.851

(A) RIGHT WING,
STRAIN GAGE BPIDGE OUTPUTS,

u3

.006
.025
.046
071
.188
314
.762
1.216
1.231
1.251
1.275
1.300
1.419
1.547
2.000
2.452
2.472
2.494
2.514
2.538
2.661
2.790
3.247
3.704
3.703
3.684
3.663
3.639
3.520
3.399
2.958
2.518
2.493

ud

-.016
-.007

WWLWWRrPLOOMNAPBWWWWWWWMN N e s

.006
.025
.368
.625
.343
.609
.647
673
.691
.716
.056
321
.048
.324
373
422
416
.439
.789
.060
.802
.080
.151
.140
.134
124
.783
.534
.816
.563
.507

INBOARD STATION

15

.028
.051
.086
116
.044
017
-.098
.251
.260
.284
311
331
270
.246
.126
.480
.482
.498
.541
571
.498
470
.371
.738
124
.706
.682
.655
.735
.754
.850
.468
.480

ub

-.001
.004
.009
016
.085
132
.248
132
.141
.148
.153
161
227
277
.400
.278
.288
.298
.300
307
.376
.425
.557
431
.437
.433
.430
427
.363
314
.197
314
.303

1.
1
1
1
1
1

1.

h—‘f—‘b—ll—'f—'b—')—‘b—'l—'l—'f\?l—‘b—'

MILLIVOLTS

u’7 u8
016 -.011
065 -.027
117 -.040
174 -.052
.246 .085
.358 .146
.800 .012
.662 .015
.684 .023
.734 .020
.187 .013
.843 012
.915 .163
029 .246
511 .101
.369 112
.391 .130
.400 144
.486 .125
539 .128
.614 .289
.715 .388
.154 .254
.985 .261
.956 .293
.906 .299
.853 .310
.197 .327
.724 .189
.609 .134
170 .281
.308 .284
.284 .269

- WING LOADINGS AMD STRAIN GAGE BRIDGE OUTPUTS FOR TORSION MULTIPOINT APPLIED LOADS.

ul?

.013
.025
.040
.056
112
.162
274

-.366

.378
.389
.404
.420
471
.516
.625
.710
720
.733
.744
.758

-.809

llllll'-"'—‘i—‘l

.852
.954
.038
.025
.012
.998
.982

.924

.875

.763
.679
.664

ul8

-.024
-.051
-.085
.123

.201

.208
275
-.303
.324
.352
.385
419"
.493
.495
.563
.595
.616
-.642
-.670
-.702

J71

.769

.847
.891
.871
.843
.814
779

.699

.692

.623
.597
.577
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SHEAR
LBS

600.0
600.0
600.0
575.0
550.0
425.0
300.0
300.0
300.0
300.0
300.0
275.0
250.9
125.0

.0

WING LOADINGS

» MOMENT,
IN-LBS

9292.0
9292.0
9292.0
8191.0
- 7422.0
5222.0
4671.0
4621.0
4621.0
4621.0
4621.0
3520.0
2751.0
550.0
0

TORQUE,
IN-LBS

3490.0
3326.0
3145.0
2847.9
2620.0
2239.0
1887.0
1749.0
1603.9
1439.0
1258.0
958.0
633.0
352.0
.0

ul

.879
.909
.942
.956
.963
.707
JA11
.433
.459
.490
.526
.540
.549
.289
-.007

TABLE VI. - COMTINUED

Y4

2.516
2.538
2.562
2.297
2.126
1.482
1.285
1.285
1.315
1.339
1.357
1.082

.903

.243

.031

(A) COMCLUDED

STRAIN GAGE BRIDGE OQUTPUTS, MILLIVOLTS

ud

2.473
2.449
2.423
2.308
2.183
1.735
1.288
1.273
1.251
1.226
1.200
1.077

.951

.497

048

ud

3.487
3.466
3.443
3.104
2.845
2.121
1.845
1.826
1.817
1.798
1.766
1.416
1.146

.403

.118

)

.461
.436
407
.481
.502
.601
.239
230
201
179
.155
.229
.253
.362
-.004

ub

.298
.290
.282
217
.168
.052
.165
.159
.165
.149
.139
.069
.018
-.104
011

n’7

1.243
1.991
1.133
1.060
.942
.482
.628
.596
.549
.496
.438
.353
.233
.220
-.099

u8

.273
.282
.291
.153
.088
242
.238
.242
.256
.264
.269
.123
.051
.199
.194

nl?

.548
.633
.621
.565
.513
.401
.315
.304
.292
277
.259
.206
.156
.045
.047

pl8

.545
.512
.479
.403
.395
.329
.299
.280
.252
.219
.183
.108
.100
031
.000
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SHEAR
LBS
.0

NN ACIOITTNITANNOION AN NN NN
MO OTOOoO0O00OoOMITUOOOoOOoOOoO Tty O;
) . L] . . L L] L) L] - L] . L] L] L] L) L[] e . L]
DOO0DODDODDODOCOLOCOCODOODODODOOO

TABLE VI. - CONTINUED

(B) RIGHT WING, MIDWING STATION

WING LOADINGS

» MOMENT,
IN-LBS
51.0
51.0
51.0
51.0
177.0
228.0
228.0
228.0
228.0
354.0
405.0
405.0
405.0
405.0
531.0
480.0
354.0
303.0
303.0
303.0
303.0
177.0
126.0
126.0
126.0
126.0
0

TORQUE,
IN-LBS
138.0
284.0
448.0
629.0
929.0
1067.0
1213.0
1377.9
1558.0
1858.0

—
($2]
~
S
. L] L] L] . . . . * Ll L ] . L] L] . L]
DOO0OODO0OOOODDODDODOO00OO

[ I N R I S D D I R D N D N N D SN SRR N SR N B

STRAIN GAGE BRIDGE OUTPUTS, MILLIVOLTS

u9 ul0
077 -.020
152 -.046
237 -.077
.328 -.093
.290 177
.263 311
342 .315
446 .303
.560 .286
.568 .541
.599 .688
.696 747
.846 661
.002 .649
067 .912
758  1.012
.806 .745
.864 .650
.793 .h43
712 .638
621 .644
.660 .672
-.706 .313
.625 .336
536 .330
.436 .316
-.459 .019

= NN WWWWNNAN N -

pll

.092
.215
.354
.507
.335
.305
.438
.588
.756
.599
.760
.906
.082
.970
.868
.430
.601
.650
.525
.378
.220
.399
442
.315
.168
.997
.150

ul2 ul9
N4 -.004
014  -.029
015 -.058
.038  -.091
058 -.066
074 .507
.093 .480
.100 .449
.118 .418
.118 .432
134 .948
191 916
.135 .890
.146 .856
.132 .866
022 1.448
-.043 1.420
.034 .844
-.055 .872
.079 .903
.109 .936
.129 .913
.081 .344
076 .369
.094 .402
.130 .437

.158 .418

1
1
1
1

p— et e

[ e Yy

1?20

017
.031
.049
.004
479
.542
.524
.503
.544
.008
.054
.032
.010
.045
.510
.559
072
.999
.081
.093
.039
.548
.470
.479
.493
.447
.040

nel
-.025
-.054
-.010
.351
438
412
.384

.778
.862
.831
.798
.838
1.181
1.253
.879
.789
811
.839
797
.438
.352
375
.402
.361
.005
-.081
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TABLE VI. - CONTIMUED
(C) RIGHT WING, OUTBOARD STATION

WING LOADINGS

SHEAR, MOMENT, TORQUE,
LBS IN-LBS  IN-LRS

.0 51.0 138.0
0 51.0 284.0
0 101.0 422.0
0 101.0 568.0
0 152.0 706.0
0 152.0  852.0
0 101.0 714.0
D 101.0  568.0
0 51.0 430.0
0 51.0 284.0
0 0 146.0
0 0 0

STRAIN GAGE BRIDGE OUTPUTS, MILLIVOLTS

ul3

-.148
-.493
-.543
-.883
-.943
-1.269
-1.071
-.749
-.691
-.365
-.290
.053

uld

.023
017
.145
122
.292
.295
.308
.322
.173
.186
.075
.098

ulb

.151
.568
.675
1.109
1.234
1.699
1.459
1.029
.929
502
.407
-.021

ulé

124
.144
.243
277
.378
.431
.160
.126
.033
-.N02
-.061
-.093

ua?

-.040
.005
406
.453
841
.886

1.329

1.281
.881
.838
434
.385

u23

021
437
.507
.916
.984
1.393
1.424
- .994.
.918
.507
437
.029
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WING LOADINGS

SHEAR, MOMENT,
LBS  IN-LBS
.0 51.0

.0 51.0

.0 51.0

.0 51.0
25.0  1152.0
50.0  1921.0
175.0  4121.0
300.0  4671.0
300.0  4722.0
300.0  4722.0
300.0  4722.0
300.0  4722.0
325.0  5823.0
350.0  6592.0
475.0  8793.0
600.0  9343.0
600.0  9393.0
600.0  9393.0
600.0  9393.0
600.0  9393.0
625.0  10495.0
650.0  11264.0
775.0  13464.0
900.0  14014.0
900.0  13964.0
900.0  13964.0
900.0  13964.0
900.0  13%64.0
875.0 12863.0
850.0  12093.0
725.0  9893.0
600.0  9343.0
600.0 = 9292.0

TORQUE,

IN-LBS

138.0
284.0
448 .9
629.0
929.0
1254.0
1535.0
1887.0
2025.0
2171.0
2335.0
2516.0
2816.0
3141.0
3422.0
3774.0
3912.0
4058.0
4222.0
4403.0
4703.0
5028.0
5310.0
5661.0
5524.0
5377.0
5212.0
5032.0
4733.0

_4407.0

4126.0
3774.0
3636.0

ul
-.036
-.101
-.130

222
.564
.536
.514
.473
.443
.444
.458
.787
1.123
1.097
1.069
1.035
1.000
1.003
1.010
1.335
1.671
1.708
1.734
1.766
1.801
1.801
1.796
1.473

1.132
;1,148 .-

TABLE VT.

(D) LEFT WING,

u

-.039
-.042
-.098
-.099

.187

.428
1.167
1.435
1.453
1.481
1.405
1.435
1.707
1.951
2.676
2.937
2.964
2.960
2.920
2.902
3.203
3.413
4.195
4.444
4.554
4.552
4.585
4.601
4.307
4.195
3.381
3.127

3.066

- CONTINUED

INBOARD STATION

STRAIN GAGE BRIDGE OUTPUTS, MILLIVOLTS

3

.019

.045

.075

.106

.209

.328

.734
1.196
1.223
1.249
1.280
1.315
1.425
1.547
1.960
2.426
2.455
2.482
2.511
2.545
2.657
2.781
3.220
3.672
3.661
3.633
3.613
3.583
3.478
3.356
2.941
2.489

2.464 . .

ud

.001
.019
.034
.049

.049

-.106

.237
127
.130
.146
.175
.173
.075
.014
.112
.269
.267
273
.293
.302
.196
.140

011

.495

.461
.457
.440
.424
.522
569

.693
.323

.332

ub

.001
.007
.003
.013
.094
.162
.294
123
.130
.146
.137
.158
.242
319
.465
.286
.301
311
314

.325
421
496
695
459
472
462
.46l
456
370
.309
177
.340
.324

u7

-.017
.038
.080
.135
.208
.320
770
627
.632
.686
.733
.781
.351
.965
1.447
1.283
1.289
1.326
1.374
1.420
1.485
1.602
.077
.843
.819
774
.718
.659
578
.454
972
1.114
1.052

= et b b e N

18
.017

025

.003
012
.141
.226
.104
.090

.114

129
.094

.120

.245
.331
194

174

.206

.207
.193
.192
.332
.396
.20l
172
.196
.190
.203
.209
.075
.010

.143

157
137

ul?

.018
.030
.049
.063
.083
.102

117
.166
.182
.192
.210

224

.244
263

.285

.342

.356
.367
379
30
.406
.425
443
.490
.480
.468
.453

437

.409

.382
.349
304
.296

uls

.007
.032
.060
091
.143
137
.165
.178
.166
.188
.215
243
.294
.286
.320
.339
314
.334
.362
.390
.433
.422
.466
.491
446
.418
.387
.353
.294
.291
.260
247
.243
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WING LOADINGS

SHEAR,
LBS

600.0
600.0
600.0
575.0
550.0
425.0
300.0
300.0
300.0
300.0
300.0
275.0
250.0
125.0

0

MOMENT,
IN-LBS

9292.0
9292.0
9292.0

' 8191.0

7422.0
§222.0
4671.0
4621.0
4621.0
4621.0
4621.0
3520.0
2751.0
550.0
0

TORQUE,
IN-LBS

3490.0
3325.0
3145.0
2847.0
2620.0
2239.0
1887.0
1749.0
1603.0
1439.0
1258.0
958.0
633.0
352.0
.0

ul

1.180
1.211
1.248
1.239
1.235
.899
.553
.578
.608
.642
.676
.668
.656
309
-.043

TABLE VI. - CONTINUED

u2

3.110
3.125
3.155
2.826
2.627
1.877
1.604
1.586
1.603
1.629
1.648
1.325
1.100

.298

.008

(D) CONCLUDED

STRAIN GAGE BRIDGE OUTPUTS, MILLIVOLTS

n3

2.440
2.410
2.380
2.271
2.150
1.740
1.288
1.265
1.238
1.209
1.175
1.068

.948

547

.104

ud

3.332
3.304
3.283
2.938
2.690
2.043
1.802
1.754
1.729
1.709
1.682
1.344
1.083

414

172

ud

316
.297
.284
.385
.435
.556
.165
.170
.156
.138
.119
.220
.263
.328
-.132

ub

.326
.322
.319
.228
.169
.032
.204
.195
.194
.193
.189
.103
.044
-.072
.138

u7

1.015
.958
.901
.823
.703
.216
.377
.347
.305
.254
.197
.128
.031

- .405

-.185

u8

.156
.162
174
.028
.034
.095
.111
101
.107
119
.126

-.024

.122
001
011

nl?7

.278
.264
.246
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TASLE VI. - CONTINUED
(E) LEFT WING, MIDWING STATIOM

WING LOADINGS STRAIN GAGE BRIDGE OUTPUTS, MILLIVOLTS
SHEAR, MOMENT, TORQUE,

LBS IN-LBS  IN-LBS u9 10 nll nl2 nl9 n20 n2l
0 51.0 138.0 -.199 012 .161 .093 .040 .N58 041
.0 51.0 284.0 -.168 .047 .278 .135 .089 .065 .079
0 51.0 4438.0 -.256 -.023 428 .124 .139 094 .037
.0 51.0 629.0 -.335 .013 .595 .199 .196 .043 -.327

25.0 177.0  929.0 -.333 .209 1.494 .202 211 -.446 -.418

25.0 228.0 1067.90 -.336 328  1.529 241 -.124  -~.483 -.383

25.0 228.0 1213.0 -.392 390 1.660 304 -.060 -.468 -.343

25.0 228.0 1377.0 -.503 271  1.806 255 -.010 -.442 . -.389

25.0 228.0 1558.0 -.579 .356 1.995 374 ".054 -.488 -.742

50.0 354.0 1858.0 -.605 530 2.912 .350 .079 -.,9690 -.837

50.0 405.0 1996.0 -.669 616 2.992 378  -.210 =.970 -.797

50.0 405.0 2142.0 -.759 .632 3.138 424  -.157 -.946 -.759

50.0 405.0 2306.0 -.870 575 3.290 423 -.104 -.917 -.801

50.0 405.0 2487.0 -1.000 562 3.484 479 -.,039 -.953 -1.153

75.0 531.0 2787.0 1.184 800 4.446 513 -.004 -1.409 -1.244

75.0 480.0 2649.0 -1.029 .889 4.316 A42  -.328 -1.453 -1.276

75.0 480.0 2503.0 -.993 825 4,214 369 -.364 -1.452 -1.317

75.0 480.0 2339.0 -.917 .851 4.074 354 -.399 -1.472 -1.274

75.0 480.0 2158.0 -.834 .854 3.913 304 -.441  -1.424 -.907

50.0 354.0 1858.0 -.829 .594 3.003 .251  -,425 -.939 -.811

50.0 303.0 1720.0 -.874 441  3.048 237 -.020 -.862 -.837

50.0 303.0 1574.0 -.773 .493  2.831 224 -.038 -.902 -.872

50.0 303.0 1410.0 -.700 484 2,743 187 -.084 -.921 -.827

50.0 303.0 1229.0 -.603 501 2.571 145 -.119 -.877 -.464

25.0 - 177.0 929.0 -.612 223 1.6h41 084 -.125 -.408 -.371

25.0 126.0 791.0 -.621 100 1.648 .060 .290 -.357 -.406

25.0 126.0 645.0 -.538 093 1.504 .020 .251 -.380 -.444

25.0 126.0 431.0 -.444 105 1.348  -.012 .210 -.407 -.402

25.0 1?6 0 300.0 -.338 114  1.163 -.064 1567 -.368 -.045
0 ) W0 -.319  -.152 212 -.124 115 .095 .047
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WING LOADINGS

SHEAR, MOMENT,

LBS

. * - . - L] [ ] L] L] L) . L]
DO ODODOOOO0OODODO0O0OC0O

IN-LBS

51.
51.
101.
101.
152.
152.
101.
101.
51.
51.

L ]
e X==r=R=2=-R=R=R=R=R=1=]

TABLE VI. - CONTINUED
(F) LEFT WING, OUTBOARD STATION
STRAIN GAGE BRIDGE

TORQUE,

IN-LBS ul3 uld uls
138.0 -.152 .088 .209
284.0 -.490 .124 .687
422 .0 -.594 .310 .842
568.0 -.932 354 1.326
706.0 -1.054 513 1.473
852.0 -1.397 536 1.963
714.0 -1.136 578 1.692
568.0 -.823 536 1.219
430.0 -.722 323 1.057
284.0 -.367 322 .h88
146.0 -.279 .115 .437

.0 074 .093 -.051

OUTPUTS, MILLIVOLTS

ulé

.224
.284
411
.482
.559
.603
.292
.226
.059
.044
-.105
-.146

[ I TR T S o - T I T T R |

u22

.043
012
.407
.463
.858
924
.372
317
.914
.853
.466
.404

23

-.035
-.416
-.526
-.924
-1.004
-1.388
-1.404
-.995
-.915
-.514
-.433
-.037
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TABLE VII.- SUMMARY OF SELECTED STRAIN GAGE BRIDGES, LOAD COEFFICIENTS, PROBABLE ERRORS, AND
MULTIPLE CORRELATION COEFFICIENTS.

A. Right Semispan, Inboard

Load Selected
Measurement Bridges
Shear, V 1
(1bs) 3

5

17

Bending 4

Moment, M 5
(in-1bs)

Torsion, T 1

(in-1bs) 2

3

5

B. Right Semispan, Midwing

Load Selected
Measurement Bridges
Shear, V 9
(1bs) 10

11
Bending 10
Moment, M
(in-1bs)
Torsion, T 9
(in-1bs) 11
20
21

Station.

Load Coefficients Range of Wing

+/- Probable Error Calibration
Loading

119.0 +/- 1.7 0 to .
179.7 +/- 3.5 1950 1bs
-29.7 +/- 0.8

-102.7 +/- 11.2

2882.4 +/- 12.6 0 to

-1424.3 +/- 37.9 84834 in-1bhs.

-2771.6 +/- 165.2 0 to
489.6 +/- 73.3 +65661 in-1bs
1674.3 +/- 53.9

1433.2 +/- 133.2

Station.

Load Coefficients
+/- Probable Error

Range of Wing
Calibration

Loading
31.9 +/- 0.7 0 to
7.8 +/- 0.3 1050 1bs
25.9 +/- 0.4
663.4 +/- 2.3 0 to

28044 in-1bs

-335.2 +/- 33.4
307.7 +/- 29.7
188.5 +/- 94.1
683.3 +/-118.6

-514 ¢to
+2787 in-1bs

Probable Error Multiple
of Load Correlation
Estimate Coefficient
+/- 5 1bs .99998
+/- 401 in-1b s  .99994
+/- 184 in-1b s  .99699
Probable Error Multiple
of Load Correlation
Estimate Coefficient
+/- 7 1bs .99983
+/- 307 in-1b s  .99948
+/- 162 in-1b s .99121
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TABLE VII.- CONTINUED.

C. Right Semispan, Outboard Station.

Load Selected Load Coefficients Range of Wing

Measurement Bridges +/- Probable Error Calibration
Loading

Shear, V 13 27.3 +/- 0.4 0 to
(1bs) 15 19.3 +/- 0.5 300 1bs
Bending 14 171.9 +/- 27.0 0 to
Moment, M 16 202.5 +/- 31.8 4554 in-1bs
(in-1bs)

Torsion, T 13 -141.8 +/- 35.8 -309 to
(in-1bs) 15 87.6 +/- 30.9 852 in-1hs
16 30.7 +/- 17.5
23 312.2 +/- 72.2

D. Left Semispan, Inboard Station.

Load Selected Load Coefficients Range of Wing
Measurement Bridges +/- Probable Error Calibration
Loading
Shear, V 1 132.4 +/- 2.3 0 to
(1bs) 3 181.4 +/- 1.2 1950 1bs
8 32.3 +/- 0.5
Bending 2 1367.2 +/- 32.3 0 to
Moment, M 3 1314.6 +/- 36.7 84834 in-1bs.
(in-1bs) 6 6097.7 +/- 135.2
- Torsion, T 1 -2207.6 +/- 118.4 -168 to
(in-1bs) 3 2450.0 +/- 92.0 +5661 in-1bs
o 7 250.4 +/- 95.6
17 -2079.1 +/- 375.6
18 2031.3 +/- 371.6

Probable Error
of Load
Estimate

+/- 4 1bs

+/- 39 in-1bs

+/- 84 in-1b s

Probable Error
of Load
Estimate

+/- 7 1bs

+/- 329 in-1b s

+/- 171 in -1bs

Multiple
Correlation
Coefficient

.999538

.99978

.97244

Multipie
Correlation
Coefficient

.99997

.99996

.99747
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TABLE VII.- CONCLUDED.

£. left Semispan, Midwing Station.

Load Selected Load Coefficients Range of Wing Probable Error Multiple
Measurement Bridges +/- Prohable Error Calibration of Load Correlation
Loading Estimate Coefficient.
Shear, V 9 33.8 +/- 0.9 0 to +/- 7 1bs .99986
(1bs) 11 25.8 +/- 0.5 1050 1bs
12 6.4 +/- 0.5
19 35.2 +/- 4.1
Bending 10 677.6 +/- 2.8 0 to +/- 371 in-1b s .99939
Moment, M 28044 in-1bs
(in-1bs) ' A
Torsion, T 9 -452.2 +/- 56.4 -514 to - +/- 194 in-1 bs  .98381
(in-1bs) i1 277.5 +/- 31.5 +2787 in-1bs
20 -230.4 +/- 121.5
21 -494.7 +/- 144.5
F. Left Semispan, Dutboard Station.
Load Selected Load Coefficients Range of Wing Probable Error Multiple
Measurement Bridges +/- Probable Error Calibration of Load Correlation
Loading Estimate Coefficient
Shear, V 13 28.9 +/- 0.3 0 to +/- 3 1bs .99976
(1bs) 15 19.9 +/- 0.3 300 1bs
Bending 14 333.6 +/- 2.0 0 to +/- 59 in-1bs .99946
Moment, M 4554 in-1bs
(in-1bs)
Torsion, T 13 -158.8 +/- 25.5 -309 to +/- 62 in-1b s  .98522
(in-1bs) 14 -154.2 +/- 39.2 852 in-1bs
15 112.8 +/- 21.2
16 182.9 +/- 41.7
23 -256.1 +/- 53.4



TABLE VIII.- CRUISE DESIGN DISTRIBUTED LOADING.

Loading Locations Loadings
FS RS AS FS RS AS
-===(1bs)~--=-
1 2 - 15 25 -
3 4 - 10 25 -
5 6 - 10 25 -
7 8 - 10 50 -
9 10 - 5 75 -
11 12 - 10 100 -
13 14 - 5 125 -
15 16 - 15 150 -
17 18 19 30 100 50
20 21 22 35 125 50

Tntal Load = 1045 1bs.
FS = Front Spar
RS = Rear Spar
AS = Auxillary Spar

35




TABLE IX.- DESIGN BENDING MOMENT DISTRIBUTED LOADING.

Loading Locations Loadings
FS RS AS FS RS AS
w===(1b§) ===~
1 2 - 75 100 -
5 6 - 125 100 -
9 10 - 150 100 -
11 12 - 150 100 -
13 14 - 150 125 -
15 16 - 150 150 -
17 18 19 175 75 50
20 21 22 150 125 25
Total Load = 2075 1bs.
FS = Front Spar
RS = Rear Spar
AS = Auxillary Spar

36




TABLE X.- TORSION DISTRIBUTED

FS
RS
AS

Lo
FS

ading Locations

RS AS

Front Spar
Rear Spar
Auxillary Spar

LOADING.
Loadings

FS ) AS
m==e(1bs)-==--
-50 50 -
-50 50 -
-50 50 -
-50 100 -
-25 150 -
-25 150 -
25 150 -

100 125 50
150 100 50

37
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TABLE XI.- WING LOADS AMD STRAIN GAGE BRIDGE OUTPUTS FOR DISTRIBUTED LOADINGS SIMULATING DESIGN CRUISE, DESIGN BENDING
MOMEMT, AND TORSION FLIGHT TEST CONDITIONS.

Design
Flight Shear
Condition  (1bs)

A. Right Semispan,

Cruise 1035
Bending 2075
Torsion 1050

Wing Loadings

Bending Torsion
(in-1bs) (in-1bs)

Inboard Station.

41064 1925
95642 -114
27720 4371

B. Right Semispan, Midwing Station.

Cruise 510
Bending 1175
Torsion 300

13034 464
33978  -428
4470 2698

C. Right Semispan, Outboard Station.

Cruise 160
Bending 400
Torsion 0

1878 95
5762 28
0 566

ul
1.466
3.770
1.572

5.649
3.219
1.911

ul3
3.656
9.738
2.192

p2
12.408
29.384
7.893

ull
19.239
50.447
6.782

uld
5.581
16.566
.409

ul3
3.506
6.058
3.895

ull
6.856
14.131
7.001

ulb
3.378
7.035
2.844

12.465
27.983
9.065

ul2
14.156
38.113
4.594

ulé
4,490
13.838
-.487

Strain-gage bridge outputs,

ub
-4.103
-10.464
-1.467

nlo
-.961
-3.505
-.065

u?2?2

- 502
1.910

millivolts, for-

ub
2.192
5.147
1.337

pu u8 nyi pls
-.502 5,985 -.929 -.549
-3.110 15.356 -2.126 -1.482
1.263 2.854 -1.308 -1.055
n21
.408
-.077
1.472
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TABLE XI.- COMCLUDED.

D. Left Semispan,

Cruise 1045
Pending 2075
Torsion 1050

E. Left Semispan,

Cruise 490
Bending 1175
Torsion 300

F. Left Semispan,

Cruise 1790
Bending- 400
Torsion 0

Inboard Station.

41410 3912
95642 -114
27720 4371

Midwing Station.

13126 1276
33973  -428
4470 2698

Nutboard Station.

1824 245
5762 28
0 566

ub1
1.924
5.391
2.243

ub9
4,014
11.078
1.512

163
3.004
8.486

-2.900

ub2
13.750
32.518
9.060

nén
19.106
49.728
6.343

ubd
5.860
17.215
.781

ub3
3.333

4.989 .

3.597

ubél
8.306
16.837
7.530

ués
4.372
7.605
2.992

uséd
12.064
27.293
8.412

ub62
15.279
41.086

. 5.082

u66

4.738

15.944
-0528

155
-3.257
-9.637
-1.498

n69

2.707
.494

nu72
-.926
.297
-1.934

u56
2.897
7.637
1.661

n70
-.678
914
-1.097

u73
-.871
-.737
-2.027

u57
444
-1.744
1.255

u’/l
-.966
.116
-1.480

n58 ub?7 n68
5.528 -.056 -.067
15.148 .000 .163
2.668 431 477
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TABLE XII.- EVALUATION OF PREDICTED LOADS FOR SIMULATIONS OF FLIGHT TEST COMDIT

A. Right Semispan,
Flight Condition

Calculated 1nading
Actual Tloading
Difference

Error, percent

B. Right Semispan,
Flight Condition

Calculated loading
Actual loading
Difference

Error, percent

Inboard Station.

Design Cruise
v M T

1022 41773 2002
1035 41064 1925

-13 709 77

-1.3 1.7 3.8

Midwing Station.

Design Cruise
v M T
508 12860 535
510 13034 464
-2 -174 71
-.5 -1.4 13.3

C. Right Semispan, Outboard Station.

Flight Condition

Calculated load
Actual l1oad
Difference

Error, percent

.FF

Desiqgn Cruise
v M T
165 1869 72
160 1878 95
5 -9 -23
3.1 -5 -32.1

Nesign Bending

v M T
2067 95562 -916
2075 95642 -114

-8 -80 -802
-.4 -.1 87.6
Design Bending
M,

v T
1180 33720 -293

1175 33978 -428

5 -258 135

N -.8 -46.2

Design Bending
v M T
402 5650 -114
400 5762 28

2 -112  -142
.5 -2.0 124.8

10

10

w N

IONS.

v

65
50
15
N

v
95

00
-5
.7

-5
-5

Torsion
M T
28218 3926
27720 4371
498 445
1.8 -11.8
Torsion
M T
4533 2736
4470 2698
63 38
1.4 1.4
Torsion
M T
-28 1196
0 566
-28 630
- 52,7
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TABLE XII.- COMCLUDED.

D. Left Semispan, Inboard Station.

Flight Condition

Calculated load
Actual load
Difference
Error, percent

Design Cruise

v M T
1038 40846 4010
1045 41410 3912

-7 -564 -98
-.7 -1.4 2.4

E. Left Semispan, Midwing Station.

Flight Condition

Calculated load
Actual load
Difference
Error, percent

Design Cruise
v M T
475 12947 1124
490 13126 1276
-15 -179  -152
-3.3 -1.4 -13.5

F. Left Semispan, Outboard Station.

Flight Condition

Calculated load
Actual toad
Difference
Error, percent

Design Cruise
v M T
174 1955 202
170 1324 245
4 131 -43
2.2 6.7 -21.1

Design Bending
v M T
2108 97586 216
2075 95642 -114
33 1944 330
1.6 2.0 152.6

Design Bending

v M T
1168 33697 -604
1175 33978 -428
-7 -281 -17¢
-.6 -.8 29.1

Design Bending

v M T
397 5742 -39
400 5762 28
-3 -20 -67
-.9 -4 172.5

v
10 36
10 50
- 14
-1 .4

2 95
3 N0

-5
-1 .7

P NDOMN

Torsion
M T
27244 4248
27720 4371
-476  -123
-1.7 -2.9
Torsion
M T
4298 2391
4470 2698
-172 =307
-4.0 -12.8
Torsion
M T
260 957
0 566
260 391
- 40.9
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Figure |.- DAST ARW-2 General Arrangement.
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k“y-“ l,;l.

The wing is mounted upside down
so that lifting loads are represented
by hanging weights.

Figure 2.- Wing Right Semispan Test Arrangement.

( Wing Mounted Upside Down )

T 7T T T 777 7777
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Gb

Figure 4.— Overhead frame with pulley arrangement for application of
negative loadings.
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Figure 5.- Closeup of pulley arrangement on overhead frame used for
application of negative loadings.
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Strain Gage Bridge Identification

O Shear, 0dd Numbers
- Bending, Even Numbers

- @ Torsion

Figure 6.- Right Semispan Strain Gage Bridge;Locations.
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Figure 8.- Typical shear and bending moment strain gage bridge installatio:

s

il

on spar vertical webs.




e installation on ribs between

Figure 9.- Typical torsion strain gage bridg
front and rear spars.
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INFLUENCE CO, w/V, (mV)/(LBS)

.015

.010

.005

-.005

-.010

-.015

r_' .
O FRONT SPAR

B [0 REAR SPAR
D AUX. SPAR
é  BRIDGE LOC

— o\O

00—
O O O O——o—

O ———0—0—
| &—® D\D*’D~D~8~9D
r——-

| Al | | | I | | | |
0 12 Voa 36 48 60 72 84 96 108 120

LOAD LOCATION, YW, INCHES

a) - SAR 1, Irbkoard station, front sprar, shear configuration.

Figure 12.~ Influence coefficient rlots for the right semispan strain gage bridges.
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INFLUENCE €O, w/V, (mV)/(LBS)

0351
O FRONT SPAR
008 [0 REAR SPAR
' &  AUX. SPAR /OD
& BRIDGE LOC 949”‘
.021 — /8 /D/
////////ER///////’
014 — ////////E%///////
&
O_..
~-.007 l ol | I I I I l l |
0 12 V24 ’ 36 48 60 72 84 96 108 120

LOAD LOCATION, YW, INCHES

b) - SGB 2, Inboard station, front spar, bending moment configuration.

Figvre 12.- Continued.



gS

INFLUENCE CO, u/V, (mV)/(LBS)

015
O FRONT SPAR
O REAR SPAR
010 &  AUX. SPAR
& BRIDGE LOC
.005
O/——O @) O @) @) —0—0
0
~.005
~.010
~.015 I Al I | I | | I I |
0 12 Vo4 36 48 60 72 84 96 108 120

LOAD LOCATION, YW, INCHES

¢) = SGR 3, Inboard station, rear épar, shear cohfiguratioﬁ.

Figure 12.- Continued.’
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INFLUENCE CO, w/V, (mV)/(LBS)

.035r"
O FRONT SPAR
005 [0 REAR SPAR
nad &  AUX. SPAR o
& BRIDGE LOC | B
_8
.021 — 5/
/@ /
014 —
////////ES///////’
5=
.007 — @/
0
~.007 1 ol I | I I | | | |
0 12 V24 36 48 60 72 84 96 108 120

d)

LOAD LOCATION, YW, INCHES

—- SGB 4, Inboard station, rear spar, bending moment configuration.

Figure 12.- Continued.
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INFLUENCE CO, w/V, (mV)/(LBS)

015[
N O FRONT SPAR
010 — [0 REAR SPAR
] @  AUX. SPAR
$ BRIDGE LOC
.005—
O
o O\@
~.005 — T~
\‘\\\\\\E]
C)\\\\\\\\
\\\\\\\\Eg\\‘[] ,
~.010— =N
O\E\D
e
-.015 A I | | I | I I |
0 12 24 36 48 60 72 84 96 108 120
LOAD LOCATION, YW, INCHES
e) - SGB 5, Inboard station, auxillary spar, shear configurat%on.

Figure 12.- Continued.
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INFLUENCE CO, w/V, (mV)/(LBS)

.035
O  FRONT SPAR
098 [1 REAR SPAR
’ @ AUX. SPAR
® BRIDGE LOC
.021
.014
.007
—_— ———@D
0 a 8—_,—:-—-’”——-—“@%
&
~.007 I 4 I I | | I I I |
0 12 Y4 36 48 60 72 84 g6 108 120

LOAD LOCATION, YW, INCHES

"£) - SGB 6, Inboard station, auxillary spar, bending moment configuration.

Figure 12.- Continued.
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INFLUENCE CO, w/V, (mV)/(LBS)

015
@) FRONT SPAR
010l & O REAR SPAR
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O
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005 TTo— b
. - O\O_O
-.010—
~-.015 I I by l I | | l I |
0 12 24 38 48 60 72 84 96 108 120

LOAD LOCATION, YW, INCHES

#) - SGB 7, Inhoard stationy: auxillary spar, shear configuration.

Figure 12.- Continued.



INFLUENCE €O, w/V, (mV)/(LBS)

.035
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014
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LOAD LOCATION, YW, INCHES

h) - SGB 8, Inboard station, auxillary spar, bending moment configuration.

Figure 12.- Continued.
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INFLUENCE €O, u/V, (mV)/(LBS)

0241

.020—
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016 — \
: O
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LOAD LOCATION, YW, INCHES

i) - SGB 9, midwing station, front spar, shear configuration.

Figure 12.- Continued.
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INFLUENCE CO, u/V, (mV)/(LBS)

09~
O
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02—
O
@)
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0 12 24 36 48 6 72 84 96 108 120

LOAD LOCATION, YW, INCHES

j) - SGB 10, midwing station, front spar, bending moment configuration.

Figure 12.- Continued.
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INFLUENCE CO, w/V, (mV)/(LBS)
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