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SUMMARY

The vroblem in thils investigetion was to deternine the stress
end deflection patterns of & thick cantilever plate at various angles
of sweepback,

"he plete wes tested =% angles of sweepback of zero, swenty,
forty, and sixty degrees under uniform shear load at the tip, uni-
formly distributed load end torsional loading.

For all angles of sweep zand for 211 types of losding the area
of criticsl stress 1s near the interscction of the root and trailing
edge. Stresses near the lezding edge a2t the roo! deereased rapidly |
with increase in angle of sweep for all types of loadins., In the
cuter portion of the plate nesr the trziling edge the strasses due
to the uniform shear and the uniformly dlastributed load did nct vary
for angles of sweep up to forty degrees. TFor the uniform shear and
the uniformly distributed loads for =211 angles of sweep the ares in
which end effect is pronounced extends from the roet to sprroximately
three querters of » chord length outboard of a line perpendicular to
the sxis of the plate through the trailing edge root. In the case of
uniform shear and wniforsly distributed lo=zd s the deflections near
the edgs at seventy-five per cent semi-span decreased with increase
in angle of sweep. DNeflections near the trailing edge under the
game loading conditions increased with inereass in angle of sweep
for smsll sngles =nd then decreased st the higher angles of cwecp.
The maximam deflection due to torsionzl loading incressed with in-

erease in sngle of sweep.
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INTRODUCTICH

The problem in this investigation was to detemmine the effect
of sweepback upon the deflection and atress pattern of a thick canti-
lever plate. The plate was tested at angles of sweep of zero, twaenty,
forty, and sixty degrees under uniform shear, unifeormiy distributed,
and torsional loadings.

This research is one phase of the investig:tion being carried
out at the Guggemhein Aeronsutical Laboratory of the California In-
stitute of Technology (GALCIT) to determine the effect of sweep upon
the deflection and stress patterns of aireraft wings of high solidity.
This work 1s being carried out both experimentslly snd theorstically
under a contract with the United States Alr Force.,

Since little experimental data has been published on this phase
of itmctural regearch, it was necessary to begin the overall 1;1vest$.-
gation of this problem with the study of =olid ‘platen hewing the shgps
of swept wings snd subjected to uniform sheszr loading, uniformly dilge
tributed loading, and torsional loading. By September of 1948 a pre-
lininsry investigestion on a thin plaﬁ had been completsd by the
GALCIT staff. This work "pointed the way" to the pressnt investiga~
tion, This paper wlll asuggzest several pointe to ba considered in
farther experimental investigsztion of the problem and will furnish

data which will be useful as a guide to the correct theoretical solution



of this probdlenm,

This investigstion was cerried out in the GALCIT structures
laboratory under the supervision of Dr. Z. E. Sechler. It was done
in conjunction with Oommander ¥. B, Gilkeson, U, 5. Havy, during

the academic yeer 1948 - 1949,
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BUTIPMENT

The test speeimen wes = 2437 alumipum alloy plate, The plate
was ons ineh thick snd the srea was mainteined constant at 400 square
inches at 311 angles of sweep by cuiting triangular pieces parallel “
to tﬁa root from the tip of the plate so as to maintain a2 constant
length of forty inches end a constant width of ten inches. A square
grid was secribed on the bottom of the plate 2t two and one«hglt inch
intervals along and aeross the plate to facilitate the measuring of
defloctions, The dimensions of the specimen in the four configura-
tiona of zero, twenty, forty, andi sixty degrees of sweep are shown
in Pigures 4 through 15,

Standard SR-4 strain rosettes manmufasctured by the Baldwin-
Southwark Commany were attached to the gpecimen at the points indi-
cated in Figures 4 through 15. These rosettes were connected to a
wheatstone bridge cirouit from which strain readings in millivolts
were taken. These readings were converted 1nio)pr1ncipal atresses.
The slectric=l setup is shown in Figure 3,

The plate was supported by a heavy framework of I beams and
steol plates. This support is shown in Plgures 1 and 2. The fraome-
work was bolted %0 2 conorete floor., This method of supporting the
plate gave a reasonable degree of fixity. As complete fixity was not
pogsible, a survey was made to determine the amount of "sagh of the

support.
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The test plate was placed between two steel plates at the top
of the support. In order to obtein a uniform pressure and 2 maximn
fixity, specially cut spocers were inserted between the %est plate
end the supporting stesl platses.

A digl deflection gage manufactured by the B, ., Ames Company
af Waltham, Magsachugsetts waes used to neasurs deflection., This gage
was ozlibrated to one thousandth of an inch. A large smooth table

was nsed to support this gage.
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PROCEDURE

The plate wes testsd under three types of leadings at angles of
sweepback of zero, twenty, forty, and sixty degrees. These lozdings
are referred to as uniform shear, uniformly distributed, snd torsion
loads. The uniform shear 1024 was applied at the tip by means of &
whiffle tree arrangement, This permitted the uniform shear load to
be applied uniformly serossz the tip of the plate. Shot bags were
placed in a large nan supported by the whiffles tree to give the de-
sired load. Uniform shear loads of two hundrsd, four hundred, =nd six
hundred pounds were appiigd for eash angle of sweep. (3S2e Figure 1.)

Uniformly distributed loads of one, two, and three pounds ver
square inch ware applied at each angle of swesp, Those loads were
applied by placing shot bags uniformly ofor the surface of the test
plate. A m=t of sponge rubber was placed over the plate to protect
the strain rossttes from the shot bags. Uniformly distributed loeads
of one, two, and three pounde per square inch were used in order teo
make the moment =t the root caused by these loads equsl the moments
at the root caused by the two hundred, four hundred, and six hundred
pounds uniform shear loads.

‘Torsion loads pf fifteen thousand, thirty thoussnd, and forty-
five thoussnd inch pounds were applied =t each angle of sweep. Thesse

torgion loads were apnlied st the tip by means of an I bean bolted to
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the tip. VPana ware attached %o the ends of the I beams by flexible
steel cebles. The cable on the side of lecding edge lead vertically
downwardi, The cable on the side of the trailing edge was lead verte
iezlly upward to 2 pulley end then downward. BShot bags were loaded
in the pans to give the desired lo=d. (See Figure 2). The bolt holes
in the $ip used for fastening the I bean to the plate were bored par-
allel to the axis of the nlste. This resulted in o torsional load_
vector perpendiculsr to the tip ce ahown dn Figures 2, 5, 8, 11, and
14,

aetlectiona‘for all eypes of loads werse obtzined by measuring the
change in distance between = smooth table and the plate when the var-
jous loazds were applied. Zeros were obtained before and zfter load-
ing and i% wae found that a2t leaat three loading cycles were needed
in order to stabilize these zero readings, Deflection readings were
takeﬁ at five inch intervals spen wige and at the sero, twsnty-fivb;
fifty, seventy-five, and one hunired per cent chord points, These de-
flections are pietted in Figures 16 through 27. These curves are not
corracted for the sag of the support., For the concentrated loads and
the uniforn loaﬁs. dotleétions in the direction of loading are plotted
as positive deflections, “For torsional loads, up deflections are
plotted as positive deflections and down deflections .are plotted as
‘nm\;ative deflections,

The orientation and magnitude of principal strdssea at the
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various strain roseste locadions were plotted as shown in Figures 4
to 15,

In order %o deternine the sag of the supcord, s lightwelght I
baam was fastencd %o tho ton of the support and its deflection wes
measursd when the plate was londed. The deflection of the %op sup-
pord plate was measurad by mounting an arch on the ends of this plate
and measuring the chenge in tho distance between this arceh and the support
plate upon loading the test plate. The saz of the bottom suprort plate
was mesnsured in a manner similer to the method used to measure the de-
flection of the test plate. The sag due to torﬁian loads, i.e., in
tha plans of the suprort, was found %o be negligible., The corrections
due %o the szz of the support for the uniform gshear and uniformly dis-
tributed 1o;ds are ashown in Figure 36. All deflection plots subseguent
to Figure 27 have beon corrected for the sag of the suprort.

Oross plots were made %o ashow the veriation in defleoction with
increased angle of aweep for points on the fitfy and seventy-five per
cont semi-gpan lines. Figure 34 shows this variation for uniform shear
and uniformly diztributed loadings, and Tigure 35 for torsion loading.

Oross plota to show this varinmtion in atresses near the trailing
edge for the various swoep angles were made in Figures 28 to 30, Simi-
lar plota wers m=ile for the stresses near tha leading edge as shown in
Figures 31(a) to 33(b). Deta for these plots are listed in Tables I

and Il.
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Pigures 31(b) and 33(b) are trzcings of Migures 31{z) and 33(a)
respectively with additional curves representing the strains as calcu~
lated by the standerd engineering formuls for a simple centilever
besn, I'or these curves the simple beams were considered to be fixed
a.t 2 line perpendicular to the axis through the trailing edge root.

In these calcoulations for the uniform shear load, the totzl shear was
qnaumd concentrated at the tip at the fifty per cent chord point,

S3ince it was found that both stresses end deflections varied
linearly with incresse in load for all typea of loading and for all
engles of sweep, all tebleg and graphs in this report ere for the

naximin 1_0&& of each of the various loading conditions,
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RESULTS AND DISCUSSION

I. Deflections

The def}ec;ions of the test plate for all types of loeding and
for all angles of sweep sre vlotited in Figures 16 through 27. These
curves have not been corrscted for the sag of the suprort. OJorrec-
tions for sag of the support zre plotted in Figure 36, Curves showing
the veriztion of deflection at fifty and seventy-five ver cent semi-
spen with sngle of sweep are plotted in Figures 34 and 35, These
curves weré corrected for the sag of the suﬁport.

For the uniferm shear and uniformly dintribut;d lozds the de-
flection of the trailing edge at seventy-five per cent semi-span in-
cre-gsed with an incre=se in angle.of sweer up to an angle of sweep
batween twenty and twenty-five degrees and thin deerezsed. The deflec-
tion of the leading edze at seventy-five per cent semi-span dscrezsed
with zngle of sweap., Both of these effects are due to the fact that
;s the angle of sweep is inoreagsed the bending moment is reduced and
an increzsing twisting moment is introduced.

In the case of $orsional leoeding the deflection of the traili#g
odse &t seventy-five per cent semi-spen increased with inereszse in
angle of sweep. The deflection of the lezding edge for the sane point
apanwise was in the direction of teorque for small sngles of sween and
oprosite to the direction of torane for large angles of sweep. The

maximam deflection in this direetion was resched at an angle of sweep
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of 'approximately forty-five degrees. This effect is due to the fact
that the manner of applying the torgue iniroduced a bending nomponent
which caused the plete to bend upward =ore and more =s the angle of
gweep increased.

All deflections inoresssd linearly with increase in load for
all loading conditions and for all angles of sweep. ‘

At zero angle of sweep the experimentsl deflections due to the
uniform shear load were found to be slightly greater $han those com=

puted by the sngineering formula for prismstical beams., (See Table 6).

11. 3tresses _

The magnitude and direction of the principal utrusn. are plotted
in Figures 4 through 15. Variation of the stresses with angle of sweep
along the ninety per cent chord line is plotted in Figures 28 through
30, Similar 'cnr'\.'n along the ten per cent chord line are plotted in
Figures 31 through 33,

) The stresses near the intersection of the root and the trailing
edge wers found to increase rapidly for angles of sweep grester than
goro for all types of loading. Just the opposite effeet was noted for
the area near the intersaction of the leading edge and the root where
the stresses decreased rapidly with ineresse in angle of aweep for all
types of loading. In fact at an angle of sweep of al;ty degrees the

datroasses in this area =ore pr&ctinally‘negllgiblo. For all angles of



sweap ond for 211 types of loading the area of critiesl stress was
near the interssction of the trailing edge and the root.

The stresses along the ninety per cent chord line from fifteen
to one hundrsd per cent semi-span due to the uniform shear load were
found %o be linear for all angles of sweep. In this portion of the
plate the astresses did not change with angle of sweep up to an angle
of aweep of forty degrees, then they dropped off slightly for the
aixty degree angle of sweep, This second fact was found to hold $rue
for the gstresses due to both uniform sghear and uniformly distributed
loads. .

S$resses in the portion of the plate mentioned in the previous
paraéraph wora found to be a2t least ten per cent less then the siresses
as caleonlated by the engineering formula for angles of sweep up %o
forty degrees for both uniferm shear and uniformly distributed loads,

Compressive stresses along the ninety per cent chord line due
to torsional ioading inereased with increase in angle of sweep and the
tensile stresses decreased. This is due t0 the fact thet the bending
stresses become larger with ineresse in angle of sweep due to the manner
in which the torgue was =pplied.

Along the ten per cent chord line the point of maximum stress
dun‘ to all types of loading moved outward with an incrsase in angle
of sweep. The distance from the root along this chord line to the point
of maximam stress aﬁpsars to incre=se linearly with increass in angle

of sweep for both the uniform shear and uniformly distributed loads.
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However, 1t would be necgessary to test the plate at additional angles
.of sweep to establish this fact conclusively. (3ee Table V).

. In esleulsating the stresses near the lesding edge by means of
the standard engineering formula for e cantilever beam, the portion
of the plate outboard of a2 line drawn through the trailing edge root
and perpendioular to the swept axis of the plate wes assumed to act
like a2 simple centilever beam. The uniform shear load was assumed

to be concentrated at the tip and fifty par cent chord point, These
assumptions resulted in =z different engineering formula curve for each
angle of swoep., Outside the srea of end effeot the experimental re-
sults agree very well with the theoretical results for sll angles of
sweep in the ezss of the uniformiy distributed load. For the unifomm
shear load outside tha area of end effect the engineering formala
gives conservetive results for zero angle of sweep, agrees very well
for the twenty and forty degree angles of swaep end is HON-CONBerva~
tive for the sixty degfoe angle of aweep.

Tor the uniform shear and the uniformly distributed loads, for
all angleﬁ of sweep, the experimentsl astress curve depsrts from the
theoroﬂcal curves at a distance of approximately three quarters of
a chord length from a line which is perpendicular to the axia of the
plate throuéh the trailing edge root, i.e., the assumed root of the
cantilever beam used in the engineering formla calculctions. This
leads 'to the conclusion tlw.t Hend effect” extends out this distance.

Stresses varied linearly with incres=se in load for all angles

of sweep and for all types of loading.
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III, Accurscy

In ordar %o astim=te the asccurrey ¢of the results obtained a sur-
vay was made of the stresses in the outer portion of the test plate
when under nmaximmam torsionel loading and_ at zero angle of sweep. Under
these conditions the stresses throughout this nortion of the plate
should have been egqual, The average of all these stresses was obizined
end theﬁ the maximum and average errors were computed by comparing
this average stress with the sctual stresses. The maximmm error was
equal to plus or nh_m: 6.28 per cent and the average error wasa plus
or ninus 2,72 per cent, The acouragy of these results was checked by
multiplying the stresses due to ons-third maximam load by three and
by multiplying the stresses dus to two-thirds maximum load by three
halves and comparing these results with the stresses due to maximum
losd., The maximum and average errors found in this nammer were slizht-
1y lese than those found previoualy.

The errors in the stress results were due to the inherent error
in the strain rosettes, slight variation in the elecirical zero, znd
porsonnsl ermor.

A comperison of the experimental deflections of the plate at zero
angle of sweep wijh the theoretical deflectiona as computed by the eng-
inerring beanm formunla is shown in Table VI, 'i’ht; deflections wers zlse
computed using Stevenson's formuls aas given in Ref, (a). The deflections
computed by this formmla egreed almost esxactly with those computed by
the engineering formula. 1In Stevenson'ls foMla he setd the boundary

conditions ot only one point, the center of the plate at the root
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where he sssumss goro dgfleotion and zero slope. “heress, in this ine
vastigation the plate‘uas clamved along the entire root. This fixed
end condition leads to more boundery conditions then thare zre unimown
constants i£ Stevensgon's formuls, For this reason 1t ls felt that the
ongineering formuln gives aa good theoreticel remlts 23 any known
golution for the plate as tested in thls investigstion., 4 couparison
of experimental rosults and theoretieazl results gshows a deflection
error of anproximatelr three per cent for the maximum Adsflection,

Thie error is greater at smaller deflections, The error in deflection
readings is due to‘nero reading error and sag of the sucport in addi-

tion tco that sag which was measured.

1V, Rerommendations

In this experiment 1t was found thet there wers too few strain
rosettes in the area of criticsl streas near the root. In the future
it is recammended thet as many atrain rosettes as possible be placed
in this ares.

It ia alase felt that more wvaluable information could be obtazined

in the same length of time by testing the plate at ten degree incrementa

of sweep angle and at maximm loasds only.
/
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CONCTUSIONS

1. For angles of sweep greater than serc and for all types of
losding the area of eritical stress is near the intersection of the
root and trailing edge.

2+ Stresses near the trailing edge a% the root increased rap-
1dly for angles of sweop greater than gero for all types of leading.

3. Stresses near the leading edge =t the root -decrnuid repid-
ly with incresse in angle of sweep for z2ll types of loading.

4, For uniform shear and uniformly distributed loads stresses
near tvhs trailing edge in the outer eighty-five per cent of the plate
did not vary with angles of sweep up to forty degrees. These
stresses become smaller at the eixty degree angle of aweep.

5. Use of the standard engineering formula for stresses in a ,
cantilever beam for the uniform shear end the uni:tomly‘dilﬁrlbuted.
loads gives good results in the portion of the plate whic'h is free
of and effact.

6. The vortion of the plate in wj‘zich ond effeot is nronounced
extends from the root to a distance of three-quarters of & chord
length from a line through the $railing edge r00% perpendicular to the
swept axis of the plate.

7. Heer the leading edge the point of maximum stress due to all
types of loading moved outward with increase in angle of sweep.

8. In fho case of uniform ghear and uniformly distributed ioada
the deflections near the lesding edge at seventy-five per ceant semi_-span

decreased with increasse in angle of sweep., Deflections near the
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trailing edge under the came loading conditions ineressed with increzse
in angle of sweep for small angles =nd then deereased st the higher
engles of sweep. The maximam deflsction due to torsionsl loading in-

ereansed with increase in angle of sweep.
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I. 3. Sokolnikeff, "listhematical Theory of Hlasticity", leGraw-

Hill Book Company, Inc., 1848 - Page 231,



Distance”

2.67
4,87
8.67
12,67
16.67
24.67

*Distance is measured in inches from'ruot along chord line,

Unifomnm
Shear Load

12858
11486
98656
8595

3267
2028

. 17408

12285
10324
8726

2921
149C

13369
10079
9223
7644
2010
764

15178
11471
0143
7422
5677
3174

T

TABLE 1

Stresses (pei)

Uniformly
Distributed Leoad

L

f=o°

11314
9303
7064
5316
4124

791
236

11702
8383
8708
3638
2467

817

’ Streases at Ninety Per Qent of Chord

Torsion

14062
11340
10554
11109
10974
10027
11541

21985
17861
1725
17148
17088
16973
17022

31323
26394
23937
23404
23016
22328

9624
11512
10810
11544
11668
11068

5497
8418
9022
8962

8776
8331

3948
4879
52567
5137
4882
3938

1284
1902
2249
2183
2263



Distance®

28888883

3.30
4,30
8.30
12.30
18,30
20.30
29,30
33.30

1.80
3.80
5.80
7.80
2.80
13,80
17.80
21.80
25,80
34,80

*Nigtance is measured in inches from yoot along chord line.
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TABLE 2

Stresses at Ten Per Cent of Chord

10880
11147
11265
9722
8821

4323
2883

6538
8417
8747
102z
10331
8697
4201
6130
3106

Stresses (psi)

Uniformly
Distributed Load
+

p=o

12650
29890
6820
5428
3415
1325

762

PR

10148
10091
9569
6331
4991
2241
1185
362

p= w?

4880
6356
7831
849¢
8694
8524

4002
2662

Toraion

6776
10678
15118
15788
16831
16819
17269
17203

g

14618
11785
11082
11846

11439
12018

9700
8816
8755

8993
8928

9397



Distance*

2.30
4,30
6.30
8.30
10,30
12.30
14,30
16.30
18,30
22,30
26.30
30,30

Stresses at Ton Par Cent of Choxd

Uniform
Shear Load

684
1652
4640
3153
4394
6321
7859
8768
9133
8324
714l
6062

30

TARLE 2 (Cont'd)

Stresses (psi)

Unifcrmly -
Distributed Load

e

+

274
863
1783
2758

3778

4830
6120
6609
6508
4968
3976
2407

Torsion
Losd
- +

176 <637
918 3083
181} 2807
3029 2020
5384 1383
8036 1230
13646 1372
17326 1703
19821 1813
22564 2117
216842 2653
23208 2309

*Distance is measured in inches from root alongz chord line,



2880

20

40
60

g68o

Deflections at Fifty Per Cent Semi-span

L.E.

463
416
<260
«055

.l|.12
<392
+253
061

-.300
--%0
.070
«010

TABLE 3

" Deflections (inches)
Uniform Sheer load

25%0

463
445
.323
.119

Uniformly Distributed Load

<41k
10
.306
114

Torsion Load

=+150
.100
-2#0
150

5050

469
475
«382
«209

41k
434
358
176

«020
270
440
«390

75%0

466
507
4448
0326

413
455
403
«263

«180

" »

630

770

TeEe

46k
«531
.518
o445

75
456
-357

335
630
950
1.190



Datlpotionl at Seventy-five Per Cent Semi~span

L. B

«953
852
648
«258

|751
739

« 220

- -ll.6°
135
495
+350

~g8-

TABLE &

Deflesations (inahes)

25%0 5040
Uniform Shear load
956  +956
<0897 «942
'72? 0802
»388 « 520
Uniformly Distributed Load
«751 «751
<761 787
607 670
«316 «398
Torsion Load
-.220 .025
380 640
«710 1.180 7

75%C

<956
+985
.502
672

751
«810
727
«501

«270
«920
1.500
1.600

T.E.

953
1.023
1.001

-538

+751
0837

506
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Table 5

Variation of Maximum Stress Location with Angle of Sweep
' Along Ten Per Cent Chord line

A° Distance from root (inches)
0 0
20 ' 6
20 12
0 18
Table 6

Ixperimental versus Theoretisal Deflection of Cantilever Beam

Distance from Deflections

Root (inches) Theoretical Experimental Difference %
32.5 1.046 1.085 «039 3.7
30.0 917 ; 956 039 4.25
275 ; 792 «830 038 L.8
22.5 <559 «595 -036 6.43
17.5 «356 «385 <029 8.15

12.5 190 .218 028 17
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FIGURE 1.

EQUIPMENT UNDER CONCENTRATED LOAD
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FIGURE 2.

EQUIPMENT UNDER TORSION LOAD
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FIGURE 3.

ELECTRICAL EQUIPMENT
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Figure O

STRESSES PRODUCED BY 600# LOAD
UNiFORMLY DISTRIBUTED AT TIP
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quure 13
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STRESSES PRODUCED BY LOAD OF
IPSI UNIFORMLY DISTRIBUTED
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SOLID LINES INDICATE MAGNITUDE AND
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SIGNS INDICATE TENSION, OMISSION OF CROSS
STRESS INDICATES NEGLIGIBLE CROSS STRESS,

SCALE :['= 204/0° PSi ,
MODEL ¥ 4 TEST #J

PRINCIPAL STRESSES IN
 CANTILEVER SWEPT PLATE

et A s e mee

=



N . i X ”v.m“
| . 1 L
$ ” 0o : uw :
s 1" m RNy : M
j. ||. .* .- - n' - - ‘ll. “.. —_ ﬂlll;Ml — - JAI‘ —
et - ” o ik
-
9 1

i 3ix .
AR IR (e

| ! ! ..lnA X L
! : : TNt
B AT TN e I SR S SN
i PN e il
. : S 5 1
e NS & R A et N
|I._.” SEy 7 = .||l : __ 2 .ml...lln .I.%wi.ll
i ! |
M : m o7 , D
N i 4 I s SR .
; : Y Qo
| & 1- i Q SN

SR P N S M 7 5

!

|}

|
4o

|

e ol oWl & BT (AT ST,

.. . % “ .. tiey - i
i Hnd | IR ll B o el 1 e e ;
PN |
P SN STl VPR (T . . ——
T : . -
! :
’ I
1 1
i
!

1
‘..-_-.'
+

b

griviy C1

SR ——

| b Q
T = i e T o
m X7 | M o Had 8
ok 2 X ‘VK{«TUJ.: b i = ; “ . 1|1W i
1 ; . ! 1 ) . |

I -

—IFo

e e e I
'

N
- .
i T

,,,,,

sz aatle s L

s o o
b} 1
'
. - At =

i

ENRNNT
1 y

fiek g
v} [ o 4
R e

' i
I - B BY W . W
! 5




P o AR _ | IREIEIER P S I IR I S R RO R ER R (T i RS 2o 1T T il
)4 | TR L] e sl s s il B el et s U ; L.T.J“,.,..,:w,,.ir £ MR T g ot L 8 U AR e _ﬁ e e L R
Eoe e A HERER R T R AR RS By e s L B e T
|ESETE RIS L8 Noh e i i R e ~ ] | A

; ._g ﬁﬂ.:wlw:- % ﬁnn -.L.l.il IM.T:Iﬁ e + i o £ 5 ,;,NJWN..AN.\TIJJIM,JE.HJ- K|411111I. ¥ vy SN e | ‘ g - . £
ol Y : 19 ST e o _,
_fr: | : | 11 i bt " _ | B R R
f...w.*..w.*_.d..--w. 5L L I Loorea o = od
M:_Pw— ‘r / o | =% n
nm —-_.—*m.— .m + W it i H i %

gttty gt foiip Eob thod N e

THARED HEITE R | ok
_ : :L B RO | Lisi] £ R

s ol B e AR o ey | i g T R e e e e s urf‘L i AR
| f / f 1% HT Pt :
SR e : - _W
RS 1/6 B el Lk e S (P 08 S e T R G Ed ) D
| AR Bl el e B e
T | | B |l na i SIS f=
2 ; i S OO BN BB Eog B e M :ﬂ&ﬁm. i 5
S | ot R = a_mﬁ = S —
0 s S ) s e ! _jm‘.‘ou m, _TT fLish ™l
§ tHry o WS = B e o L e e e T e i e S

] k S A P Do e : |
! ; el < [ < il E|
| = Q w

s
|
1

i U ]
Rl ARG
! 1

4. TORSIQNAL

S-l1e&) LT

Lkl

0

%) .
;....,_..._‘...F,__?...-w:_.._

f 3 ;

1

|

4

|

J

ESEThasmmn e

1 -

B
T
ot
.i
;"ff'V
LECTION.
WYTH

A;J%fgp
|

L_‘, b

4
i
|
1
]
!
|
!
i

| "
¥ .“
i I
8 1 ! i
i i T -y 1 = T
| i RS ! ' |- I | 1 :
B “ | i e | lF i -
i k B s R T S R S 152 e
| L0 i £ + | |
. i M R !
..ﬁ. e e R ‘

e

e e e e

o LML Lty = o 3 00
| 1
i {
e e = e ¢
* |
' ‘
%)
|

| ! AL i
Sk oo b e 2o L L R b 30 L 3 a8 el 35 oy
Lidertes dia ] : R M ! Sues HIE L
H 5 LS o3 i 1 ! : i
PN i i :

: o : =7 , : ¥
* . Eo bt b L e .iri..,m.... , & TW.:_-.!.”,.I..W ”., llm ) Crni bt ek i
{

i HRCD o ! 2! 0
! 1Bl St el ! e _, o , _ _ 3 | _ ; i
e s fciee i .uh-llwl.. nﬂllll ‘“n S Eeiem (% v ...I.n - l...l‘..llll-l.-.litfllo.....v lel W TN .W'I'l.ﬁvlilul..w[ . s M B .le.. - FUNUPRNEE S S ) 5
| _ 5 i i 5 el w
L } | | ! { i
¢ o : ! ;
- % . -

AY3BRUNRNR RN AN

T
3 |
. N TR ] 2ok R ons B 't 38
; el e e L ekt
Ste ey i Rt Jetat, b i hp i U ] , !
B e e e b e et e nsE SR SRR e S5 ——t et e " ——t = SeEe
ool R e ol | ‘amL_@ iy e piRl e et e RS
i s e _ GG “ Bk et T el LI F43a | i m | L
iy lll+if."! -r-,.”.w.-i.,!l;_,llfi..ﬂ ...\,_fx-m.;f :I_:i. a+ ;.?L!w:. 4%1.4«- _ l;_,l,_ii,-l‘%!!‘mwlfl|‘w) SR “
2 Ead -.-” 3 . M b w i _ _ w - ; . _ -t : _r 130 e il 4 et L M “ !
Pepiti] | _ A R AT e _ _ i _ | |




} 1

: 2 R T nd R B BEERE 2y sl Oy B S S b sl s £
LOWOHIZ L p i R S L e e e e

D
o




o e

—

ATIERN |-

“Fiqore [9 T
%!
N PA

B IR

criy

VI RaE gy
0 st

2 Br‘z{ : :“;':._:: 2

bR
,.qﬂl St

: —'* o *AIJM :

| B T ‘ r 1
i [ERE RSN B £ it e el
HE DS s i Tes ks e R e o]
i 3 (ks s =g wih Sl ;flynw_f, B
| ] g 2o B TS e
" . M. .\‘ 1 . H.mu;l.

I
38

i’ g
i
RESE BERES EERRY R

........

- ep
PAN|

@ G .

RS ik s M e g e B i e o - o G R S0 s ¢ Ut 2 pliers SRre . o) BN Wil Bs ey n RS B Toaeteadinbea bRt I e e s G S0 e S e e s P i gy e S o lise S vl DS I 18 STl e t< b Bona s s eo i pails Hu a4 D SRAT SaEyE ! i

m - ,rllw I § - .tuf
L i, M8 P
L S i b o~
St - 5 fs wﬁm

; e i

B

4
-~

i

ap

: EIEE s

: B R *

i o] [ |
ssmds 8518 hey 4
i g £ sl
st % R

TR
1




:Vr-"

UTH. .

B0
s
fﬁ-

Y,

+

N

AT
r E‘E
NIDI

r
|

L) S S

| £f ol ik
s
PERP

W s
ey

A




|
|
l

......

TE

| ESNRAR

PATTERN.|

) OVER ¥

- 23- 4

0 froa
PER. SQUARE

1t i
P SPSHEN ESeRIN SR
i | vy i
i 1 ?

F e | s |

i s A
; 5 1748 1 WA o i g E
i 7l e A It !
it4q et . s fe gy
4 Vipsrb | v b 4 o ot s Al
I bl
T o
S EEEEREE R :
R R AN IR R s SS i '
' i % R 2R B
| Lo s rriey
+ ™ t
! T TR
15500 0 sl 20 .
i ) 65 91 i 1 S kLl
i } | & ¥
i AT Et g
4 S Bt A ; }
" i . g
i ‘ i ; ;
;
t
=
i \




IE|

T Y v 7 T T = r T T
e B A _‘ e w | ! t t ﬁ Bheae: s i1l PR
i e 5. !, R AR Tl PRI e Bl s B i i AR s bl | s AID T i 1 B Bk sl U5 el it el
Frit - S50 ivnn s pacs en e T gw e BT M5 Bawi § ety ) gy s FERL Sgearacs + 25 I
,ﬁ 3 ‘ H 45 | taa] (inh e Yt H :
| | . 5 _ , SIS e 3 3
i ! Pl Ll i : P y m
3 | : B i (senad -, seusl 11
St LA 5 FRRRR LG ; Weshes BEaEa S -
| i { STt lBe, RRESE
w m, um_ i
phis , .mm,“ﬂx;.ﬁﬂ |
s e B : e Braasd B
L H 5.~ B8S; » SR S84 o
'S 3 2 G.o i £ 1

PATTERN |

/f

LR

Tl ,
/

RIS R SO PR B E

.
foadliss

....

TR
A j
g,

Blay et
Qg

99

'
d2arid cogR il ¢

iqure]cc
1
#u

| 1dan|or sdod.u

e
|

|| DISTR/BUTED AL
Ll AT YOO X SEAIL




———t L

SUPS SO SN SRR &

1

.....
i

4 ,ﬂ ,
ilu»‘ : ll
H

B 5 e 3 b vk B 5
S S e




7eR

+F

arion P




|

SO U, -

NE24 mmp g




|
i

et e

T

I

g




= fet I £ 355 ‘ PRz =C R Iags { H f i EaRasas RERSI IMIRE ML o s R aons Rk Rt AT S T
T A i T e S R G BRI IR AR L R R S
i i ﬂ e TR > i . | i adaty SE3E PR SR HHORS BN AA TR
5 , i “ Febd “ ! = ; ] SiisiifiRRii
e ! SRS i f R T ST
i o SR L TS R U7 A S B | ‘i,)_p-N e ,,.Jwa,a- | m”-cl
e ] S F s S
= ZEgeE ! r"Tl ey rhies Fagsl ok
i Tt e e G = GRS
T S5ty e g £ene e
g SR e
H IR g iR i
KIW.I." - e A ‘.I'.ﬂ
02> i Lo
BT > i
H - o W ;-
=S
- Eas %fL !
i T i 1 1
el |
: HF S Srg 3o
Kl o B =

e':? 90
|

60, 70

0

EM

.

1o
-

30
o8
{

il
l
|

)
|




T H T, 21 { e b T e T P O P Sl dae iy gy g oS iy b
| ! _, { ,V I _. 4 w pald Rt ﬁ u E H | | friets
St WS, il Jaane 1 3 } Ageh ] | ) oy } | ; : I
“ i | B R ot e o e R e : i
1 I i ; { | | , | , | ] [ f i ! i
=l 15 & by ot by i i _ i .? L 1 i Ko i | i1 o
M W | T AT R | , 5 g R N s s s 2 m
i { ! ! i , . | e, ar
bt xR g iAdR A B ns - et 2 nt LLSEEBEt R il bl “ Sl e R S, DR AR 8 = fla sk
P e S ] | é LA b | | | | | ﬁ
511 RO s s e B i e i A M s o R L
2oh2 PSR4 e 0 B s ks RS <515 YOUH) Mg . | | | w * , ) _ |
i e | Pt WA e b it hoed E13Y par e e T s
it _ | ; 5 | ] ., m
i p UL s L