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EXPERIMENTAL DEFLECTION SURVEY
OF CANTIIEVER SECTORS OF UNIFORM THICKNESS

SUMMARY

The purpose of this investigation was to study the deflection
patterns of uniform thickness 2487 aluminum alloy sectors fixed on one
radius and subjected to transverse loads.

This investigation consisted of obtaining deflection data in the
form of influence‘coefficients for cantilever sectors of opening angles
varying from O to 180 degrees.

The deflection data &re presented in a form that requires only
a matrix multiplication to obtain the deflection pattern of any sec-
tor of the same material constants and dimensions as these used in
this investigation. For sectors of different material constants
and dimensions the deflection pattern may be obtained by interpola-
tion of the data presented in this investigation and use of elementary
elastic relationships.

The comparison of the experimental and analytical solution of
the deflection pattern of a 45 degree sector subjected to a shear
loading and radial moments along the curved boundary showed satisfac—
tory agreement.

This investigation was carried out at the Guggenheim Aeromautical
ILaboratory, California Institute of Technology, Pasadena, California

(referred to hereafter as GALCIT).



EXPERIMENTAL DEFLECTION SURVEY
OF CANTILEVER SECTORS OF UNIFORM THICKNESS

I INTRODUCTION

The purpose of this investigation was to study the deflection
of uniform thickness sectors fixed on one radius and subjected to
tranverse loadings. All specimens used in this investigation were 248T
alumimam alloy. The stresses due to all loadings were below the pro-
portional limit of the material.

The experimental work was divided into two phasess

Phase 1. Deflection surveys of a family of sectors of varying

opening angles.

A1l sechors were of identical thickness and radius.

The deflection data obtained in this phase were con-
verted into influence coefficients that are presented in matrix
form in the tables of this report,

Phase 2. Deflection survey of a 5 degree sector subjected to

a particular boundary loading.

The purpose of this phase was to obbain results that

could be compared with an analytical solution, (See Reference 1),

A preliminary investigation of the effect of plate
thickness on the deflection pattern of the specimens was inclu-
ded in this phase,

The testing equipment was designed and constructed by the author
in collaboration with Joseph Garrett. The basic facilities qf the

GALCIT structures laboratory were used to advanbtage in the construction
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of the testing egquipment.,

Considerable time was spent in the development of procedures
and techniques which would permit the investigation to proceed more
rapidly yet yield accurate information on the deflection patterns

of cantilever sectors.



I BQUIRMEND

Test Specimens

Phase 1. The original test specimen was 19.94 inches in radius
with an average thickness of 0,251 inches and an opening angle of 180
degrees, Test specimens with opening angles of 135, 90, 75, 60, 45,
and 30 degrees were obtained by progressively catting back the original
specimen. TFigure 1 shows the plan form of the originzl specimen and
the extension that was used to support the specimen in the testing
equipnent,

Two inch by 15 degree polar grids were seribed on each side of
the original test specimen after it had been painted with a light coat
of "Dylken blue'.

Phase 2. The test specimen for this phase was 25 ilnches in
radius with an average thickness of 0.125 inches and an opening angle
of U5 degrees. Radial saw cuts made between the 25 inch radius and
a 20 inch radius gave the specimen an "effective! radius of 20 inches.
The saw cuts were made at 1 inch intervals of arc along the effectivel
cireunference. The strips formed by these saw cubts were used to apply
radial moments along the "effective! circumference. Figure 2 shows
the plan form of the Phase 2 test specimen,

Testing RBouinment

The testing equipment was constructed using an existing heavy
steel frame as a base, Two 2-1/2 x 4 x 3[4 inch angle sections
approximately 43 inches long were leveled and secured to the exis-

ting vase frame., The upper horizontal surface of the angle irons



had been machined to provide a level surface for the hold-down
plates. Two siress relieved end mechined 1 x 29 x 19-1/2 inch
hold-down plates were secured to the angle irons by 12 steel Dbolis,
The specimen was inserted between the hold-down plates and shims 1/32
inch thinner than the specimen were used %o prévent excessive "bowing!
of the hold=down plates. Since hold=down bolts could not be used near
the line of fixity of the specimen, three screw jacks were employed
to increase the degree of fixity in this area. Figure 3 shows the
arrangement used to secure the specimen.
The loading arrangement permitted the application of point
loads from above to any point on the specimen by the use of a loading
pin to which weights could be attached. The point of the loading pin
was ground to as small a radius as possible without ite causing damage
to the specimen during loading. |
The movement of the loading pin to the various grid points was
accomplished in the following manner:
(a) The loading pin was raised from contact with the specimen
by a four foot lever arm that had a fulerum above the sector
cenber.
(v) The lever arm was free to rotate about the sector center
throughout the required 180 degrees carrying the loading pin
with it.
(¢) Radial motion of the loading pin was accomplished by means
of rollers on the guiding mechanism. These rollers acted con the

lever arm and could be locked at any radial position.



{d) The loading pin guiding mechanism was so arranged that

When the lozd was positioned on the specimen neither the

guiding mechanism nor the lever arm supported any of the load.

Tor further information on the loading see the enclosed
figures,

A deflection table was positioned parallel and 9-1/2 inches
helow the lower surface of the test specimen., This deflection table
consisted of an ordinary office table that was secured to the testing
frame by means of "c" clamps., A 30 x 60 inch smooth surface top
was constructed from 1/4 inch masonite glued to 1 inch plywood. When
rigidly clamped to the office table this top provided a smooth,
steady platform from which the deflectiomns of the test specimen could
be measured.

A deflection gauge was constructed by mounting a dial gauge of 1
inch travel reading to 001 of an inch on a steel bYase, The main
spring of the dial gauge was removed and a uniform dial gauge force
was obtained by gravity action on a horizontal 8 inch aluminum bar
supported at an off-center pivet. The overall height of the dial
gauge was made adjustable by the addition of precision ground base
hlocks.

Figure 4 illustrates the operation of the deflection gauge.



IIT INITIAL CALIBRATION AND PRELIMINARY TESTING

In order to determine the most effective experimental techniques
o series of preliminary tests were conducted on a .075 inch 2487 alumi-
nun apecimen of 20 inch radius. As a result of these tests it was found
that the specimen should be gravity loaded from above and the deflections
measured from below.

The following general requirements were set forth:

(2) The magnitude of the loads must be large enough to give a

maximum deflection of about 1 inch providing that permanent "set

of the specimen does not occur,

(») Sector angles between 0 and 180 degrees should be investi-

gated,

(¢) The deflection data obtained must be of such a nature that

deflection patterns of the test specimen due to any transverse

loading can be determined.

The general requirements indicated that the superposition of the
deflections due to point loads and the use of Maxwell's Reciprocal
Theoren would give the desired general deflection information with a
minimum amount of data required.

The preliminary tests utilized a standard spring-loaded dial gauge.
The results obtained did not satisfy Maxzwell's Reciprocal Theorem. The
following were considered as possible causes for the discrepancy.

(a) The fixity of the specimen in the testing equipment.

(b) Linear variation in the deflection gauge force on the speci-

men because of the mein spring of the dial gauge.



By replacing the main spring of the dial gauge with a lever system
that produced a uniform deflection gauge force throughout its range of
travel, the results satisfied Maxwell's Reciprocal Theorem.

It was found that the most accurate results were obtained by leaving
the deflection gauge under a given point while the load was moved from
point to points This procedure made it possible to check the "tare’
reading eéch time the load was moved, and therefore read the deflections

directly.



IV EXFERIMENTAL PROCEDURE

Phase 1,

The 180 degree sector was the initial test specimen. The specimen
was secured in the testing equipment and random deflection readings were
taken to insure that the data would satisfy Maxwell's Reciprocal Theorem.
Fifty-three grid stations were gelected as test points. The deflection
gauge was placed under a test point and the dial indicator set on zero
with no load applied. Weights had been attached to the loading pin until
the total weight of the loading pins and weights was 50 pounds. The 50
pound load was moved to all test points. Defleetion readings were multi-
plied by 20 and recorded on the data sheets. The numbers recorded there-
fore represented inches deflection per 1000 pounds. These recorded numbers
are hereafter referred to as influence coefficients and designated “gij".

Maxwellls Reciprocal Theorem states that g . is equal to g, , . This
1

i
means that the deflection at a point "i' due to aJload at a poini it ig
equal to the deflection at point "j" due to the same load at "i%, Applying
this principle to the problem at hand permits a point to be disregarded
as a loading point once the deflection gauge has been positioned under it
and all deflection data recorded.

The deflection data obtained are presented as matrices of Influence
Coefficients in Tables 1 through 7.

Contour lines drawn on the data sheets provided‘a rough check on the
deflection déta.

Aftér a complete check of the deflection data for the 180 degree

sector, the specimen was removed, cut back to 135 degrees, and the above

testing procedure was repeated.



Similar experimental procedure was followed in the deflection
surveys on the 90, 75, 60, L5, and 30 degree sectors. The test points
used for each specimen are indicated in Tables 1 through 7.

Phase Z,

The method of measuring deflections in this phase was the same as
Phase 1.

The specimen was loaded with a specific distributed boundary loading
of -49.9 inch pounds radial moment per inch and -10.4 pounds shear per
inch along the "effective circumference®, This was accomplished by placing
a 10.4 pound load 4,8 inches from the root of each of the radial strips.

Tnfluence coefficients for shear alone were obtained by placing a 10
pound. concentrated load at the root of each radial strip.

The influence coefficients for the radial moment alone were calcu-
lated from the data by the method shown in the Appendix to this report.
Tables Sa and 8b give the influence coefficients for this phase,

A preliminary investigation of the relative stiffness of the 1/4
and 1/8 inch plates used in the two phases‘was made by comparing the ele-
ments of corresponding matrices of influence coefficients for 5 points on

the free boundary. Table 9 shows a comparison of the stiffness of the two

plates,
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Y CASE OF DISTRIBUTED LOADING

The deflection pattern 6f a circular sector due to a distributed
loading can be computed by using the influence coefficients presented in
this investigation if an area coefficient is associated with each of the
loading points indicated in the matrices of influence coefficients,

The area coefficients must satisfv the following reguirements:
P nt)

(1) Pj = ajqj Whers "qj" is the intensity of the
distrituted loading at the load point
"%, and "aj" is the area coefficient
for the point "3V,
o .
(2) Wy = ZZ; a.q{r,8)z, . Where a{r,8) is determined from (1),
J=1 J +d
n
=) P&y Por all deflection points "1l

H

J=1

As indicated by the symmetrical matrices in Tables 1 through 7,
there are the same nmumber of deflection points, "i¥, as there are loading
points, 3",

To meet the above requirements the area, “aj“ depends on: The
relative geometric position of the load point "j" to the other load points
and the plate boundaries, the load distribvution as defined by q{r,e), and
the deflection mode near the deflection point "i', This means that “aj“
cannot be uniguely defined for all values of load distribution and still
satisfy the above requirements, but for a limited class of load distridbu-
tions a unique "aj" can be assigned each load point that will satisfy the

requirements to an acceptable degree of accuracys
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The load distribution has small variations over area "aj" and as
a first approximation a linear variation of influence coéfficients was
used.

The non symmetrical distribution of load points in Phase 1 of this
experiment made it impossible to establish a general equation for the

determination of all area coefficients. The following is an example of
j i

the mebthod used to assign values of "a " o each load point:

J -
6 - Load points
N P4 (1)
/ The area A is bounded by or
1C A“) o 1
;/////,——{9b contains the load points 2, b, g,
' )
o g ﬁ;’ ed f, k, and e, The area A(l' was
2 C A
A(,L) o U o distributed to these load points in
(2) 3 ,
Az o < the following manner:
z 1
As (1)
A{™ to a, b, g and I,
8
éél) to e,
R R V) R R BT L T B T R Yy O 2
OA(l) to k.

1

The assignment of a zero value of area to "k" was made because of its lack
of symmetry in the pattern of the points. This does not eliminate point

"kt a5 2 deflection point,

(1)

The assignment of the value gl is justified by exemining the load
: 2
point "g" which would be assigned one eighth of the value of each of the

adjacent areas., The typical area coefficients ares
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(1)
a =4 ap, = A1 a_ = Al
2§ UL e 3%
. S
L L 8 8

For the area ¢, h, i,c! where ¢! is not a loading point, the area
Aéj") is first distributed equally to the &4 cormer points, and then the
area a; ig redistributed to point "c" and the point "o! inversely as the
distance to those poinbs,

The deflection of any point becomess

= aﬂ S ° 69
v, 28,08  + %G8y, Tt e oLeBiot Bp1%018i0r +

soet B985,

Where the last term vanishes since gio = 0

i Biid 1 s £ N e
Let wy = a',8e850 + 18518501 < 7

7 . . o . b e
If gij varies linearly and ch = qc = G,

Then w. = a! . a 2 &, =a £,
3 =8 %850t c’Qc‘g €ic ctefic

1 o =
Oz (ac +'% ac')qcs’ic = 8.%85¢

And aé + 29,1 = 8, where the area aé would be the area coefficient

of the point ¢ if ¢! were a load point.

This justifies the method of assigning values of area assumed by
non~load points to other load points inversely as the distance to those
points.

The values of the area coefficients assigned to each load point of

the sectors investigated are tabulated in Tables 10 and 1l. The area
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coefficients are for a sector of 20 inch radiué and a multiplication by
1‘2/400 is required to make them applicable to sectors of other radii.
Mables 10 and 11 give the area coefficients in column matrix form, and for
convenience of notation the column métrix is designated [Ajk“where S

is the sector angle of the test specimen. The arrangement of the column

matrix corresponds with the order of the associated influence coefficient

matrix.
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VI RESULTS AND DISCUSSION

Ehase 1.

The resulbs of this phese of the investigabtion are tabulated in the
matrices of influence coefficients in Tables 1 through 7, and in the
matrices of area coefficients in Tables 10 and 1l. These resulits as
vresented apply only to cantilever sectors of 2487 aluminum alloy, 20
inches in radius and l/b inch thick. The loadings musi givé rigse %o
stresses within the proportienal limit of the material. The deflection
rattern of any sector with the ahove dinensions can be determined by
proper nse of the influence anﬁ area coefficients. The method of applying
this data to specimens with different radius, thickness, or material con-
stants will be described later.

The deflection produced by a concentrated load "P" at any loading
point "j¥ is given by

- -3
W o= P gij x 10 (1)

The possible sources of error in the tabulated influence coeffi-
cients are:

(1) Method used in measuring deflections.

(2) Degree of fixity at the "built in" radius.

(3) Method of loading the fest specimen.

(L) Imperfectionms in the test specimen.

The ohly method of checking the vpercent of error induced by the method
of experiﬁentation was to take repeated test readings on various points

and apply Meaxwellls Reciprocal Theorem to the resulting data, The error



due to the methods of loading and measuring deflections was estimated
to be i:@5% or * .02, It was beyond the scope of this investiga-
tion to evaluate the error induced by the degree of fixity and possi-~
ble imperfectione in the material, Eut it is bhelieved to be of the
same magnitude as the error due to experimentation.

The deflection at grid points due to concentrated loads at points
other than loading points would require interpolatiom. The accuracy

of the resulting deflection data would depend on the accuracy of the

fte
b g

nterpolation., Graphical interpolation would be a desirable method
of obtaining values of deflection at points other than the deflection
points used in this investigation.
For a contiruous shear loading alonz the curved boundary, the

deflection at any point is glven by

W, = ); V(s> &1 (s) ds (2)

The following discussion gives the method of debermining the
deflection pattern due to a distributed load of intensity “qj” at
the grid point "j¥,

The deflection is given Dby

We =

.MD‘

e
1
fad}

o’
- 5
4585 ¥ 10 (3)



(o] [o) = [v]l, =7 (1)
Where

[ G ]u; is the square matrix of influence coefficients
[Q]q; is the column matrix of area coefficients

[W]°< is the column matrix of the elements “wi" of the

deflection

> is the sector angle.

For sectors of thickness, radii, or material constants different
from those used in this investigation, the deflections can be ob-

tained by the use of elasticity relationships. These relationships

are outlined in the appendix to this report (see Reference 2).

Phasge 2.

The results of this phase are tahulated in Tables S8a and 8b,
The influence coefficient for the shear loading is designated by
830 This corresponds to the deflection in inches at "i' due to 1000

pounds of shear per inch acting over 1 inch of arc at "j", The influence
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roafficient for the radial moment is designated mgija This corresponds
to the deflection at "i¥ due to a 1000 inch pound moment acting over 1
inch of arc at "3", The influnence coefficient for the concentrated load
sienated &, .. This corresponds to the deflection at "MW dus to

s

oad at "3¥,

Py
D

fo]
I

)

1000 pound conceunbre

By supervosition of deflections, the defleectlion pattern of the

b5

sechor can be obtained by

15 15 .
7. e iy » o f & N o o 10
Wy "[E;;’g 1y T o718 81167 %é%@j w81y T T8 n€i16 T Pofes qulo

The influence coefficients in Tebles 8a and 8b are applicable to 45
degree sechors with the following properties:

(a) 248ST aluminum alloy

{(b) Radius of 20 inches

{e} 1/8 inch thick.

For 45 degres sectors with different properties from the abovs,

the deflection can Pe obtained by using elastlcity relationships for

thin plates (see appendix).

3

he deflections at 6 points on the free boundary were compubed for
three specific boundary loadings. These boundary loadings are shown in
Figures 6, 7, snd 8. The deflections were calculated by wusing equation (5).

These deflections are compared with an analytical solution obtained by

Mr. M, L, Williams (cf Ref 1).



For a comparison of the deflections of the analytical and experimental
solutions see Figures 9, 10, and 11, The following observations are made:
1. The maximum deflections afe of greater magnitude in the anz~-
lytical solution for all three loading conditions,
2, The deflections of both solutions are of the same order of
magnitude,
3, The deflection modes are very similar which indicates that the
stresses should be in good agreement.
A preliminary investigation was made of the effect of the thickness
of sector plates on their stiffness. A comparison of the influence co-
efficients of the corresponding sectors in Phase 1 and FPhase 2 is shown
in Table 9. The radial strips on the Phase 2 sector were removed for this
investigation. Blasticity relations show that the defiections of plates
of different thickness vary inversely as the plate stiffness. If the
plates have the same material constants, the deflections will vary inversely
as the thickness cubed, (t7). The ratio of the analytical deflection

of the .125 inch plate to the .251 inch plate iss

Deflection of 125 plate = D(.251)
Deflection of .25L plate D(.125)
3

Where D = EBL‘““TZ?
12( 1=V

%251) = &'tg ,2512]3 = Eo 251]3 - 89096

D(.125) £(.125 .125
For the 5 points investigated, the experimental deflection ratio gives
an averagé value of 7.30.
The possible causes of this variation are:
1., The material constants of two sectors may have been different.
2. The 1/8 inch sector may have permitted a higher degree of fixity

at the "built in® radius.



VII CONCLUSIONS
The following conclusions are obtained from this investigations
1. The use eof inflﬁence coefficients is a very satisfactory method
of obtaining general deflection information for centilever sectors.
2. QComparison of the deflections obtained by experimental investi-
gation with the deflecticns obtainedtby analytiecal investigation
indiecated that the experimental deflections were less than the
analytical deflections.
3. Further deflection investigations should be performed to obtain

more conclusive results on the effect of plate thickness on the

deflection pattern.
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VIII RECOMMENDATIONS
1. Various sectors should be equipped with strain gauges to
determine the stresses in the specimen due to specific‘loading
patterns. These stresses should be compared with stresses cal-
culated from the experimental and theoritical deflection data
obtained in previous investigations,
2., An extensive investigation should be made of the effect of

plate thickness on stiffness.
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2.06
2.66
2,97
.46
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2.76
3.46
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2.51
3.28
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2.74
3.49
.31
.62
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2,34
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1.68
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7.25
0.72
2,10
3.85
5.86
7.86
1.34
2,90
4.74
6.68
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1.82
3,34
5,00
6.72
0.42
0.83
1,36
1.96
2.60
3.28
3.94
4.60
5.27

.76
.33

2

4,35
6.74
9.06
1.44
3,23

7.47
8 60
1.97
3.70
5.56
7. 44

.42
.87
1.42
2.04
2,76
3.51
4.24
4.98
5.78

27
.49
.68
.86
1.02
.44
.68
.88
112

.84
1.02

.22

75/18 75/20 90/4
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1
2
2
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3
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.95
.92
.63
2

3
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05
36

.26
2
2
3:
.43
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76
50

.78
I

16
51
96
27
26
00
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90/8

MATRIX OF INFLUENCE COEFFICIENTS*
FOR 135 DEGREE SECTOR

4.20 ¢

V9

2,58 3,
392 6L
SRl
5.94 8.
.84 2,
3. 28",
8T 6
5.88 '8.
.64
. 26
160" 2,
RRR D
2,88 '3,
J538) Y
480 5
4.70 6.
81881 9.

90/12 90/16 90/20 105/6 105/ 10,105/ 14105/ 18,105/ 20

TABLE

.24
.14
.66

52
52
61
70
38
37
38
34

00
84
71
58
46
38
29

2

7.10
10.01
HNs0

2.85

9. 39

7.96
10.78

.70

3.20
3.29
4,37
5.54
6.72
7.90
9.10

.81
1.30
LIS |
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2.42
1.16
.70
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.46

.81
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1.42
1.76
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2.28
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2.78

2

.48
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5.
1
3.
4.
5
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1
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2

3.
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4.
5.
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28
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A
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44
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8.38
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4.74
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1.65
2,52
3.48
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7.48
8.56

Radius
Ave.

10. 38
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10.00 11.
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vlif
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. 30
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. 25
.84
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2
3
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.90
.36

16. 28
1.36
.62
17

g & N

93
95

©°

.94
11.98
14.16

16.41

. 49
.70
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47991 6040 7.80
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6.31 8.10 10.17 12.36 14. 40

6.97 9.06 11.62 14,04 16.66 19.21
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MATRIX OF INFLUENCE COEFFICIENTS*

5.68
7.46

3. 20
5.04
6.82
7.79
2.24
3.94
5.66
7.43
2.65
4.10
5.62
6.34
.50

2.57
3.70
4.90

.50
1.16

2.67
3.02
.39
.55
.67
.85

90/16 90/20

FOR 1°0 DEGREE SECTOR

10. 15
1.90
4.00
6. 38
9.01

10. 37
2.74
4.86
713
9.48
3.20
5.03
6.94
7.99
.58

3.01
4.41
5.81

.49

2.04
2.96

3.32

.26
.42
.53
.78

.73

2.09

2.34
1.04

2.04
2.54

1.79
2.31
2.34
.38
.92
1.39

1.86
2.38

1.47
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2.26

3.26

4,24
4.66
1.78

2.92
3.95
4.99
2.24
3.27
4.33
4.84
.57
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3.38
4.28
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1.45
2.22
3.00
3.36
1.40
1. 47
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2,22
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TABLE 1

4.96
6.65
752
2. 50
4.26
6.04
7.76
3.13
4.84

6. 47

2.01
2.38
2.74

Radius -

Ave.

9.29
10.53 12,41
3.16 3.54
5.58 6.11
8.06 9.10
10.73 12.13
3.96 4.33
6.23 6.92
8.62 9 60
9.79 10.94

Y R
2.37 2.58
4.22 4.56
6 1S 672
8.08 8.85
1RO0 ISP
2.24 2,35
3.62 3.89
5.07 5.43
5.71 6.26
15381 l1.938
15740 .78
2.18 2.19
25580 2L
3.07 3.16

Thickness

1.59
2.40
3.24
4.01
2.05
2.90
3.79
4.22
.62
1.52
2.36
3.23
4,07
.88
1.66
2.47
3.21
3.68
1.57
1.90
2.21
2.54
2.86

20 inches
. 251 dnches
24 ST Aluminum Plate

3.98
5.49
7.05
3.24
4.81
6.42
7.17

.83
2.20
3.72
5.24
6.78
i.17
2. 41
3.73
5.05
5.72
2.76
2.67
3.22
3.69
4.25

7.95
10. 27
4.33
6.74
9.18
10. 48
1.04
2.87
4.96
7.24
9. 44
1. 46
3.07
4.96
6.77
7.78
2.86
3.33
4.03
4. 68
5.31

13.92
5.46
8.55

11.97

13.70
1.27
3.47
6.20
9. 15

12. 10
1.67
3.70
6.00

8.42
9.56
3.00
3.79
4.68
5.44
6.41

2.91
4.15
5.48
6.02

.89
2,21
3.57
4.91
6.25
1.38
2.68
3.91
5.18
5.81
2.74
3.29
3.86
4. 40
4.98

6.37
8.46
9.56
1.28
3.05
5.18
7.43
9.61
1.76
3.66
5.70
7.71
8.86
3.74
4.58
5. 40
6.34
7.14

11.90
13.36
1.42
3.86
6. 82
9.98
13.25
2.16
4.58
7.33
10. 30
11.70
4.53
5.68
6.86
7.99
9.24

15. 36
1.53
4.32
7.52
11.15
14.97
3.28
4.98
8.14
11.43
12.85
4.92
6 J9
7.47
8.89
10. 19

.44
.80
115
1.46
1.78
.64
1.03
1.37
1.76
1.95
1.22
1.38
1.56
1.74
1.90

1
2

s,
4.
1.
2.
3
4.
5.
2.
3,
3.
4.
4.

91
.90

84
77
34
43
46
46
02
81
33
79
29
82

4.80
6.62
8.44
1.88
3.80
5.70
7.67
8.47
4.30
5.20
6. 14
7.01
7.94

9.58
12. 45
2.41
5.03
7.97
10.95
12. 26
5.64
7.05
8.36
9.30
11.13

16.77
2.91
6.26
10.05
14.16
16.41
6.88
8.64
10.50
13. 30
14.32

3.47
4.94
6.30
6.95
4. 29
5.08
5.74
6.55
7. 30

7.53
10.13
11.24

6.17

7.62

8.89
10. 18
11550

13.95
15.94
7.86
9.86
11.81
13.84
15.90

18. 31
8.68
10. 67
13. 24
15. 64
18. 10

6.00
7.05
8.04
9.01
10.08

8.54
10.00
11.32
12.58

11.87
13.56 15.87
15.32 17.99 21.06
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i = 485° [128| 1 = 489 [/ 16%| i = 45° [ 1g®
S 19 | v8s5  nPij w13 By | P15 ofij
l.O l lggzo "'ng 24.20 ‘1629 32050 “'2024
100 2 10995 -.33 22010 "'101? 29065 ""2008
1,0/ 3| 9.80 -.28 19,90 -1,06 | 26.75  ~-1.88
1,0] 4| 8,60 -.22 17.60 - .94 | 23,80  ~1.66
1.0 5 7032 "‘.17 15.35 bl .80 20080 “‘1043
1.0 6| 6.156 -.11 13,10 = .63 | 17,75  -1.20
1.0/ 7| 5,10 ~.07 10,90 = ,48 | 14.85 - .98
1.0/ 8| 4.10 -.02 8.95 = .36 | 12,10 = 75
1.0 9| 3.15 +,02 7.00 - .24 9,60 = ,53
1,0/ 10 | 2.30  +.07 5.20 - .12 7.22 - .35
1,0/ 11 | 1.60  +.10 3.65 + ,OL 5,18 - .18
1.0 12| 1,00 +.11 2.40 + .08 3,40 - ,02
1,0| 13 .60 4,10 1.50 <+ .12 2,05 4+ .08
1.0| 14 J15  +,09 62+ .13 .90+ .11
1,0] 15 oL  +.05 18+ .10 .29+ .10
0.7| 16 .00  +,02 .00 + ,05 LOL 4+ .05

cfij = 12,57 o81j = 26.15 o813 = 38.55

3= 458° [ 20m j=48° [ 2or | 3=48° [/ 20"

Table 8a

Influence Coefficients

v&1j =[}ncheé Deflection/Pcundi] 10°

n®1 3

cgij

Sector Angle = 45°,

=[inches Deflection/Inch Pound'] 108

=[inches Deflection/Pound\I 10°

t = 1/8 Inches,

Radius = 20 Inches

Material--24 ST Aluminum Alloy

15
Wy =[j§l Vi) w83 ¥ +™Vie) vBi016) *

-3
o TMgy nBi(16) T T8y ] 10

15

1

Z Mpmbay *




30 -

1= 45°/300 i = 30%/ 201 i = 40°/20m

S 1 91 815 ofuj #i3  ofij w13 ofij
1,0 1| 40,26 =3,92 35,00 ~3.423 22,90 -2.24
1,0 2| 36.70 =3.48 32,70 3,27 22.156 «2,20
100 3 33005 "‘3.02 30010 "2098 21025 “’2017
1.0f 4| 29,37 -2.58 27,25 ~2.62 20,26 ~2.16
1.0 6| 25.70 =2,14 24,20 2,23 19,05 ~2016
100 6 22.05 "1076 21010 "’1.87 17040 “’3.07
1.0 7| 18,60 =-1,40 18,00 -1,54 15,40 -1.75
1.0/ 8| 15,35 =1,07 14,95 -1.22 13,20 ~l.44
1.0y 9 12,06 - ,78 11,90 - .92 10,90 =-1,15
1.0] 10 2,00 =~ Bl 9,00 - oB64 8.60 - .80
1.0 ll 6.42 had ¢28 6050 haad ¢40 6045 hand .61
1m0 12 4'30 - ‘16 4‘50 = .18 4050 had .34
1.0 13 2.50 + .04 2090 + .00 2060 had .11
100 14 1025 + 012 1.20 + .10 1020 + 002
1,0] 15 o400 4 .12 +35 + .10 35 4+ ,08
0.,7116 01 + ,08 .01 + .04 .01 + 07

=45 J20m | 5= 48° / 2o j= 45° / 2om

Teble 8b

Influence Coefficients
vEij =Etnches Deflection/Pound ]103
ni3 --[;Inches Deflection/Inch Pound] 10%

g. . =|Inches Deflection/?oundj 105
¢ij

Sector Angle = 45°/20%, t = 1/8 Inches, Radius = 20 Inches

— 15 156
We o = v,. + 7V £, - M, .\ 8 . + °=°
3 Léjl (5) vo13 (16) v i(16) ;}; (J)m=ig

A5



-3 /-

Load
ad
4] 0 o] o 4]
457/16%  45°[18%  45°fa0"  30%/z0n  15°/g0w
45° [16¥ 7.30%
Meter 45° /18" 7.34 |  7.35
at !
45° [20m 7.26 7.30 7039
30° /20" 7,23 7,34 7.29 7,31
15° /20w 7.29 7.32 7.16 7.19 7.26

» JInfluence Coefficients .125 inch Sector
Influence Coefficient ,251 inch Sector

TABLE 9
Effect of Thickness

on Stiffness
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Deg./In. A 1600 Deg, [In, A 400 Deg./In. A g0
15/6 5.5850 15/6 5,5850 15/6 5.5850
15/10 10,4720 15/10 10.4720 15/10 10,4720
15/14 14.6608 15/14 14.6608 15/14 14,6608
15/20 0.0000 15/20 0.0000 15/20 0,0000
30/12 19,7804 30/12 19,7804 30/12 19.7804
30/16 21.4672 30/16 21.4672 30/16 21,4672
30/20 14,1368 30/20 14,1368 30/20 14,1368
45/6 5.5850 45/6 5,5850 45/6 5.5850
45/10 10,4720 ,45/10 10,4720 45/10 10.4720
45/14 14,6608 45/14 14,6608 45/14 14.6608
45/18 18.8491 45/18 18,8491 45/18 18,8491
45/20 0.0000 45/20 0.0000 45/20 0,0000
60/8 13,0550 60/8 13,0550 60/8 13,0550
60/12 12,5664 60/12 12,5664 60/12 12,5664
60/16 16,7550 60/16 16,7550 60/16 16,7550
60/20 9,4246 60/20 9.4246 60/20 9,4246
75/10 10,4720 75/10 10.4720 75/10 10,4720
75/14 14.6608 75/14 14,6608 75/14 14,6608
75/18 18,8491 75/18 18,8491 75/18 18,8491
75/20 0.0000 75/20 0.0000 75/20 0.0000
90/4 5,4454 90/4 5.4454 90/4 3,3510
90/8 10,6814 90/8 10,6814 90/6 0.0000
90/12 12,5664 90/12 12.5664 90/8 5.9690
90/16 16,7550 90/16 16,7550 90/10 0.0000
90/20 9.4246 90/20 9,4246 90/12 6.2832

105/6 - 6.2832 105/6 6.2832 90/14 0, 0000
105/10 10.4720 105/10 10.4720 90/16 8.3775
105/14 14,6608 105/14 14,6608 90/18 0,0000
105/18 18,8491 105/18 18,8491 90/20 4,1723
120/8 13,4041 120/8 10,8909

120/12 12,5664 120/12 12,5664

120/16 16,7550 120/16 16,7550

120/20 9.4246 120/20 9.4246

135/8 10,4720 135/4 1.6755

135/12 14.6608 135/6 0.0000

135/16 18,8491 135/8 4,.2935

135/20 0.0000 135/10 0.0000

150/4 5.4454 135/12 6.2832

150/8 10,6814 - 135/14 0.0000

150/12 12,5664 135/16 8.3775

150/16 16,7550 135/18 0.0000

150/20 9.4246 135/20 4.7123

165/6 6.2832

165/10 10,4720 TABLE 10

165/14 14.6608 - :

165/18 18,8491 COLUMN MATRICES OF AREA COEFFICIENTS*
165/20 0.0000 FOR

180/12 10,1230 SECTORS OF 20 INCH RADIUS

180/14 0.0000

180/16 8.3775 *INCHES® / POINT

180/18 0.0000

180/20 4,7123
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Deg. 1In. A0 Deg, in, Aggo Deg. In, A450
18 6 5,5850 15 6 5,5850 7.5 20 1,9897
15 10 10,4720 15 10 10.4720 15 6 8.1214
15 14 14,6608 15 14 14,6608 18 10 10,2427
15 20 0.0000 20 20 0,0000 16 14 10,4720
30 12 19,7804 30 12 19,7804 15 16 8.,3776
30 16 21,4872 30 16 21.4672 15 18 8,4300
30 20 14,1368 30 20 14,1368 15 20 3.9794
45 6 5.5850 45 6 5.,5850 | 22,5 20 1,9897
45 10 10,4720 45 10 10,4720 30 8 7.3396
45 14 14,6608 45 14 14.6608 30 12 8.9010
45 18 18.8491 45 18 18.8491 30 14 73304
45 20 0.0000 45 20 0.0000 30 16 8,3776
60 8 10,5418 €0 4 0.0000 30 18 8.4300
60 12 12,5664 60 6 0.0000 30 20 3,9794
60 16 16,7550 60 8 5.4105 | 37.5 20 1.9897
60 20 9.4246 €0 10 0,0000 45 4 3.1027
78 14 1.6755 60 12 6.2832 45 6 2.91285
75 6 0.0000 60 14 0.0000 45 8 2,0944
75 8 4,2936 60 16 8,3775 45 -10 2.6170
75 1o 0.0000 60 18 0.0000 45 12 3.1416
75 12 6,2832 60 20 4,7123 45 14 3.6652
75 14 0.0000 45 16 4,1888
75 16 8.3775 45 18 4,2150
75 18 0.0000 45 20 1,9897
75 20 4,7123

TABLE 11

Column Matrices of Aree Coefficients®

for

Sectors of 20 Inch Radius

$Inches® / Point
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APPENDIX



SAMPLE CALCULATIONS

Influence Coefficients

1. Concentrated load,

W, o= Deflection in inches at "i¥,
Pj ~ Concentrated load in pounds at "j¥,
gij -~ Influence coefficient, inches/1000 pounds.
- [inches deflection at "i" per pound at "j”;lx 103,
0“3
Wa o 213... x 1 °
15 ey 1.1
o . 3 ~
15 = 20 Wis (Phase 1) 1.2
- Pha o
8;5 = 100 W s (Pnase 2) 1.3

2. Shear loading along curved boundary,

Deflection in inches at Wi¥,

V«j = Shear in pounds/inch near "j%
g. . = Iinfluence coefficient in inches /1000 pounds,
vo1d
: - 3
= Y[Inches deflection at "i" per pound near ﬁj“j x 107
s = Boundary lencth of element near "j¥,
4] oD fad [ ’ 63
v o= 5|V g8y [x 20 2.1
For Vj = 10 pounds/inch
s = 1 inch
-2
wij = vgij x 10 202
. 2
Or ¥Bij = Yij x 10

It can be seen that the i:7luence coefficient is indevendent
of &, so the strip mwier 16 is covered by (2.2). <S = 7L

inches for strip 14 >°



v of defleetions

By superposit
.. = =3 L. : ¢ 1070
Wiy o= 2 Vs gy ® 1077 471V, g0 x 10

3, BRadial moments along curved boundaries,

LA Deflection in inches at "il,

3]

M, = BEadial momert in inch pounds/inch near "j¥.

1

19,9 inch pounde/inch. (Phase 2)

Mgij = Influence coefficient in inches deflection per 1000

inch pounds.

3

[—;nches deflection at "i" per pound near “j“~l x 107,

[}

] Boundary length of element near "j¥.

18

Tor a 10.4 pound lond 4.8 inches from the root of the radial

styips the deflecliion 1g determined from:

i8
o

(V. ! z 1070
‘\Vj 'V;gj..j + M mgij} z 19 361
For the strip with 2 .71 inch root

Wo o > 109&' o “"’3
J:LJ = a?l{ -:-.s-?;.’mf ”ﬂ’bij +

From the above eguation

x 103

h9.9

= wij = 10@4 vgw 3@2

The following is a discussion of the problem of dstermining the
deflection pattern of sectors with radii, thickness, and material constants
different from those of the sectors used in this investigation.

The loading and defleetion poinbs on the new sector are located in
the same geometric position as they are on the sector used in this inves-
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tization. The 2rid on the new sector will be 15 degrees by Tn. Where
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"ry¥ is the radius of the sector and Hp# iy the radius of the loading
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or deflection point. The value of Ty for the new sechor is equal to I,

for the corresponding sector in this investigation.
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The deflection of a sector varies inversely as the plate stiffness

e

(D) and directly as some power of the radius,

The use of dimensional analysis will give the ratio of the loadings
and the radius necessary to use with the deflection data presented and
produce accurate results,

losticity relationships may be used with the data presented in this
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investigation to approximate deflection patterns of sectors with radii,
thickness, and material constants iifferent from the sectors surveyed in
this investigation if the deflection mode is expressed as a function of
the radius,

The deflection mode for loading conditions used in this investi-
gation can be obtalned from the data presented in the tables, Using
this deflection mode an expression of the deflection in terms of the
radius can be obtained. The deflection of the new sechor becomess:
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The accuracy of the deflection (w') depends on how closely the
deflection mode of the sector used in this investigation can be approximated.

It is left to the reader to determine and develop fthe method used in
the deflection survey‘of any sector of different radius, thickness, and

noterial constants from those of the sectors in this investigation.



