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EXPERIMENTAL DEFLECTION SURVEY

OF CANTILEVER SECTORS OF UNIFORM THICKIESS
SUMMARY

The purpcose of this investigation was to experimentally determine
deflection data for O to 180 degree uniform thickness cantilever sectors.,
The basic deflection data is presented in the form of influence coeffi-
cients that can be utilized in the determination of the deflectionvof
sectors as caused by any regular btransverse loading.

One phase of the investigation was specifically planned to achieve
results that could be compared with an analytical solution of the problen.

In addition to the basic experimentation, preliminary investigation
wae made of the effect of thickness and boundary fixity on the stiffness
of cantilever sectors,

Deflection modes as caleculated from the data of this investlgation
were in close agreement with those determined by the analytical solution.
Agreement in absolute magnitude was of the order of 15 percent for three
loading conditions checked.

Turther investigation into the effect of thickness is considered
desirable before the results of this investigation are applied to the
determination of deflections for sectors of different thickness from
those used in the investigation.

The investisation was carried out in the Guggenheim Aeronautical

Laboratory at the California Institute of Technology, Pasadena, California.



EXPRRIMENTAL DEFLECTION SURVEY
OF CANTILEVER SECTORS OF UNIFORM THICKNESS

I INTRODUCTION

The purpose of this investization was to study the deflection of
uniform thickness sectors when fixed on one radius and subjected to trans-
verse loadings. The iavestigation was made using specimens of 24ST
aluminum alloy. All loadings were below the proportional 1imit of the
material,

The experimental work was divided into two phases:

Phase 1. Obtaining deflection data for a family of sectors of
varying opening angle bubt with identieal thickness and radius. The de-
flection data was reduced to influence coefficients that were arranged
in matrix form. The sectors of this family varied in sector angle from 30
to 180 degrees.

Phase 2, Determiﬁing the deflection pattern of a 45 degree sector
when subjected to a particular boundary loading. This phase was for the
purpose of obtaining results that could be compared with results of an

(1)

analytieal solution. The second phase also included a preliminary

investigation of the effect of thickness and boundary fixity on the de-

flection of sectors for the particular case of 45 degree opening angle.
The testing equipment was designed and duilt by the author in col-

laboration with William E. Henry, and utilized the basic facilities of

the GALCIT* structures laboratory.

*Guggenheim Aeronautical Laboratories, California Institute of Technology,
Pasadena, California.



A major portion of the time was spent on the development of procedures
and techniques which would permit the investigation to proceed more rapidly
and yield data that could be used for the determination of deflections

caused by any kind of transverse loading.



IT EQUIPMENT

2.1 Test Specinmens

The basic specimen used in Phase 1 of this investigation was cut
from 1/4 inch alumimmm alloy plate. The original specimen was 19.94
inches in radius, had an average thickness of 0.251 inches and a sector
angle of 180 degrees. Sectors of 135, 90, 75, 60, 45, and 30 degrees
were obtained by progressively cutting back the basic specimen., Figure 1
_shows the plan form of the specimen with its 19-1/2 x 20 inch hold-down
extension. A 2 inch by 15 degree polar grid was lightly scribed on both
sides of the specimen after it had been painted with a light coat of
Dykem Blue,

The specimen used in Phase 2 of this investigation was cut from 1/8
inch 248T aluminum alloy plate. The average thickness of this specimen
was 0,125 inches, The overall radius was 25 inches and the effective
radius was 20 inches. Radial saw cuts were made between the above mentioned
radii at 1 inch intervals along the effective eircumference., Figure 2
shows the plan form of the specimen used in Phase 2,

2.2 Testing Egquivment

The testing equipment was constructed using an existing steel frane
as a supporting base. Two 2-1/2 x 4 x 3/U4 inch angle sections approxi-
mately 43 inches long were leveled and secured to the existing base frame.
The upper horizontal surface of the angle irons had been machined to
provide a level surface for the hold-down plates. Two stress relieved and
machined 1 x 29 x 19-1/2 inch steel nold~down plates were secured to the

angle irons by 12 steel bolts. The specimen was inserted between the hold—



down plates and shims 1/32 inech thinner than the specimen were used to
prevent excessive "bowing" of the hold-down plates. Since no bolts could
be used near the line of fixity of the specimen, three screw jacks were
employed to increase the pressure of the upper hold~down plate on the
specimen. The screw Jjacks used were sufficient to cause noticeable con-
cave bending of both hold=-down plates. Figure 3 shows the arrangement used
to secure the specimen.

The loading device permitted the application of point loads from
above by the use of a loading pin to which weights were added. The
point of the loading pin was ground to as small a radius as possible
without its causing damage to the specimen during repeated lcading.

The movement of the load 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 fulcrum above the sector center.

(b) The lever arm, carrying the loading pin with it, could be
rotated about the sector center throughout the required 180 degrees.

(¢) Radial motion of the loading vin was accomplished by means of
rollers on the guiding mechanism, These rollers acted on the lever arnm
and conld be locked at any radial position.

(d) The loading pin guiding mechanism was so arranged that when the
load was positioned on the specimen neither the lever arm nor the gulding
mechanism took any appreciable amount of the vertical load.

Purther information on the mechanical details of the loading can be

obtained from Figure 3.



A deflection table was positioned parallel and 9-1/2 inches below
the lower surface of the specimen. This deflection table consisted of
an ordinary office table that was secured to the testing frame by means of
Ho" clamps. A 30 x 60 inch smooth surface top was made from 1/L4 inch
masonite glued to 1 inch plywood. When rigidly clamped to the table
this top provided a smooth and steady platform from which the deflections
could be measured. Since there was no weight on the table other than the
deflection gauge, no additional rigidity of the table was deemed necessary.
A deflection gauge was made by mounting a Model 282 Ames dial
gauge of 1 inch travel and reading to 0,001 inch on a sturdy base. The
main spring of the dial gauge was removed and a uniform gauge force was
obbtained by gravity action on a horizoantal 8 inch aluminum bar supported
at an off-center pivot. The overall height of the deflection gauge was
nade adjustable by the addition of precision ground hase blocks.

Figure &4 illustrates the operation of the deflection zauge.



ITT INITIAL CATIBRATIONS AND PRELIMINARY TESTING

Preliminary tests for the purpose of determining the most desiradble
experimentation techniques were conducted on a 0.075 inch 24ST aluminum
specimen. Early investigation indicated the desirability of loading the
specimen hy gravity from above while deflections were‘being measured
from below,

The following general reguirements were set forth:

(a) Maximum deflections must be as large as possible to keep
reading errors to 2 minimum, but measureable permanent set of the speci-
men must not result.

(b) The loading must be as large as possible within the limits of
(a) above and yet permit easy mamual handling.

(¢) Sector angles from 0 to 180 degrees must be investigated.

(d) From the data obtained it must be possible to determine the
deflection of a specimen under any form of transverse loading.

In view of the above requirements, it was decided that the super-
position of deflections caused by point loads would be utilized and,
further, that Maxwell's Reciprocal Theorem would be uged to minimize the
amount of data required.

The preliminary investigation utilized a standard spring-loaded
dial gauge and the results obtained did not agree with Maxwellls Reciprocal
Theorem. Two possible causes for this discrepancy were investigated.

(a) Fixity of the specimen in the test equipment.

(b) TIinear variation in the deflection gauge force on the specimen

because of the main spring of the dial gauge.



By replacing the main spring of the dial gauge with a lever system
that vroduced a uniform deflection gauge force throughout its range of
travel, the results were found to satisfy laxwell's Reciproczl Theorem.
By repeated testing it was determined that lMaxwellls Reciprocal Theoren
would yield results within the scatter caused by repeated readings for
any one point. Superposition was checked by comparing results with those
of a survey made with a uniform load on a 45 degree sector.

By plotting deflection data from the preliminary investigation,
the distribution and density of lozding points were decided upon.

It was determined that the most accurate results could be obtained
by leaving the deflection goauge under a given point while the load was
moved from point to point. This testing procedure eliminated errors that
night result from irregularities in the deflection table if the gauge
were moved between readings. It also made it possible to obtain a check
on the tare reading after each load had been removei. A third advantage
of this method of testing over an alternate method® was that deflections
could be read directly without need for subtracting a tare reading each

tine.

o~ o o v s i 7y iy e S0 v oy an - - - ernts o o [

* The deflection gauge can be moved to each of the load points while the
load is at one load point,.



IV EXPERIMENTAL PROCEDURE

4.1 Procedure for Phase 1.

The 180 degree sector was the first specimen surveyed. It was
secured in the test equipment and random deflection readings were taken
to insure that the data would satisfy Maxwell's Reciprocal Theorem.
Fifty-three grid points were selected as test points. The deflection
meter was placed under a test point and the gauge zeroed with no load
applied. Weights had been attached to the loading pin to make its totall
weight 50 pounds. The loading pin was progressively moved to all test
points. Deflection readings as read were multiplied by 20 and were re-
corded on data sheets. The numbers recorded, therefore, represented
inches of deflection per 1000 pounds and are hereafter referred to as
influence coefficients designated as gij‘ (2)

By employing Maxwelll's Reciprocal Theorem, once the deflection gauge
had been under o test point and 2ll readings taken, that point never had
to be used again as a loading point.

Upon completion of the deflection survey, the data was transcribed
to the more convenient matrix form of Tables 1 to 7.

The data for each test point was examined for large discrepancies
by drawing contoui lines on the rough data sheets., Figure 5 illustrates
s data sheet that had been examined in this manner.

Upon completing a check of all the data for the 180 degree sector,
that specimen was removed, cut back to 135 degrees, and the above testing
procedure repeated.

Similar experimental procedure was followed with the 90, 75, 60, 45,



and 30 degree specimens. The test points used for each specimen are
indicated by the data in Tables 1 to 7.

L,2 Procedure for Phase 2,

The method of measuring deflections in this phase was the same as
for Phase 1 except that Maxwellls Reciprocal Theorem was not utiliged.

A distributed boundary loading of -49.,90 inch pounds radial nmoment
ver inch and -10,40 pounds shear per inch was imposed over one inch of
the effective circumference by placing & 10.40 pound load 4.80 inches
from the root of a finger. Deflections were recorded as the load was
moved to each of the 15 fingers that were 1 inch wide at the root. A
modified procedure was used in the case of the 16th finger that was 0.71
inch wide at the root.

Influence coefficients for the shear alcne vere obtained directly
from deflection readings taken when a 10 pound concentrated lozad was
placed at the root of each finger.

Influence coefficients for radial moment alone were calculated from
the data by the method illustrated in the Apvendix of this report.

The above procedure was repeated for the same sector after all
fingers had been split to one-half their original width. The results
were compared and then all except 3 of the narrower fingers were cut off
at thelr root and the procedure repeated for those three fingers.

By making a plot of all coefficients against arce position, and
including on that plot the values from the three finger test, it was
possible to correct the original data for the effect of the fingers on

the plate stiffness.
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Table 8 gives the reduced data for the 1/8 inch, 45 degree sector
as corrected for the above mentioned effect.

nvestigation was made of the relative stiffness of

P

A preliminary
the 1/4 inch plate and the 1/8 inch olate used in the two phases. This
investigation was nmade by comparing the corresponding elements of th
respective matrices of influence coefficients for five points on the free
boundaries. Table 9 shows the compariscn of stiffness for the five points
investigated.

The effect of the fixity conditions was estimated by comparing the

tip deflections as obitained with the serew Jacks not present and with them
\/

tightened an extreme amount., By this procedure the effect of fixity was

considered to have been Dboundeds
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V CASE OF DISTRIBUTED LOADING

The determination of the deflection of a sector plate caused by &
distrivhuted load requires that an area coefficient designated "aj“ be
associated with each of the loading points of the influence coefficient
matrix, If in the symmetrical influence matrices formed in this investi-
gation there are "n" loading points designated by subscripts ";" there are
"n' Geflection points designated by subscripts "i., Now if qj is the
loading intensity of the distribtuted load at the load point "j" an equiva~

lent concentrated load pj can be defined as follows:

.= a.q, 1)
Py = ayd, (
If w, is the true deflection of the sector at point "i" due to a disbtri-

1

buted loading the rigorous requirements for the area coefficients become

2 p kS (2)
W, =< .. = a.4.8, .
S Y J=1 34383

vhere (2) must be satisfied for 21l deflection points simultaneously.

To meet these reguirements aj would be a function dependent upon:

(a) The geometric position of "j" with respect to other load points
and the plate!s boundaries,

(v) The load distribution,

(e¢) The deflection mcde near "i",
Accordingly aj canrot be uniquely defined for all values of load distri-
bution and still satisfy the requirements exactly.

For regular loading distributions and resulting deflection patterns
a unique aj can be assigned each loading point that will satisfy Equation
(2) to an acceptable degree of accuracy. The accuracy will be dependent
upon the variation from the ideal in the load distribution and deflection

pattern,
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For this specific investigation the assignment of unique values to
the area coefficients was based on two approximations.

(a) The load distribution was taken to be constant over each ele~
mental area éj.

(v) Influence coefficients varied in a2 linear manner between
adjoining grid points.

In Phase 1, where for reasons previously mentioned the loading
points were selected arbitrarily, an unsymmetrical distributicn/of load
points exists. This lack of symmebry made it iafractical to establish
ore general rule for the determination of all area coefficients, Typicai
examples for elements as illustrated in Figure (a) follow:

Ares, A%l) bounded by
or containing load
points a, b, g, £ k,
and e was distributed

to those points

as follows:

mmc——,

8 g, and T,

T 7 7777 7T 777,
A 7777 /0\/
1

to internal
2 point e. Figure (a

0 to k. (This assignment of zere to k was made since k was an
unsymmetrical point which was originally selected as & load and
deflection point because of its importance in the case of boundary

loadings. It could be illustrated that fallure to assign an area
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coefficient to this point does not cause it tc be eliminated as a

deflection point.)

To justify the assigmment of fl to point "e! examine a geometrically
similar internal point "g" which woild be assigned.%g from each of its

four adjoining areas.

The typical area coefficients becomes -

For the area ¢, h, i, c' (where ¢! is not a loading point) the
area A3 is first distributed equally to the four corner points. That
ares which was assigned to c¢' is then redistributed to ¢ and o inversely
as the distance from c¢' to those points, This arbitrary method of area
assignment for elements near the center of the sector is based on the
approximation that the load distribution will be nearly constant and that
the deflection between the two points will be linear.

Writing the deflection for any point we have

Wy = 8,085, 7 8811 Fooees agchic 7 TR SR 7

cees F a 4.8 (3)
where ag wourld be the area coefficient of point ¢ if ¢! were a real load
point. The last term of (3) vanishes since €io mist be zero where the
fixed radius does not deflect.

Considering only that part of the deflection which is caused by

the loading near ¢ and c! we have

wi = a'elegie f ag1qc18ic (&)



Then if gij varies linearly and G = 9 = Yo from the assumptions made

Baquation (M) can be written

- = 5
wE = a8, f aotdpr - 2/3 Eic = 2c%PBic (5)
or
« £
(ac t 2/3 ac,) LBy = 2e%eBic (6
and
ag = ad £ 2/3 a, (7)

vhere a, is the total area coefficient of the point "c'.

Bouation (7) illustrates that for the approximations made there
is Justification for the arbitrary assigmment of the area assumed by a
non~load point to other load points in the inverse ratic of distance to
those points.

Since on a fixed boundary 810 vanishes, the area coefficients
assigned to the boundary points have no significance except to provide
a check. The area of the sector must equal éié.aj f 8o

Tables 10 and 11 have tabulated values f;r the area coefficients
assigned each loading poiﬁt of the sectors investigated. Because these
area coefficients are for sectors of 20 inch radius multiplication by
rz/hoo is required to reduce them to coefficients for other radii. It
should be noted that while the area coefficients as defined here have
dimensions of square inches no attempt was made to associate any given
boundary with the area except to imply that it is in the vicinity of the
corresponding load point.

For convenience of notation the area coefficients for each specimen

investigated are arranged in column matrix form and designated as {A} .
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The arrangement of the elements in the column matrix is made %o corres-
pond with the order of the load points in the associated influence

coefficient matrix.
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VI RESULTS AND DISCUSSION

6,1 Results of Phase 1.

The results of Phase 1 of this investigation are contained in the
matrices of influence coefficients, Tables 1 through 7. OColumn matrices
of the associated area coefficients are given in Tables 10 and 11, The
results as presented are applicable to 20 inch radii cantilever sectors
of 2LST aluminum 1/8 inech thick and for loadings within the proportional
limit of the material. By use of the coefficients presented the deflection
resulting from a transverse loading on any thin cantilevered sector of
from 0 to 180 degrees can be ascertained,

A deflection caused by a concentrated load Pj at any grid point
5% is given by
x 10"3* (8)

W P

i = Fi8iy
This deflection occurs when the sector is geometrically and physically
identical to the sector used in this investigation. Within the region
of proportionzl stress-strain the accuracy of the deflections determined
for this type of loading is governed only by the accuracy of the values
of the influence coefficients.

Possible sources of error in the tabulated influence coefficients
ares

(1) Method used in measuring deflections,

(2) Method of loading test specimen,

(3) PFixity of specimen at its supporting radius,

(4) Imperfections in the test specimen.

e -

¥*Double indices do not indicate summation over J.



By taking repeated test readings and by utilizing Maxwell's Reciprocal
Theoren it was estimated that because of (1) and (2) the coefficients
may have a scatter of é .5% or f.OZ whichever may be the larger. From
the preliminary investigation the errors caused by (3) were bounded by an
upper and lower limit that were in variation by 5 percent. The material
property curves indicate that the error caused by (4) should be of magni-
tude less than 2 percent.

For concentrated loads at points other than the loading points
used in this investigation, interpolation of the data by graphical or
algebraic methods can be employed. The accuracy of the interpolation
and the accuracy of the influence coefficients will both affect the
accuracy of the final results. For deflections at points other than
grid points and for deflection surveys of sectors of intermediate sector
angles a similar interpolation can be used.

For a continuous finite transverse shear loading on the free boundary
of the sector, the deflection at any grid point is found by graphical or

analytical evaluation of the integral.
Wy :ZV(S) gi(S)AS (9)
s

The process of evaluating and using gi(s) for the boundary from a finite
mumber of gij values may introduce interpolation errors in addition %o
those existing in the basic data. Where reasonable methods of interpo-
lation are employed these errors will not be accumulative but will average

out and, therefore, be admissible,



Deflection surveys for distributed transverse loadings over the
plan form of the sector provide the type loading of the most general
jnterest. Distributed loadings including uniform loads and loads of the
nature encountered by airfoils in subsonic or supersonic flow are of
special interest if the approximation of airfoils by thin plates of uni-
form thickness is permitted. Such loadings can be treated from the
data obtained in this investigation.

For the case of a distributed load of intensity a3 at grid point

"3 the deflection is aprroximated by

2

n
We = E -2 -2 0
;= - As85815 * 10 (10)

or in matrixz form

], L} = (v} (11)
where [G]«. is the symmetrical square matrix of influence coefficients
for a sector with sector angle .

{Q} is the column matrix formed by the products 2595

{W} is the column matrix formed by eclements w; of the deflectiocn.

Possible sources of error in deflections determined from Equation
(11) are:

(1) ZErrors in influence coefficients,

(2) Errors in area coefficients as discussed in an eariier section
of this report.

In the case of loadings that are discontimuous or have discontinuous

derivatives less accurate results may result. In the case of such loadings



accuracy could De improved by effectively increasing the density of

the test points through interpolation. This procedure would reguire
the determination of additional influence coefficients by interpolation
and the reassignment of area coefficients to all loading points.

For sectors of thickness, radius, or material constants different
from those used in the investigation, the determination of absolute
deflections can be accomplished through the use of the elasticity rela—
tionships that are applicable to thin plates. (3)

6.2 Results of Phase 2.

The influence coefficients obtalned for transverse shear and for
radial moments acting on the arc boundary of the 45 degree sector used
in this phase are given in Tables 8(a) and 8(b). Coefficients for trans-
verse shear are designated v3ij and are numerically equivalent to the
deflection in inches at "i" caused by 1000 pounds shear per inch acting
over one inch of are at "j"., Influence coefficients for radial moments
are designated g ; and corresvond to deflection at "i" caused by 1000
inch pounds radial moment per inch of arc acting over 1 inch near "j",
The coefficient ,gjj represents deflection at i caused by 1000 pounds
of concentrated load at "j" where, in this case, "j" is the free corner
of the sector, namely, 45 degrees and 20 inches.

The coefficients given in Tables 8(a) and 8(b) are applicable
to 2L:ST aluminum sectors of 20 inch radius and 1/8 inch thickness. By
superposition, the deflection of such & sector caused by any given

boundary loading is given by the equation



=20

'

15
3 L
v, x 107 = %1 Vs Big F 7L V(16) 8i(26)

15
*.Z_;MJ . mgij 7‘ .71 M(lé) mgi(lé) chgiJ. (12}

where
V., is the transverse shear in pounds per inch of arc near "j¥.
M is radial moment in inch pounds per inch of arc near nsw,

P, is concentrated load in pounds at L5 degrees and 20 inches,

For 45 degree sectors of thickness, radius, or material constants
different from those of the sector used in this phase of the investiga-
tion, the determination of deflections can be accomplished through use
of the elasticity relationships for thin plates.

The deflection at six points on the free boundary of the L5 degree
sector were computed for three specific boundary loadings. The boundary
loadings considered are given by Figures 6, 7, and 8. The deflections
caused by these loadings as determined from Equation (12) are represented
by Figures 9, 10, and 11 respectively. The loadings investigated corres-
pond to loadings for which an analybical solution has been obtained by
Williams.(l) The deflections given by the analytical solution are indi-
cated on Figures 9, 10, and 11 along with the deflections as determined
by this experimental method., While it is anticipated that there will be
no nmore than minor changes in the analytical results, the author wishes to
call attention to the fact that the comparisons made in Figures 9, 10,
and 11 are therefore strictly valid only if no changes occur in the ana-
lytical solution wherein it applys to the loadings, deflections, and

material properties used herein.
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The following observations are considered significant:

(1) The order of magnitude of the maximum deflections as deber-
mined vy the two approaches is the same.

(2) For the three loadings investigated all deflections in each
case yere less when determined experimentally than when determined ana~
lytically. This finding is contrary to what is normally found when ex-
perimental results are compared with analytical results, such as in bean
problems, It is, however, in accordance with some preliminary results
of a similar investigation on cantilevered rectangular plates.

(3) The deflection modes as determined by the analytical and
experimental methods are similar. This observation indicates that good
agreement might he expected for the stresses near the sector's boundaries
as determined by the two approaches.

The results of a preliminary investigation into the effect of the
thickness of sector plates on their stiffness are contained in Table 9.
Deflection data for the 1/L inch sector plate was compared with corres-
vonding deflection data for the 1/8 inch sector of Phase 2. The elementary
relationships of elasticity when applied to thin plates with small de-
flections give deflections inversely as the cube of the thickness. From
that relationship the ratio of deflection of the .,125 plate to the .251
plate would be 8.10: 1, For the five points investigated the experimental
results indicate that the ratio of deflections is nearly constant and of
the order of 7.30 ¢ 1.

Possible causes for this variation that may have resulied from the

experimental technique are:



(1) The thinner 1/8 inch plate may have permitted a higher degree
of relative fixity at the supporting radius. Since the preliminary in-
vestigation into the effect of fixity indicated a maximum of 5 percent
variation in defleqtions for various fixity conditions it is improhable
that this is the only cazuse for the variation noted.

(2) There may exist a "thickness effect" which is accentuated
enough by the geometry of the plate to require the use of the thickness
term in the plate equations.(g)

(3) The material constants of the specimen were different from
the values assumed in the calculation of the boundary loading, namely,

Z = 10.3 x 10° and VD = .3,

A complete investigation of the effect of thickness on the deflection
of similar plates was beyond the scope of this investigation but, in view
of the limited observations made, it must be concluded that further in-
vestigation is necessary before the results of this deflection survey
can be accurately exteﬁded to sectors of thickness, radius, or material

constants different from those of the test specimens used,



Vi1 RECOMMENDATIONS

As a regult of this investigation the following recommendations are
made as to the nature of future experimentation with cantilever sectors:

(1) That a deflection survey ve made of a cantilever sector, for
any given transverse loading, by some alternste experimental method,

The zgreement with the findings of this survey would give a quantitative
indication of the accuracy to bhe expected in the use of the results of
this investigation when extended to any of the many surveys that can be
made from these resulis.

(2) That an alternate method of applying radizl moments to the arc
boundary be developed, and the results be compared with those of Phase Z.

(3) That an extensive investigation be made of the effect of nlate
thickness on stiffness,

(4) That surface siresses be determined at selected points on a
given sector subjected to a given loading. Four aliernate methods of
determining, and checking, those stresses are suggested.

(a) Strain gauge readings with total load applied.

(k) By supervosition of strain gauge readings for concentrated
loads at grid points through the use of the area coefficients given
in this investigation.

(¢) By graphical or finite difference solution of the de-
flection survey made by this influence coefficient method.

(d) By the analytical solution.

(5) That in future investigations (particularly when thin plates

are used) conditions at the fixed boundary be accurately controlled,



e

VIII CONCLUSIONS

The conclusions may be summarized as follows:

1. That the influence coefficients determined in this investigation
provide sufficient and satisfzctory basic data for determining the de-
flection of 0 to 180 degree cantilever sectors for any regular transverse
loading.

2. That, for geometrically similar sectors that have the same
boundary fixity, good agreement with deflections determined by other
experimental methods can be expected.

3, That because of the technique used in securing the specimen to
the test equipment the "effective fixity" at the supporting radius may
have been even greater than that of a theoretically flat cantilever sector.

L, That further investigation, particularly into the effect of
thickness on stiffness, is essential before the data obtained by this
investigation can be accurately extended to thin sectors of thickness,

radius, or material constants different from those of the test specimen

used herein.
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TABLES



DEG.

15

30

45

60

75

90

105

120

135

DEG.

IN,

14
20
12
16
20

10
14
18
20

x

16
20
10
14
18
20

12
16

20

10
14
18
20

12
16
20
10
14
18
20

12
16
20

10
t4
18
20
12
14
16
18
20

IN

.03
.0t
.02
.0t
.04
.03
.04
.05
.05
.08
.07
.05
.05
.07
.08

.06

.08

.13
.04
.05
.09
.10
.15
.00
.06
.09

12
.04
.06
.08
12
04
.07
.07
.08
02
,02
.03
.04
.05
01
.00
.00
01
01
-.02
.02
-.02
~.02
.02

15/ 6

.06
.04
.02
.08
.09

.04
.09
.13
.16
.18
.07
.13
17
.22

.16
.20
.24
.02
.07
.13
17
.22
.04
.08
.13
17
.18
.05
.07

.14
.04
.06
.07
.08
.00
.0t
.01
.02
.03

-.01

.01

-.02
~-.03
~.02
-, 08
-.05

-.07

15710

.10
12
15
.21
.28
.06
12
.22
.32
.34
.09
.19
.27
.38
14
.21
.31
.34
.03
.08
17
22
.29
.04
.10
.14
.20
21
.04
.08
.10
14
.02
.05
.06
.06
-.01
—.01

-.03

-.07

-. 10

.12

~. 14

=17

15/ 14

.51
.15
.35
.66
.04
.12
.28
.51
.62

.08

.34
.52
12
.22
.33
.38
.01
.06
.12
.19
.27
.01
.04
.08
.13
.12
.00
.00
.00
.03

-.06
~.08
~.03
-.06
.09
-, 14
=.15
-.07
~. 10

—.24

~.20
- 25

15/ 20

.31
. 40
.49
.16
.34
.54
.71
.75
.28
.52
.72
.96
.42
.64
.89

.98

.28
.50
.70
.91
.17
.34
.51
.7
.78
.19
.34
.46
. 60
17

.36

.01

.04

.08

.15
.04

~.,06

~.08

.25

—.29

~. 32

30/12

.73

.16
.41
.78

.34
.69

.50

.84

.10
.34
.61
.92

18
.34

.62

.94

.33
.50
.64
2
.20
.27
.30
~.02
.02

~.02

~.02

.00
.10

--.22

—~.29

~.29

- 47

30/|6

1.79
.18 17
.48 .25
1.02 .28
1.74 .35
2.08 .38
.38 .28
.80 .37
1.37 .45
2.00 55
.58 .37
.99 .52
1.48 .64
1.72 .68
.10 .16
.33 .33
.65 .48
1.01 .63
1.36 .78
.16 .23
.36 .39
.60 .54
.83 .71
.94 .78
.14 28
.28 .43
.41 .56
.57 .73
.04 .29
.10 .40
.14 54
.12 .60
~.06 .08
-.10 .16
-.15 .25
-.20 .32
.25 44
-.16 .05
~-.28 .10
. 40 .14
~.53 .21
-, 60 .22
.49 .01
-.58 .00
-.70 .00
--.68 .00
~-.87 .00
30/20 45/6

. 49
.68
.84
.89
.47
.76

.68
1.00

.52
.86

.33

.68
.94

.41
.68
.93

. 40
7
.79
.90
.06
7

.42
.54
.0t
.04
.08
.13
.14

-, 18

45/ 10

.16
.58
.78

.61

.14
.73
.28

.94

NN

.54
.13
.40

.22

.70

.21
.76
.32

.42

.83

.34

79
99

.50

.84

.21
.58

.43

.70
.85

.04

.03
.14

.24

.49

45/14 45/18

.06
.08
.08
.07
.08
.39
.45
.53
.57

NN

.52
.90

.74

- W N

.44
.39

02

.96
.35

.27

.81

.51
. 26
.10

.54

.98

~N

.58
.18

. 54

.95

.38
.79

.44

.82

.94

.07

.00
.06

.15

.23

.32

-t.

.15
.24
.31
.38
.43
.65
-. 67
.90

00
10

.78
1.64
2.76
3.95
t.27
2.24
3.28
3.76
.25
.85

~N

.46

w

.33
.47
1.01%
1.68
2.31

. 54
.95

1.40

.39
.66

.88
t.02

.00
.05
.13
.17

-.80
~.93
-1.10
~1.24

-1.37

45/ 20

.54
.80
1.00

.80

.28
.66
1.03
1. 40
1.76
. 47

.03
.04

.05

60/8

2.41
3.03

.70
1.00
1,27

.06

17

.30

.42

.47

-.22
-. 15
—~. 28
~.30
-.30

60/12 g9/ 16 60/20 75/10

2.94
3.91
1.68
2.79
3.93
4.51

.44
1.30
2.27

1.05
1,34
.04
.04
.14
.21
.26
-.53

1.32

~1.02
~1. 14
-1.30
-1.38

1.12

2.02
.23
.50
.78

1.09

1.21
.12
.19
.23
.27
.31

75/ 14

5.88
6.77

.72
2.00
3.6
5.43

7. 24

2.76
4.33
6.08

6.87
1.77
3.13
4.54
5.94
1.93
2.98
4.10
4.62

.78

-.43

~. 26

-.5¢

75/18

7.92
.78 .28
2.20 .46
4.01 . 865
6.04 .83
8.24 1.02
1.42 . 40
2.99 .63
4.82 .85
6.72 1.08
7.07 t.18
1.92 .54
3.40 .78
4.98 1.03
6.54 1.32
2.03 .63
2.27 t.02
4.43 1,14
4.98 1.28
.28 .21
90 .44
1.62 .68
2.44 .91
3.18 1,15
.08 .24
.37 .46
.72 .64
1.03 .86
1.24 .94
~.58 .39
~. 68 .44
-, 71 .43
.70 .58
-.79 .66
75/20 90/4

1.95
2.47
.04

90,8

2.81
3.91

4.88

2.42
3.65
4.76
5.30
1.73
2.92
4.07
5.20
2.06
3.09
4.16
4.84
.44
1.19
2.04
2.91
3.90
. 47
1.02

2.21
2.51
.50
.66
.81
.94

90/12 90/16 90/20

MATRIX OF INFLUENCE COEFFICIENTS*
FOR 1°0 DEGREE SECTOR

5.68
7.48

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
1.44
2.57
3.70
4.90
.50
1.16

2.67
3.02
.39
.55
.67
.85

10.t5
1.90
4.00
6. 38
9.01
10. 37
2.74
4.86
7.13
9.48
3.20
5.03
6.94
7.99

.58
1.67
3.01
4.41
5.81

- 49
1. 21
2.04
2.96
3.32

.26
.42
.53
.78

.73

2.09
2.34
1.04
1.53
2.04
2.54
1.26
1.79
2.31
2.34

.38

.92

1.86
2.38
.52
.93
1.36

2.02

.83

.98

1.47

105/ 6

1.45
2,22
3.00
3.36
1. 40

t.91
2,22

105/10105/ 14105/ 18105/ 20120/8

4.96
6.65
7.52
2.50
4.26
6.04
7.76
3.13
4.84
6. 47
7.30
.70

3,35
4.80
6.21

.92

2.89
4.08
4.66
1.3
1. 67
2.0t
2,38

9
to
3
S
8
10
3
6
8
9

2
4
6
8

1
2
3

5.
5.
1.

1

2.

2
3

TABLE 1

Radius -
Ave.

.29
.53
.16
. 56
.06
.73
.96
.23
.62
.79
.B4
.37
<22
.13
.08
.00
.24
.62
07
71
38
.74
18
.58
07

12
3

6.
9.

12
4
6
9

10

2.
4.
6.

8

3
5
(]
1
1
2
2
3

.41
.54
1
10
.13
.83
.92
£0
.94
.87
58
56
72
.85
.12
.38
.89
.43
.26
.33
.79
.18
W71
.16

Thickness

1.59
2.40
3.24
4.01
2.05
2.90
3.79
4.22

.62

2.36
3.23
4,07

.88
1.66
2.47
3.21
3.68
1.57

2.21
2.54
2.86

20 inches

2.76
2.67
3.22
3.69
4.25

- .251 inches
24 ST Aluminum plate

13.92
5.46
8.55

11.97

13.70

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

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
7.7%
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
t2.85
4.92
6 19
7.47
8.89
10. 19

1

1
1
1

1
1
!

.44

. 80
.15
.46
.78

. 64
.03

.37

.76

.95

.22

.38
.56

.74

.90

120/12120/I6|20/20135/10|35/14|35/18135/20|50/4 150/8

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

1.82
2.44
3.06
3.34
2.26
2.62
2.93
3.22
3.54

3. 47
4.94
6.30
6.95
4. 29
5.08
5.74
6.55
7.3

7.
10.
11.

6.

7.

8.
10.
11,

$3
13
24

62
89

51

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
7.08
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

150/ 12150/16150/20165/ 416510165/14165/18.165/20,180/12)80/ 14,130/ 1680/ 18,180/ 20
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DEG. IN.
15 6 .02
10 .01 .05
14 .01 .04 .10
20 .01 .03 .12 .50
30 12 .03 .09 .13 .15 .31
16 .03 .10 .21 .36 .42 .75 MATRIX OF INFLUENCE COEFFICIENTS*
20 .04 .11 .28 .65 .48 1.02 1.82 FOR 135 DEGREE SECTOR
45 6 .03 .04 .04 .04 .14 18 .17 .17
10 .05 .08 .1t .12 .34 .43 .48 .23 .8t Radius - 20 inches
14 .06 .13 .22 .29 .85 .82 1,02 .31 .70 1,18 Ave. thickness - ,251 inches
18 07 .16 .31 .51 .72 1.25 1.74 .34 .86 .64 2.54 24 ST Aluminum Plate
20 .07 17 .38 .62 .80 1,44 2,12 .36 .98 1l.84 B.02 3.69
60 8 .05 .08 .09 .08 .29 .35 .38 .28 .50 .65 0.75 .82 .58
12 .07 .13 .18 .20 .54 .72 .84 .38 .79 ‘t.22z 1,57 1.73 .82 1.a3
16 .08 .17 .29 .35 .76 1,15 1,53 .46 1,05 1.80 2.53 2.89 1.08 2,02 3.08
20 10 .22 .38 .52 .98 1.54 2.05 .56 1.33 2,38 3,53 4.14 1,27 2,54 4,12 5.88
75 10 06 .11 .13 12 .43 54 .58 .40 .73 1.0t 1,26 1.3 .86 1.34 1.80 2.19 1 44
14 09 .14 .23 .23 .68 .89 1.04 .52 1,06 1.2 2.15 2,36 1.18 2,07 2,96 3.78 2.06 3.26
18 12 21 29 34 92 1.30 1.59 0.64 1.40 2.25 3. 11 3,5 1.52 2.73 4,20 5.60 2.66 4.40 6. 35
20 12 .23 .38 .42 1.04 1,51 1.8 .74 1.80 2.58 3.25 4.n02 1,67 3.17 4.84 6.51 2,97 4.38 7.25 8.45
90 4 .02 .03 02 .00 .10 .10 .09 .15 .18 .25 0.26 .26 .28 .36 .44 a8 46 .59 2.72 .76 .27
8 .05 .08 .08 .05 .30 .34 .34 .34 .53 .72 0.86 .88 .69 1.04 1,34 1,56 1,22 1.68 2,10 2.33 .49 t, 18
12 .08 .13 .16 2z .53 .67 . 68 .50 .92 1.30 1,62 1.74 1.14 1,81 2.48 2.99 2.00 2.97 3.85 4.35 .68 1.78 3.07
16 L1t 17 .24 .20 .77 1.00 1.09 .66 1.26 1,92 2.44 2.69 1.52 2,69 3.66 4.60 2.76 4,30 5.86 6.74 .86 £Z,37 4,20 6.24
20 .t4 .22 .31 .20 .99 1.28 1.48 .83 1.62 2.46 3.28 3.62 1.87 3.30 4.82 6.29 3.46 5,57 7.86 9.06 1.02 2.95 5. 36 g.14 11.12
105 6 .03 .04 .04 0 .14 17 .14 .24 .34 A2 0.44 A5 49 .66 .80 .90 .84 1.1 1.34 1.44 .44 .92 1,29 1.66 1.97 .8l
10 .06 .09 .09 .04 .36 .40 .36 .42 .70 .90 1,03 1.06 .92 1.34 1.76 2.06 1.66 2.30 2,90 3.23 .68 1.63 2,58 3,52 4.28 1,30 2. 48
14 .09 .13 15 .09 .56 .66 .63 .59 1,03 1,42 1,72 1,80 1.34 2,10 2,83 3.41 2,51 3,66 4.74 5.28 .88 2.32 3,92 5.52 7,10 1.7t 3,57 5,62
18 12 17 .22 .14 .37 .93 .84 .72 1.40 1,94 2,37 .58 1.74 2.86 3.87 4.85 3.28 4.98 6.68 7.47 1,12 3,05 5.22 7.61 10,01 2.24 4.64 7. 42 10.38
20 13 .19 .25 .16 .86 1,04 1,09 .g4 1.57 2,20 2,72 2.97 1,90 3.25 4.44 5.51 3.66 5.62 7.72 860 1.22 3.36 5.94 8.70 11.50 2,42 5,16 8.38 1i.g8 13.70
120 8 .04 .05 .04 .02 .20 .18 .12 .30 . 40 .52 0.5z .50 .68 .83 t.02 1.11 t.t14 1.52 1.82 1,97 .60 1,26 1.84 2,38 2,85 1,16 1,94 2.73 3.40 3,70 t.g1
12 .07 .08 .08 .01 .35 .36 .26 .47 .74 .90 1.00 1.02 1,05 1,47 1,87 2.15 3,95 2,72 3.34 3.70 .85 2,03 3,24 4,37 %.3% t.70 3,23 4,74 6.14 6.77 2.70 4.6
16 .09 .12 12 .01 .51 .55 .45 .64 1.04 1,35 1,52 1,57 1. 44 2,20 2,80 3,28 2.74 3.94 5.00 5.56 1.11 2,78 4,87 6.38 7.96 2.23 4.48 6.80 9.24 10.36 3.59 6.16 9.18
20 .12 .18 16 .04 .7 .75 .85 .80 1.32 1,76 2,10 2.14 1.82 2.82 3.68 4.43 3.49 5. .12 6.72 7.44 1.30 3.50 5,88 8.34 10.78 2,70 5.62 8.84 12.26 13.87 4.38 7.98 11.89 16,28
135 4 01 .01 o -.03 .03 0 .03 .08 .08 .10 0.05 .02 .17 .39 .20 .17 .3t &0 0.42 .42 .26 .43 .52 .64 .70 .46 .65 .84 0.97 1.23 .70 .92 1.18 1.36 .49
6 .02 .02 o -—-.04 .07 .03 -—-.03 .15 .17 .20 o0.14 .10 .33 .37 .43 .38 .62 .77 0.83 .87 .43 .78 1.04 1.26 1,42 .81 1.23 1.65 1.92 2.06 1.28 1.74 2,20 2.62 .70 1.14
8 .03 .03 .01 -.06 .1% .06 -.02 .24 .30 .28 o0.26 .21 .5V .63 .70 .e8 .96 1.20  1.36 1.42 .58 1.16 4 g5 2.00 3.20 1.16 1.85 2.52 3,02 3.30 1.85 2.70 3.50 4.17 a5 1.50 2. 15
10 .04 04 .02 -.07 .16 .10 - .01 .30 . 40 .45 0.40 .34 .68 .86 1,00 1.00 1.28 1.69 .96 2.04 .72 1.51 2.22 2,84 3.29 1,42 248 3.48 4.32 4.68 2.42 3.64 4.91 5.93 .98 1.80 2.70 3.50
12 .05 .05 .03 -.08 L2 .15 .01 .37 .52 .60 0.54 .48 .86 1,14 1,32 1.39 1.64 2,18 2.60 2.76 .84 1.96 2,88 3.71 4,37 1.76 3.13 4,52 5.70 6.25 2.90 4.69 6.38 7.95 1.13 1.90 3.22 4.26 5.42
14 .06 .06 .04 ~-.08 .26 .21 .04 .47 .65 .76 0.71 .64 1.08 1,43 1.3 1.78 2,04 2.72 3.28 3.5% 1.02 2.27 3,53 4.58 5.54 2.00 3.82 5.50 7.05 7.84 3.43 5.72 7.91 9.94 1.27 2.34 3.65 4.99 6.40 7.80
16 .07 .07 .05 -.08 .32 .26 .09 .56 .76 .88 0.88 .82 1.22 1,67 1,98 2.18 2.34 3 .22 3.94 4.24 1.12 2.26 413 5.46 6.72 2.28 4.44 6.48 B.46 9.53 3.34 6.58 7.38 11.08 1.38 2.63 4.04 5.62 7.30 9.00 10.74
18 .08 .09 .06 —.08 .38 .32 Jd2 .60 .90 1.02 t,00 t.0t 1,40 19 2.34 2,60 2.70 3.76 4.60 4.98 1.22 3.00 4.70 6.38 7.90 2,58 5.03 7.48 10.00 11.16 4.30 7.56 10.90 14.16 1.52 2.82 4.44 .31 5.10 10.17 12.36 14.40
20 .08 L1 .06 .08 .41 .33 12 .66 1.01 117 1,17 1.16 1.56 2,22 2,73 3.02 3,05 4,624 5.27 5.78 1.37 3.34 5.38 7.29 9.10 2.78 5.64 8.56 11,54 12.82 4,72 g8.44 12.36 16.41 1.59 3.07 4.86 6.97 9.06 11.62 14,04 16.66 19.21
DEG. IN. 15/6 15/10 15/14 15/20 380/12 30/16 30/20 45/6 45/10 45/14 45/1¢ 45/20 60/8 60/ 12 60/16 60,20 75/16 75/14 75/18 75/20 90/4 90/8 90/12 90/16 90/ 20 105/6 105/10,105/14'105/18,!05/20 120/8‘120/12,120/16‘120/20\135/4 135/6 135/8 135/10‘135/12,135/14)135/!6,135/18,1 357 20

*  (Inches deflection per pound) x10°

TABLE 2
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1 = 45° / 12¢ i= 45° /160 | i = 45° / 18¢
S |j | v8ij w84 j v8ij mBij v8ij n®i j
1.0 1 |12.20 «39 21620 <1629 32450 “2e2l)
1.0 2 10095 "033 22410 "1017 29065 "2.08
10| 3 9.80 ~-28 19.90 <=1.06 2675 -1.88
1.0 | 4 8.60 22 17.60 <« .94 23480 =166
1.0 5 7032 "017 .15035 - 080 20080 "1014.3
10| 6 6415 -.11 13.10 = .63 1775 =1+20
1.0 7 5010 "007 10090 - 048 11}085 - 098
0| 8 .10 -e02 8.95 = .36 12.10 - 75
1.0 9 3015 +002 7000 - -21]. 9050 il 053
1»00 lO 2030 +.O7 5.20 hnd 012 7022 - 03_5
1.0 |11 1.60 +¢10 3465 + .01 5.18 - .18
leC |12 1.00 +.11 2.4,0 + .08 3440 - .02
1.0 {13 «60 +.10 1.50 + .12 2.05 + <08
1.0 |14 «15 +.09 62  + .13 «90 + .11
1.0 |15 .01 +.058 .18  + .10 29 + .10
0.7 |16 «00 +.02 «00 + .05 .01 + «05
c8ij= 12.57 cBij= 25.15 e€ij= 33.55
i= 45° / 20¢ i =45°/ 20 i= 45° / 20%

vEij
ni j

c®1j

Sector Angle = 45°,

Table Sa

Influence Coefficients

= Inches Deflection/Pound x 10%

= Inches Deflection/Inch Pound * 109

= Inches Deflection/Pound x 10°

t = 1/8 Inches,

Radius = 20 Inches

Moterial--24 ST Aluminum Alloy

15

15
Wy = {gz; v(j)-vgi'j + 713 (16) v81(26) t éE;VM(J)mgiJ o

+ J7 M

16) f1c1e) ¥ FeB

15

}x 10°




-

Gra—

1 = 45%/20" | 1 = 30°/z20m 1 = 40°/z0"

S
I Biy  uBiy ©ij  nf1j 15 mtij

1.0 | 1| 40.25 =3,92 | 35,00 -3.42 22,90 -2.24
1.0 | 3| 33.05 -3,02 | 30,10 -2.98 21.25 =2.17
1,0 | 4| 29.37 -2.58 | 27.25 -2.62 20,25 -2.16
1.0 | 5| 25,70 =-2.14 | 24.20 -2.23 19.05 -2.16
1.0 | 6] 22,056 -1.76 | 21.10 -1.87 17.40  -2.07
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 -1.44
1,0 | 9| 12,06 = .78 | 11,90 - .92 10,90 -1.15
1.0 10| 9,00 =~ ,51 9,00 - .64 8,60 - .80
1.0 11| 6.42 - .28 6.50 - .40 6.45 - .61
1.0 |12| 4,30 - .10 4.50 - .18 4.50 - .34
1.0 13 2.50 + .O4 2.90 + .OO 2.60 - 011
1.0 |14| 1.25 + .12 1.20 + .10 1.20 + .02
1.0 |15 .40 4+ .12 .35 + .10 .35 + ,08
0.7 |16 Ol + .05 .01 + .04 OL  + .07

j=45% /20" | 5= 48° / z2oM j = 45° / 2ot

Table 81

Influence Coefficients

vgi.j

= Inches Deflection/Pound x 10%

nSij = Inches Deflection/Inch Pound x 10%

g, , = Inches Deflection/Poundx 10°%

cij

Sector Angle = 45°/200,

t = 1/8 Inches,

Radius = 20 Inches

15 .
o= {-ZFI[V(J) Bislt Va6 Biae) T fl [M(j)mgij] + oo

<3
+ Mgy €5 (16) * chii} x 10



Meter
at

Losd a2t

45°/16% | 45°/18% | 45%/20n | 30°/20m 15°/20q
45° /16M 7.30%
45° /18w 7.34 7.35
45° [20% 7.26 7.30 7,39
30° /20 7.23 7.34 7.29 7.31
15°/204 7.29 7.22 7.16 7.19 7.26

- Influence Coefficlients 2125 inch Sector
Influence Coefficient

TABLE 9

+2D51 inch Sector

Effect of Thickness

on Stiffness



Deg. In.| [Afpgo| |Dee. 1In.| {A}spo| | Des. 1In. {a} 0
15 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 15 10 | 10.2427
15 20 | 0.0000 20 20 | 0.0000 15 14 | 10,4720
30 12 | 19.7804 30 12 | 19,7804 15 16 | 8.37%
30 16 | 21.4672 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 | 7.339%
45 14 | 14,6608 45 14 | 14.6608 30 12 | 8.9010
45 18 | 18,8491 45 18 | 18,8491 30 14 | 7.3304
45 20 | 0,0000 45 20 | 0.,0000 830 16 | 8.3776
60 8 | 10,5418 60 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 60 10 | 0.0000 465 4 | 3,1027
75 14 | 1.6755 60 12 | 6.2832 45 6 | 2.9125
75 6 | 0,0000 60 14 | 0.0000 45 8 | 2,094
75 8 | 4.2936 60 16 | 8.3775 45 10 | 2.6170
75 10 | 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 10

Column Matrices of Area Coefficientse

for

Sectors of 20 Inch Radius

*Inches® / Point




Deg. /In. {A&BOO
15/6 5.5850
15/10 10,4720
15/14 14,6608
15/20 0.0000
30/12 19,7804
30/16 21.4672
30/20 14,1368
45/6 5.5850
45/10 10,4720
45/14 14,6608
45/18 18,8491
45/20 0.0000
60/8 13,0550
60/12 12,5664
60/16 16,7550
60/20 9,4246
75/10 10,4720
75/14 14,6608
75/18 18,8491
75/20 0.0000
90/4 5.4454
90/8 10,6814
90/12 12,5664
90/16 16,7550
90/20 9.4246

105/6 '6.2832
105/10 10,4720
105/14 14,6608
105/18 18,8491
120/8 13,4041
120/12 12,5664
120/16 16,7550
120/20 9.4246
135/8 10.4720
135/12 14.6608
135/16 18,8491
135/20 0.0000
150/4 5.4454
150/8 10.6814
150/12 12,5664
150/16 16,7550
150/20 9.4246
165/6 6.2832
165/10 10,4720
165/14 14,6608
165/18 18,8491
165/20 0.0000
180/12 10,1230
180/14 0.0000
180/16 8.3775
180/18 0.0000
180/20 4,7123

Deg./In. {8350 Deg./1In, {adqo
15/6 5,5850 15/6 5.5850
15/10 10,4720 15/10 10,4720
15/14 14,6608 15/14 14,6608
15/20 0.0000 15/20 0.0000
30/12 19,7804 30/12 19.7804
30/16 21,4672 30/16 21.4672
30/20 14,1368 30/20 14,1368
45/6 5,5850 45(6 5.5850
45/10 10,4720 45/10 10,4720
45/14 14,6608 45/14 14,6608
45/18 18,8491 45/18 18,8491
45/20 0.0000 45/20 0.0000
60/8 13,0550 60/8 13,0550
60/12 12,5664 60/12 12.5664
60/16 16,7550 60/16 16.7550
60/20 9,4246 60/20 9.4246
75/10 10,4720 75/10 10.4720
75/14 14,6608 75/14 14,6608
75/18 18.8491 75/18 18,8491
75/20 0.0000 75/20 0.0000
90/4 5.4454 90/4 3.3510
50/8 10,6814 90/6 0.0000
90/12 12,5664 50/8 5,9690
90/16 16.7550 90/10 0.0000
90/20 9.4246 90/12 6.2832

105/6 6.2832 90/14 0.0000

105/10 10,4720 90/16 8.3775

105/14 14,6608 90/18 0.0000

105/18 18.8491 90/20 4,1723

120/8 10,8909

120/12 12,5664

120/16 16,7550

120/20 9.4246

135/4 1.6755

135/6 0.0000

135/8 4,2935

135/10 0.0000

135/12 6.2832

135/14 0.0000

135/16 8.3775

135/18 0.0000

135/20 4,7123

TABLE 11

Column Matrices of Ares Coefficients*®

for

Sectors of 20 Inch Radius

*Inches® / Point
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APPENDIX



SAMPLE CALCULATIONS

Influence Coefficients (Normal Concentrated Loading).

Let w; = Deflection in inches at deflection point "if,
Pj = Concentrated load in pounds at load point "j%,
= 50 pounds (Phase 1).
= 10 pounds (FPhase 2).
€ij = Influence coefficient in inches / 1000 pounds.
= [Inches def. (at "i") per 1b (at "j")]  x 10°.
Wiy = Pj gij x 10-3 1:1
815 = 20wy (Phase 1) 1:2
g5 = 100 wy; (Phase 2) 1:3

In the experimental procedure used the dial gauge was set to read
zero with the load off and, therefore, read wij when the load was applied.
The simple multiplication involved made possible the recording of €33
directly.

Influence Coefficients (Shear Loading along Boundary).

Let w; = Deflection in inches at wiv, (Phase 2).
V'j = Shear in pounds / inch on boundary near "jh.
vgij = Influence coefficient in inches / 1000 pounds.
= [;nches deflection (at "i") ver pound near "i" x 102,
s = Boundary length of element near "j",
wis oz os(Vy gyg) = 1077 2:1

For 10 pound load and fingers 1" wide at root.

€13 (Finger No. 1-15)
100

gij = wij x 100 2:2



For 10 pound load and finger .71" wide at root.

Vi(16) = 0.71(%%5 WEi(16)) * 1070 (Finger Wo, 16)

L%

By superposition, for the specific case of Phase 2 the deflection

at any point "i" due to & distributed shear load on the boundary is given

by
1
W, = v.

v 1 -
=1 Y

s s 2:1a

13 x 10-‘3 # 0.71V<16) gi(16) % 10“3

[

Bouations 2:2 and 2:3 indicate that the influence coefficients are
independent of the width of the fingers. However, 2:la illustrates how
the width of the finger is used when caleulating deflections by the use

of influence coefficients.

Influence Coefficients (Radial Moment on Free Boundary).

Let ws Deflection in inches at "ilt,

H1

i
M3 Z Redial loment in inches / 1b / inch near "%,
= 49.9 inch pounds /[ in. (Phase 2).
néij = Influence coefficient in inches deflection per 1000
inch pounds / inch / inch.
= [inches deflection at "i" per inch pound near "j"] x 103.
For 10.4 pound load 4.8 inches from root of 1" fingers.
wis o= s( Vs o8y F oMy opgg) x 1072 321
= 1.020.4 yg55 £ 49.9 pegs) = 1077 (Fingers 1-15)  3ila
= O.?l(l%i& v21 (16) f E%;Z n8i(18) X 1072 (Finger 16) 3:1b
nfij = Vig ¥ 107 - 10.k v8ij (Fingers 1-16) 3:2

49.9



