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ABSTRACT

The vibration characteristics of trapezoidal cantilever plates with partial roor
chord support, tvpical of some fins used on rockets and missiles, are presented.
Natural frequencies and modes are calculated by lumped mass method using
measured flexibility influence coefficients. Also the frequencies and nodal patterns

. are obtained by experiment. The variation of frequencies and nodal patterns with

varying partial root chord support is studied.

Notation .
a . . leading edge length
D . . flexural rigidity ef ptate, =EA#* [ 12 (1 -1?)
[D] : Dynamical Matrix=[F] [M]
E . . Young’s modulus of the material of the plate
(F] . . Flexibility matrix
h . . Thickness of plate
[M ] . . Mass matrix, diagonal in the present case
p . . Mass density
w . . Circular frequency
v . . Poisson’s ratio
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The fins and control surfaces of rockets and missiles can be considered
structurally as cantilever plates!**, More often than not, rocket fins and
control surfaces are trapezoidal in shape®%. The fins and control surfaces are
attached to the missile body in various ways. These vary from one of
clamping all along the root chord 1o clamping over only a part of the root
chord®® (herein-after referred to as partial root chord support) for fins, and
hub or hub-pin support’® for control surfaces (See Fig. 1). The study of
vibration and flutter characteristics of cantilever plates with partial root chord
support is, therefore, of considerable practical significance.

In this note, the variation of the frequencies and nodal patterns with
different configurations of partial root chord support is studied in the case of
a trapezoidal geomelry which is quite typical®.

A drawing of the test plate along with the grid geometry is shown
in Fig. 2. Partial root chord support was achieved by making a cut
along the root chord from the leading and / or trailing edge side. The details
of the different configurations so obtained are given below :

(1) Fully clamped at root’
(2) 25%, root chord free from leading edge (LE)
(3) 50°, root chord free from LE
(4) 25% root chord free from trailing edge (TE)
(5) 50% root chord free from TE
(6) 25%, root chord free from LE and
25%; root chord free from TE
(7) 50% root chord free from LE and
25%, root chord free from TE.

Natural trequencies and nodal patterns of the different configurations of
the test plates were determined by resonance tests.  The natural frequencies
were located by the well known ‘ Quadrature Response ™ criterion'?.
The natural frequencies in Hz. and the nodal patterns are given in Figs. 3-9.

The frequency values w quoted in Hz. may be converted to non-dimensional

e 2
Ph wa - ; ; :
form A = »\/B- —a o facilitate their use in design for other configura-

ttons of similar geometry and boundary conditions, by using the properties
of the test plate. The nodal patterns were obtained as usual by sprinkling
fine grains of dry sand.

For calculation of frequencies and mode shapes, the mass matrix [M]
was obtained by lumping the mass of appropriate areas at the grid points and
the flexibility matrix [F] by measuring the influence coefficients. The eigen
values and eigenvectors of the dynamical matrix [D] = [F][M] were obtained
using a library routine based on the @R — Transformation method'?. The
frequencies and some of the nodal patterns obtained from this calculation
are given in Figs. 310 9.
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The agreement between the calculated and measured frequencies may be

conmdere‘d to be satisfactory on the whole. The discrepancies are believed
to be mainly due to discretization to only 15 grid points.

™~

FULLY CL AMPED PARTIALLY CLAMPED

{(SEGMENTED SUPPORT)

HUB-PIN SUPPORT

HUB SUPPORT

Fig. 1
Method of Root Support for Fins and Control Surfaces
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The effect of partial root chord support on frequencies and nodal
patterns is quite interesting. The influence of a 259 cut at root from the
leading edge side (Configuration 2) is found to be negligible except in the
case of higher frequencies. It may also be noted that the frequency values
decrease by increasing the cut from 23% to 50% from leading edge side. (See
Figs. 4 and 5). The influence of a cut from the trailing edge side appears
to be far more significant in lowering the frequencies., For example, the
frequencies of Configuration 4, with 259 cut from the trailing edge side are

a=84/3 in. Material : MiLD STEEL
h=1/16ip. E =30 x 10°1bs./in.?
P = 0.000725 1b. sec.? / in.*

-HOLES /8 T2

by e 3 =I= — '1 - = ——— ——)

FiG, 2
Layout of the Teat-Plate and Grid Geometry

b Tﬂ'rr'
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lower than the frequencies of Configurations 1 and 2. The decrease in

frequencies 1s very pronounced w
; when the cut from the traili ide i
increased from 259 to 509, ailing edge side is

FUNDAMENTAL:
E. |8 H:. L. 15 Hz.

E.160 Hz. L.156 Hz. £.246 Hz. L 204 Hz.

— Experimental
————— Calculated

Fi1G. 3
Nodal Patterns of the Plate - Fully Clamped Root Chord (Configuration 1)
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FUNDAMENTAL :
E. 18 Hz. L. 15 Hz:

&
\
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\
E.Qz Hz. L.93 Hz.

E.210 Hz. L. 23! Hz.

Experimental
————— Calculated

FiG. 4
Nodal Patterns of the Plate - 25% free at the Leading Edge (Configuration 2)
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FUNDAMENTAL :

E. 17 Hz, L. 14.5 H:.

MODE -2

/
w

MODE -4

E.95 Hz. L.99 Hz. £ 164 Hz. L.165 Hz.

—— Experimental

_____ Calculated
FiG. 5

Nodal Patterns of the Plate - 50% free at the Leading Edge (Configuration 3)
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FUNDAMENTAL :
E. 16 Hz. L. 13.5 Hz.

\\l
4 ™
\\_‘H
\"""'--..
L. -
E.77 Hz. 1..80 H2

e
MQDE-4 MODE -5
e
N Rk
/| e
T ——
N TN
E. 145 Hz. L 159 Hz. E.I90 Hz.

Experimental
————— Calculated

FiGg. 6
Nodal Patterns of the Plate - 25% free at the Trailing Edge (Configuration 4)



Vibration of Trapezoidal Cantilever Plates wirk Partial Root Chord Support 5|

FUNDAMENTAL -
E 16 Hz, L. 13.5 Hoz.

l MODE -2

£ 12Q K. L. 153 Hz. E.I65 Hz. L.I73 Hz.

Experimental
_____ Calculated

FiGg. 7
Nodai Patterns of the Plate - 50% free at the Trailing Edee (Configuration 5)
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FUNDAMENTAL ;
E. 14.5 Hz. L. 12 Hz.

MODE-2

\\
o, .
E.50 Hz. L.61 Hz. £.78 Hz. L.80 Hz.

E.I138 Hz. L.155 Hz.

— Exper.menul
————— Calcuiated

FiGg. &

Nodal Paiterns of the Plate - 25%, frec at the Leading Edge and 259, free at the Trailing Edge
tConfiguration 6) _ |
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FUNDAMENTAL :
E. 12 H:. L. 10 Hz.

MODE -2

E£.36 Hz. L.46 Hz. E.65Hz. L.85 Hz.

MODE -4
E. 80 Hz. L.94 Hz. E.'146 Hz. L.I1I37 Hz
Experimental
_____ Calculated

FiGg. 9

Nodal Patterns of the Plate - 50% free at the Leading Edge and 2
(Configuration 7)

59, free at the Trailing Edge
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The significant changes in the nodal patterns of the different plate
configurations are readily seen by an examination of Figs. 3--9 in succession.

One important feature 1o notice is that although the cut along the root
chord from the trailing edge side lowers the frequencies quite significantly,
Configuration 3 with 50% cut from leading edge side has the ratio of the
torsional frequency to fundamental as the least, namely 2.46.  This suggests
a stronger susceptibility of this configuration to coupled bending-torsion
flutter. The Configurations 7 and 5 come next (the ratio being 2.48 and 2.92
respectively) in the order of their susceptibility to flutter on this basis.
These features are noteworthy in the design applications of rocket fins with

partial root chord support.
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