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Response Analysis of a Clamped Plate

to Boundary Layer Pressure Fluctuations

By Yoshinori FUIIMORI

ABSTRACT

The response formulae to calculate r.m.s. displacement of both a rectangular panel and a
beam with clamped boundaries have been derived by modal analysis. The quantitative estimations
of r.m.s. displacement can be done with the knowledge of physical constants of the boundary
layer and those of a beam or a plate. Numerical examples have clarified how the dynamic r.m.s.
values of displacement are influenced by the edge conditions.

In order to make clear the effect of clamping the boundaries dynamic r.m.s. value of a
clamped plate or a beam and static deflection of a clamped plate or a beam are to be expressed in
terms of percentage share over dynamic r.m.s. displacement of a supported plate or a beam and
static deflection of a supported plate or a beam respectively.

The results for dynamic r.m.s. displacement ratio and static deflection ratio take 30%, 20%
on the beam problem and 67%, 31% on the plate problem respectively. The discrepancy between
those figures means physically that:

1)  On the whole considerable reduction in the response level is attained by constraining the
edges. ' '

2)  But precisely speaking clamping the edges is less effective to the dynamic loading than to
the static loading. '

3) And it is less effective in the plate problem than in the beam problem for both dynamic

and static loading.

f(a,y. ¢ ) Boundary layer pressure fluctuations

NOMENCLATURE Giyplw) Double integral of the product of the
A; mn Coefficients of the eigen function of the spectrum, i-th and £-th eigen function.
plate See Eq. (1—19) of Ref. 1.
Qg rm Known coefficients g Gravity constant
by m Known coefficients e 2L.L,
D Bending rigidity of the plate H;(w)  Frequency response function
DEF Defined by Eq. (11) or (36) 3 Thickness of a beam or a plate
E Young’s modulus 1 Moment of inertia of the beam section
+ B850 49410 A 22 A=A J Complex unit V-1
B TR k; Eigen value of a beam/beam length
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L, X-wise eddy size

L, Y-wise eddy size

L, Length of a beam or a plate

£, Width of a beam or plate

Mg Mass per unit length of a beam

M, Mass per unit area of a plate

<p?> Mean square value of boundary layer
pressure fluctuations

P ps Known constants

¢ Time

U Coincidence speed

4 Convection speed that makes the response
maximum

v Convection speed of boundary layer pres-
sure fluctuations

w(x,t) Dynamic displacement of a beam

ufx. y,t) Dynamic displacement of a plate

wlx) Static deflection of a beam

w(z,y)  Static deflection of a plate

x Coordinate parallel to the air flow

y Coordinate vertical to the air flow

2z Coordinate vertical to (x, ) plane

) Damping factor

T Known constant

dnn Kronecker delta

3C ) Delta function

¢ Temporal damping coefficient of bound-

ary layer pressure fluctuations
7 Y1-Y2
K (& 7,7) Space-time
boundary layer pressure fluctuations

cross correlation of the

A; Eigen value of a beam

4 Poisson’s ratio

3 Xi- X,

o Density of a beam or plate material
T - ts

¢, (x or y) Eigen function of a beam

XVL, or V&,

&, («x or and ) Eigen function of a beam or plate
£ Complex frequency

@ Circular frequency

< > Time average

Superscript

S.B Simply supported beam

C,B Clamped beam

S.pP Simply supported plate

C,P

Clamped plate

Subscript

t

L

: + Positive integer
-
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£i1-a m=1~14
ol Am rm EXP ( Am) EXP (-=Am)
1 0.473004080 E+01 0.982502214 E+00 0.113300184 E+03 0.882611092 E-02
2 0.785320460 E+01 0.100077731 E+01 0.257396965 E+04 0.388504968 E-03
3 0.109956078 E+02 0.999966450 E+00 0.596117391 E+05 0.167752193 E-04
4 0.141371655 E+02 0.100000144 E+01 0.137940871 E+07 0.724948296 E-06
5 0.172787596 E+02 0.999999937 E+00 0.319205193 E+08 0.313278111 E-O7
6 0.204203522 E+02 0.100000000 E+01 0.738662922 E+09 0.135379747 E-08
7 0.235619449 E+02 0.999999999 E+00 0.170931716 E+11 0.585028934 E-10
8 0.267035375 E+02 0.100000000 E+01 0.395547831 E+12 0.252813925 E-11
9 0.298451302 E+02 0.999999999 E+00 0.915325078 E+13 0.109250803 E-12
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14 0.455530934 E402 0.100000000 E+01 0.607375305 E+20 0.164642847 E-19
£1-b 1-7,&1+71,, m=1~14
Py I=7m (1-Ym)EXP(X m) I +rm (1+ Ym)EXP(~Am)
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2 -0.777311907 E-03 -0,200077726 E+01 0.200077731 E+01 0.777311925 E-03
3 0.335498745 E-04 0.199996637 E+01 0.199996645 E+01 0.335498758 E-04
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R.M.S. Response due to @ v <wi>=6.11X 10 fem 1.99 X 10 em o 33
Dynamic Load 120 dB ; V<wE,/h=0.39% 0.13% '
VP> =199.6 dyn./ cnt ® 2.39 X 10 em 7.99 X 10 'em o 33
at Beam Center 1.5% 0.50 %
Static Deflection due to 0 w = 5.19X 10 ‘cm 1.04 X 10 ‘em o %
Static Load; wyy, = 3.3% 0.66 % '
P=199.6 dyn/ cnf ® 3.84X 10 em 7.70X 10 ‘em o 20
at Beam Center 24.2 % 4.9% )
) 0.12 .19
R. M. S. Response
Static Deflection
@® 0.062 .10
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Ag3 *-0.0009Ag4=-0.0011[Ag,s 00010 Agz *0.0118 [Ag,=-0001!
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£5 WOBLKEPTSr.m.s. B & BHBEIOBER

Numerical Examples of

V<wE (/2 4,72, t)> and

w (i /2, L,/2)

Boundary Condition Support Clam Clamp
Load type PP P Support
R.M.S. Response due to Dynamic V<wE>=6.13X 10 "em 4.09 X 10 em
Load; 0.67
(120dB), V<Z#>=199.6dyn/ cni® V<wi>4=0.16 % 0.11%
dt plate Center
Static Deflection dueto Static w =4.78X10 cm 1.49 X 10 ‘em
Load; 0.31
w — o, 0,
P=199.6dyn/cnf at plate Center 7k 1.2% 0.40%
R.M.S. Response 13 0.27
Static Deflection
v =50m sec
pos % 2 2 X M
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Vibration Analysis Tables

Cambridge University Press 1955

Young, D. and Felgar, R.P.Jr.

Tables of Characteristic Functions Representing
Normal Modes of Vibration of a Beam
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Young, D.
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