JUNE 1986

“MacNeal, R. H., ‘A Hybrid Method of Component Mode Syn-
thesis,”” Computers and Structures, Vol. 1, Dec. 1971, pp. 581-601.

SRubin, S., “Improved Component Mode Representation,”
AIAA Journal, Vol. 13, Aug. 1975, pp. 995-1006. )

6Meirovitch, L. and Hale, A. L., “On the Substructure Synthesis
Method,”” AIAA Journal, Vol. 19, July 1981, pp. 940-947.

"Hintz, R. M., “Analytical Methods in Component Modal Syn-
thesis,”” AIAA Journal; Vol. 13, Aug. 1975, pp. 1007-1016.

8Kuang, J. H. and Tsuei, Y. G., ‘A More General Method of
Substructure Mode Synthesis for Dynamic Analysis,”” AIAA Jour-
nal, Vol. 23, April 1985, pp. 618-623.

9Walton, W. C. Jr. and Steeves, E. C., “A New Matrix Theorem
and Its Application for Establishing Independent Coordinates for
Complex Dynamic Systems with Constraints,”” NASA TR R-326,
1969.

10Kamman, J. W. and Huston, R. L., ‘“‘Dynamics of Constrained
Multibody Systems,’’ Journal of Applied Mechanics, ASME, Vol.
51, Dec. 1984, pp. 899-903. )

Ugen-Israel, A. and Greville, T.N.E., Generalized Inverse,
Theory and Applications, John Wiley & Sons, New York, 1974.

2Noble, B., ‘“Methods for Computing the Moore-Penrose
Generalized Inverse and Related Matters,”” Generalized Inverses and
Applications, edited by M. Z. Nashed, Academic Press, New York,
1976, pp. 245-301.

BGreene, B. E., Jones, R. E., McLay, R. W., and Strome, D. R.,
““On the Application of Generalized Variational Prin¢iples in the
Finite Element Method,”” AIAA Paper 68-290, 1968.

14Chen, S. Y. and Fuh, J. S., “Reply by Authors to J. A. Bran-
don,”” AIAA Journal, Vol. 23, Nov. 1985; pp. 1840-1841.

Toward a Consistent Plate Theory

A. V. Krishna Murty*
Indian Institute of Science, Bangalore, India

N Ref. 1 a beam theory has been given, avoiding some of
R the traditional contradictions normally tolerated in the
elementary- and Timoshenko-type shear deformation beam
theories. In this theory a cubic variation of the direct stress
and parabolic variation shear stress across the depth of the
beam have been considered. Numerical results pertaining to a
tip-loaded cantilevered beam indicate that the theory of Ref. 1
is capable of giving stress distributions corresponding to
Timoshenko-type shear deformation theory in regions where
transverse shear effect is significant, and elementary-theory-
type stress distributions in regions where transverse shear ef-
fect is insignificant, with smooth transition patterns in be-
tween. In this Note, the corresponding theory for flexure of
plates is presented.
Figure 1 shows a typical plate subjected to a dynamic load
f(x,y,t). Following Ref. 1, the displacement field is chosen in
the form

w(x,y) =w, (x,y) + ws(X,»)
u(x,3.2) = —zwy , —p(2)d(x,y)
v(x,3,2) = —2W;,, —P(2)¥ (X%, )) ¢}

where w,, is the partial deflection due to bending and w; the
partial deflection due to shear. ¢ and y represent the
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nonclassical in-plane displacement distribution
p=z(1-4z%/3K%) )

The strain-displacement relations are

ou ou + ov av
€, = . = s =
Tk o dy ax v ay
dou ow v ow
“Tor T T ety Tt O

and the stress-strain relations are

o =h(e, + pey), 0, =N(e, +pe,)

0;=Ngeys i#j, Li=x3.2 @
where
E(1-v») and v
e n =
A+n (-2 0 F775

which correspond to ¢,=0 and o,#0. However, if one
assumes ¢, and o, =0, as in the case of the classical thin-plate
theory, the corresponding values will be A=FE/(1-»?) and
u=v. In either case,

g=G/\
where G is the shear modulus, £ Young’s modulus, and »
Poisson’s ratio. »
Utilizing Hamilton’s principle, the equations of motion
may be obtained as
AIVAw, +CV2(d, +¥ )] —pI VW,
+0C (b +¥,,) +ph[W, + W] =f(x.3,1)
Ng[hV2iws—c(d +¥,,)—phl W+ W,] =F(x,5,1)
AD(¢ o+ (148 xy) + 80,y +CV W,
+gew,, —gde] ~p[Civ,, + D] =0
AND(W,y,+ (1 +8)b 4y +8¥.0) +CViW,,
+gcw,, —2dy] —p[CWy, +DY] =0 ©)
where the overdot indicates derivaﬁon with time and the ,x

or ,y subscript indicates derivation with respect to the
variable indicated and

8* 82

2 2

2
ax ay

I=h3/12, C=h*/15, D=19K%/315, c=2h/3, d=8h/15 (6)

Fig. 1 Typical plate. h
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Table 1 Frequency spectrum of simply supported rectangular plates
(E=6.9x10"" N/m?, y=0.3, a/b=2, a=1, p=2720 kg/m>)
Aip =wlphab? /T4 M(a® + b%)

a/h=25 a/h=50
Parameter ET SDT PT ET SDT PT
Bending mode
Ap 1 0 0.980 0.977 1.0 0.9948 0.9941
wp 1.0 1.0 1.0 1.0 1.00 1.0
W — 0.014 0.00001 — -0.004 0.9x10°°
) — — —-0.062 — — -0.017
¥ — — -0.129 — — —0.033
Shearing mode
Nep — 10,946 12,621 — 172,477 199,077
wy — -0.993 -0.991 — —0.998 ~0.998
W, — 100 1.0 — 1.0 1.0
¢ — — 2.52 — — 2.64
v — - -390 - - —4.26
In-plane mode 1
Mp - - 7984 — — 126,767
W, —  —  -0.00187 — — ~0.0005
Wy R — 0.00159 —  — 0.0004
¢ — — 1.0 — — 1.0
v — - -010 - @ — -0.103
In-plane mode 2
Ap - - 1812 — — 28,427
wp — — -0.1097 — — -0.110
we S — 0.1099 — — 0.110
¢ — —_ 0.441 —_ — 0.444
¥ - - 1.0 - = 1.0
Boundary conditions:
Simply supported edge at x= const:
wb=ws=wb,xx=¢,x=¢=0 0
Simply supported edge at y = const:
Wy=Wy=w ,, =y ,=¢=0 (8)

The Mindlin-type shear deformation theory (SDT) can be
obtained from Eq. (5) by setting ¢ =y =0. The classical thin-
plate theory, referred to herein as ET, can be obtained by
setting w, =¢ =y =0. Table 1 gives the frequency spectrum
of rectangular plates for two values of a/h ratios. Results
obtained by the present theory (PT) are compared with ET
and SDT. A, is the frequency parameter and wy, w,, ¢, and
Y give amplitudes of bending and shear partial deflections,
and nonclassical in-plane displacements. Modes with w, very
much larger than the other three are the classical bending
modes. When w, and w, are of the same order of
magnitude, it will be called the shearing mode. The other
two modes involve primarily in-plane motion and will be
cilled in-plane modes. All three theories—ET, SDT, and
PT—opredict bending modes. The accuracy of the estimate to
A, improves only slightly in the present theory as compared
to SDT. However, it must be noted that w; is considerably
overestimated in SDT. This implies that in SDT, significant
distortions in dynamic response are possible. Some results
pertaining to dynamic response of beams are given in Ref. 2.
The in-plane displacement components ¢ and ¢ are larger
than the shear partial deflection w,, and are entirely missed
in SDT and ET. The in-plane displacements in shearing
modes are also much larger than the transverse deflections.
The frequency of the shearing modes is higher than the fre-
quencies of the in-plane modes. Thus the SDT misses the
relatively more important in-plane modes, and introduces
significant distortions in the mode shapes by overestimatirig
the transverse shear partial deflection. Thus there is a need
to consider higher-order theories.
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The theory given in this Note is an improvement over the
formulation of Ref. 3. The theory given in Ref. 3 cor-
responds to the n=1 case of Ref. 4 and has no provision for
nonzero transverse shear strain at points in the plate where
u=v=w=0, such as those on a fixed boundary, this limita-
tion is overcome in the present model.
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Stationary Response to Second-Order
Filtered White-Noise Excitation

Tong Fang*
Duke University, Durham, North Carolina
and
Zhen-ni Wangt
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Beijing, China

Introduction

ILTERED white noise, i.e., the stationary output of a

stable linear system due to white-noise input, is an accept-
able excitation model used in analyzing many physical prob-
lems.! In this Note the correlation functions of the response
due to second-order filtered white-noise excitation are ob-
tained through the time-domain modal analysis.>* It is found
that the stationary response per se is also filtered white noise.
A resonance phenomenon similar to that in deterministic
vibrations is noticed.

Excitation Model
The excitation considered here is second-order stationary

filtered white noise w(#) with zero mean and the following
correlation function

R, (1) =ge?" + ged"! ¢y
where q is the eigenvalue of the second-order linear filter,

qg=—a+jb, a>0

and g is a complex number. With g =b— ja, the corresponding
power spectral density of w(?) is

2b+w
a? + (w+b)?

G (w)=2 [ + 2b—w ]
wiw)=2a 2+ (w—b)?
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