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Mycrada Bapakar
CBo000aHbIe K0/1e0aHNsl 0eCKOHEYHOH NJIACTHHKH, YCHJIEHHOH pEédpaMu KECTKOCTH

Hccnenytorest cBoOoaHbIe KOTeOaHUs OECKOHEYHOH IPSIMOYTOIbHOH IIIACTUHKY, YCHICHHON NIePHOUISCKU
PACTIONIOKCHHBIMH  [IONIEPEYHBIMU OJIMHAKOBBIMM pEOpaMM KECTKOCTH, HM3TOTOBIECHHBIMH W3 Jpyroro Ooiee
mpoyHoro  Matepuana.  OmnpenensioTcs  ONTHMAlbHble TIEOMETPHYECKHE  IapaMeTphl  KOHCTPYKIHH,
obecreunBaromye Npy e€ NOCTOSHHOM Bece HaHOOoIblIee 3HaUeHNe HU3IIeH YacTOTH! CBOOOHBIX KoneOaHuif. Jlmst
CpPaBHEHMs HCCIIEYIOTCS TaKXKe CIydyau, Korja péopa 3aMeHsAI0TCsl paBHBIMH C HUMH 110 BECY JONOJHHUTEIbHBIMI
HIDKHHM CJIO€M, MU OJHHAKOBBIMH HapY>KHBIMH CIIOSIMH INTACTUHKH. [ToKa3pIBaeTCsl, 4TO HauOOMBIIEro 3HAYCHHS
HU3MIEH 9aCTOTHI CBOOOIHEIX KOIeOaHUH MOXKHO JOCTHYD B CIIydae YCHJICHUS IUTAaCTHHKH PEOpaMu :KECTKOCTH.

Unwwnwdw Lupuljun
Unounipjut Ynnkpny mdbnugdud wintpg uwh mquun nmwnwimdabpp

Zhnwgqnuuymd ko widbpe Epup nupuulnit vwh wquun nwnwindutpp, Epp uwgh
nidbinugué £ wybjh wdnip Wniphg wwwnpuwunjws wwupphpupwp quuwynpjus dhwnbuwy
Ynounnipjut Ynnbpny: Opnpynd kb Junniguéph owwnpuuy bphpusmhwlwb wuwpudbtnpbpp,
npnbp hwunhwnnmb Ipph phypnid wwwhnynud L tpw wquun  wwnwinudibph  wnnpht
hwdwhinipjub dkdwgnyh wpdbpp: Zudbdwinnipyut hwiwp hbngnnynud ki twlb wyh nhwpbpp, pp
Ynntpp thnjupwphiymd Bu dhliing Ypph uwyph jpugnighy uwnnpht pbpunyg, jud dhwnbuwl
wpuwpht gkpntpny: 8nyg E wipynud, np uninphtt hwdwhinipjut Ukdwnyt wpdbpht jupbjht hwutly
uwn Ynnkpny nidbnugdwi nkypnud:

The natural vibrations of the infinite rectangular plate, strengthened by the periodically located transverse
identical stiffening ribs, prepared of another more durable material are investigated. The optimum geometric
parameters of construction are determined, which ensure the greatest value of the lowest frequency of the natural
vibrations, with its fixed weight. For the comparison also the cases are investigated, when ribs are substituted by
equal with them by the weight lower layer, or identical outer layers of plate. It shows that the greatest value of the
lowest frequency of the natural vibrations is possible to reach in the case of strengthening the plate by stiffening
ribs.

The natural vibrations of the infinitely long plate with a width b, by the thickness h,
hinge-supported on two opposite sides Yy=0 andy=Db, strengthened by transverse

periodically located at a distance @ from each other identical stiffening ribs with the

dimensions of the cross section oth, X N, , are examined (Fig.1).
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Fig.1
The problem of determining the optimum dimensions of the cross section of ribs and
distance between them, which with the retention of the total weight of ribs ensure the
greatest value of lowest frequency of the natural vibrations, is posed.
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The optimum design on vibrations of the rectangular plates, strengthened by stiffening
ribs, is investigated in the works [2] - [4].

In view of the symmetry of construction, the problem of the natural vibrations of the
plate of the thickness h in the section 0 < X< a/ 2, elastic supported on by right the end

X= a/ 2 to the stiffening rib is examined.

The equation of the natural vibrations of plate takes the form:
2

DA'w+p,h %WzO, (D

t2

where D, = E, h13 / 12(1 — \/12 )— the flexural stiffness of plate, p,, E, v, — density, the
modulus of elasticity and Poisson ratio of the material of plate.

Solution of equation (1), satisfactory to the conditions for hinged support on the long

sides of the plate
2

w=0,gy—\2'=0with y=0, y=Db, )

is assumed in the form:
w=(C,chp A x+C, shpd x+C, cospd X+C, sinp,A X)sino,tsink,y, (3)

where:
mm
xmz—b ,u1=\/kmﬂ,u2=\/km—lskr?:@fngl—;iw @)
1"Ym

Cn (i =1, 2,3,4) — the coefficients, determined from the boundary conditions on the lines

x=0, Xx=a/2, ®,,~ the natural vibration frequency of plate.

The boundary conditions of the plate in question will depend on the mode of the
natural vibrations of construction. The symmetrical and anti-symmetrical modes of the
natural vibrations are examined.

a) Symmetrical mode of vibrations.

The cases the local (when ribs are not deformed) and general symmetrical modes of
natural vibrations are possible.

—Thelocal mode of vibrations.

In the case of the local symmetrical mode of the natural vibrations of plate boundary

conditions on the lines X=0 and Xx=a/2 will be:

3
8—\Nzo,—a\g\/zo with X=0, ®)
OX OX
o*w o*w
w=0, 2D,——=C,——— with Xx=2a/2. 6
Lo oxoy? 8/ ©

Here C, — the torsion stiffness of rib, determined from the formula:
1 64 1 . 7n

C0=Lahr4ﬁ,where B=a’ ———a) —th—],
2(1+v,) 30 5 2a

where E, and v, — the modulus of elasticity and Poisson ratio of the material of rib.

The satisfaction of conditions (5) and (6) leads to the uniform system of equations
relative to coefficients Clm , from the condition for existence of nontrivial solution of which

the transcendental equation relative to the coefficient K., is obtained:
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C
H, (k,)=m, (ulch(plkma/2)+ 2[; kmsh(u]kmaﬂ)] cos(p,Aa/2)+
1

(7

C .
+H, (uz cos (p,Apa/2)+ 25 A, sin (uzkma/Z)j ch(pra/2)=0.
1
— General symmetrical mode of natural vibrations.

Boundary conditions of the plate on the line X=0 will be written down in the
form (5), and on the line X= a/2 —in the form:
ow o'w o’w o'w
—=0, B —+p,A—5=2D,— with x=a/2, ®)
OX oy oy OX

where: B, = E, ()Lhr4 / 12— the flexural stiffness of the rib, A = Othr2 — the cross-

sectional area of the rib, p, — material density of rib.

The satisfaction of conditions (5) and (8) leads to the uniform system of equations

relative to coefficients C. ., from where transcendental equation relative to the coefficient

K., is obtained:
H, ( K ):Mz Sin( Mol a/2)[( BAn—p,A )Ch(lh}"m a/2)—2 D% pht/sh (“17‘m a/2)}+
+H1Sh(“17‘m a/2) [( BAn—p,A )COS(szm a/2)—2 DY TS Sin(“zxm 3/2)]20- ©

b) The anti-symmetrical mode of vibrations.
In this case the boundary conditions of plate will be written down in the form:

2
W:O,a\;V:O with Xx=0, (10)
OX
4 2 3
6)—Wzo, Bra—\iv+p2Aa—\2v:2Dla—v3vwith x=a/2. (11)
OX oy oy OX

The satisfaction of conditions (10) and (11) leads to the uniform system of equations

relative to coefficients C;,,, and the value of the coefficient K., will be determined from

im>
the transcendental equation:

H, ( K )=M2 COS( Hoh, a/2) [( B AP, A )Sh(ullm a/2)—2 Dl}\’mquh(ul}\‘m a,/2)}—

—p,ch (P'l)\'ma/2) |:( BAn—P.A )Sin(uz}‘ma/2)+2 BYNTH COS(Mz)"ma/z)]:O- 12)

Thus of the value of the coefficient K for the assigned geometric and physic
mechanical parameters of construction will be determined from the equations (7), (9) and
(12). Moreover from the first values of the coefficients K, obtained from these equations
should be selected smallest, to which will correspond the form of the natural vibrations of
construction.

The value of the natural vibration frequency of plate will be determined from the
expression (4), from where

2 DAy,

o, =k’ (13)
PR
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By control of the parameters hr , 0 and a, it is possible to determine their optimum

values, which ensure, with constant weight of stiffening ribs, the greatest value of the
lowest natural vibration frequency.

The condition of the weight constancy of ribs will be determined from the condition of
the equality of the weight of ribs to the weight of the continuous additional layer of plate by

thickness h,, from where
=22

s
The determination of the optimum geometric parameters of construction is reduced to

the following problem of nonlinear programming:
To find:

max min o, X:{a,h,a}, (15)

(14)

with the limitations:

H(ky)=0. 1 =1.23). = |22 09

h <h <0.2b,02<a<5, (17)

The limitations in the form of equalities (16) correspond to equations (7), (9), (12) and

to condition (14), while the limitations in the form of inequalities (17) are caused by the
limits of applicability for of the stiffening ribs of the classical theory of beams.

Problem (15) - (17) is solved by the method of the deformed polyhedron in
combination with the method of straight search [5], from where the greatest value of the
lowest natural vibration frequency ® and the corresponding values of the parameters |’1r ,
o and a are determined.

Obtained value of the lowest natural vibration frequency of the plate, strengthened by
stiffening ribs is compared with values, obtained for the cases, when the ribs of plate are

substituted equal to them by the weight by additional lower layer with thickness h2 , Or tWo

outer layers with thickness h2 / 2, symmetrically located relative to the middle plane of
plate (Fig.2).
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Fig.2
In the case of two-layered plate for determining the natural vibration frequencies the
expression is obtained

°m’ D*
O, = s (18)
b? ph +p,h,

where:

2
D’ :D—%, (19)

D, C and K - correspondingly the flexion stiffness, tension stiffness and mutual
influence of flexion and tension stiffness of two-layered plate.
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Assuming, that the coordinate plane X0Y coincides with the middle plane of upper
layer, the expressions for the stiffness of the plate in question, accordingly [1], are obtained:

E, E, 1 E,
C— + K== h,(h +h,),
l_vlzhl l—Vghz 21 2(1 2)

2
2

1 E E
=EL—;12 h’ +1_i§ h2(4h22 +3h? +6h2h1)},

In the case of three-layered plate the natural vibration frequencies will be determined
according to the formula:

_om’ D,
; b* p.h +p,h, ’

where

3 3 3
o= (3 B[R] -(3)
31-vi2) 1-v2{(2 2

Thus, from the solution of problem (15) - (17) and by the formulas (18), (20) the values
of the lowest natural vibration frequency are determined for the appropriate cases of
strengthening the plate. Comparative analysis of the numerical results of calculation with

(O]

(20)

the given values E,, E,, v,, v,, p,, p,, N, N, will make it possible to reveal the

project, with which the great value of the lowest natural vibration frequency of construction
is obtained.

The plate with the parameters E, =7E, v, =v, =v=0.25, p, =3.2p,,
h, = 0.2h, is examined as a numerical example.

For the different values of the reduced thickness hy = h /b the values of the reduced
lowest natural vibration frequency 6 = (D*\/bzp | / E, are determined for the cases of

strengthening by stiffening ribs 6| , by the additional lower layer C_Ou and by outer layers
O . The results of calculation are given in the table. Also are there given the

corresponding optimum values of the parameters of ribbed plate Hr =h / b, a, gl = a/ b.

Table. Values of the lowest natural vibration frequencies for the different variants of
strengthening the plate

h (O]} (O]} (O] h, a a
0.008 0.063 0.035 0.045 0.057 0.2 0.4
0.010 0.075 0.044 0.056 0.063 0.2 0.4
0.015 0.104 0.066 0.084 0.087 0.2 0.5
0.020 0.131 0.087 0.113 0.100 0.2 0.5

As the results of calculation show, the greatest values of the lowest natural vibration
frequency are obtained during the optimum strengthening of plate by stiffening ribs. In this
case an increase in the lowest natural vibration frequency in comparison with the plate,
strengthened by outer layers, is substantial for comparatively thin plates. So with

hi =0.008 it composes 40%, and with hi =0.02 - 13%.
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It should be noted that strengthening plate by the symmetrically located outer layers in
comparison with the case of two-layered plate is more effective, since it leads to an increase
in the lowest natural vibration frequency to 30%.

In Fig.3 on the line Yy = y/ b= 0.5 and along the entire surface of plate in the section
—0.5<x= x/a<0.5 for hi =0.01 the diagrams of the reduced deflections

V_V = W/ hl of the ribbed plate are shown, which correspond to its optimum project (Fig.3).
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As can be seen from the graphs the optimum design of construction corresponds to
the symmetrical general mode of vibrations.
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