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OPTIMIZATION OF RIBBED PLATE OF FREE VIBRATIONS
MADE OF COMPOSITE MATERIAL
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The thin-walled systems intensified with ribs of stiffness are one of the most common structural elements
found in various fields of technology.

They have been widely used in civil, industrial and hydraulic engineering, road transport construction,
mechanical engineering, shipbuilding and aircraft construction. For designing ribbed structures their
comprehensive study is important by taking into account working conditions, the creation of new calculation
models, the development and application of modern calculation methods.

The issues of optimal design of ribbed plates are of particular interest due to which it is possible to
significantly increase their characteristics of strength, stiffness and stability providing maximum material
savings. Moreover, a greater effect can be achieved by manufacturing structures from composite materials
(CM). The use of these materials is conditioned by several advantages over traditional materials used in
production.

For a plate made of a composite material pivotally supported along two opposite edges and reinforced by
a stiffener in the middle of the span or along one of the free edges of the plate, the optimal geometric and
physical parameters of the structure are determined which ensure the largest low frequency value for a given
overall dimensions and constant weight of the vibrations of the structure.
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Introduction: The optimal design of thin-walled structural elements is one of the leading
directions in the mechanics of a solid deformable body. When designing them, an important problem
is to increase the characteristics of strength and stiffness of the structure while ensuring maximum
material economy. One way to achieve this goal is to optimally distribute the material of the structure
over its volume.

Conflict setting
Free vibrations of a rectangular plate are considered with the dimensions ofa,b,4,, jointed

around the edges y =0,y =5 free around the edges x = +4/2 and reinforced in the middle of the span
x = 0 with ribs of stiffness of rectangular section ( i, x h, ). The case when the edge is located on the

edge is also considered x = &, and the edge x = 0 is free.
It is assumed that the plate is composed of monolayers of fibrous composite material (FCM),
stacked alternately at angles + ¢ to axis x, and in the ribs the monolayers are oriented along the axis

V.
The task is to determine the optimal geometric and physical parameters of the structure
hy, hy, a,¢, providing the maximum value of the lowest frequency of eigen oscillations of the plate

with constant weight and specified overall dimensions of the structure & = (a + ah, )/ b .

The design problem, reinforced along two edges with stiffeners of a rectangular plate of
composite material of the highest lowest frequency of eigen oscillations was considered in [1].
The constancy of the weight of the structure corresponds to the following condition:

a(ho_hz):ahl(hl _ho) (1)
where £, - is the corresponding thickness of a solid plate of a given weight.
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The problem of eigen oscillations of a plate is solved which satisfies the conditions of pairing
with stiffeners working in bending and torsion. Moreover, in the case when the edge of the plate is
located in the middle of the plate due to symmetry half of the plate is considered (0 < x < ¢/2) using

the study of cases of symmetric and antisymmetric modes of vibration.
The adopted structure of the plate package allows us to consider it orthotropic for which the
equation of eigen oscillations is written in the form as follows

o0*w o*w 0w

o*w
220y +D,, + ph, =0, (2)

Dy —+ 2(Dlz + 2D66)
ox

where D,, stiffness of the plate is determined by the following formula:

Byh;
12

B, - the elastic characteristics of the FCM in the main geometric directions of the plate, determined

D, = (i,k=1,2,6),

through its characteristics in the main physical directions according to the known rotation formulas
[2].

The boundary conditions are written in the form:

-of hinged support

w=0, —=0  when y=0, y=5, 3)

- of elastic support, when the stiffener is located in the middle of the span:
in the case of a symmetrical oscillation shape
4 2 3 3
M _y, Ba— pAa— =2 D”a—zv+(D12 +4D66)6—W2
Ox o' ot* ox Ox
in case of an antisymmetric oscillation shape
3 3 2 2
w=0, 2V -, =2 116—?+Dl2a—2} when x=0, (5)
oxoy’ oxot’ Ox oy

- of free edge when the stiffener is located in the middle of the span

*w o*w ’w o’w
Dy—5+D,—=0, D,,— (D12 + 4D66)
"o’ oy? o’ oxoy’

J when x =0, 4)

=0, when x=a/2 (6)

- of free edge when the stiffener is located on the edge of the plate

0w oO*w 8w o*w
)

D —+D —=0,D D,, +4D ——0 when x=0, 7
1502 12 6y 1= 3 P ( 12 66 8x8y (7

- of elastic support when the stiffener is located on the edge of the plate

o’w o’w 0w 0w
iy Praar T Dige PP Wi X174 ®

2 b
where B = Eozhl4 /121s rib stiffness at bending, 4= ozhl2 is rib cross-sectional area, C is rib

C

stiffness torsion determined by the following formula:

[31C=G,J,, J,=ah'B, p= d{———dZ—th—}, d=a @,

13,.1 13

G5, G,;- shear module of rib material in planes xozand yoz .
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The second terms in the left-hand sides of conditions (5) and (8) take into account the influence
of inertial forces during torsional vibrations of the rib. In further numerical calculations, it is shown
that the influence of these members is insignificant and when solving the tasks they may be omitted:

The solution of equation (2) satisfying conditions (3) is taken in the form

ClmChlulmﬂ“mx + CZmSh/'llmﬂ’mx + C3m COS/uij’mx . .
w= , sinw,tsin 4,,, &)
+ C4m Sm /'l2m/1mx

where

B

. _\/\/D32+D11D22(k,i—1)+D3 . _\/\/D§+D”D22(k§,—1)—D3
Im — H 2m

Dy, Dy,
mrz 2 2 pPhy
A,=——, Dy=D,+2D, k, =, , (10)
b 3 12 66 D2

o,, - 1s the frequency of eigen oscillations of the plate.

In the case when the rib is located in the middle of the plate, the satisfaction of conditions (4),
(6) leads to a homogeneous linear system of equations with respect to the coefficients
C. (i :1,2,3,4). From the condition for the existence of a nontrivial solution of this system, we

m

obtain the following transcendental equation with respect to the coefficient &, for the case of a

symmetric form of oscillations

H, (km ) = Lflc}l/ulm//i’m % = fofs JX [/lszz; Sin fy,, 4, % _fofﬁ]_

(1)
1 05t 5 fut ¢ i fushann, 2, ¥ = fufi)= 0,

where

B

£ = By,mmt hf [ E, E_kzj £ = B, \ui = By £ = B\ 45, + By
0 mp h=—""_ "> Jo=—
Bb | By, hy By, By,

By, 5 B +4Bg B, 5, | B, +4Bg

fi ==ty —— Jo =ty t———
B, B, By,

1 1 .
Js= 2, + ﬂfm)x [ﬂllm Shttnn 9+ ;zmsm dalt %J

1

In the case of the antisymmetric form, the satisfaction of conditions (5), (6) leads to the

following transcendental equation with respect to the coefficient &,

H, (km): \_flSh/hmﬂm % + t f7.S5 JX l_ Mo [y €OS s, A, % + /u2mf8f9J+

(12)
+ [fz sin fy,, 4,, % = o f1So ]X [ulmf‘SCh:ulmﬂ’m % + ﬂlmfgf9]= 0,

where

1

/7 =mx (f1 chit,, A, % + /208 oy Ay, %l
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1

fi= mx (,ulmf3sh,ulm/1m % — Mo J4 S s, 2, %l

/i = B22m37z3ah14,8( 12G,, _kz}

B, bh, B,,hym*n’

In the case when the rib is located on the edge of the plate, the satisfaction of conditions (7) and
(8) leads to the following transcendental equation with respect to the coefficient %,

Hy(k,, )= (= t2,q0 SI 11,,4,,0 + g5 COS 115, 4,0 + q, )X
X (fo sin pty,A,,a+ py,, f4 €OS 1y, A,,a+ ‘I4)_
~ (U240 €OS 1y, 2@ + G5 SIN p15,, 4,0+ g )X
X (fo COS fy,, A, @ = fy,, [y ST 1y, A, 0+ Q2) =0,

(13)

where

3_3 4
m’ 7 ah B 12G,; ) 5
qdo = Ky b = g Sh:u m/lma_fCh/u m/lma >
0 bh2 (Bzzhzzmzﬂ_z 1 ﬁ ( 1 0 1 1 1 )

f:
q, = _2(f00hlulmﬂ’ma - ﬂlmf?)Shﬂ]mﬂ'ma)’
1
Mot
q3 = #(lulmQ()Ch/ulm/lma - »flShlulm/lma)’
:ulmf3
Mo, Butsn = B
(’I4 = #(fosh,ulm/lma - /ulmf3Ch/ulm/1ma)’ qs = M
ILlllTlf3 B22

After determining the coefficient %, , from equations (11) - (13) the value of the frequency of
eigen oscillations according to (9) is determined by the following formula, respectively
Dy,

o, =1k, |[—2%. (14)
ph,

The optimization task is to redistribute the material of the ribbed structure between the rib and
the plate in such a way as to ensure the highest value of the lowest frequency of eigen oscillations at
given overall dimensions ¢ and the condition of constant weight of the structure (1). Determination of

the optimal design parameters is limited to the following nonlinear programming problem:

To find:
®, =maxmin @,,, )_c={a,h1,h2,(p}, (15)
under restrictions
3cth
H(k)=0 (i=123), hy=h, - ;‘1(;11 —hy), (16)
a
hy <h <02b, 02<a<5, 6<h,<h,. 17)

The first of the restrictions in the form of equation (16) corresponds to equations (11) - (13)
with respect to k&, , the second follows from the condition that the weight of the structure (1) is
constant. Limitations in the form of inequalities (17) are due to the limits of applicability of the
classical theory of beams and plates. For & & =0.01bis accepted when a>b, §=0.0la , when
a<h.
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The problem is solved by the method of deformable polyhedron in combination with the direct
search method [4].
Numerical calculations are made for a design with overall dimensions &=1,2 when

ho =h,/b=0.015, 0.02, 0.03. The FCM with the following characteristics was adopted as a

material

TS 0 _ B0 po 0 _ 2 _po 0 _ .
Bii=1;B2» =B, /B’ =0.0818; Bi> = BY, / B, =0.0196; Bes = BY, / B, =0.04297;
G, /Gy=1; Ei=E, /B’ =0995 G =G,/B =00497.

The optimal parameter values o, h) = h /b, h» =h, /b, ¢ and corresponding values of the

reduced frequency of eigen oscillations @, = w,/+ pb*/ B}, are calculated.

Research results
The results of calculation for the case when the rib is located in the middle of the span of the
plate are shown in Table 1. For comparison, the corresponding frequency values for equilibrium plates

. . : —= . =0 .
with two stiffeners located along its edges @, and in the absence of ribs @  are also given there.

Table 1
g ho o hy ha 4 @ P P
1 0.015 0.2 0.0935 0.0120 45° 0.0512 0.0624 0.0427
0.020 0.2 0.1127 0.0157 45° 0.0669 0.0869 0.0569
0.030 0.2 0.1469 0.0229 45° 0.0974 0.1350 0.0854
2 0.015 0.2 0.0434 0.0147 90° 0.0429 0.0430 0.0427
0.020 0.2 0.0516 0.0197 90° 0.0571 0.0574 0.0569
0.030 0.2 0.0662 0.0295 90° 0.0855 0.0859 0.0854

Calculations show that in all studied cases optimal projects are obtained when m =1, while in
the case &£ =1 asymmetric form of oscillations takes place and when & =2, symmetric form of
oscillations takes place. Comparison of the results shown in Table 1 shows that the value of the lowest

frequency of eigen oscillations for an optimal project @, when & =1 almost 1.2 times greater than the

. . —0 . L
corresponding values for continuous plate ® and as much less than for a plate with two ribs @, .
Obviously, as the parameter £ increases, the vibrating effect decreases.

For the case when the stiffener is located on the right edge of the plate, the calculation results
are shown in Table 2.

Table 2
4 ho o hy ha 4 @,
1 0.015 0.2 0.0354 0.0148 90° 0.0427
0.020 0.2 0.0431 0.0198 90° 0.0572
0.030 0.2 0.0561 0.0297 90° 0.0857
2 0.015 0.2 0.0273 0.0150 90° 0.0428
0.020 0.2 0.0339 0.0199 90° 0.0570
0.030 0.2 0.0427 0.0299 90° 0.0855
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Here, the optimal projects are obtained when m =1, and the values w, are close to the

corresponding values @' forasolid plate.

Conclusion

Thus, the location of the stiffener in the middle of the span of the plate leads to a greater
increase in the lower frequency of eigen oscillations than its location on the edge of the plate. It should
also be noted that the increase in the number of ribs while maintaining the total weight of the structure,
according to Table 1, also leads to an increase in its lowest frequency of eigen oscillations.
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unuU MNNRPSPNL L3NkEhS NUSMPUUSYHUT uNUYNr/ UULh ONShUULUSNRUL
URUS susuuvnhuverr "6MLENRYU

k.d. PGnipklwl, U.Q. Mnnnujwi, S.U. Punwujw
Lwywupwbih wqquyhtl wnihipbuthyuwlwt hwdwuwpwb

Ynowniejwu Ynnbpny nidbnugywd pwpwuwwwm hwdwwpgbpp wbuthywh wwppbp
puwqwywnutiph unnygubph hwéwfuwyh hwunhwynn wwpptiphg Gu: “Hwip (wit Yhpwnnyentu
Gu  gqub wpryniwpbpwlwt, pwnwpwghwlywu, hhnpnnbjuthywlwt, Gwuwwwphwjhu
ohtwpwpnipniund, twywohunyejwu, dbpbGuwohuniejwl, hupuwehnwohuniejwu dby: Ynnwynp
Yuwnnigywdpubiph bwiuwgddwu dwdwuwl Ywpunp Upwuwynipintt ntup tnwppbin woluwwnmwupw)hu
wwjdwutbpnd npwug hwdwynndwuh nwnwuwuppnyeniup,  hw2dwplwiht unp  dnnbubiph
uinbindnudp, dwdwuwlwyhg dGpnnubph Yhpwnndp b dowynudp:
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Unwuduwyh hbwnwppppniegyntu Gu ubpywjwgund Ynnwynp uwitpph owywnpdw| twfuwgddwu
hwngtipp, npnug 2unphhy Ywpbih £ bwwbu dGdwgubp npwug wdpnigjwt, Ynaunnejuu b
Ywjniuniegywt punypwagnbipp’ wwywhnybing uynyeh wnwyb) tnunbunidp:

Unwyb| d&d wpryniuwybuinnygywtu Yunbih £ hwutb), Gpp Ywnnigdwépubipp ywwnpwunywsd
Gu Yndwynghghnu unebphg /4UL/: dwdwuwlwyhg nbfuuhywih ptwquwywnubpnd win unyetiph
Uhpwnndp  wwjpdwuwynpywsd £ Jdh owpp Ywplnp  wnwybnyeiniuutpny  wpuwnpniegniunwd
oguwagnndynn wywunwlwu ujnuetinph tywwndwdp: Yhunwpyynd £ Gpynt hwunhwywlwd Ynndbpng
hnnwlwwnpbu wdpwgywd Yndwnghghnu ujniehg ywwnpwunjwd ninwulntu uwip, npp Rnhsph
dbginbinnd ywd wquww bgpbiphg dGynd nidbinugqwsd £ Ynownigjw Ynnny: Npnaynid Gu uwih
owywnhdw| Bpypwswihwywu b Ppghlwlwt wwpwdbwpbpp, npnup hwuwmwwnu Yonh nbwpnud
wwwhnynuw U upw ubithwwu nmwwnwunwdubiph unnpht hwéwfuniyewlu wnwybjwagnyu wpdbipp:

Pwuwih pwnbp. owwhdwjwgnu, unye, uw), Ynn, wwwnwund, hwdwfunyenil,
Yndwnghghnu ujnie, wnwybjwgnyu wpdtp:
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ONTUMHU3ALUS PEFPUCTOM INIACTUHKH U3 KOMIIO3UIIMOHHOI'O
MATEPHUAJIA ITPH CBOBOJHBIX KOJIEBAHUAX

9.B. beaybeksn, A.I'. Ilorocsn, T.C. banacsan
Hayuonanvnoli nonumexuuyeckuii ynugsepcumem Apmenuu

TOHKOCTEHHBIE CUCTEMBI, YCHJICHHBIC PeOpaMH KECTKOCTH, SIBISIOTCS OJHHM M3 HamOoiee
pacrpoCTpaHEHHBIX KOHCTPYKTHBHBIX 3JIEMEHTOB, BCTPEUAIOIINXCSA B PA3IMYHBIX 00JacCTAX TEXHUKH.
OHU MONYy4YMSIM IIUPOKOE TNPUMEHEHHE B TPAXKIAHCKOM, MPOMBIIUIEHHOM, THIPOTEXHHYECKOM,
JIOPO’KHO-TPAHCIIOPTHOM CTPOUTEIHCTBE, MAIIMHOCTPOCHUH, CYTOCTPOCHHUH, CAMOJIETOCTPOECHHUH.

Ilpu mpoeKTHpOBaHMM PEOPUCTHIX KOHCTPYKLUM Ba)KHOE 3HAUYEHHE HMEET UX BCECTOPOHHEE
W3yYeHHE C Y4YETOM YCIOBHH paboTHI, CO3/laHME HOBBIX pAaCUETHBIX MoJlesiel, pa3paboTka u
NPUMEHEHHE COBPEMEHHBIX METONOB pacuera. OcoOblii HMHTEpeC NPEeACTaBISIOT BOIPOCHI
ONTUMAJILHOTO TPOEKTHUPOBAHUS PEOPUCTBIX IUIACTHH, Oylarojapsi 4eMy MOKHO 3HAYUTEIIbHO
VBEITMYUTh WX XapaKTEePUCTUKHA TPOYHOCTH, IKECTKOCTH W  YCTOWYHMBOCTH, oOOecrednBas
MaKCHUMaJbHYI0 3KOHOMHUIO MaTepuana. IIpu srom Oosbiuero sQdexkra MOXKHO IOOUTHCS ITyTEM
M3TOTOBJIEHUSI KOHCTPYKIMH U3 KOMIO3WIMOHHBIX MarepuaioB (KM). MHcnonbs3zoBanme 3THx
MaTepHajIoB 00YCIOBIECHO PSIIOM X NPEUMYILECTB 110 CPABHEHHUIO C IPUMEHSIEMbIMH B IPOU3BOACTBE
TpaZIuLIMOHHBIMY MaTepHaIaMH.

Js MIacTUHKM, M3rOTOBJIEHHOM M3 KOMIIO3WIIMOHHOIO MaTepualia, IIapHUPHO ONEpPTOH IO
JBYM TNPOTHBOIIOJIOXHBIM KpasM M YCHJICHHOW peOpoM >KECTKOCTH B CEpeAHHE MpojieTa WIH 10
OIHOMY U3 CBOOOJHBIX KPOMOK IUIACTHHKH, OIPEENAIOTCS ONTHMAaJbHBIE TE€OMETPHUECKHEe U
¢du3nyueckue nmapameTpbl KOHCTPYKIMH, OOECIIEYHBAIONINE MPH  33/IaHHBIX TabapUTHBIX pa3Mepax |
MOCTOSIHHOM Bece KOHCTPYKIIMM HauOOJIbIlIee 3HAYSHUE HU3LIEH YaCcTOThl COOCTBEHHBIX KOJIEOaHNH.

KamoueBble ciaoBa: onTuMm3anus, MaTepual, IUIACTHHKA, peOpo, KoiebaHWe, YacToTa,
HanOOJIbIIIEE 3HAUCHE.
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