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METOA PACUETA TEQ@OPMAIIMNA YIIPYTUX 3JIEMEHTOB
HECYIIINX KOHCTPYKIIUN

B.H. Azees, Ooxmop mexHuueckux HayK, npogheccop
H.H. Oscannukosa, KaHouoam QuauKo-mamemMamuyecKux Hayk, OoyeHm

B paborte momnyueHsl aHATUTHYECKUE BHIPAKEHHUS IIPOIHO0B 3aKPEINICHHOM ¢ ABYX KOHIIOB YIIPYTOH IUIacTH-
HBI 101 JIefiCTBUEM CUMAIONMX yewwit. [lomyyeHs! GpopMyIsl st pacuera JehopMaliy U I0Ka3aHo, YTo
MaKCHMaJIbHasI BEIMUKMHA CTPEIBI IIONIEPEUHOTO MIPOTruba 3aBUCUT OT BEIUYMHBI CKUMAIONIET0 YCUITUS U U3~
rubHOM KECTKOCTH IUTacTUHEL [IpuBesieH puMep pacuera MaKCHMaIbHOIO IIPoruda I10 IOIyUeHHOH (op-
MyJle Ha pealbHBIX JAHHBIX U CJIETAaHO CPaBHEHHE C BKCIIEPUMEHTAIBHBIMU PE3YJIbTaTaMy, YTO JIaeT BO3-
MO’KHOCTb C/I€NaTh BBIBOJI O BRICOKOM TOYHOCTH PAacyeToB II0 IOTyYEeHHOH GopMyIie Ipy coOII0IeHUH JOITy-
CTUMBIX 3HAUEHMUI1 ITapaMeTPOB.

KiroueBble cioBa: gedopMariys INIacTUHBL, CKUMAIOIIHE Y CHIHS, TIOTIEPEUHBIA IIPOrud

Analytical expressions are obtained for the deflections of the elastic plate fixed at two ends under the action
of compressive forces. Formulas for calculating the deformation are obtained and it is shown that the maxi-
mum value of the transverse deflection boom depends on the width, thickness and length of the plate, the
amount of compressive force and the bending stiftness of the plate. An example of calculating the maximum
deflection according to the obtained formula on real data is given and a comparison with experimental results
is made, which makes it possible to conclude that the calculations using the obtained formula are highly accu-
rate while observing the permissible values of the parameters.

Keywords: plate deformation, compressive forces, lateral deflection

Introduction

When designing engineering structures, they
usually achieve three basic conditions: strength, rigidi-
ty and structural stability.It is known that elements
such as cylindrical rods or thin platescan be deformed
under the action of external forces and, at certain criti-
cal loads, their shape becomes unstable: cylindrical
rods are bent, and the plates swell. Theoretical studies
in this direction were carried out at the beginning of
the last century, in particular, S.P. Timoshenko
[1,2] However, many questions related to obtaining
calculation formulas that are in good agreement with
experimental data remain open.

In this paper, we consider the problem of ob-
taining an analytical dependence of the deflection of a
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plate fixed at two ends from its geometric and physi-
cal characteristics when it is compressed in the longi-
tudinal direction.

Mathematic model

Consider a plate or a piece of flexible tape of
length L, width b (b <L,), and thickness 6, &<<b.
The compression of the segment in the longitudinal
direction is performed by the force N distributed along
the end face (Fig. 1). It is necessary to find the value
of N, the arrow of the longitudinal deflection hy, the
radius of curvature of the longitudinal deflection po, at
which the arrow of the transverse deflection Aho has a
maximum value.
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Figure. ] —Undeformed plate state. b, Ln— width and length plate
The differential equation of the longitudinal Conditions at the free edges of the plate at y = £ b/2:
deflection of the deformed plate has the form ' 2 2
4 4 4 2 z D(a s + ua W) 0
5 =D(—5 +p—5) =0,
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where D — bending stiffness, calculated by the for- Oy x |
mula:
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2a —w The solution to equation (1) under conditions
here E is the elastic modulus. (2) is sought in the form
Boundary conditions for a given fixing meth- P
od: W =1(y) - sin
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x =0,W=0,21 = D(—— 4+ u——7) =0,
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Then for the function f(y) we have the equation:
v mi p " mr_4 N mr 2
M) 205 o + | 5 - = 5% i) = o, 3
L, Ly b L,
under boundary conditions:
" l’nTc 2 " l’nTc 2 1)
£ (-2—)"f() = 0 LW Q- W) () =0 @
2
I r=t— it —4
3 ¥y )
As shown in the work [4], a necessary condition for the existence of a solution (3)-(4) is the equality
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then the solution to problem (3)-(4) can be written as
fy)=2 - [ch(ay) — Z(a.p)]. ©)

Finally, for the deflection function W (X, y), we obtain the expression:
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W(x,y)=2sin [ch((xy) Z (a,B)].
n
We set m =1 and introduce the notation:
Nb  n2b? ®
U=y, V— >
D L,
then
\/ V+\[ uv \/ vV — \/ uv
o= . P= X
b b
The ratio (5) in the new notation will take the form:
N 5 8 g va+v”1;
a- u)v+\/uv > Jv+ uv 2 )

: a- u)v—\_/uv-_

\/v—\/; Hﬂ\[,v—\/;.
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Since the value of v is always known, from this relation we can find the value of u. From (7), after re-
placing o and B with u, v, we can determine the deflection at any point in a segment of a flexible tape:

mmx "Ch(«/w/l;

(1—u)v+\/uv a 2 ) nh(\/v—\/uv

Jvuv

W(x,y)=2sin y)

b

n
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In the middle of the passage with x = Ln/2, y=0, we find the quantity ho:

\lv+\[1;

h W
a - pvidoy P 10

hQ=2 1-

The sought quantities poand N are equal, respectively: po=—"-

(1 — v — \/-1; “/V . \/1-1; :
ch(——)

2
b uD
N=—o. an

uh, b

The maximum value of the arrow of the transverse (along the y axis) deflection is determined as the dif-

ference:

Ah —W(L“ b) W(L“— 0)
max 272 L

(12)

So, the whole difficulty of solving the formulated problem lies in finding u from equation (9). This equa-
tion for u can be solved by the method of successive approximations, taking for the zeroth approximation the

value
6u
6 — v

ug=(l—w - v-[1+ ].

Let us evaluate the effect of the load on the deformation of a rectangular plate.

The geometric characteristics of a plate under
the action of longitudinal compressive forces N
(Fig.1) are reduced to two dimensionless parameters
u and v. The quantity v is given, and u is determined
from the transcendental equation (9).

After simple transformations we get:

(nlf'p)v[1+ 6W/(6—uv)], if 0<v<0.2;

u=-<1.0225v-0.0263, if0.2<v <1;
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0.99, if v>1.

Considering that in practice the value of v is
in the range 0 <v < 0.2, for the desired parameters hy
and po we obtain the expressions:

hox 3.34v +13.34. P~ b%(uhy).

Results

As an example of the application of the above
methodology, in Table 1 compares the experimental
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data with the calculation results for the case L, = Table 1 — Comparison of results calculations with
1270 mm, b=215 mm, p=0,3. experiment
The dependence of the maximum deflection parameter calculations experiment
h on the parameter v is close to linear, as can be ho 1476 146.0
seen from Fig. 2 Al 1252 1300
&= N 94KG 10kG
Ahmax 0,122 mm 0,125 mm
Bt $4h
310 I'
o [ 2,5
290 — - ._\4'
- | 3
270 S A Ah
Rl 12,5
250 I
230 - ";_;"—J 2
210 /', :, e s
30 . ; "
e '_’.’d - -1
s0 1""‘"'-/ 0,5
130 L2 >
0 05 1 15 2 25 3 35 4 45 5 55 V

Figure2 — The dependence of the transverse deflection on parameter v
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Conclusion

Based on the data presented, it can be con-
cluded that the accuracy of the calculations using the
formulas obtained is sufficient for practice, subject
to the permissible values of the parameters. References . . .
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AKTYAJIBHOCTDB NPOBJIEMbBI HCITIOJb30BAHUA T'A3A
B KAUECTBE CY10OBOI'O TOIIJIUBA

C.A. Xy0saK08, OOKmMoOp mexHUYecKux HayK, npogheccop
B.A. Bawixamog

CraThd NIOCBSINEHA JIBYM CHCTEMAaM I10JIBOJIa Ta3a K CYJIOBBIM MAIO0OOPOTHRIM JuzersiM Turta SME-GI, ojHa
U3 KOTOPBIX IIpejlycMaTpuBaeT 3a00p ra3a U3 OT/ENBHOIO TaHKa, a Jpyrast U3 apoBOH JIMHUK IPY30BOH CH-
CTEMBI IIOPIIHEBBIM KOMIIPECCOPOM. AHAIM3UPYETCS CTPYKTYpa CHUCTEM, IIPEUMYINECTBA KaX/OH U3 HUX U
Ccy/la, Ha KOTOPBIX OHHU HCIIONB3YIOTCS.

KitoueBble ci10Ba: J13elb, Ta3, TOIUIMBHAS CHCTEMA, SMUCCHOHHBIN KOHTPOIIb, G€30I1aCHOCTb.

The article is devoted to two systems for supplying gas to low-speed marine diesel engines of the SME-GI
type, one of which provides for gas intake from a separate tank, and the other from the steam line of the cargo
system with a piston compressor. The structure of the systems, the advantages of each of them and the vessels
on which they are used are analyzed.

Key words: diesel, gas, fuel system, emission control, safety.
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