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Abstract. This work presents analytical solutions for théedion of an elastic plate clamped at both
ends and subjected to compressive loading. Clased-éxpressions for deformation are derived,
demonstrating that the maximum transverse deflectépends on the plate’s width, thickness, length,
compressive force magnitude, and flexural rigidi#%. numerical example based on actual
experimental data is provided, and the computediteeare compared with measured values. The
comparison confirms that the proposed formula wietdgh accuracy when applied within the
allowable parameter range.

METO/I PACUETA JE®OPMAIIMU YIIPYTUX DJJEMEHTOB
HECYIIUX KOHCTPYKIIUI

Oscannukoea H.H.
MHUPIA — Poccutickuii mexnonoeuueckuil ynugepcumem, Mockea, Poccus

KiroueBbie ciioBa: nedopmaiiys yrnpyrow IiacTHHBI, CKHMAIOIIAs HArpy3Ka, MOMePeYHbIHd Iporuo,
n3ruOHasi JKECTKOCTh, YCTOWYMBOCTh K W3rHOy, TPaHWYHBIC YCIOBHS MKECTKOTO 3alleMIICHHS
IUTAaCTHHBI, aHATUTHYECKOE PEIICHNE, TPAHCIICHACHTHOE ypaBHEHNE, TEOPHS TOHKHX IUIACTHH.
AHHoTanus. B paboTe npencTaBieHo aHATNTHYECKOE PEIICHUE I OTIPEIeNICHHS IPOruda yupyrou
IJTACTHHBI, KECTKO 3aKPETUICHHOW ¢ 000MX KOHIIOB M IMOJBEPTAIOIIEHCs CXKUMAIONIeH Harpyske.
BreiBenensl  GopMysbl IS BBIYHCICHHUS JeGOpMariy, MOKa3bIBAIOMIME, YTO MAaKCHMaJIbHBIHA
MOTIEPEYHBIN NPOrud 3aBUCHUT OT IMUPWHBI, TOJIIUHBI U JUIMHBI [JIACTHUHBI, & TAK)KE OT BEIUYUHBI
CXKMMAIOIICH CHIBl UM M3THOHOW XKeCcTKOCTU. [IpUBEleH YUCICHHBIM IMpUMEp, OCHOBAHHBIA Ha
pealbHBIX SKCIIEPUMEHTAJIbHBIX JTAHHBIX, & PACUETHBIE PE3YJIbTAThl COMOCTABICHBI C U3MEPEHHBIMU
3HaycHusAMH. CpaBHCHHE MOATBEPIKIACT, YTO MPEAJIOKCHHAS (PopMyrna 0OECIIEYMBACT BBICOKYIO
TOYHOCTH IPU UCTOJIb30BAHUH B IOIYCTUMOM JIMaNa3oHe MapaMeTpoB.

Introduction

Strength, rigidity, and stability are key designtesia for engineering
structures. Slender members like rods and thireplédse stability under critical
loads, leading to buckling. Early research datek ba S.P. Timoshenko [1, 2], but
accurate computational formulas remain a challehis. study derives an analytical
relation between deflection and geometric/matepralperties for a longitudinally
compressed plate with fixed ends.

Mathematic model

Consider a thin rectangular plate or a flexiblapsof length L,,, width b
(b <L,), and thicknes§, § < b. The plate is compressed along its longitudina ax
by a forceN, uniformly distributed over the end cross-sect(esae Fig. 1). The
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objective is to determine the fordg the longitudinal deflection amplitudg,, and
the corresponding radius of curvatupg, at which the transverse deflection
Ah, attains its maximum value.

Ly

a
Fig. 1. Undeformed (a) and deformed (b) staterefctangular plate

The differential equation governing the longitudibanding of the deformed
plateW (x,y) is given by:
64W+2 0w +64W+N62W_0 1
ox* dx20y? = dy* Dbox2 ' (@)

whereD = is the bending rigidityy — plate thicknessy — Poisson's ratio;

ES3
12(1-u?)
b — plate width;L,, —plate lengthi — distance between supports; —deflection at
the center of the platey, — radius of curvature at = %; E — elastic modulus;

0<x<L,, —g <y< g. Boundary conditions:

0w o*w
x=0W =02 =D\ G5 +ugy)=0 )
0w o*w

x =Ly W =02 =-D|Zgtuyy|=0 3)

Conditions at the free edges (whélre— D(1 — W axay)
—b 6x2
y=+-m (4)
? aﬁ +220 =0,
The solution to equation (1) under conditions §£23ought in the form
mmx
W = f(y)sin T (5)
n

Then for the functiorf (y) we have the equation:

-2 o [ (o0 e
under boundary conditions:
- ig y—u( )f(y)—O -

- @-w(2Z) =0
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As shown in the work [4], a necessary conditionthar existence of a solution
(6) is the equality

fO) = cre®+ce” Y +cgePV+c,e P, 8)

- |EET s EET o
Then the solution to problem (6)-(7) can be writésn

a’—u (72—:)2 cha—b

~—2ch(By)|. (10)
() ety

Finally, for the deflection functiow (x, y), we obtain the expression:
a’—u (m)z h“_b
L, ¢

f@) =2|ch(ay) —

mimx
W(x,y) =2|ch(ay) — > 2 ch(By)|sin , (12)
g —u(PE)" cnb? Ly
L, 2
We setm = 1 and introduce the notation:

_Nb (nb)z 12)

Y=ot )
a_\/vwmﬁ_\/v—«r (13)

b b
Since the value af is always known, from this relation we can fine tralue
of u. From (11), after replacingandp with v, u, we can determine the deflection at
any point in a segment of a flexible tape:

(l—ﬂ)v+\/v-u2_\/v+\/v- .th% 14
(1-wv—-+Vvu Jv—mth\/v—m’
2

VUV +Vvr-u )_(1—11)17‘*‘\/17'“)(

W(x,y)zZ[ch( 5 A= r oo

Vv+Vv-u
ChT < v—Av-u ) . TIX
X ch y|lq-sin—.
v — v u b Ln

Ch————

In the middle of the passage with= L;",y = 0, we find the quantity,:

(l—u)v+\/ﬁ_0h%

Q-wv—Vvu Jv—Vouf
2

The sought quantities, and N are equal, respectively:

hy =2|1— (15)
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The maximum value of the arrow of the transverdtedion is determined as
the difference:

Po = (16)

L, b L v+iv-u
Ahmxzw(g;i)_w(g;o):z[(m_v; _1)_

(17)

(1 Wv+Vv-u ChT< v—\/v-u_l)
(1—;1)17—\/17 u Jv—vv-u 2 '

So, the whole difficulty of solvmg the formulatgaoblem lies in findingu
from equation (14). This equation farcan be solved by the method of successive
approximations, taking for the zeroth approximatioa value

Uy = (1—H)v[1+6 MIW]

Let us evaluate the effect of the load on the aeédion of a rectangular plate.
The geometric characteristics of a plate undeatti®n of longitudinal compressive
forcesN (Fig.1) are reduced to two dimensionless paramatandv. The quantity
v is given, and: is determined from the transcendental equatioin @#er simple
transformations we get:

u—m—uwh+ ]O<v<02
u=LMﬂW—0ﬁ%&02<vSL
u=099; v > 1.

Considering that in practice the value of v isha tanged < v < 0,2, for the
desired parametefg, andp, we obtain the expressions:

Vv u+(1—u)v 8+v+Vv-u
Voru—(1- ,u)v 8+v—+Vv-u

~ 3,34v + 13,34, p) =

=21+

—-
vhg

Results.As an example of the application of the above nuhttegy, in Table
1 compares the experimental data with the cal@ratiesults for the case
L, =1270 mmp =215 mmyu = 0,3. The dependence of the maximum defledtjpn
on the parametar is close to linear, as can be seen from Fig. 2.

Tab. 1. Comparison of results calculations withezkpent

paramete | calculation: | experimer
ho 147,¢ 146,(
0 1252 1300
N 9,4 kC 10 kC

JAY - 0,122 mn | 0,125 mn
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Fig. 2. The dependence of the transverse defleotigmarametep

Conclusion
Based on the data presented, it can be concludsdtitb accuracy of the

calculations using the formulas obtained is swgfitifor practice, subject to the
permissible values of the parameters.
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