ISSN 1813 - 6796 Mexamponni cucmemu. Enepzoedpexmuenicno ma

BICHUK KHYT/I Nel (106), 2017 pecypcosbepescenns
Mechatronic Systems. Energy Efficiency & Resource Saving

UDK 539.371 KULIK T.1., ZLOTENKO B.M.

Kyiv National University of Technologies and Design

CALCULATION OF STRESS AT BENDING OF A BEAM OF
POLYMERIC MATERIAL

Purpose. The purpose of research is to obtain a mathematical model that describes the
dependence of stress and strain at bending whole and hollow polymeric beams of round and
rectangular cross section.

Methodology. Research methodology is based on the analysis of the bending of a beam from
polymeric material stress distribution is determined along the height of its cross section.

Findings. Expressions for calculation of whole and hollow beams of polymeric material for
durability are obtained.

Originality. The mathematical model of bend of polymer beams with non-linear relationship
between the strain and the stress.

Practical value. The results can be used in the design of structural elements of machines and
appliances, building constructions, products of light industry.
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Introduction. Polymeric materials are widely used in various fields of industrial production
for manufacturing machine parts, structural elements of buildings, light industrial products [1-4].
Therefore strength and stiffness of such products with the peculiarities of their behavior under
operational loads become very important. It is found previously that the physical and mechanical
properties of polymer materials do not provide dependency between the strains and stresses
according to the Hooke's law. The authors of [5] use the power dependence, which can be put in the
basis for calculating the strength and deformability of details from polymeric materials.

Problem definition. In the work [5] the expression is obtained to determine the stress in the

beam from a polymeric material during its bending:
1

Mz
o= , 1)
/m
where o —stress; M —bending moment; z — vertical coordinate.
l+1
I,=[2" dA, (2)
A
For beams of rectangular cross sections the value of /,, is determined as:
1
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It is important to determine stresses and deformations in bending whole and hollow beams
of circular and rectangular cross section from polymeric materials.

Results of a research. For the cantilever beam with the applied force to its free end (Fig. 1)
the bending moment is defined as:

M = P(I- x). (4)
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Fig. 1. Scheme of a loaded cantilevered beam from a polymeric material

The largest bending moment will be:

M= Pl (5)
Substituting (3) and (4) into (1) we get:
Pl (1 + 2]
o=—"F ©)
2. b'[hj
2

The estimated the height of beam’s cross-section:

(7)

Taking into account the allowable value of stresses the dependence of the height of beam’s
cross-section form its length can be calculated to ensure even strength along longitudinal

coordinate:
1
[-x] —+2

2.0 ®)
Fig. 2 shows graphic dependencies calculated by the expressions (1) and (3) for beams of
square cross-section with a side measured 6 mm.
Fig. 3 shows the dependence of the height of cross-section for a beam with width measured
6 mm from the longitudinal coordinate, calculated using the expression (8).

h=2
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Fig. 2. Dependence of the stress on the
vertical coordinate for square beam cross
section:1 - M=0.25N-m;2— M=05Nm; 3

— M=1N'm

For hollow beams of rectangular cross-sections it is obtained [5]:

1 1
2m | {H\m™> ([ M\m'
/,= — -0 —
1+2m 2 2
Substituting (9) and (5) into (1) for hollow beams we get:
PI-(1+2m)

1 .
2 —+2
rly) o)
2) | b\ h

From (10) the estimated height of the beam will be:
PI-(1+2m)

2.5-mlo] 5( /;j,l,,z 1] .

For a beam of circular cross-section Fig. 4 we get:
L

O =

h=2 |

1 ria rla
lmzjzm+ dA= 2jz”7+ yaz=2[z" \/ Zd.
A 0 0

Let us introduce substitution:
x=r*-2;
ax=-220z;
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Fig. 3. Dependence of cross-section height for
a cantilevered beam from the longitudinal

coordinate: 1 — [¢]=10°Pa;
2 - [0]=10°Pa; 3 - [¢]=10" Pa
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ax ax
0’22—2—22——1, (15)
2 X2

Then:
0
0 %7+1 1 0 %7+1 %7+1
T = dx 7 M 11 2 =43
Im==2]x 2 XZ%:—IXZ ty=-—F——x 2 =" (16)
r? 22 r? —+1 —+3
mT+1 r2 m
For hollow beams we get:
1
2 —+3  —+3
I = (R = 1(1) 1—3(5’”7 = J (17)
—+
m

where /,, (/) and /,(r) —the values determined for beams with radii /7 and r respectively.
Substituting (16) in (1), for the maximum stress we obtain:

P/~[1+3j
m

O'ZT. (18)

From (18) the estimated radius of the beam will be:

(19)

Substituting (17) into (1), we get:

(20)

From (20) the estimated radius of the hollow beam will be:
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Pl'(1+3J
R-= m

3 1
2.[o]1- 7"

, (21)

p
where = r the given ratio.

Conclusions. On the basis of a nonlinear relationship between the stress and the strain
derived expressions calculation of durability of beams from polymeric material. Obtained formulae
can be used in the process of design of structural elements of machines and appliances, building
constructions and products of light industry.
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PO3PAXYHOK HAIIPY>XEHD ITPU 3I'MHI BAJIOK I3 ITIOJIIMEPHOI'O MATEPIAJIY
KVIIK T.I., 3JIOTEHKO b.M.

Kuiscoxuil nayionansruil yHigepcumem mexHonao2it ma Ou3aiHy

Mema. Ompumamu mamemamuyny MOO€Ib, WO ONUCYE 3ANEHCHICMb HANPYIHCEHb ma
Oeghopmayiti npu 32uHi CyYiibHUX MA NOPOHCHUCTIUX DANOK i3 NONIMEPHUX MAMePIaie Kpyai020 ma
NPAMOKYMHO20 NONEPeyH020 nepepisy.

Memoouka. Y pooomi suxopucmano anarimuyni memoou oocniodcensb. Ha ocnosi ananisy
32UHy OAIKU i3 NOJIMEPHO20 MAMEPIANy BUHAYEHO PO3NOOLL HANPYICEHb NO BUCOMI i NONepeuHo20
nepepiszy.

Pesynomamu. Ompumani eupasu 0asi po3PAXYHKY CYYINbHUX MA NOPOICHUCIIUX OANOK i3
NONIMEepHO20 Mamepiany Ha MIiYHICMb.

Haykosea noseuszna. Po3pobneno mamemamuuny moolenb 32UHy RNOMIMEPHOI OAIKu 3
HENIHIUHUM XAPAKMePOM 3AJIeHCHOCIE MIdC 0edhopmayismu ma HanpyiCeHHIMU.

Ilpakmuuna 3uauumicms. Pezynemamu moocymv Oymu  euxopucmawui nio  4ac
NPOEKMYBAHHS KOHCMPYKMUGHUX eleMeHmi8 Mawun ma npunaois, 0y0ieelbHUX KOHCMPYKYIL,
8UPOOIB J1e2KOi NPOMUCTIO80CTII.

Knrouosi cnosa: miynicms, degpopmayis, 32un, norimepHa oaika.
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PACUYET HATIPSI)KEHUI ITPA U3TUBE FAJIOK C ITIOJJUMEPHBIMHA
MATEPUAJIAMHA
KYJIUMK T.H., 3JIOTEHKO Bb.H.

Kuesckuii nayuonanohwiil yHugepcumem mexHoao2uil u ou3auna

Lenw. [lonyuums mamemamuyeckyro MoOelb, ONUCHIBAIOWYIO 3ABUCUMOCNb HANPANCEHUL U
Odehopmayuii npu useude CnioWHbIX U NOLIX OANOK U3 NOTUMEPHBIX MAMEPUANos Kpy2io2o U
NPAMOY20JIbHO20 NONEPEYHO20 CeYEeHUsL.

Memoouka. B pabome ucnonb306ansvl aHarumudeckue memoowvl uccieooganuu. Ha ocrnose
ananuza uzeuba 6aiKu U3 NOAUMEPHO20 MAMepuala onpeoenreHo pacnpeoeieHue HanpaXiceHul no
gvicome ee nonepeyHO20 CeYeHusl.

Pesynomamut. Ilonyuenvl 6vipadsicenus Oni pacuema CHIOWHBIX U NObIX OAIOK U3
NOJUMEPHO20 MAMepuaIa Ha NPO4HOCMb.

Hayunasa nosusna. Pazpabomana mamemamuueckas mooenv u32uda nOIUMEpHoU 6anKu ¢
HeUHeUHbIM XapaKmepom 3a8UCUMOCU MeXHCOY 0eopMayuamu U HANPAHCEHUIMU.

Ilpakmuueckana 3uauumocms. Pesyromamvl  Mmo2ym — Oblmb  UCHONIBL308AHLL  NPU
NPOEKMUPOBAHUU  KOHCMPYKMUBHBIX — 9NEMEHMO8  MAwuH U Hpubopos,  CMpoumenbHbix
KOHCMPYKYUL, U30eUll 1e2KOU NPOMbIUIEHHOCTU.

Knroueswie cnosa: npounocme, depopmayus, uszeud, noiumepras 6aiKa.
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