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ANALYSIS OF SINGULARITIES AT THE CENTER OF HETEROGENEOUS
HONEYCOMB CELL UNDER ANTIPLANE DEFORMATION

M.V. Belubekyan, H.A. Gevorgyan
Institute of mechanics of the NAS of the Republic of Armenia

In this paper, we discuss the presence or absence of stress concentration at the center of
two kinds of heterogeneously dissimilar honeycomb cells under antiplane deformation.
Determining the presence of stress concentration is necessary to determine the criteria for the
destruction of structural elements. In the first case, a continuous two-compartment cell is
considered, for which the boundary conditions have periodically repeating characteristics. In
the second case, the heterogeneous cell is assumed to be discontinuous, with a cutout of one of
its quarters, for which the periodic nature of the boundary conditions is violated. Thus, the task
of investigating heterogeneous cells for the presence or absence of stress concentration at their
center is reduced to the comparison of stress-strain states in the case of antiplane deformation
of two differently dissimilar honeycomb cells: honeycomb cells with significantly and slightly
different physicomechanical characteristics, for which, as it turns out, the picture of the stress
state near the center is radically different. The study was carried out using modern methods and
tools of computational mathematics and programming.
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Introduction. The phenomenon of stress concentration in structural elements is
the main factor of appearance of cracks, and consequently, acts as the main reason for
their destruction. Therefore, the problem of minimizing or eliminating of stress
concentration in general at the design stage, which is called the low-stress effect in
literature [1], never loses its relevance.

At the same time, different waveguides, using honeycomb cells are employed as
insulators from seismic waves for various constructions. Therefore, any theoretical
investigation of such structures on the stress concentration presence is of great
practical importance [2 —4].

Anti-plane deformation within a complete heterogeneous cell. As it is known
[1], any too-dimensional field of anti-plane deformation is described by Poisson
differential equation:
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where w is the displacement function; f* the volumetric force and x — the shear mo-

dule. In the absence of volumetric force (f = 0), equation (1) in the polar coordinates
can be rewritten in the form of the Laplace differential equation:
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Fig. 1. Complete heterogeneous honeycomb cell

The problem of a heterogeneous honeycomb cell investigation (Fig. 1), where
number one and three sub-cells have the same shear module z and number two and

four sub-cells have y, , is represented in polar coordinates as follows:

O w, low, 10w,

arzl +r = r2W=O’ i=L..4 3
with the boundary conditions given by
w,=w,, W 8—491 =pu, %M; at 0=0; (4)
w,=w,, ﬂ;%:ﬂz%‘g at Hzg; (5)
W, =W, M, a;; =4, % at O=n; (6)
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ow. ow, 3n
=W, y13—5=ﬂ25—; at 0=7 (7)

W

The analytical solution of differential equations system (3) by the boundary
conditions (4) — (7) is represented as

w,(r0)=r" [(6). ®)

By substituting (8) into (3) we obtain an ordinary differential equation system
whose solution can be written in the following form:

£,(0)= A4, sin 20+ B, sin 2. ©)

A new substitution of expressions (8) and (9) into the boundary conditions (4) —
(7) leads to the system of linear equations:

B,=B,;
WA, = 1A4,;

A, sin/1£+31c0sl£=/12 sin/1£+Bz cos/lz;
2 2 2 2

H,(4, Sin2%+Bj cosl%)auz(A2 sin)t%+Bz cosﬂﬁ);

10
A, sin Az + B, cos A = A; sin A + B; cos Axr; (10)

M, (A,cos Ax— B, sinArn )= p,(A;cos Ax — B, sinAn);

A, sin/13—”+Bj cosﬂ,S—ﬂzAJ sin/13—”+B4 cosﬂ,S—ﬂ;
2 2 2 2

(4 cos/l%r—Bs sinl%[)=,u2(A4 cos/137ﬁ—B4 sinl%r).

As a result of simplification of the linear equation system (10) we obtain

0;

{(I—al)sinﬂ.%r—az cosl%r}/lﬂ, +[(I—b_,)cosﬂ,37ﬂ—b1 sin/13—ﬂ}BJ
(11)

[(7—a,)cosﬂ,37ﬂ+a2 sinﬂ%}Aﬂ, —[(}/—bz)sinl%[+b, cosﬂ’%r}BJ =0,

where the following designations are assumed:
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_ 2
a, = [1 +(y—1)cos’ Zﬂ'j||:] +(y—1)sin’ /1%} —%sin2ﬂﬂsinﬂﬂ;

a,= ];7sin2/1ﬂ[(7/—1)sin2/1%+1}+ 7/;]sinﬂ,ﬂ[1+(y—])sin2 /1”]?

-1

— 71_
b1=|:1+(7—1)c0s2/17r:|] 27 sin Az +7 P ]sin2/17r[(7—1)coszﬂg+]}'

g2
b, :—%sinﬂﬂsin21ﬂ'+}/4|:1+(7/—])Sin2 M][(;/—I)COS”%”}'

From the condition that the determinant of the algebraic equation system (11) is
equal to zero, it follows:

(I—a,)sin/13—ﬁ—a2cosl3—ﬁ (I—bz)cosZS—”—blsin}tj—”
2 2 2 21 ) 12
3z Ir 3z 3n| (12)
(}/—aj)cos/17+azsin/17 (}/—bz)sin/17+blcos/17

It is known [1] that among the solutions of the trigonometric equation (12)
A <1, it means that near point O (Fig. 1), there is a singularity.

Anti-plane deformation within an incomplete heterogeneous cell. We consider
now the same heterogeneous cell (Fig. 1), which is deprived of one of its
quarters (Fig. 2).

Fig. 2. An incomplete heterogeneous honeycomb cell
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This problem is reduced to solving the system of differential equations

Ow  Low 10w,

+ =0, i=124.
o’ ror oo
With respect to the following boundary conditions:
w=w, p——=u— at 0=0;

00 oo

ow, ow, 3
W, =W,, ﬂ1%=/“2% at ‘9=3

>

ow,
—==0 at O=ux;
H, 20

ow, 3
Moo ar 0=2F.
g =0 1 2

Following the reasoning made (1) — (12), we finally conclude:

y(sinxlz—kcosiz) cos A% +ksinAZ
2 2 2 2l_p

cos}t'?—Jr —sinﬂ3—ﬂ
2 2

where

tg/”tirsinxiE +cos A
= 2 2

T AN
tgl A= —sin =
y(tg A cos 5 sin 2)

(13)

(14)

(15)

(16)

(17)

(18)

Numerical analysis and results. Computational detection of singularities at the
centers of complete and incomplete (Fig. 1 and 2) heterogeneous honeycomb cells is
an enterprise based on the generalize iteration method [5 - 7] developed from
publication [8]. This method allows finding any existing solution of the given equation

in some fixed interval [5].
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Table 1
Numerical results obtained for the complete heterogeneous cell (Fig. 1)

V=1, /luj 0.1 0.2 0.3 04 | 05 06 | 0.7 08 | 0.9 1.0
lmm 1 1 1 1 1 1 1 1 1 1

V=4 //Jj 1.5 2.0 30 | 40 [ 5.0 | 6.0 | 7.0 80 | 9.0 | 10.0
lmm 1 1 1 1 1 1 1 1 1 1

Table 2

Numerical results obtained for the incomplete heterogeneous cell (Fig. 2)

— 0.1 0.2 0.3 04 ] 05| 06 | 07 ] 08] 09|10
Y=/ 1

O<A<] |0045 ] 006 | 0.096 | 0.1 | 0.11 | 0.11 | 0.11 | 0.11 [ 0.11 | 0.1

— 1.5 2.0 3.0 4.0 5.0 6.0 7.0 8.0 | 9.0 | 10.0
Y=/ 1

O< A<l 0.07 | 0.04 | 0.009 | 0.08 | 0.3 03 | 066 | 0.7 | 02 | 035

In Tables 1 and 2 are introduced the obtained results of numerical analysis of
the caracteristic equations (12) and (18) about the presence of singularities at the cen-
ters of cells O (Fig. 1 and 2). As it follows from Table 1, there is no singularity at the
center O of the heterogeneous complete cell (Fig. 1), whatever the relationship of
shear modules y =g, / g,. On the other hand, there are singularities at point O of the
heterogeneous incomplete cell (Fig. 2), therefore there is a stress concentration at this
center O for a large range of variation of modules x;, and g, .

Conclusion. In the article presented, open and closed heterogeneous honey-
comb cells are investigated on the presence and absence of singularities in the case of
pure shear. By numerical analysis it is proved that in the center of a closed heteroge-
neous honeycomb cell there is no stress concentration, regardless of the constituent
material shear modules.
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U.d. PGnipbljut, <.U. Gunpgyut

Lutwpyynwd Gu wpnwitbiph Ynugbunpwghwih wnfwnygyuwu Ywd puguluwjnigjut
hwpgtipp  hwywhwpp  nbdnpdwgdwt  wgnbtignipjut wwly  gquuynn  Gpyne  wwppbip
wmwpwpunye  pohoubiph  Ytuwpnunw:  Lwpnuiubph Ynugbunpughwih  wnfwjnyejwu
pwgwhwjnnup wuhpwdtion £ Ynuunpniyghwubph wnwppbiph pwjpwydwu swthwuhubiph
npnadwu hwdwp: Unweoht nbwpnud nhunwpyynwd £ hnd Gpyynndwuh wwpwpunye pohop,
nph hwdwp  Ggpwiht  wwydwuubpu nubu  wwppbpwywu  punype: Gpypnpn  nbwpnid
wnwpwptinge pohgp  Bupwnpynu £ fugnwing, nph dbly pwnnpnp pugulwinud £, pugh
htinbwupny  fuwfunynd £ Ggpwiht wwydwuubph  wwppbpwlwu  punyep:  Wuwhuny,
wnwpwpunye pohoubinh jwpnuwiubinh Ynugbiunmpwghwih wnwjnypjwu Yuwd pwgwlwnyzjwu
htinnwgnndwt fuunhpp Ybpwdynd £ Gpynt nwpwpunyp pohoubinh jwpjwdw-ntibnpdwgynn
yhbwlubph  hwdbdwwnipjuup  hwlwhwpe  nbbnpdwgdwt  nbwpnuwd.  $hghyw-
datuwupyulw punypwgptipny qquihnptu W hpwphg phy wwpptipynn pohgutinh, npnug
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hwdwp, puswbu wwpgynud E, Yauwmpnup dnn gunugnn jwpdwdwihu yhbwlh wwwnlybipp
wpdwwwwbiu nmwppbpynud £ dbpindnginiut hpwlywuwgyt b hwoynnuywu dwpbdwnh-
Yujh b dpwgpwynpiwt dwdwuwlwyhg dbpnnutinny W dhongubinny:

Unwugpuyhti  pwnbp. wnwwpwpunye funpufuwpehg, dwpnip uwhp, jwpnuwubp,
tqwyhnipjniuubin:

AHAJIN3 OCOBEHHOCTEN B LIEHTPE PA3SHOPO/HOM
COTOBOM STYENKU IPU AHTUILIOCKON JE®OPMALIUU

M.B. Beay6eksn, I'.A. I'eopksaH

OO6cyxknatoTess BONPOCHl HAJIWYMS WM OTCYTCTBHSI KOHLEHTPALMM HAINpsDKEHHH B
LEHTPEe JBYX BHIIOB HEOJMUHAKOBO pAa3HOPOJHBIX COTOBBIX SUECK MPU AHTHUILNIOCKOH
jgedopMalvi. YCTAHOBJICHME HalM4yKMs KOHUCHTPAlMd HANpsHKeHUH HEoOXO0AUMO Juis
OTIpEJIC/ICHNs] KPUTEPUEB pa3pylleHHWs SJIEMEHTOB KOHCTPYKIWi. B mepBom ciyuae
paccMmarpuBaeTcsi CIUIOLIHAS JIBOSIKOPA3HOPOIHAs COTOBas sdeika, JUIsl KOTOPOH IpaHUYHbIe
YCIIOBUSI HOCST NEPHOJMYECKH MOBTOpsitoLMiics xapakrep. Bo Bropom ciyuae pazHopojHas
siyelika MpeArnoJiaraeTcsi HeCIUIOHOM, ¢ BBIPE30M OJIHOM M3 CBOMX Y€TBEPTEH, I KOTOPOii
MepUOAMYECKUil XapakTep TIpaHUYHBIX YCJIOBUH Hapymiaercs. TakuM oOpasom, 3ajada
MCCIIeIOBaHUS PA3HOPOJHBIX SUEEK Ha TMpeJMeT HAIWYds WJIH OTCYTCTBHS B HX LIEHTpE
KOHLICHTAI[MM  HANpPSDKEHWH  CBOJMTCS K CPABHCHUIO  HAINPSKEHHO-Ae(OPMUPOBAHHBIX
COCTOSIHMH NPH aHTUILIOCKOH jeopMaliy JIByX HEOJIMHAKOBO pa3HOPOHbBIX COTOBBIX SHEEK:
CO  3HAYMTEIILHO M HE3HAYMTEIBHO  OTIHUYAOIUMHUCT  (PU3UKO-MEXaHUYECKUMHU
XapaKTePUCTUKAMH, Ul KOTOPBIX, KaK BBISICHSETCS, KapTHHA HAINpsHKEHHOrO COCTOSHUS
BOJIM3M 1IEHTpa B KOpHE oOTIMYaeTcs. MccienoBaHue ObUIO MPOBEICHO C TOMOIIBIO
COBPEMEHHBIX METOJIOB M CPEJ/ICTB BHIUUCIMTEILHON MaTEMaTHKK U IPOrPaAMMHUPOBAHHUSI.

Knrwouesvle cnoea: pa3sHOPOJHbIE COTOBbIE SMEHKH, YMCTBIH CABMI, HAIPSKEHUS,
0COOEHHOCTH.
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