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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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DEFINITION METHODS MECHANICAL CHARACTERISTICS
OF SOUND ABSORPTION STRUCTURES

Abstract. Design techniques of Sound Absorption Structures (SAS) used in aviation engines coincide, on the
whole, with the techniques of designing honeycomb parts, sandwich structures that are of wide application.
However, SAS have their own distinctive features. First of all, perforating of skins decreases parts’ stiffness. SAS
can have different forms (three- or five-layer SAS) and differ in honeycomb height, and can also be made of different
materials. The whole of that is told on effective mechanical characteristics of SAS — stiffness in a skin plane, bending
stiffness, strength of joints between separate members, and others. At present, the most sound-absorbing parts are not
load-bearing structures and their mechanical damages or failures are not critical. At the same time, SAS, even those
made from relatively light composites, are of heavy weight, especially in turbofans, that decreases engine perfor-
mance. The abovementioned requires the development of techniques for the adequate estimation of SAS mechanical
characteristics. The tendency to obtain SAS properties required for designing at lower expenses results in the
necessity of their analytical prediction. In connection with this, the given work presents the analytical technique for
defining SAS mechanical characteristics. The techniques of averaging are used for determining the characteristics of
perforated skins and honeycomb assemblies.

Keywords: honeycomb, stiffness, bending, strength, composite, plates, turbofan.

Introduction. The existing techniques for providing the structure safety are based on the test pyramid
[1], they take much time and are expensive. Understanding of SAS behavior at mechanical and acoustic
loading permits to shorten tests and to reduce expenses while maintaining the required safety levels.

The design techniques of SAS used in aviation engines coincide, on the whole, with the techniques of
designing honeycomb parts, sandwich structures that are of wide application (see, for example [2-4]). In
spite of a relatively big height, SAS are considered as a panel or a shell in designing with corrected
characteristics of stiffness. The features of SAS members (perforated skins), their different types (three- or
five-layer SAS, different honeycomb height and honeycomb structures) are told on effective mechanical
characteristics of SAS. Stiffness in a skin plane, bending stiffness, strength of joints between separate
members and others characteristics are used in designing. This requires developing the adequate
estimation techniques of SAS mechanical characteristics. For life estimation it is necessary to know the
stress distribution in each member of SAS. That requires a realization of a transition from a shell structure
to a three-dimensional structure. Three-dimensional models use the characteristics of each separate
member of SAS.

The analytical approach of determining SAS mechanical characteristics is developed. The skins and
honeycombs of SAS may be manufactured of both metal and composite materials. The technique of
averaging is used for the definition of elastic characteristics of perforated skins, honeycomb assemblies,
and SAS. Moreover, the Maxwell and Voigt models are used in calculation of corrected elastic characte-
ristics of multilayer SAS. The experimental technique for defining the elastic and strength characteristics
of SAS both in a layer plane and in the direction of honeycomb height is developed. The results of
analytical estimations of SAS mechanical characteristics agree with experimental data.
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1. Analytical definition of elastic characteristics of SAS and their members. The complex of
elastic and strength characteristics of SAS is used at designing of structures. The analytical estimation of
elastic characteristics is sufficiently reliable while the achievement of required accuracy at strength
predictions produces some difficulties. Below the analytical technique of defining SAS elasticity
characteristics is described [5-7]. SAS represent a mixed structure consisting of several skins and honey-
comb layers between them. The load-bearing skin is solid, the other ones are perforated. The mechanical
characteristics of skins without perforation as well as those of honeycomb material are considered
specified.

1.1. Elastic characteristics of perforated skin. The mechanical characteristics of perforated skin
depend on behavior of initial material as well as on the form, degree and distribution of perforation [8-10].
They are determined by numerical solution of a problem of real skin tension at a specified value of
displacement u, of a sample free end (rigid loading) by using solid elements of CAD program.

Figure 1 shows the form and sizes of a typical perforated skin. The distribution of displacements and
stresses in skins with 10% of perforation are given in figures 2a,b. The character of displacements and
stresses distribution on the skins with other degree of perforation does not qualitatively differ from the
data in figsures 2a,b.
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a) b)

Figure 2 — a) Transversal displacements of perforated skin at tension (10% of perforation);
b) Longitudinal stresses of perforated skin at tension (10% of perforation)

The distribution of axial displacements uy along the skin length is even, the longitudinal strains ex are
permanent. The stress distribution in the cross-section is complicated. The average value of longitudinal
stresses Oxmean 1N NOdes of the skin cross-section is calculated. Relation between mean stress Gxmean and
longitudinal strain & is taken as a relative elastic modulus [11,12].

1
Ef =0 le., v

x,mean X xy = _gy /8)6’ (1)
Here, parameter v,y is Poisson’s coefficient. The elastic modulus at soft loading by force P is deter-

mined from relation
E = PI(F,

el

'8x)7 O-x :P/Frel (2)
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Value of F is an area of “alive” cross-section of the perforated skin. Effective elastic modulus is
calculated from equality

E? =(F,/F)E" ©)

el

Here, F is a cross-section total (including voids) area. If materials of the perforated skins are
anisotropic or in the case where either a character of perforation arrangement or perforation form are the
reason of the dependence of mechanical characteristics on loading directions then the described above
actions should be carried out in the main axis of anisotropy [13].

1.2. Elastic characteristics of honeycomb sandwich. The honeycomb sandwiches have an increased
stiffness along honeycomb height. The honeycomb stiffness in the skin plane is minor, and the influence
of honeycomb sandwich is neglected [14].

However, the honeycombs may contribute to elastic characteristics in SAS plane in conditions of low
stiffness of perforated skins and constrained strains. The technique of elastic characteristic calculation
coincides with the above-described technique for perforated skins. Relation between the longitudinal
stress oy and the longitudinal strain &, is considered as a relative elasticity modulus (E<™"); in i-nodal point.
The mean value of modulus (E'); at all nodal points of cross-section is taken as a relative elasticity
modulus. The ratio of transversal strain g, to longitudinal strain & with the inverse sign is taken as
Poisson’s coefficient. A transversal strain €, is taken as a ratio of sample contraction to its width. The
maximum degree of perforation of the mentioned below perforated skins does not exceed 10%. In this
case, the calculation shows that the influence of honeycomb stiffness in the skin plane is negligible (less
than 3%).

1.3. Elastic characteristics of SAS. Two techniques are used for the analytical estimation of the
effective elastic characteristics of SAS. The effective elastic characteristics of SAS in the direction of a
load-bearing layer base were found by mixture rule (Maxwell’s model) including well-known behaviors of
each layer

€] eff \k e e
Exﬂ = vk (Exjf) b vxfr = Vk (fo:f)k (4)

The transversal characteristics and shear modulus were determined by Voigt’s relations

ET =[v (EXYT, v =v, (D", GT =[v, (G )T (5)
Here, k is the number of SAS member, vk = hi/h — relative thickness of k- elements, h (h = X>hy) — total
thickness of SAS cross-section.

The solution of a compound structure tensile-stressed plate problem at given displacement of the free
end is the second technique of effective elastic characteristics estimation. In this case, the mechanical
characteristics of all SAS members are considered well-known — they may be determined by either above-
described analytic technique or experimentally. The definition technique of the SAS relative and effective
characteristics coincide with the above-described technique for perforated skins. The calculated relations
between SAS relative elastic characteristics and elasticity modulus of the load-bearing layer are given in
table 1. Figure 3 presents the distribution of SAS stresses defined by CAD program.

Table 1 — Relative values of SAS relative elasticity modulus defined by two approaches

Estimated characteristics
Approach Elasticity modulus, GPa Poisson’s coefficients
E**Px/Ex Vxy Vxz
Finite element 0,97 0,31 0,31
Relations (4)-(5) 0,98 0,3 0,3
Experimental 1,0 0,3 0,3

The SAS elasticity moduli defined by using FE software ANSYS and relations (4)-(5) have identical
values.
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Figure 3 — Longitudinal displacements and axial stresses distribution in SAS at tension

SAS is considered as a perfect structure when determining effective elastic characteristics by deve-
loped analytical technique. In practice, all SAS contain technological imperfection [4] in the form of fiber
ruptures, matrix or (and) interface damages, hole surface defects, face wrinkling and crimpling, burrs in
the area of honeycomb and skins joints, and other. All this is not taken into consideration for the described
analytical approaches. The results of analytical predictions must be confirmed by tests, on the other side,
they can serve as a criterion of perfection of SAS manufacturing technique.

2. Experimental determination of SAS characteristics. The complex of SAS elastic and strength
behaviors is determined experimentally. SAS represent compound structures, and SAS failure may take
place in either their separate members or in the areas of their joints. In this case, the SAS stiffness and
strength characteristics are determined in the tests of samples of different forms [15-18].

2.1. Test results. Below some test results of SAS are presented.

2.2.1. SAS characteristics in skin plane. Elasticity modulus and Poisson’s coefficient are deter-
mined at 50% of limiting strain.

The failure of practically all samples took place in linear strain area, as a rule with exhaustion of
carrying capability of perforated skin with the greatest of perforation degree (see figure 4a). This circum-
stance demonstrates the uniformity of strains in separate members of SAS.

b)
Figure 4 — a) Typical failure at tension in SAS skin plane;
b) Samples tested for tension along honeycomb height; ¢) Typical failure of SAS samples at shear

The tests showed that both the effective modulus and the strength of SAS samples having small
height more than 2 times exceed such parameters of samples with big height. It is possible that the SAS
height influences their mechanical characteristics.

Finally, it should be noted that the analytical and experimental results differ slightly (see table 2).

2.2.2. Honeycomb sandwich characteristics.

a. Tension. The results of samples tension test are presented in table 2. The elasticity modulus and
strength limit at tension were determined by tests of different samples. Figure 4b shows failure type of
samples. The tested samples have failure in the area of honeycomb sandwich joint with inside perforated
skin having low height. It is necessary to notice that the dispersion of elasticity modulus is not statistically
essential whereas dispersion of strength is more essential.
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b. Compression. The results of samples compression test are presented in table 2. Again it can be
seen that the dispersion of elasticity modulus is not considerable. However, their values are less than the
values of elasticity modulus at tension by a factor of 1.5. Apparently, this experimental result can be
explained in the following way. The middle perforated layer influences the sample total resistance at
tension, and at compression the honeycomb sandwich only contributes to load-carrying capacity. The
influence of honeycomb height on strength value is not determined. At the same time, the samples with
bigger height had lower strength at compression. Loss of stability is a typical failure of honeycomb
samples with large height.

Table 2 — The results of samples tension test are

Strength Elasticity modulus o )
o o o o) Limited strain
0.091 2.048 0.509* -
0.080 1.802 0.515* -
Tension 0.092 2.063 0.496* -
0.074 1.667 0.579* -
0.101 227 0.582*
0.148 3314 0.367 8.23 0.0009
0.237 5.326 0.380 8.61 0.0008
Compression 0.142 3.188 0.362 8.11 0.00075
0.211 4.73 0.355 7.97 0.00085
0.193 4.320 0.343 7.70 0.0008

The adhesion between honeycomb and skins does not have such influence on the ultimate strength at
compression as it has as at tension. In connection with this, the strength at compression exceeds the one at
tension by a factor of eight.

2.2.3. SAS characteristics at shear. The results of testing the samples of two types are presented in
table 3. The tested samples differed in honeycomb height. The typical mode of samples’ failure at shear is
shown in figure 4c. Summarizing, one can notice:

— the tests at shear were more time —consuming,

— the elasticity moduli of samples with small height are higher than those of samples with big height,

— the honeycomb shear strength values exceeded their strength values at rupture.

Table 3 — Results of shear tests of different height samples

Samples Strength Elasticity Modulus a Ultimate strain
1 0.31 70 1.12
2 0.7 61 1.77
High 3 0.53 65 0.81
4 0.64 66 1.29
5 0.47 65 1.1
0.56; 0.15; 27% 65.4;2.8; 5% 1.22
Low 0.52; 0.15;29% 83; 11.9; 14% 2.39

Conclusions. The calculation technique of elastic characteristics definition for both the SAS
members and the SAS as a whole has been developed.

The tests for definition of elasticity and strength characteristics at longitudinal tension in the skin
plane at both tension and compression along the honeycomb height and finally at shear in the skin plane
have been carried out. The procedure of SAS panels testing for strength has been developed.

The results of the work show:

— calculated values of elastic characteristics agree with experimental data,
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— dispersion of elastic characteristics is less than those of strength ones,

— elasticity moduli at tension and compression along honeycomb height are different,

— loss of honeycomb stability is a typical failure mode at compression along honeycomb height,

SAS panels of lower height are stiffer at shear.

Source of research funding. The reported study was funded by RFBR according to the research
project Ne 18-29-18071\18.

A.Y. Hypumoeros!, B. MbikTbI6eK0B?, C. A. Opbindaes’, M. A. Me3ennes®

! Tapasckuii rocynapctBennblit yausepeurer uM. M. X. Jlynaru, Kazaxcran;
2 leHTpalbHbIA HHCTHTYT aBHALMOHHOIO MOTOPOCTpoeHus1, Mocksa, Poccust

METO/JbI OITPEAEJIEHUSI MEXAHUYECKUX XAPAKTEPUCTHK
3BYKOBOU ABCOPBIIMOHHOU CTPYKTYPbI

AHHoTanusi. MeToapl TPOEKTUPOBAHMS 3BYKOIOTJIOMAIOMNX KOHCTPYKIMH (SAS), HCIOIB3yeMble B aBHa-
[IUOHHBIX JBHUTATENSX, B IIEJIOM COBIAJAIOT C METOAWKAMHU IMPOSKTHPOBAHUS COTOBBIX JeTasiell, MHOTOCIOWHBIX
KOHCTPYKIIMH, KOTOpbIE MMEIOT IIHpoKoe nprMeHeHue. OxHako y SAS ecTh CBOM OTIMYMTENBHBIE OCOOCHHOCTH.
IIpexnae Bcero, meppopupoBaHUE MIKYP YMEHBIIAET KECTKOCTh AeTaneid. SAS MOTyT UMeTh pasiuyHbie (HOPMBI
(Tpex- mnu nsTuciolHble SAS) M pa3nMyaThCs MO BBICOTE COT, a TAKKE MOTYT OBITh W3rOTOBJICHBI M3 pa3HbIX
MmarepuasioB. Bce 310 roBoput 00 3¢h(heKTHBHBIX MEXaHMYECKUX XapaKTepUCTHUKaX SAS - KECTKOCTb B INIOCKOCTH
CJIOSI, KECTKOCTh Ha M3rHO0, MPOYHOCTH CTHIKOB MEXIy OTACJIBHBIMH 3JIEMEHTaMM U Jpyrue. B Hacrosmee Bpems
OOJIBIIMHCTBO 3BYKOMOTJIOMIAIOMINX JAeTajled He SIBISIOTCS HECYIIMMH KOHCTPYKLHMSMH, U MX MEXaHHYECKHE I0-
BPEXXICHUS WM TIOJIOMKH HE SIBIITIOTCS KPUTHIECKUMU. B To ske Bpemst SAS, make H3roTOBIICHHBIE U3 OTHOCHTEIb-
HO JIETKHX KOMITO3UTOB, UMEIOT OOJIBIIION Bec, 0COOEHHO y TYpOOBEHTHIIATOPOB, YTO CHIKAET MMPON3BOAUTENEHOCTh
nBurarens. BreimeykasanHoe TpeOyeT pa3paOOTKA METOIUK JUIS aJeKBATHON OLIEHKH MEXaHUYECKUX XapaKTEPUCTHK
SAS. TenaeHIWS K MONXYYEHUIO CBOUCTB SAS, HEOOXOAUMBIX [UISI MPOSKTUPOBAHUSA MIPHU MEHBIIUX 3aTparax, Ipu-
BOJIUT K HEOOXOIMMOCTH MX aHAJTUTUIECKOTO IMPOTHO3UPOBAHMUS.

B cBs131 ¢ 3THM B maHHON paboTe MpeacTaBieHa aHAIMTHYECKash METOIMKA OIIPEAeIICHISI MEXaHNIECKUX Xapak-
TepucTuK SAS. MeToabl yCpeHEHUs UCTIONB3YIOTCS JIJIsl ONPE/ICIEHHS XapaKTepUCTHK ep(GOpUpPOBaHHBIX CIOEB U
COTOBBIX COOPOK.

KaioueBbie c10Ba: COThI, )KECTKOCTh, U3THO, IPOYHOCTh, KOMIIO3UT, TUIACTUHBI, TYPOOBEHTHIISATOD.

A.Y. Hypumoeros!, b. MbikTbI6eK0B2, C. O. Opbindaes’, M. A. Mesenuesn?

'M. X. Jlynaru ateinnarer Tapas MeMJIEKETTIK yHUBepcuTeTi, Kasakcran;
2 OpranbiK aBHAlUSIIBIK MOTOP XKacay HHCTHTYTHI, Mackey, Peceil

JBIBBICTHIK ABCOPELIMOH/IBIK KYPBLIBIMHBIH,
MEXAHUKAJBIK CHIIATTAMAJIAPBIH AHBIKTAY D/IICTEPI

AHHOTANMSA. ABHAIMSIIBIK KO3FAITKBINITAPAA KOJIAHBUIATBIH JBIOBIC CIHIPTIIN KOHCTpPYKIMsIapabiH (SAS)
KYPBUIFBICHIH JK00ajay oJicTepi, TyTracTail ajgraHja Kell KaOaTThl KYpbUIbIMAApa KeHIHEH KOJIaHBUIATBIH YSUIbI
GeumikTepai xxobanay amicrepimeH coiikec kenexi. Jlerenmen, SAS e3iHiH epekiuelnikrepi 6ap. EH anapiveH, KabaTTsl
YPHBIN-COFY OONIKTepAiH KAaTTBUIBIFBIH a3aiTanbl. SAS opTypii Typnepi Oap (ym Hemece Oec xKabarTel SAS) xoHe
YAMIBIKTBIH OMIKTIKTEpl OpTYpJIl KoHE COHNAi-aK TYpJli MaTrepualfaplaH jkacajaraH Ooiybl MyMKiH. MyHbIH 09pi
SAS THiMII MeXaHWKAJBbIK CHIIATTAMANapbIH AHBIKTAWABI, SFHH — Ka0aT >Xa3bIKTHIFBIHBIH KATTBUIBIFBI, Wiy
KATTBUIBIFBI, JKEKEIIETeH DIIEMEHTTEp apachIHIAarbl OYBIHAApABIH OepikTiri skoHe T.c.c. Kasipri yaxpiTTa IBIOBIC
CiHiprim OemmIeKkTepaiH KONIIUTri TipeK KOHCTPYKIHUSUIAphl eMeC JKOHE ONapIblH MEXaHUKANBIK 3aKbIMIaHybHI
Hemece ChIHYblI MaHbI3Ibl emec. CoHbIMEH Katap SAS, acipece TypOMHAIIBIK JKENAESTKIIITED YIIiH, TINTI CaIbICTBIP-
Mallbl KEHUI KOMIIO3MTTEPIEeH )acajicana ayblp 0oyaibl, OyJl KO3FAITKBIIUTHIH JKYMBIC OHIMIUINIH a3aiTabl.
XKorapeina aliTeurranaap SAS MexaHHKaJbIK CHIIATTaMaIapbiH Oapabap Oaranay o/IiCTEMECIH 93ipiey/ii Tanamn eTe/i.
OcebIral coiikec, SAS kacuertepiH ap3aH OarameH >xo0ajay YIIIH Tajian eTLIETIH YPHIC, ojlap/bl aHaJIUTHKAJIBIK
00JDKay KaXKCSTTLTITIH KAKET eTe/i.

OcpiraH 0alIaHBICThI, OCHI XKYMbICTA SAS MEXaHUKAIBIK CHIIATTAMAIAPbIH aHBIKTAYAbIH aHATUTHKAJIBIK dJIiCi
kepcerinreH. Oprarua aiicrep nepdoparysiianFal KadbaTTap MeH YsiIbl KYPbUIBIMIAPbIH CUITaTTaMallapblH aHBIKTay
YILIiH KOJIAaHBUIAIbI.

Tyiiin ce3mep: coTrap, KaTaHJBIK, Uiy, TO3IMIUTIK, KOMIIO3HT, IUTACTHHAJIAP, TYPOUHAIBIK JKEeJIETKIII.
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