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STRESS-STRAIN STATE IN AIR INTAKE SYSTEM

VY po6oTi mpeACTaBICHO YHCEIbHE MOJICTIOBAHHS HAIMPYKEHO-1e()OPMOBAHOTO
CTaHy CHJIb()OHHOTO KOMITIEHCATOpa y CUCTEM1 3a00py moBiTps jditaka. CunbdoHH1
KOMIICHCATOpH € HEBiJ €MHOIO YaCTHMHOIO 0ararbOX CHCTEM TMOJayi MOBITPS Y
pinuH y 0araThOX yCTaHOBKAx Ta TPAHCHOPTHHX 3acobax. [1Jis po3B’s3aHHA 3a/1a4i
PO BU3HAYCHHS HAIIPYKEHO-IIE(POPMOBAHOTO CTaHy CHIIB()OHHOTO KOMIIEHCATOPa
y cHCTeMi 3a00py MOBITpS JiTaka aHAIITHYHI METOAM € Hee(eKTHBHUMH BHa-
CIIIZIOK CKJIATHOT T€OMETPii, TOMY JOIUIFHO 3aCTOCOBYBATH YUCEIbHI METOJIU PO-
3paxyHKy. Jlns moOymoBM CKIHYEHO BHMIPHOT MOJENI 3aCTOCOBYBAJIUCH TPH-
BUMIpHI CKIHYEHHI €JIEMEHTH y BUIISLAI TeTpaeapa. byrno mpoBemeHo aHami3
HaTpyKeHO-1e(GOopMOBAHOTO CTaHy CHIBL(OHHOTO KOMIIEHCATOPa Ta MOTO OCHOB-
HUX CKJIaJIOBHX: KapJaHHOTO KUIbIIs, XPECTOBHHH, BHYTPIIIHHOT'O KUTBIIS IApHIpa,
30BHIIIHHOTO KUTBIIS IIApHipa.

B pa60Te IpeaACTaBJICHO YHUCJICHHOC MOJCIMPOBAHUC HaIIPsAKCHHO -
I[e(bOpMI/IpOBaHHOFO COCTOsAHUA CI/IJ'IB(i)OHHOFO KOMIICHCATOpa B CHCTCMC 3a60pa
BO3ayXa CaMOJICTa. CI/IJ'IBq)OHHBIe KOMIICHCATOPhbI ABJIAIOTCA HEOTHhEMJIEMOM dYa-
CThIO MHOTHUX CHCTCM IIOJAa4YU BO3AyXa HJIN JKMJKOCTEH BO MHOTHX YCTAHOBKaxX U
TPAHCIIOPTHBIX CPCACTBAX. Z[J'ISI peuieHud 3aJadu OIIPCACIICHUA HAIIPAKCHHO-
I[e(I)OpMI/IpOBaHHOFO COCTOSAHHUA CI/IJ'IBq)OHHOl"O KOMIICHCAaTOpa B CHUCTEMC 3a60pa
BO3ayXa CaMOJICTa aHAJIMTHYCCKUEC MCTOJbI ABJIAIOTCA HeB(b(beKTPIBHBIMH BCJIC -
CTBHUE CJIOKHOMU reoMeTpuu, nod3TOMY L[enecoo6pa3Ho MNPUMCHATH YUCJICHHBIC MC-
TOAbI pacycTa. I[J'ISI MOCTPOCHU KOHCUHOMCPHBIX MoJeei MNPUMCHAINCH TPECX-
MCPHBIC KOHCUHBIC 3JICMCHTBI B BUJC TCTpaAdpa. brin MIpOBCACH aHaJIU3 HaIlpA-
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KEHHO-/1e()OPMHPOBAHHOTO COCTOSHUS CHIIb()OHA KOMIIEHCATOPA U €0 OCHOBHBIX
COCTaBJISIOLIUX: KapJaHHOTO KOJIbLA, KPECTOBUHBI, BHYTPEHHETO KOJblla IIApHU-
pa, BHEILIHETO KOJIblla HIapHUpa.

Introduction

The development of aircraft construction involves the creation of reliable
structural elements in the air intake system of modern transport aircraft, so the
urgent task is to determine the stress-strain state of the bellows compensation of
the aircraft. Bellows expansion joints are an integral part of many air or fluid
supply systems in many installations and vehicles. Due to the presence of com-
pensators, the breakage from multi-cycle stresses is prevented. Bellows compen-
sator is used to compensate for the thermal expansion of pipelines, as well as to
compensate for the lack of coherence in pipeline systems appeared after installa-
tion work.

In a critical situation, when the auxiliary power plant (APP) is run, a rapid
supply of air is produced, which causes the pipes to heat up. Temperature causes
the pipes to lengthen, and it is at this time that the presence of a compensator in
the system of the APP plays an important role. The bellows allow them to move
without damage to the pipes.

An auxiliary power plant is an auxiliary source of mechanical energy on a
vehicle that is not intended for propulsion of transport. In many cases, the pur-
pose of the APP is to start the main engine and provide energy transport to the
parking lots. The aircraft APP is typically a relatively small gas turbine engine
that is used to generate electricity, to create pressure in the hydraulic system,
and condition the air while the aircraft is locating on the ground, to start the
main engines, to compress the air extracted from the supercharger.

Problem setting and problem solving

Analytical methods are ineffective due to complex geometry in solving
the problem of determining the stress-strain state of the bellows compensator in
the air intake system, so it is advisable to use numerical calculation methods
[1, 2]. Three-dimensional finite elements in the form of a tetrahedron were used
to construct a finite-dimensional model (Fig. 1), within which a linear field of
displacements is specified:

u =f+fx+fy+f,z;

u,=f; + fox+ fy+ fgz;

u,=f,+ fox+ fy+f,z,
where f,...f, are the arbitrary steels. By equating at nodal points u,, u,, u, to
the corresponding nodal displacements, it is possible to express constants
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through nodal displacements v® and to obtain the dependence in the form
u=oave.

Using of the usual procedure allows us to find the stiffness matrix of such
an element.

In the three-dimensional case, all six components of deformation are taken
into account. We can write the matrix — column of deformations using geometric
equations in the form:
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Stress matrix column is written as in the form in the general case:
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{eo} — Is the temperature deformation.

The elasticity matrix for the isotropic material has the form:
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This paper deals with the bellows compensator in the air intake system of
modern transport aircraft, and it determines its stress-strain state with a maxi-
mum design pressure of 4,8 MPa (Fig. 2).

The stress-strain state of the bellows compensator and its main compo-
nents such as cardan ring, crosspiece, inner hingering, outer hingering were ana-
lyzed on the basis of modern numerical methods. The calculation was carried
out by finite element in ANSYS software package [2].Tetrahedral linear ele-
ments were used. The number of elements was 98450. The finite element model

Is shown in Fig. 3.

Equivalent voltages were determined by Mises' criterion (Fig. 4).
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Fig. 2. 3D model of bellows compensator
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Fig. 3. Finite element model of bellows compensator
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Fig. 4. Distribution of equivalent stresses

Conclusion

This approach allows to determine the location of possible destruction of
the structure, and to optimize the geometry, which should increase the life of the
bellows compensator.
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