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« NHTerpaumsa ¢ cuctemamm UIM/UNSTP

« MporHo3nmpoBaHue BANSHUS M3MEHEHWI1 CPOKOB 3afay

+ AHanua BNUAHUSA U3MeHeHn TpeboBaHwuit

+ NHTerpaums FOJIbdCTPUM ¢ 1C:ERP "ua kopobku"

« IHTennekTyanbHbIv nop,6op CpencTe TeXHONOrn4yeckoro
OCHaleHna

« NMoppepxka PostgreSQL NONbdCTPUM
« Co3paHue TpexMepHbIX 9CKM30B No Moaenu cbopku

« Pexxum "ckBO3Hble conpsxeHua"
+ Paasutve NpsmMoro MoaenMpoBaHus

« Mopaepxka multiCAD. YnyyweHue pabotbi
C UMNOPTUPOBaHHbIMK aTpubyTamu/PMI

« MpoeKTMpoBaHUe KOHCTPYKLMK Kopnyca cyaHa. Beinyck

« IMNOpT KOPMYyCHbIX KOHCTPYKMA U3 Aveva
» MogenuposaHve BeHTUNALMU
« KonnekTusHas pacnpegenexHas pabota B equHoi cpege

KOMNNeKTa YyepTexei, NOAroTOBKa AaHHbIX ANS Nepeaayn Ha nnas.

2023 2024 2025
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MULTIDISCIPLINARY DESIGN OPTIMIZATION OF A BLADED DISC
FOR SMALL-SIZE GAS-TURBINE ENGINES

Anton Salnikov
Central Institute of Aviation
Motors
Moscow, Russia
E-mail: salnikov@ciam.ru

ABSTRACT

One of the most important units of small-size gas-turbine
engines (GTE) is a turbine bladed disk, since it determines the
total engine efficiency. Designing a turbine disks is a complex
challenge due to the high loads and a large number of
structural and technological constraints, as well as a variety of
requirements fo the bladed disks for small-size GTEs (higher
efficiency, lower mass and adequate strength characteristics,
etc. ).

Diverse requirements to the turbine bladed disks mean
that modifying the structure in order to improve some
characteristics will degrade other characteristics. 4 standard
solution to this problem is to use the iterative approach, which
reduces the design process to a consecutive iteration of setting
and solving design problems concerning the bladed disk
elements (blade and disk) separately for different aspects. The
main drawback of this approach is its tremendous labor
intensity and inferior quality of design, as this procedure does
not consider the design object as a single entiry.

This paper proposes an approach to the turbine bladed

disks design based on the use of a single muiz‘ldzscrpimm'\
marmmntwiead 2TV smadal fhat cantaine  covonal  cmonia Timnd

Maxim Danilov
Central Institute of Aviation
Motors
Moscow, Russia
E-mail: danilov@ciam.ru

The development of an integrated model is time
consuming, but since the design and operation of bladed disls
are similar, the created parametrized multidisciplinary 3D
model can be used in the design of other similar disks after
minor alternations taking into account the specifics of the new
task.

NOMENCLATURE
GTE - gas-turbine
LCF —-low cycle g
FE - finite eleme:
1 — performance f- |
7 — total pressure . [*- E>
Kum — long-term st - tor
f; — i-th natural fre “the blade
K; — the value of [ ~ic close

frequency of the blar
Afi—relative det

+h natura’

INTRODUCTION 2) A
Designing a turbine slm»z as part of the ¢ J-lal design of ")
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Figure 9. Strength analysis process block-diagram

Table 1. Comparative Optimization Results
Initial | Opt Nel | Opt Ne2

Wheel {5 135 | 1541 | 2254 | 1966 | 2265
weight, kg
0 0008 | 0008 | 0926 | 0908 | 0023

2.349 | 2.392 2.364 2.344

3850 4500

8700 9760

10300 11210

4. Hz 11190 12130

Lowseyele [ 3514 | 3300 | 3280 | 3240 | 3280
fatigue
K 13 131 1.3 1.18 122

Figure 13. Initial design (a) and designs obtained as a result of
optimization: Opt No. 3 (b) and Opt No. 4 (c)
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[1pO NOBEPXHOCTHOE MOAEIMPOBAHME

[pu npoekmupogaHuu Hekomopeix Modeseu mpebyemcs obecne4ums 8bICOKOE
Ka4yecmeso nogepxHocmeu € Ueabro yayyYuieHUs 3p20HOMUKU, a3po2udpoduHamMuKuU,
NosbILeHUs mexH0102U4YHOCMU, YMeHbWeHUs u3Hoca u m.o. Yauwje sece2o npu
MOo0OeIupo8aHUU Makux nogepxHocmeu Heobxo0umMo 0o0buMeCA Ux MakcuMasasHou
2nadkocmu, usbexxame degpekmos e sude byepos u nposasaos, a Mmakxe
obecne4yumes 803MOXHOCMb yCNewHo20 c030aHUSA 3K8UOUCMAHMHbIX nogepxHocmeu
npu npudaHuu um moujuHsl. ModeauposaHue nogepxHocMel 8bICOKO20 Ka4yecmad
npedcmassissem cobou UumepayuoHHbIU NPoYyecc, 8 KOMOpbIU 8KHOHAemMcs
nocmpoeHue, aHaau3 u pedakmupo8aHue Kpusblx, Ha Ux 0CHoO8e CmMposmcs u
ConpA2aromcs N08epxHOCMuU, Komopele 8 c80H o4Yepedb Nodeep2aromcs aHaau3y u
pedakmupogaHuro 0o docmuxkeHUss mpebyemoix Xxapakmepucmuk.

KOpun JlonaTtkmH, aHanntk ACKOH
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¥ /vHeliuaTtas NOBEPXHOCTb MO ABYM KPWBbIM

N JlvHeliuaTtas NOBEPXHOCTb MO KPUBOM N HaNpaBAEHUIO
Q JIvHeliuaTtas NOBEPXHOCTb MO KPUBOW U MOBEPXHOCTU

D JlnHenyaTas NMOBEPXHOCTb MO KpMBOIZ C KaCaHMEM K NMOBEPXHOCTU

(A‘ JlnHenyaras NOBEPXHOCTb MO ABYM MNMOBEPXHOCTAM

OKB CYXOro (OAK)

HOoBble CNOCOOLI MOCTPOEHNA IMHENYATBIX MOBEPXHOCTEN
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Ot obbekTa Ot xopAbl
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Cnocob 3aganmna ¢op... g
MWHUMYM HanpsxeHua 7\ ~

V [IBMxKeHue ceueHns

Vv CBoiicTBa

[Toabop GopMbl MOBEPXHOCTM KOHUYECKOTO CeYEHMA MUHMMAIBHOTO HANPAXEHMSA
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[1oAOOP GOPMbI MOBEPXHOCTN KOHMUYECKOTO CEYEHNA MUHMMANBHOTO HaNPAXEeH WS



= [lo kacatesibHbIM U ANCKPMNHA

= [lo kacate/ibHbIM M TOUKe Ha KpYBOW

Kpl/IBaFI KOHNYECKOIo Ce4YeHMA OKB CYXOI'O (OAK)




[1poANeHe MHOTOrPaHHOW MOBEPXHOCTM
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