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Pedepar:

1. Inceprauiina po60Ta IpUCBsIYeHa aKTyalbHil 3a5a4i GOpMyBaHHS CUCTEM BUMIPIOBaHHS KDYTHOTO MOMEHTY,
BOY[IOBaHUX y KOHCTPYKIIiO Ta30TypOiHHUX JBUTYHIB i OCHOBAaHMX Ha BUKOPUCTAaHHI MaTEMaTUYHUX MOJEJEH, 110
3B'I3YI0Tb TEPMOIIPY)KHI BJIACTUBOCTI Bajia 3 yMOBaMu po60TU ABUTyHA. O6’'€KTOM JOCTIiIKEHHS € IIPOLeC
IIepeTBOPEHHS KPyTHOTO MOMEHTY Ha BaJly ra30TypOiHHOIO ABUTYHA B KYTOBE II€PEMillleHHS eJIEeMEeHTIB CUCTEMU
BMMIipIOBaHHS KPYyTHOI'O MOMEHTY, a TAaKOX IIpoLjeC BU3HAUYEeHHS KoeillieHTy KOPUCHOI A1ii BeHTUIsTOpA 32
pe3yJbTaTamMu MOro BUNIPOOYBaHb y CKJIaJli IOBHOPO3MiPHOIO IBUTYHA 3 BUKOPMCTAHHSIM BUMIpIOBa4a KPyTHOTO
MoMeHTy. [IpegMeToM JOCIiIKEHHS € 3aJIEXKHOCTI, 110 XapaKTepU3YITh KPYTHY JKOPCTKICTh Bajla BUMIipIOBaya

KPYTHOI'O MOMEHTY Ta 3aJIeXKHOCTi oX160K Bu3HaueHHs1 KK BeHTUIATOPA Bifl IOXMOOK BUMIPIOBAaHHS NapaMeTpiB



IBUT'YHA, 30KpeMa KPYyTHOTO MOMEHTY. Y poOOTi IpeicTaBieHo aHaJli3 iCHyl0unX CUCTEM BUMipIOBaHHS KPYTHOTO
MOMEHTY ¥ Ha 10T0 OCHOBI BUBHAY€HO 3aBJIaHHS IOCIIiI>KeHHs. BUKOHAaHO aHaJi3 ToxXuOOK BUMIPIOBAaHHS KPYTHOTO
MOMEHTY (pa30METPUYHUM METOJIOM, Y Pe3yJbTaTi YOTro CKJIaJeHO reOMeTPUYHY TPUBUMIPHY MOJieJib BUMipIOBayda
KPYTHOTO MOMEHTY, BOYZJOBAHOT'O B KOHCTPYKLIiIO BaJjla BiJIbHOI TYpOiHM BEPTOJIITHOTO IBUTYHA, BUSIBJIEHO Ta
IleTaJIbHO IPOaHasi30BaHO CTPYKTYPHI CKJIaIOBi IUX MOXUOOK. Y pe3ysbTaTi BU3HAYEHO, [0 HANOiIbII 3HAYy MU
€ TIOXMOKU, 3yMOBJIE€H] BIIJIMBOM TeMIIepaTypy Ha >KOPCTKICTh BaJly, @ TAKOXK TOYHICTIO 3a0€31e4eHHs
IiaMmeTpajibHUX PO3MipiB Bajsa I KyTOBOTO MTOJIOKEHHSI €KpaHa Ta iHAyKTopa. [lj1 CyTTEBOrO 3HDKEHHS [IUX
MOXK1OOK 3aPOIIOHOBAHO NpolLenypy (OpMyBaHHS MaTeMaTuyHoOI Moaeni BKM, aganTanis aKoi 10 XapakKTepUCTUKU
KOHKPETHOTO JBUT'YHA BUKOHYETHCS 3 BUKOPUCTAHHIM ineHTudiKalii Ha OCHOBI MeTOAY HallMeHIINX KBaApaTiB.
PosrisiHyTo 1Bi MeTonuku Bu3HayeHHs KK]I BeHTHIATOpA 32 €KCIIEPMMEHTAILBHUMUY JAHUMU: TPAOULiHA
METO/MKA, OCHOBaHA Ha BU3HAYEHHI aiiabaTHOI Ta GakTUYHOI poOOTH CTUCKAHHS, Ta aJIbTEPHATHBHA, OCHOBAaHA Ha
BUMIpPIOBaHHi KDyTHOTO MOMEHTY 11 BU3HAY€HHi (PaKTUYHOI NOTYKHOCTI IPUBOAY Ta aiabaTHOI MOTY>KHOCTI
ctrckaHHs. CPopMOBaHO METOAMKY aHaJIi3y TOXMOOK, OTPMMaHO BUpPasu JJ1s1 abCOMIOTHUX i BITHOCHUX IOXUOOK
pesysnbTaTiB po3paxyHky KK]I i BuTpaTtu noBiTps, 5IKi IOB'SI3yIOTh iX i3 I0XMOKaMU BUMipIOBaHUX NapaMmeTpis. i
BUPA3U € YHIBEPCAJIbHUMU MOJEsIMU TOXMO0K Bu3HaueHHs KK]I. OTpuMaHoO yMOBY, SIKy Ma€ 3aJI0BOJIbHITH
noxu6Ka BUMipIOBaHHS KPYTHOTO MOMEHTY, 11100 3a6e31e4nTy NoTpioHy ToYHicTh Bu3HaueHHs KK npu 3amaHin
TOYHOCTi BUMIPIOBaHHS THUCKY I TEMIIEpPATypU. 3alIPOIIOHOBAHO KOHCTPYKTUBHY peasli3allilo BUMipIoBa4a KPYyTHOTO
MOMEHTY Ha Bajsly BeHTunaropa. C(oopMOBaHO reOMETPUYHY MOJIEJIb Bajla Ta OTO TEPMOIIPY>KHY MOZEJIb, sIKa Ha
OCHOBI 3Ha4€Hb BUMIpPIOBaHUX [IapAMETPiB IPOTOYHOI YaCTUHU [,03BOJII€ BU3HAYATU IPAHNYHI YMOBU TEIJIOOOMIHY,
PO3IMO/iJ TEMIIEPATYP Y BaJli, @ TAKOK HOT0 KPYTHY >KOPCTKICTb, 10 4O3BOJII€ BCTAHOBUTH CITiBBiTHOMIEHHS MiX
BMMipIOBaH/UM KyTOBUM II€PEMIIIEHHSIM Bajla I KpyTHUM MOMEHTOM. [IpakTnyny peanisaniio ¢pasoMeTpUYHOI
CHCTEMU BUMIipPIOBaHHS KPyTHOTO MOMEHTY Ta MEPEBiPKY ii Mpale3naTHOCTi BUKOHAHO B CKJIA/i TYPOOBAIbHUX
IBUryHIB po3pobku AT «Motop Ciup: MC-500B, TB3-117BMA-CEMIB 1 cepii Ta TB3-117BMA-CBMI1B 4E cepii. ¥
pe3yJbTaTi BUKOHAaHHS KOMIIEKCYy pooiT y ckiagi npuryHa TB3-117BMA-CBMIB 1 cepii 6ysia 3a6e3nedena noxubka
BUMIpPIOBaHHS KPYTHOIO MOMEHTY, sika He nepe6inbirye +15 Hom. Tum camum 3a6e3neyeHo oTpibHy MOXUOKY
BU3HAY€HHS KDYyTHOTO MOMEHTY BiTHOCHO 3aJJaHOTO 3HAaY€HHS B MeKax +1%. HaykoBa HOBU3Ha OTPUMAaHUX
PEe3YJIbTaTiB: - CYTTEBO BAOCKOHAJIEHO METO]], BUBHAUEHHS KDYTHOTO MOMEHTY TypOOBaJIbHUX JIBUT'YHIB B
eKCIlJIyaTalii Ha OCHOBI BUKOPUCTaHHS IIPYKHO-T€OMETPUYHOI MOZEJI B CKJIaJli CUCTEMHU BUMIPIOBaHHS Ta
3aMPONOHOBAHOTrO MiTX0y IO aHaJi3y MOXMOOK BU3HAUYE€HHS KPYTHOTO MOMEHTY, 110 JO3BOJISE MiABUIIUTH TOYHICTD
BM3HAYEHHS KPYTHOTO MOMEHTY; - yIIepIle 3allpOIIOHOBAHO yHiBepCcabHi Mogeri 1oxn6ok BusHadyeHHs KK]I
BEHTUJISITOPIB i KOMIIPECOPIB Mif, Yac iX BUIPOOYBaHHS 3 METOIO BU3HAUYEHHS XapaKTEePUCTUK, SIKi JO3BOJISIIOTh
IIPOTrHO3YBaTU TOYHICTh BU3HaUYeHHs KK]I 3a BifoMUMU MOXMOKaMM BUMIPIOBAaHHS [IAapaMETPiB Y pa3i BUKOPUCTAHHS
IIBOX asibTePHATMBHUX MeTOiB Bu3HauyeHHsa KK]I; - ynepiie oTprMaHO yHiBEpCabHY HEPIBHICTD, IO BU3HAYaE
BHMMOTIU JI0 TOYHOCTI BUMIPIOBaHHSI KPYTHOTO MOMEHTY 3 METOI0 3a0e3I1euyeHHs] He0O0XiiHOI TOYHOCTi BU3HAYEHHS
KK BEHTUIIATOPIB i KOMIIPECOPIB; - yIieplile 3alIpOIIOHOBAHO CTPYKTYPY BUMipIoBaya KPYyTHOIO MOMEHTY Ha Bajly
BEHTUJIATOPA, BOYIOBAHOTO B KOHCTPYKIIilO IBUTYHA Ta OCHOBAHOTO Ha BUKOPUCTAHHI TEPMONPYKHO-T€OMETPUYHOI
MogeJii Basia, iHTerpoOBaHOI 3 MOZEJIII0 TPAHUYHUX YMOB TEIJIO00MiHY, SIKa Ha OCHOBI ITOAI6HOCTI 3B's13aHa 3
BAMIPIOBAaHUMU [TapaMeTPaMy IPOTOYHOI YaCTUHY ABUTYHA, 10 NO3BOJIsIE BU3HAYATU KPYTHUNA MOMEHT B YCbOMY

Iiana3oHi pe>XrMiB pOOOTU Ta 30BHIIIHIX YMOB.

2. The dissertation is dedicated to the vital problem of forming torque measurement systems built into the design
of gas turbine engines and based on the use of mathematical models that relate the thermoelastic properties of the
shaft to the engine's operating conditions. The object of the research is the process of converting the torque on
the shaft of a gas turbine engine into the angular displacement of the elements of the torque measurement system,
as well as the process of determining the efficiency of the fan based on the results of its tests as part of a full-size
engine using a torque meter. The subject of the study is the dependences characterizing the torsional stiffness of
the torque meter shaft and the dependences of the errors in determining the efficiency of the fan on the errors in
the measurement of the engine parameters, in particular the torque. The analysis of torque measurement errors
by the phasometric method was performed, as a result of which a geometric three-dimensional model of the



torque meter built into the structure of the free turbine shaft of the helicopter engine was created, the structural
components of these errors were identified and analyzed in detail. As a result, it was determined that the most
significant are the errors caused by the effect of temperature on the shaft stiffness, as well as the accuracy of the
shaft diametrical dimensions and the angular position of the screen and inductor. Two methods of determining the
fan efficiency based on experimental data are considered: the traditional method, based on the determination of
adiabatic and actual work of compression, and the alternative method, based on the measurement of the torque
and the determination of the actual power of the drive, and the adiabatic compression power. An error analysis
technique was developed, and equations were obtained for absolute and relative errors of the results of calculating
the efficiency and air flow, which relate them to the errors of the measured parameters. These equations are
universal models of efficiency determination errors. It is shown that the use of torque meters allows to reduce the
errors of determining the efficiency of the fan, which are mainly determined by the errors of pressure and torque
measurement. Errors in determining efficiency depend significantly on the pressure ratio and air flow. At small
values of these parameters, the errors increase significantly. A constructive implementation of the torque meter on
the fan shaft is proposed. A geometric model of the shaft and its thermoelastic model were formed, which, based
on the values of the measured parameters of the gas flow duct, allows determining the boundary conditions of
heat exchange, temperature distribution in the shaft, as well as its torsional stiffness, which allows establishing the
relationship between the measured angular displacement of the shaft and the torque. Practical implementation of
the phasometric torque measurement system and verification of its performance was carried out in turboshaft
engines developed by Motor Sich JSC: MS-500V, TV3-117VMA-SBM1V 1 series and TV3-117VMA-SBM1V 4E series. As
a result of performing a complex of works as part of the TV3-117BMA-CBMIB 1 series engine, the torque
measurement error, which does not exceed +15 Nom, was ensured. In this way, the required error of determining
the torque relative to the set value is ensured within +1%. Scientific novelty of the obtained results: - the method of
determining the torque of turboshaft engines in operation has been significantly improved based on the use of an
elastic-geometric model as part of the measurement system and the proposed approach to the analysis of torque
determination errors, which allows to increase the accuracy of torque determination; - for the first time, universal
models of errors in determining the efficiency of fans and compressors during their testing were proposed in
order to determine the characteristics that allow predicting the accuracy of determining the efficiency based on
the known measurement errors of the parameters in the case of using two alternative methods of determining the
efficiency; - a universal inequality was obtained for the first time, which determines the requirements for thefirst
time, which determines the requirements for the accuracy of torque measurement in order to ensure the
necessary accuracy of determining the efficiency of fans and compressors; - for the first time, the structure of the
torque meter on the fan shaft, built into the engine design and based on the use of a thermoelastic-geometric
model of the shaft, integrated with the model of heat exchange boundary conditions, which is related to the
measured parameters of the flow part of the engine based on similarity, which allows determining the torque

moment in the entire range of operating modes and external conditions.
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