2021 47 H e o B AR July 2021

Ba2E B JOURNAL OF PROPULSION TECHNOLOGY Vol.42 No.7

BAR NS R E iR SR R
WK, HBRT, FAR, HKEK, £EE

(At Rsh s e, dbad 100071)

W OE. ERAXKFTEADINERSEST IR THE-RIBALREE TS S BAL
BHE, Ao AL T ARE, BEHATAABRSERRRT ZH T RS, KA, MRRELEH
FAFMR, BERDETHN, BREBERARLS A Y ERAKS, BEHMREEHNE,
RRNRBARG NIEABRDEIE, RBRRT 25T RS TR, RIEEAHN BTG
BN, SIRIEAL R KIE A IR ST R AT 2 VAR ATIRIRSY, W@AA2 A 11kPa, S5 B T AT
SRR ANE AT ERE,

KEBIF: RAKKAT LI ket i, FXXmEET; kahsrh; TEERD

FESES: V231.1 XEAARISAEG . A XEHS: 1001-4055 (2021) 07-1636-07

DOI: 10.13675/j.cnki. tjjs. 200636

Vibration Characteristics of Tuning Fork Turbine Blisk of
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Abstract: A turbine rotor with tuning fork bilsk was adopted in the liquid rocket engine, there have been
many cracks in the fillet of the root of the rotor disk shaft during the test run. In order to infer the causes of the
crack, the structural vibration characteristics of the turbine rotor, such as the stress state, modal shape and
damping ratio were analyzed through numerical calculation and modal test. Combined with the analysis of the vi-
bration signal, the fault causes were focused on the 2 nodal diameter vibration of the blade disk. To obtain the vi-
bration characteristics of the rotor in working condition, the pressure pulsation in the turbine flow were obtained
by using high—frequency and fast—changing pressure sensors. The experimental results show that the pressure pul-
sation with the largest frequency division amplitude corresponds to the forward wave vibration of the rotor with the
2 nodal diameter mode, with an amplitude of about 11kPa. It was concluded that the 2 nodal diameter vibration
was the main cause of the rotor failure.
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Fig.1 Structure of tuning fork turbine blisk
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Fig.2 Typical vibration signal

o
Vibration acceleration/g

1100 1200 1300
fHz
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Fig.4 Crack position of the rotor
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Fig. 5 Oscillating mode in the same direction

Sy [R) 1) 42 Bl |5 ) $2 2 Be BHE T 4R s SR R
25 R F , T I R T i 5 B e G 0R T
FWIPE i TG R A R I B A A M R X
BN T & TE AR RS B DL B AR (I ND %
A)VHEHNC R R ST 7 AHBKRE
T LA S iR B RO R A0 1B 6~8 T

1 ND 2ND 1NC
526Hz 1275Hz 2176Hz

3ND 4ND 5ND
2474Hz 3767Hz 5046Hz

Fig. 6 Oscillating mode in the same direction
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Fig. 7 Oscillating mode in opposite direction
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Fig. 8 Single-row oscillating mode
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Table 1 Modal in working state
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Fig. 9 Stress contour at 2ND, INC and 3ND
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Table 2 Calculated and measured values of rotor free mode

Item IND 2ND INC 3ND 4ND
Calculated values/Hz 525 1276 2178 2475 3768
Measured values/Hz 523 1278 2235 2505 3820

Difference/% 0.38 0.15 2.60 1.20 1.40
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Table 3 Modal in different assembly states

State Mode fIHz 1%
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Fig. 10 Amplitude-frequency characteristics of Adf,; and
Adfy
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Fig. 11 Schematic diagram of dynamic measuring
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