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Field balancing technology for low pressure rotors of
high bypass ratio turbofan engines

CHEN Xi, LIAO Ming-fu, ZHANG Xia-mei, WANG Si-ji

(School of Power and Energy.,
Northwestern Polytechnical University, Xi'an 710129, China)

Abstract: For high bypass ratio turbofan engines, a field balancing method for low pres-
sure rotors was established based on least-square influence coefficient, and a testing system
for dynamic balancing was developed. After a model rotor experiment rig was built up, rele-
vant calculation of dynamic characteristics and balancing experiments were conducted. And
the correctness, validity and reliability of the field balancing technology were verified in a
bench experiment of actual engine. Results indicated that using the method of tracking high
pulse and transforming square wave according to fixed proportion can identify the high-tooth
signal, and integral period interception, interpolation processing and multiple times avera-
ging of vibration signals can ensure the accuracy and stability of speed and phase measure-
ment. The No. 1 support was more sensitive to the fan unbalance, and the No. 5 support was
more sensitive to the turbine unbalance, while the No. 2 support was sensitive to both unbal-
ances, and the sensitivity to the fan unbalance was greater. Under the premise of ensuring

the balancing effectiveness, when compared with the three-circle balancing method, the field
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balancing technology for low pressure rotors can also facilitate the operational convenience,

decrease the number of startups and shutdowns, and achieve less time consumption with a

bright prospect in engineering application.
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influence coefficient method; low pressure rotor; turbofan engine;

high bypass ratio
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Fig. 13 Amplitude-frequency characteristic curves
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Table 3 Balancing record with a trial weight
15308 253 M 55X

- 45 98 - — - — . e

PR W / e AL/ () P / e AHAL/ (D P W / o AL/ ()
WIthBTT 0.8 193.6 9.9 9.9 2.5 14.0
i FE s fT 0.5 194. 8 6.2 355.8 0.9 9.6
K I8 15 1T 0.2 209.1 2.1 335.8 0.8 165. 6

x4 R(BE

Table 4 Trial (correction) weight

W) & Fiit/g et /mm o ML/ ()
il 4.0 180 180.0

HHEE 9.04 180 160. 5

S Jm e 8.0 180 160. 0
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Table 5 Balancing record with influence coefficient (unbalance of 4g,300°)
153 A 2530, 5530,
-l 20 R — L . ] e . o
PRI/ pm B/ () PRI/ pem ABL/ () PRI/ pm AHAL/ ()
VIH B 17 0.6 172.0 8.2 348.7 2.1 337.4
o 06 15 1T 0.2 207. 3 2.3 354.9 0.4 153.0
xo6 ERAXMABNFEHIER(FAEEHEN 42.120°)
Table 6 Balancing record with influence coefficient (unbalance of 4g120°)
15 3R 2 T3, 5 T3,
- i A5 B — — — — — —
PRI/ pm B/ () PR/ pm AR/ () PRI/ pm AABL/ ()
VIR IB 1T 0.5 230.1 5.1 31.4 1.4 80. 6
K g1z 47 0.1 238.1 0.5 321.3 1.1 166. 8
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Table 7 Measuring point information

Wi LR R R R
CH1 1538 GEH) Jon sk B 50mV/(m/s*)
CH2Z  HiA#HLIF OKF) Jon 3 50mV/(m/s*)
CH3 m#HEGEE)  nEE 50mV/(m/s*)
CH4 e HLIF UKD T BE 50mV/(m/s*)
CH5 1% e LISt 1
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Table 8 Voltages of high-tooth and low-tooth pulse signals

D RER ¥  wteig (Rhg RRKid

RE BEE/ Vom W/ mV OEE/mV EZE/mV
b, T 8 4 25.5 5200 3200 2000
TN Y 92. 8 10000 7000 3000
B 88. 8 10000 7000 3000
85. 3%n, 85.3 10000 7000 3000
i g 2 40. 5 7000 5000 2000
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