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Aero-engine unbalanced fault location identification method

based on| deep learning
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Abstract; For the problem of aero-engine unbalanced fault location diagnosis based on
casing test points, a.method of acro-engine unbalanced fault location diagnosis based on deep
convolution neural network was.presented. The coupling dynamic model of a typical dual-ro-
tor aero-engine was ‘established, and the numerical integration method was used to realize the
numerical simulation of~unbalanced fatlt. Four unbalanced fault positions were selected from
the highvand low pressure rotors ‘of the compressor end to the turbine end as the diagnostic
object. A large number of unbalanced fault samples obtained by simulation were used to train
the deep convolution neural network, and the excellent feature learning ability of the deep
convolution neural-hetwork was used to realize the identification of different positions of the
aeroengine unbalanced fault. The numerical experimental results fully showed the accuracy

of the method to identify the unbalanced fault locations of aero-engine reached to 95%.
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Fig. 1 Structure schematic diagram of a typical high push-mass ratio dual-rotor aero-engine
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Schematic diagram of dynamic model of a dual-rotor aero-engine

Fig. 2
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Table 1 Finite element node numbers for rotor and casing
S IR AL IR E i 56 1H R PSR AT SR AL
- L L ¥ CEAWIHENE)  CENIMEENLED
RiP=% ¢ 6 15 15 9 27
x2 BFNEXRFINESH
Table 2 Dynamic parameters of rotor-casing support
b 1B S il S8 5 i R S 5 R Al 7R e 5 B R e 5 AL
SORGEE o o ZI RN/, Z WA EEEe/ AR EENIE/  ZE R EERE/
Bit/kg B/ ke , ‘
£ FR 10" (N/m) (N« s/m) 10° (N/m) (N« s/m)
RC1 1 10.4102 3.5 2000.0 1.0 2000.0
RC2 1 8.4086 10 2000.0 1.0 2000.0
RC3 1 16.7173 5.0 2000.0 1.0 2000.0
RCS 1 20.0204 2.5 2000.0 1.0 2000.0
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Table 3 Dynamic parameters of connection between casing and base support
B - JEfih 52 A& x Fa ) W/ x R &HE/ MR DAL v RIL&RL e/
AR 10" (N/m) (N« s/m) 107 (N/m) (N« s/m)
CB1 1.0 2000.0 1.0 2000.0
CB2 1.0 2000.0 1.0 2000.0
x4 RERTFHRHMBINFSH
Table 4 Dynamic parameters of low pressure rotor coupling
I Al 5% A 1wy W B / mpEe/ S 1] W B2/ i BELE /
4 FR 10° (N/m) (N« s/m) 10 (N « m/rad) (N e+m-=+ s/rad)
RRC 1.0 0 1.0 0
x5 BTF-RHRTFTHNHBRERNNZSH
Table S Dynamic parameters of rotor-rotor intermediate bearing connection
SN SERE AN SHORIE AR IE AN R A T
A R N I 7 - i N, ‘
. - 32 45 )/ 4L / 2 B / 32 4 LR/
STAR AR Bt/ kg Bk /kg v ; N\
10* (N/m) (N «5/m) 10* (N fat) (N +s/m)
RRM 1.0 1.0 2.5 500. 0 2.5 500. 0
x6 NME-NEXRNNFESH
Table 6 Dynamic parameters of casing-casing supports
e A 1o M 2/ e ELe / S 1 W/ i B JE /
- 108 (N/m) (N +s/m) 10°(N « m/rad) (N e+m-+ s/rad)
CC1 1.0 5000 5.0 5000
CcC2 1.0 5000 5.0 5000
x7T RAFMABSKRESH
Table.7 Type and parameters of deep groove ball bearing
WAR/ MR/ EE) RER/ BRiER/ ke NERATHE SN ERTHES
S S - o wi I /N
mm mm A%k mm mm 10" Pa L EEY EEEX
1 140 200 22 19.05 0.01 2.1 0.3 0.52 0.52 10000
3 133.35 201.725 20 22.225 0.01 2.1 0.3 0.52 0.52 20000
x8 EHERTHAESESH
Table 8 Type and parameters of cylindrical roller bearings
e Wie/ shie/ R BTAM WTHZ RTER/ RBREEHER/ ML/ g
- mm mm 1% KE/mm KJE/mm mm mm mm
2 130 180 30 12 7.77 12 0.01 0.02 10
4 118. 94 164. 064 28 16 7.77 12 0.01 0.02 10
5 130 180 30 12 7.77 12 0.01 0.02 10
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Fig. 3 Deep convolution neural network model for rotor unbalanced location recognition
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Table 10 Training and test results list at different

test points
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Table 12 Training and test results list at different levels

of imbalance
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Table 13 Training and test results list of multi-levels unbalanced fault samples
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Fig. 13 Test and training results of simulation samples

with multi-levels imbalances
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