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Abstract: Aiming at measurement parameters optimal selection for gas path fault diag-
nosis in ground test bed, a four-step optimal method was presented. The four-step optimal
method includes measurement parameters sensitivity analysis, component performance pa-
rameters correlation analysis, influence coefficient matrix condition number analysis and ge-
netic algorithm validation. According to the first step, total air mass flow was picked out. In
the second step, total temperature at fan exit and total temperature at compressor exit were
picked out. In the third step, twelve measurement parameters combinations beneficial to
fault diagnosis were picked out. In the final step, the best measurement parameters combina-
tion was obtained. Based on the genetic algorithm, the simulated diagnostic results show
that, with these twelve measurement parameters combinations, all the fitness values for each
single fault diagnosis are more than 0. 85, which approximate the optimal fitness value 1. As
to the most promising measurement parameter combination, all the fitness values are greater

than 0. 9 by genetic algorithm validation, which demonstrate the validity of this four-step op-
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timal method.
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Structure diagram of two-shaft split flow

1
Fig. 1

turbofan engine
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Table 1 Measurement parameters standard deviation

(percent of reference value)

i 240 PRUEZE of %
JAUB AR T 0.2
KU O TR pae 0.3
FESHUE A SR Ty 0.2
FEEMLE T EE ps 0.3

e R S R T 0.5
R R D SR pes 0.3
RE R H O BR T 0.2
TR S ps 0.3
T N, 0.1
MR m, 0.5
PRI 5 oy 0.3
#: F 0.8

F£2 H=0m, Ma=0, N,=100% iR ENXTEREZMALERR C
Table2 H=0m, Ma=0, N, =100% sacled influence coefficient matrix with noise C

Rers EAES

M Then Mian Thom Meom Tt Mg Mot e
T —0.077 0. 045 —0.033 —0. 009 —0.035 0.031 0.013 —0. 044
pos 0. 032 0.127 —0. 067 —0.023 —0. 070 0. 062 0. 037 —0.133
T; —0. 207 0.136 —0.193 —0.076 0. 040 —0. 148 —0.101 0. 185
b —0.263 0. 326 —0. 001 —0. 001 0.021  —0.338 —0.233 0.331
Tys —0. 169 0.110 —0.199 —0.063 —0. 211 0. 187 —0. 188 0.014
Dis —0. 267 0. 326 —0.018 0. 001 —0.015 0. 009 —0. 315 0.114
Ts —0.435 0. 284 —0.511 —0. 160 —0. 545 0.476 —0. 544 0. 107
Ds —0. 284 0. 337 —0.038 —0. 004 —0.036 0.022 —0. 289 0. 337
N, —0. 444 0. 495 0.723 —0. 975 0.709  —0.699 —0.238 0. 753
, —0.003 0.115 0. 007 0. 002 0.008  —0.006 —0. 004 0. 008
mg —0.554 0. 507 —0. 364 —0.108 —0. 383 0. 329 —0.595 0. 351
F —0.087 0.165 —0.034 —0. 009 —0.036 0. 029 —0.089 0. 074
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Fig. 2 Four-step optimal method flow diagram
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Fig. 3 m, fault fingerprint diagram
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Table 3 Top twelve condition number of measurement parameters combination

Wz - r, N r N . v -

wies " B ) B ) ) " j ) ~ " ¢
1 . . . v v v v v 1. 507
2 . . . v v v v v 1.518
3 . . . v v v v v 1.529
4 . . . v v v v v 1. 542
5 . . . v v v v v 1. 595
6 . . . v v v v v 1.726
7 . . . v v v v v 1. 768
S . . . v v v v v 1. 768
9 . . . v v v v v 1. 786
10 . ) ) v v v v v 1.791
11 . . . v v v v v 1.916
12 . . . v v v v v 1. 936
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Fig. 7 Flow chart of genetic algorithm optimal measurement parameters selection

x5 BEEEERBANESHENE

Table 5 Genetic algorithm identify measurement parameters fitness

T R

HAE9 AE10 AE11 HE 12

il B 5

BIFS  g@a1 442 483 484 AE5
1 0.871 0.873 0.900 0.908 0.903
2 0.902 0.921 0.884 0.927 0.897
3 0.889 0.894 0.903 0.905 0.886
4 0.872 0.905 0.877 0.922 0.915
5 0.894 0.885 0.902 0.902 0.919
6 0.913 0.906 0.898 0.915 0.886
7 0.907 0.899 0.865 0.909 0.876
8 0.911 0.912 0.895 0.920 0.901
9 0.893 0.891 0.904 0.915 0.894
10 0.905 0.910 0.899 0.917 0.883
11 0.917 0.912 0.901 0.910 0.915

.890  0.903 0.885 0.883 0.903 0.901 0. 899
.894  0.912  0.904 0.894 0.910 0.915 0. 881
.901  0.889 0.893 0.900 0.886 0.889 0. 900
.904  0.867 0.896 0.887 0.884 0.875 0.917
.910  0.900 0.903 0.904 0.854 0.904 0. 897
.893 0.903 0.887 0.889 0.887 0.867 0. 876
.884  0.890 0.899 0.875 0.903 0.892 0.909
.905  0.886  0.908 0.905 0.916 0.907 0.912
.888 0.907  0.904 0.912 0.895 0.910 0. 889
.876  0.904 0.889 0.904 0.894 0.867 0. 899
.894  0.884 0.897 0.881 0.906 0.868 0. 909
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