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turbofan engine based on nonlinear model
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Abstract: The intercooled recuperated turbofan engine has more health parameters than the ordinary
three-shaft turbofan engine, which leads to a larger calculation amount of fault diagnosis. To enhance the
speed of gas path fault diagnosis of intercooled recuperated turbofan engine under multi-component
degradation, a fast gas path fault diagnosis method for intercooled recuperated turbofan engine was
developed. Based on the traditional nested iterative diagnosis architecture, a non-nested iterative
architecture was designed, which considered the degradation of 6 rotating components and 2 heat

exchanger components. By dividing the components, the engine component matching and fault diagnosis
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could be completed in the same Newton-Raphson iterative algorithm. The sensor selection optimization

was carried out to improve the ability of measuring parameters to identify the degradation of different

components. The results of simulation test on all conditions of engine life cycle showed that the maximum

diagnostic error of this method was 0.003 6%, the average error was 0.000 8%, and the average calculation

time was less than 0.063 seconds. Compared with the traditional diagnostic architecture, this non-nested

architecture can significantly reduce the number of sub-component calls and fault diagnosis time while

ensuring the diagnostic accuracy. It provides the method and theoretical support for overcoming the

conflict between high-precision fault diagnosis and rapid diagnosis of multi-component faults.

Keywords: intercooled recuperated turbofan engine; nonlinear model; gas path fault diagnosis;

Newton-Raphson algorithm; sensor selection optimization
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Fig. 1 Schematic diagram of the three-shaft intercooled

recuperated turbofan engine
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Fig. 3 Non-nested iterative algorithm subcomponent calculation schedule
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Table 3 Influence matrix of health parameter deviation on measurement parameter

ZH Xmne  Xtnf  Xiece Xiecf  Xupce Xwpcf XupTe Xwprf  XipTe Xt XLpTe  XipTi Xice  XREe
T3 0.029 0.142 -0.023 -0.012 —0.002 —0.015 0.041 0.076  0.004 -0.049 -0.179 -0.121 -0.002 -0.125
T 0.008 0.062 —0.012 —0.006 —0.001 -0.008 0.022 0.041 0.003 —0.025 —0.095 —0.065 -0.001 —0.066
o 0.064 0.043 0.084 0.162 0.085 -0.004 0.151 0.189 -0.390 —-0.868 0.032 0.821 0.011 -0.154
T2s 0.045 0.095 0.028 0.070 0.039 -0.010 0.093 0.129 -0.181 -0.433 -0.079 0326 0.249 -0.139
T43 0.107 0.210 0.543 0.186 0426 0.036 0.599 0.812 0.588 0.564 0.261 -1.154 0.060 -0.315
T4y 0.103  0.227 0.567 0.165 0.441 0.038 0.516 0340 0.517 0.589 0.259 -1.441 0.062 -0.314
Ts 0.173  0.131 0.622 0.184 0470 0.054 0.619 0.828 0.765 0.893 0.778 —-1.250 0.072 -0.224
T 0.132  0.139  0.381 0.143 0272 0.117 0.110 0.032 0308 0968 0361 -0362 0.123 0.307
Ti6 0.039 0.138 —0.029 0.001 —0.005 —0.016 0.040 0.072 -0.052 -0.152 -0.148 0.017 -0.037 -0.131
p»s —0.078 —0.327 —-0.897 —-0.168 1.184 0.209 1459 1.717 -1.052 -3.337 0.013 1.797 0.142 —0.298
p7 —0.007 —0.270 -0.409 -0.152 -0.298 -0.046 —0.358 —0.458 —0.378 -0.417 0.387 1.006 0.023  0.053
pie  —0.354 —0.535 —-0.002 -0.005 0.025 -0.022 0.105 0.174 0.037 -0.057 -0.344 —-0.291 —0.009 —0.222
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Table 4 Correlation coefficient values among various health parameters

S8 Xpne Xtanf Xice Xwcs Xupce Xupes  XHPTe  Xuprt  XiPTe  XipTf  XipTe XipTf  Xice  XREe
Xfane 1

Xean,f 0.88 1

Xipc,e 0.52 0.67 1

Xipc £ 0.56 0.68 0.93 1

Xwpce 0.10 —0.04 —0.13  0.03 1

Xupcs 0.14  —0.06 -0.18 —-0.05 0.90 1

Xwpre 0.06 —-0.05 -0.14 0.03 0.99 0.84 1

Xuprs 0.06 —-0.02 -0.09 0.07 97 0.78 0.99 1
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Fig. 5 Correlation analysis of similar faults
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Table S Different combinations of measurement parameters
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