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Abstract; There are random errors in the measurement data of gas turbine units, resulting in a certain
deviation between the simulation results of the thermal model and the measurement results of the actual
operation of the unit, and the limitations of gas path diagnosis. To effectively diagnose the performance
degradation of gas path of the gas turbine, this paper proposed a gas path diagnosis method based on data
coordination. An objective function combining the data-coordinated equations with the mean-square error
of the simulated and measured values was constructed, and the original simulated values were replaced by
the data-coordinated values. The particle swarm optimization algorithm was used to obtain the accurate so-
lution of the component characteristic parameter offset. The simulation test of gas path diagnosis was car-
ried out based on the simulated degradation fault cases. The results show that the maximum relative devi-
ation of degradation factor in the simulation test is less than 0.96% , which is 3.93% better than that of
the traditional gas path diagnosis method without data coordination.

Key words: gas turbine, gas path diagnosis, optimization algorithm, data reconciliation
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Tab. 1 The measuring instrument information
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Fig. 1 Gas path diagnosis method of gas turbine based on data reconciliation
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Fig. 2 Simplified diagram of thermal simulation

model of gas turbine
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Tab. 2 Accuracy validation results of thermal

simulation model
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Tab. 3 Degradation factor of degradation fault cases

%l ASF,.,  ASF_.  ASF, .  ASF..  ASF 4
1 0.98 0.98 1 1 1
2 1 1 0.98 1 1
3 1 1 1 1.02 0.98
4 0.98 0.98 0.98 1 1
5 0.98 0.98 1 1.02 0.98
6 1 1 0.98 1.02 0.98
7 0.98 0.98 0.98 1.02 0.98
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Tab. 4 Sensitivity analysis of deviation of measurable

gas path parameters( % )
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1 0 1.37 1.76 1.72
2 0 0 -1.25 -1.13
3 0 0 0 1.34
4 0 1.37 0.48 0.57
5 0 1.37 1.76 3.09
6 0 0 -1.25 0.19
7 0 1.37 0.48 1.92
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Tab.5 Gas path diagnosis results of 7 cases using PSO-GPA and DR-PSO-GPA methods

- PSO-GPA DR-PSO-GPA

# ASF, 4, ASF, ASF), ASF, ;. ASF, ASF_ ;. ASF, ASF), ASF, ;. ASF,
1 0.9797 0.998 5 0.994 0 0.978 4 0.9813 0.978 3 0.999 3 0.996 1 0.982 8 0.981 0
2 0.984 5 1.014 2 1.007 6 1.018 5 0.9813 0.984 5 1.007 2 1.001 9 0.987 0 0.981 2
3 1.0150 0.983 3 1.001 2 1.015 6 1.017 6 1.003 2 0.984 7 1.001 5 0.988 4 1.004 0
4 1.001 9 1.003 3 0.987 7 1.000 3 0.974 1 1.003 0 0.999 6 0.983 0 1.000 2 0.974 7
5 1.009 8 1.002 0 1.0150 1.000 3 1.017 5 1.003 8 1.006 2 1.017 5 0.999 4 1.013 0
6 0.9797 0.998 5 0.994 0 0.978 4 0.9813 0.978 3 0.999 3 0.996 1 0.982 8 0.981 0
7 0.984 5 1.014 2 1.007 6 1.018 5 0.9813 0.984 5 1.007 2 1.001 9 0.987 0 0.981 2
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Fig. 3 Gas path diagnosis result of case 3
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Fig. 5 Search iteration process of case 1
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Tab. 6 Search iteration results of 7 cases

el L& Th% eSSt b R At 9%
1 39 0.086
2 42 0.074
3 43 0.079
4 36 0. 102
5 42 0.075
6 46 0.072
7 35 0.105
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Tab.7 Comparison of diagnostic accuracies between

PSO-GPA and DR-PSO-GPA methods
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3 0.79 0.39
4 3.93 0.86
5 1.76 0.69
6 1.02 0.65
7 2.97 0.96
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