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Abstract :

In the field of fault diagnosis, the deviations from normal operating conditions are monitored to identify the type of faults and

find their root causes. One of the most representative methods is the statistical approaches, due to a large amount of advantages. However,
ambiguous diagnosis results can be generated according to fault magnitudes, even if the same fault occurs. To tackle this issue, this work
proposes principal component analysis (PCA) based method with qualitative information. The PCA model is constructed under normal
operation data and the residuals from faulty conditions are calculated. The significant changes of these residuals are recorded to make the
information for identifying the types of fault. This model can be employed easily and the tasks for building are smaller than these of other
common approaches. The efficacy of the proposed model is illustrated in Tennessee Eastman process.
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2. PCA (principal component analysis)
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Fig. 1. Tennessee Eastman process.
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Table 1. The descriptions of fault types

Fault Description

F1 A/C Feed Ratio, B Composition Constant (Stream 4)

F2 B Composition, A/C Ratio Constant (Stream 4)

F3 D Feed Temperature (Stream 2)

F4 Reactor Cooling Water Inlet Temperature

F5 Condenser Cooling Water Inlet Temperature

F6 A Feed Loss (Stream 1)

F7 C Header Pressure Loss-Reduced Availability (Stream 4)

F8 A, B, C Feed Composition (Stream 4)

F9 D Feed Temperature (Stream 2)

F10 C Feed Temperature (Stream 4)

F11 Reactor Cooling Water Inlet Temperature

F12 Condenser Cooling Water Inlet Temperature

F13 Reaction Kinetics

Fl14 Reactor Cooling Water Valve

F15 Condenser Cooling Water Valve
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. 2. The changes of principal components for Fault 12,

Table 2. The changes of PCs for assumed faults (fault 1-8)

Fault13

. 3. The changes of principal components for Fault 13,
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Fig. 4. The algorithm of fault diagnosis based on PCA for TE
process,

Fault pel pe2 pc3 pcé pes pco pc7 pe8 pc9 pcl0
F1 -+ -+ -/ ++ +/- -/ -/- -/ -+ -+
F2 -/- +/+ -1+ +/- +/+ -+ -/- -1+ -/- -/
F3 -+ -+ -+ +/- +/- -+ -1+ +/- -+ /-
F4 -+ -1+ -+ +/- -+ -+ +/- +/- +/- -/
F5 +/- +/- +/- -+ /- -+ ++ +/- -+ -/
F6 -+ ++ -+ +- +/- ++ ++ ++ -/- -+
F7 +/- +/- +/- -+ -+ +/- +/- -+ +/- +/-
F8 +/- +/- +- -+ -+ +/- +/- +/- +/- +/-
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Table 3. The results of fault diagnosis with unknown data

Unknown data Fault type
Datal Fl1
Data2 F13
Data3 F10
Datad F5
Data$ F12
Data6 F2
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