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Abstract : In order to guarantee the process safety and prevent accidents, the deviations from normal operating conditions should be
monitored and their root causes have to be identified as soon as possible. The statistical theories-based method among various fault diagnosis
methods has been gaining popularity, due to simplicity and quickness. However, according to fault magnitudes, the scalar value generated
by statistical methods can be changed and this point can lead to produce wrong information. To solve this difficulty, this work employs PCA
(Principal Component Analysis) based method with qualitative information. In the case study of our previous study, the number of assumed
faults is much smaller than that of process variables. In the case study of this study, the number of predefined faults is 19, while that of
process variables is 6. It means that a fault diagnosis becomes more difficult and it is really hard to isolate a single fault with a small number
of variables. The PCA model is constructed under normal operation data in order to get a loading vector and the data set of assumed faulty
conditions is applied with PCA model. The significant changes on PC (Principal Components) axes are monitored with CUSUM
(Cumulative Sum Control Chart) and recorded to make the information, which can be used to identify the types of fault.
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Table 1. Process variables of the actuator process

Process variables

External controller output (CV)
Flow sensor measurement (F)
Valve input pressure (P1)
Valve output pressure (P2)
Liquid temperature (T1)
Rod displacement (X)

Fig. 1. The scheme of DAMADICS,

Table 2. The descriptions of fault types

Fault Description
F1 Valve clogging
F2 Valve plug or valve seat sedimentation
F3 Valve plug or valve seat erosion
F4 Increased of valve or bushing friction
F5 External leakage
F6 Internal leakage (valve tightness)
F7 Medium evaporation or critical flow
F8 Twisted servo-motor's piston rod
F9 Servo-motor's housing or terminals tightness
F10 Servo-motor's diaphragm perforation
F11 Servo-motor's spring Fault
F12 Electro-pneumatic transducer Fault
F13 Rod displacement sensor Fault
F14 Pressure sensor Fault
F15 Positioner feedback Fault
Fl6 Positioner supply pressure drop
F17 Unexpected pressure change across the valve
F18 Fully or partly opened bypass valves
F19 Flow rate sensor Fault
2 2Rk A4 £ G wue 9.2 PLR, 2
= 7, rod W] X2 24 Hol AUk
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Table 4. The changes of PCs for assumed faults

25 DAMADICS
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Fig. 4. The algorithm of fault diagnosis based on PCA,

Table 5. Time comparison of the faults (unit : second)

F1 F2 F3 F4 F5 Fo6 F7 F8 F9 F10 | F11 F12 | F13 | F14 | F15 | F16 | F17 | F18 | FI9
PC1 239 | 247 | 314 | 629 204 | 203 204 204 271 238 | 268 | 204 | 204
PC2 | 295 | 295 288 229 | 288
PC3 | 230 276 212 289 298 | 288 | 298
PC4 | 370 | 254 | 260 | 606 227 | 215 287 222 274 | 253 | 229 | 221 254
PC5 | 292 368 346 | 308 285 | 358 269 299 | 284 | 297 | 338
PC6 | 234 283 244 | 237 225 | 289 390 | 226 | 303 | 215 | 213 | 235 | 255
PC7 226 222 246 236 254 204 228 215 239 231 312 216 204
PC8 | 226 | 222 | 248 | 293 223 208 | 249 | 285 | 242 | 208 | 237 | 207 | 232
PC9 202
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