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Abstract—In this study, a fault detection and isolation syatem(FDIS) is constructed for the supervision
of the liquid transportation system that is composed of DC-motor, centrifugal pump and pipe-lines. The FDIS
consists of the residual generator, detection logic and fault isolation logic and it can be classified as the
dedicated observer scheme(DOS). The system can detect the occurrence of sensor faults and identify the
failed ,sensor. And the process faults that may occurr in the components such as DC-motor, centrifugal pump

" and pipe-lines can be promptly detected and diagnosed with the FDIS. It may provide an effective way
that will enhance the safety and the functional reliability of the fluid transportation systems.
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Fig. 1. Scheme of a centrifugal pump driven from DC-mo-
tor and pipe line.
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Table 1. List of the DC motor(DM30)’ data

o] 7] 4

Definition Data Definition Data
Maximum power 3.52[kW] Rated power 3.0[kW]
Maximum speed 1250[ rpm] Rated speed 1000[ rpm ]
Rated amarature voltage 160[ V- Rated frequency 60[ Hz]
Rated current 22[A] Resistance 0.45[ 0]
Table 2. Data of parameters in steady-state

Symbol Definition Parameter data

R, armature resistance 045[Q]

L. armature inductance 0.0054[H]

Ky back electromotive force constant 1.433[V-sec/rad]

] moment of inertia : 0.398{ kg* m?] J.=0.199 1,=0.199
C adhesive friction coefficient : 0.02[N-m-sec/rad] Cim=0.005 Cip=0.015
Ka torque coefficient generated by the motor 0.1459[N-m/A]

K, torque coefficient generated by the pump 0.2736[N-m-sec/rad]

H.,. characteristic coefficient of the motor 0.015[ m?/kg-sec]

Hp characteristic coefficient of the pump 0.564[ m?/rad - sec]

A. acceleration coefficient of the fluid 17.13[ m%/kg]

A, resistances coefficient of the fluid 13.704[ m?/kg- sec]
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Table 3. Fault of the system and parameter variation

System Process component fault

Parameter variation

DC motor (@ Faultl; defect of carbon-brushes.
@ Fault2; a short circuit of armature coil.

Centrifugal (@ Fault3; excess of lubrication oil on
pump ball-bearing.
@ Fault4; exist of dirt on ball-bearing.

® Faults; cavitation happening(temperature

increase, gas bubble formation).
@ Faulté; impeller defecting.

Pipe line O Fault7; leakage in pipe line

(D armature resistance(Ra) increase.

(@ armature resistance(Ra) decrease, armature induc-
tance(La) decrease.

(@ adhesive friction coefficient(Cf) decrease, pump
torque coefficient(Kp) decrease.

@ adhesive friction coefficient(Cf) increase, pump tor-
que coefficient(Kp) decrease.

@ fluid resistances coefficient(Ar) increase, pump
characteristic coefficient(Hp) decrease.

@ fluid resistances coefficient(Ar) increase, pump
characteristic coefficient(Hp) decrease, pump tor-
que coefficient(Kp) decrease.

(D outlet mass flowrate(Mo) decrease.
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Fig. 2. The FDIS(Fault Detection Isolation System).
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Table 4. Data of real constants matrix L

Real Simulation Real Simulation Real Simulation
constants value constants value constants value
l1 40.133 14 —217.44 17 301500.
12 —10.233 15 30.133 18 ~17200.
13 181.07 16 —582.226 19 30.
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Fig. 5. Residuals when faults exist in centrifugal pump.
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Fig. 6. Residuals when faults exist in pipe line.
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Table 5. Simulation results of the sensor fault and efficiency test
Residuals Eff.
Fault rate o} T2 I3 T2 T2 23 I3t I3 I3 (%)
X 5% 1.052 1.052 0 0.324 0.324 0 9.779 9.779 0 100
sensor 10% 2.104 2.104 0 0.648 0.648 0 19558  19.558 0 100
fault 15% 3.156 3.156 0 0.972 0972 0 29336  29.336 0 100
20% 4.208 4.208 0 1.295 1.295 0 39.115  39.115 0 100
X2 5% 16.560 0 16560  5.025 0 5025 155.22 0 155.22 100
sensor 10% 33.120 0 33120 10.051 0 10.051 31045 0 31045 100
fault 15% 49.679 0 49679 15.076 0 15076 465.67 0 465.67 100
20% 66.239 0 66.239 20.102 0 20.102  620.89 0 620.89 100
X3 5% 0 41621 41621 0 3.029 3029 0 0.207 0.207 100
sensor 10% 0 83.242 83242 o0 6.057 6.057 0 0414 0.414 100
fault 15% 0 12486 12486 0 9.086 9.086 0 0.621 0.621 100
20% 0 16648 16648 0 12.115 12115 O 0.828 0.828 100
Table 6. Simulation results of the process fault and efficiency test
Fault Effi. Residuals
Faults
rate (%) r I I 3 o I3 I3 T3 I33 Ty
Faultl 10% 100 —0.005 —0.681 1.171 —2.162 —0.026 —19.036 4963 —1.013 —0.001 0
20% 100 —0.011 —1.354 2328 —4.298 —0.052 —37.841 9866 —2.013 —0.002 0
30% 100  —-0.016 —2.019 3471 —6408 —0.077 —56418 14709 —3.001 —0.003 0
Fault2  10% 100 0005 0690 —1186 2189 0026 19272 —5.025 1.025 0.001 0
20% 100 0011 1388 —238 4405 0053 38785 —10.112 2.063 0.002 0
30% 100 0016 2095 —3602 6649 0080 58543 —15263 3114 0.003 0
Fault3  10% 100  -—-0.080 0.037 18120 —0.015 0.026 18883 —7.083 1004 0.001 0
20% 100 —0.161 0075 36461 —0.030 0.052 37.998 —14252 2021 0.002 0
30% 100 —0.243 0.113 55028 —0.045 0.079 57347 —21510 3.050 0.003 0
Fault4 10% 100 0.079 —0.037 —17.902 0.015 -—0.026 —18.657 6.998 —0.992 —0.001 0
20% 100 0.157 —0.073 —35591 0.029 -0.051 —37.091 13912 —1.973 —0.002 0
30% 100 0234 —0.109 —53.070 0.044 —0.076 —55306 20.745 —2.942 —0.003 0
Fault5 10% 100 —0.076 0035 16.823 —0.014 0.025 17.548 69456 —4.590 —0.015 0
20% 100 —0.153 0071 33.850 —0.028 0.049 35307 126958 -—8.305 —0.028 0
30% 100 —-0.230 0.107 51.028 —0.043 °"0.075 53.277 175.251 —11.347 —0.038 0
Faulté 10% 100 --0.077 0036 16.767 —0.014 0025 17507 145444 —10.110 —0.031 0
20% 100 —0.155 0.072 33.751 —0.029 0.050 35235 267.087 —18.486 —0.058 0
30% 100 —0.234 0109 50.949 —-0.044 0076  53.182 370.421 —25.526 —0.080 0
Fault7 5% 100 0 0 0 0 0 0 0 0 0 -5
10% 100 0 0 0 0 0 0 0 0 0 -10
15% 100 0 0 0 0 0 0 0 0 0 -15
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Table 7. Efficiency test when noise exist in faulty pro-

cess
Faults Standard deviation Efficiency (%)
Fault rate 01% 02% 03% 0.7%
Faultl 10% 999 746 607 328
20% 100 969 821 545
30% 100 998 929 613
Fault2 10% 999 764 622 343
20% 100 965 827 562
30% 100 998 928 623
Fault3 10% 100 872 714 353
20% 100 966 911 399
30% 100 100 982 418
Fault4 10% 100 866 713 372
20% 100 996 912 411
30% 100 100 983 447
Faults 10% 100 100 100 61.8
20% 100 100 100 64.6
30% 100 100 100 639
Fault6 10% 100 100 100 654
20% 100 100 100 66.5
30% 100 100 100 65.7
Fault7 5% 978 335 - -
10% 978 335 - -
15% 978 335 - -
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