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Abstract

The paper proposes a robust faults detection and forecasting approach for a centrifugal gas compressor
system, the mechanism of this approach used the Kalman filter to estimate and filtering the unmeasured states
of the studied system based on signals data of the inputs and the outputs that have been collected
experimentally on site. The intelligent faults detection expert system is designed based on the interval type-2
fuzzy logic. The present work is achieved by an important task which is the prediction of the remaining time
of the system under study to reach the danger and/or the failure stage based on the Auto-regressive Integrated
Moving Average (ARIMA) model, where the objective within the industrial application is to set the
maintenance schedules in precisely time. The obtained results prove the performance of the proposed faults
diagnosis and detection approach which can be used in several heavy industrial systems .

Keywords: Fault detection and diagnosis, Centrifugal gas compressor, Kalman filter, Interval Type-2 fuzzy logic,
Experimental data, ARIMA

Nomenclature P2/P2 Discharge pressure/Observesd discharge pressure

AIC Akaike Information Criterion Yo i .

ARIMA  Auto-regressive Integrated Moving Average P Optimal output signal

BCL505  Barrel, Closed disc counter wheel, Libre vortex ET2 Error discharge temperature
diffuser, 500 mm wheels diameter with 5 wheels EP2 Error discharge pressure

ACS Acguisition Control System AB,C and D State space matrices

ESRIV Extended Simplified Refined Instrumental Variable x/)z .

FDI Fault Detection and Isolation X State/Estimated state

Et_z EEZ; tgg:g ggzé Y/Y Output signal/Filtered output signal

FPE Final Prediction Error U Control signal

GCV Gas Control Valve *[k]/ *(k)

GE General Electric u y Pre-filtered input/output signals

HP High Pressure respectively

\Y Instrumental Variable E Error signal

LP Low Pressure R Residual signal

LNG Liquefied Natural Gas N Length data

LSL Lower Specification Limit K Discrete time

MIMO Multi Input Multi Output z—1 Delay operator

OE Output Error | Identity matrix

PLC Programmable Logic Controller z Zero matrix

RMSE Root Mean Square Error J Cost function

SISO Single Input Single Output Pk‘k -1/ Pk‘k

SPC Statistical Process Control Covariance/Updated covariance

SQC Statistical Quality Control V

SS State Space k Measurement residues

SRIV Simplified Refined Instrumental Variable S

UsL Upper Specification Limit k Innovation covariance

VAF Variance Accounting For K Optimal Kalman gain

Symbols k

T1 Aspiration Temperature [°C] Q, Process noise covariance matrix

P1 . Aspiration Pressure [kg/cm2] R, Measurement noise covariance

T 2/ T2 Discharge temperature/Observesd discharge F1,F2 and F3 Faults

temperature
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9. ECONOMIC STUDY

9.1. Reparation costs

During the first phase, within the time interval
from 0 to 1000 hours, the centrifugal gas
compressor operates in healthy operating mode,
consequently the value of the faults detection
system indicates ”0” Fig. 33. During the second
phase, along the time interval from 1000 hours to
2209 hours, the centrifugal gas compressor operates
under intermittent faulty state. Hence, the faults
detection system indicates ”1” as the measured
signal for faults detection pass the threshold
aforementioned Fig. 33. It is important to clarify
that the faults occurrence in percentage rises to
38.9776% at the end of the second phase, this
percentage is calculated based on the number of
zeros and ones obtained by the faults detection
system during the second phase as shown in Fig.
33. this percentage value means that the
performances of the centrifugal gas compressor are
decreased, due to the increase of the temperature T2

and the decrease of the output pressure P2 as shown
in Fig. 33 Consequently, at the end of the second
phase, the machine is stopped to perform the
maintenance of the whole system, not only the
studied compressor. This operation is performed
during the time of 744 hours (31 days) where the
main aim is to achieve all the required reparations.
On the other side, the total repair cost was
estimated at 357,000€(this maintenance is
performed to all the equipment without the
intervention of the manufacturer or an external
company). It can be seen clearly that the reparation
cost increases as the reparation time increase as
shown in Fig. 33. After the reparation, the
centrifugal gas compressor is restarted up and
connected to the installation to work with a fully
capacity again.

9.2. Benefits

When the intervention of reparation is
performed at the time where the percentage of the
fault occurrence reaches 10% based on the
proposed diagnostic and faults detection system, the
cost of reparation will be approximately 96,267€,
furthermore the reparation period will take
approximately 204 hours (8 days and a half day). In
this case it can be said that the proposed diagnostic
system for early faults detection is economically
efficient, where the reparation intervention of
defects will be done in time, more faster and with
reduced financial burdens.

10. CONCLUSION

A robust faults diagnosis and detection
approach is proposed in this paper and applied on
the centrifugal gas compressor BCL 505 based on
experimental data obtained on site from the
measurement of the real time acquisition control
system (ACS). The main purpose of the proposed
approach is to improve the energy efficiency by
improving the operating mode and the monitoring
performance of the BCL 505 centrifugal gas
compressor used in gas transportation station and
studied in this paper.

This proposed faults diagnosis and detection
approach is a combination of the two faults
detection and isolation (FDI) approaches that are
mainly based on the optimal identified healthy
parametric  equivalent model, the Kalman
observation system, and the intelligent expert fuzzy
type-2 system. Whereas the Kalman filer is used to
obtain the estimation of the output signals and to
ensure the robustness against the eventual
disturbances and noise contained in the measured
output signals from the DCS. The output of the
optimal identified parametric model and the
estimated output based on real time inputs are used
to generate the current residues on real time. In this
paper this residues are used through the expert



72 DIAGNOSTYKA, Vol. 20, No. 2 (2019)
Nail B, Kouzou A, Hafaifa A, Hadroug N, Puig V.: A robust fault diagnosis and forecasting approach based ...

The reparation o
cost L2r
Ll

% 10° X: 2908
4 T : ' T X: Y:3.571e+05 T |
e it Y:3.226e+05 ®H
I
i X: 2622 i
! Y: 2.419e+05
]
I X: 2449
i Y: 1.613e+05
i X: 2285
! Y: 8.065e+04
_____ b I gm
I
i L 1
1000 1500 2000 2500 3000
« | Comsumep -

1000 500 0 0 500

Dtection of alarm Reparation
- > >

. -
. J
°
- conenlesse s
1000 1500 2000 2500 3000

Time (h)

Fig. 33. The diagnosis approach impact on the financial cost

system which was designed based on the type-2
fuzzy logic to ensure the faults diagnosis and
detection in real time, this expert system achieves
this main task with the help of the calculated and
defined limits of the threshold defining the degree
of the faults and its level of damage and risk on the
studied centrifugal gas compressor BCL 505
system. Furthermore, the prediction of the
remaining time before the failure of the studied
machine is investigate based on the autoregressive
integrated moving average (ARIMA) model, where
the main aim is to avoid the an expected failure and
to provide an accurate maintenance schedule. It can
be concluded that the proposed approach of faults
diagnosis and detection which has been applied on
the centrifugal gas compressor BCL 505 posses
several advantage such as the decrease of the
reparation time, avoiding the system form an
expected operating risks and reducing the
maintenance costs. These advantages affects
positively the energy efficiency of the whole
studied system and therefore increase the stability
of the production, on the operation mode of the
studied system and improves the overall studied
system reliability and its robustness against the
eventual faults.

Finally, it can be said that the proposed faults
diagnosis and detection approach investigated in
this paper is a promising approach which can be
applied for different heavy industrial systems to
improve their efficiency, especially in the area of
petrol and oil industrial applications such as the gas
turbine, the turbo-alternator, the turbo gas

compressor...etc, where the main aim is to improve
their dynamic behaviours, their operation mode,
their reliability, their economics and their
efficiency.

- The memberships functions of the fuzzy type 2
expert-system may be are not the optimal ones, we
can use the PSO or Genetic Algorithms to select the
optimal ones, as further studies.

2- The modeling of the studied system can be
obtained based on Artificial Neural Network
(ANN) or ANFIS algorithms for obtained the
model that exactly represents all the dynamics
behavior of the studied system.

APPENDIX

Table 3: General performance of centrifugal gas
compressor BCL 505

Stages 1-5
Maximum discharge pressure 123 kg/cm?
Maximum discharge temperature 121 °C

Efficiently -% 73 %
Speed 3000 to 20000 rpm
Compressed gas LNG

The process and measurement noise covariance
matrices Q and R, respectively have been selected
as: Q=diag([10 20 30 40 50 60 70 80 90 100])
R=eye(2)
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