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An Experimental Study on Fault Detection and Diagnosis Method
for a Water Chiller Using Bayes Classifier

Heung Ju Lee, Young-Soo Chang" and Byung Ha Kang™*

ABSTRACT: Fault detection and diagnosis(FDD) system is beneficial in equipment
management by providing the operator with tools which can help find out a failure of the system.
An experimental study has been performed on fault detection and diagnosis method for a water
chiller. Bayes classifier, which is one of classical pattern classifiers, is adopted in deciding whether
fault occurred or not. FDD algorithm can detect refrigerant leak failure, when 20% amount of
charged refrigerant for normal operation leaks from the water chiller. The refrigerant leak failure
caused COP reduction by 6.7% compared with normal operation performance. When two kinds of
faults, such as a decrease in the mass flow rate of cooling water and temperature sensor fault of
cooling water inlet, are detected, COP is a little decreased by these faults.
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Fig. 1 2-dimensional residual distribution.
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Table 1 Rules for diagnostic classifier
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Table 2 Operating conditions

for no-fault

Table 4 Overview for standard deviation

test reference model
’ Parameters Values Parameter Teono Tevao Teom.o Tehw.i
Cooling water mass flow 9.08 0 (C) | 05809 0.2940| 1.3204| 0.1525
__rate [kg/min] Parameter | Tewo Teon Peomp Teva
Chilled water mass flow 715 0 (C) | 01536 02335 0.0111] 0.8266
rate [kg/min] )
Compressor rotation
speed ratio to nominal 40/60/80/100 40
rotation speed [%] S 38 5=0.1536 (°C)
Chilled water (3utlet 5/7/9 E(_J, ’
temperature, [C] — ap
Cooling Watercmlet 97/995/32/34.5 : _
temperature, [C] -
Charged refrigerant 5 : 34
[kg] 2 32
£
o 3 Adge Vs 2do] Ay z7oA < 7 30
%7 HAALE H] 100%, WEET X 7C, w 2
W2t 2% 32TolA 74 de=8y 1 26 30 32 34 36 38 40
A 6744 #3333 Experimental [T_ ] (°C)
4 AE DT U HE Fig. 3 Scatter plot of the cooling water
outlet temperature.
41 Fa% 49 WE BE} BEAAS 3 o PEFoR
JEERE SAS FALAe AN AT L zage) wuy sl A4 2% 9
GAsm Aol EATE. wHA T A gnc ge 9 5 9T Table 40 F1Y 2
A= SEEAA wAE AT AR THE g g9 e g dolHE Endd 48
= JlERdol Z4dae Fud du g 4 ST s '
Ao Aanin @ £ A e 39 3454, a0y as
== h =] == =]
Ermwel metel Fud vlEndRRE 7 Fig. 45 13< 2ASS o, 13570 o
A g Ty A9 4ge va s,
Table 3 Operating conditions for fault tests
Fault Mode Cause Implementation Fault Level
Refrigerant Leak FM1 Refrigerant lgak Remove refrigerant 4/8/120/16/20/24
over a long period (%)
Decrease in mass flow rate FM2 Block in strainer, Decrease cooling 9/4/6/3/10/12. (%)
of chilled water o water mass flow
Decrease in mass flow rate decline in pump Decrease chilled
. FM3 performance 2/4/6/8/10/12 (%)
of cooling water water mass flow
Wz‘zgfﬁéiui;gfeﬁfﬂf -~ Increase cooling | 32.2/32.4/32.6/32.8
D water inlet temperature /33/33.2 (C)
(low temperature)
S toult of chilled Sensor error
WatZ?Ssgtleiuterz eCraltuere FMS Decrease cooling 31.8/31.6/31.4/31.2
: b water inlet temperature /31/30.8 (C)
(high temperature)
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= FM1 v Table 5 Parameters used in each case
375} 2 fws v
Ty D - v A Case Parameters
< 37.0¢ v M “ + “ Twn.o, Teva.o, Twmp,u, Tchw.i, Tcw.o,
2 — - . . . Casel
2 36.5F - L ™ Tcnn, Pcnmp, Teua
o * < .
a 36.0%- < = CaseZ Twmp,u; Tchw.l; TCLU,Uy Tcun; Pcump,
E < u Teua
= 35.5F ) Case?) Tcump.o; Tz'hw,i; Tcw,u; P comp
35.0 S S S S
0 1 2 3 4 5 6
Fault Level ' - . .
o ’ .
Fig. 4 Effect of fault level on the cooling g { < : 3 -
water outlet temperatures of vari- ": 1E-3f-------- L\ R RE T
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W 7bg wate] Fol 7k of yhol the il %z 3 4 5 6
QA= 71 WskA wgste S AAE] Fault Level (Case3)
27 EARG A4S g st @ | o ,
5= Aabe] HES Table 10] Lbehyelch. Fig. 5 Classification error for various fault
HE(DE A} B, HRE(DE 24, 4 modes.
(0)2 xXExte] wrako] dAebA] &FAY W37t
S= VA AR xdsS
s HaE o 201 236 parametr | Sensor fault {0.8
e EEI]6 parameter |
3‘3 7 N5 E==14 parameter | g
43 1% H& 2 = 15N E ! 063
- 5 N= = 0
Fig. 5= 4719 SA4AAE 88 45, 1% 2 INE SV -y
o Raystel we 7 wHse BFoA e U o 10415 \E[IP NS \E X5
. =} ANE MNENZN=R%
ehiTh ALEE 24912 Table 50 R s VNEMNEMENE!] g
Ack. 47he FAHAAE AMEF Afolm mE g SN NE NENE N2 2
2AZE] AAMD 0001RT Ze Ao A o] é%? INENZNEIZN s
- . _ N=EREN=RENENZN=NZN )
14s HAEE 5 JJAT Fig. 62 1S HE 0 FM1 FM2 FM3 FM4 FM5 0.0
9 W agAEE e agelth Wa f
F7ba mgel AL Aol 6% AHAEYS w, Fig. 6 Detectable level of faults.
o] HEHAL, Wz dFAAN e S
o7k 06CE Z3stel nFe] AF HUTH Table 6o 57b2] el wiskel agel =
Azd e A A% vwsac 1 o
4.4 DE Flek Az %5 (Class probabilities)o] 45, 17o] Al
Table 6 Fault detection and diagnosis for applicable faults
Fault Detectable | Classification Diagnosis Class probabilities
Mode Level error g FMI | FM2 | FM3 | FM4 | FM5
FM1 20% 7.99E-04 FM1 0.88 0.00 0.00 0.00 0.00
FM2 8% 6.88E-04 EM2 0.00 0.60 0.27 0.00 0.15
FM3 129 8.80E-05 FM3 0.00 0.43 0.68 0.40 0.00
FM4 -0.6T 9.31E-06 FM4 0.00 0.20 0.34 0.41 0.00
EMb5 +0.6C 2.70E-05 EM5 0.03 0.00 0.00 0.00 0.34
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COP reduction rate (%)
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