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FAULT AND SENSOR ERROR DIAGNOSTIC METHODS OF A VAPOR COMPRESSION REFRIGERATION 

SYSTEM BY USING FUZZY INFERENCE SYSTEM AND ARTIFICIAL NEURAL NETWORK 
 

ABSTRACT 
The aim of this study is to show how to diagnose faults in a vapor compression refrigeration system by using a 
fuzzy inference system (FIS) and an artificial neural network (ANN). A separate FIS was developed for detection 
of sensor errors. For this purpose, a laboratory training unit with eight artificial faults was developed to 
diagnose faults in the refrigeration system. In this study, it is confirmed that eight faulty conditions were 
estimated successfully by observing variables of the thermodynamic properties and the refrigeration cycle on 
the p-h diagram. Moreover, one normal condition and eight fault scenarios were implemented to the FIS and a 
Levenberg Marquart (LM), a Scaled Conjugate Gradient (SCG), and a Resilient Backpropagation (RB) types ANNs 
were used for training and testing eight faulty conditions by using the experimentally obtained sensor data. The 
LM type ANNs provided the minimum estimation errors. Performance of the tested systems confirmed that the 
proposed fault diagnostic FIS and the ANN had an ability to diagnose eight faults in the basic refrigeration 
system. Furthermore the proposed error prognostic FIS had also ability to detect error of one sensor. The 
proposed FIS and ANN based diagnostic systems effectively detected the problems. 
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Tablo 1.  

 
 

 
Sembolleri 

  

0 NC Normal durum   
1 CDW   
2 RFD   
3 RXV   
4 CVL   
5 RU   
6 RO   
7 DC   
8 EFF   

 

 
Tablo 2.  Deneysel veriler. 

 Pe Pc T1 T2 T3 T4 Tsur  I U 
 [kPa] [kPa]      [gs-1] [A] [volt] 

CDW 560 560 25 25 25 25 25 0 0 0 0
RFD 210 980 14.5 61.5 37.6 1.6 40 3.0 2.1 225 0.79
RXV 190 950 16.3 61.2 37.1 -0.2 40.7 2.7 2.07 226 0.78
CVL 280 860 10 63.3 34.5 7.6 41.5 2.9 2.13 225 0.80
RU 190 860 20.1 62.5 34.1 -0.2 41 2.5 2.04 225 0.77
RO 256 1090 6.2 50.5 40.3 5.7 32 2.6 2.19 226 0.81
DC 230 1300 17.1 70.4 48.9 3.6 42 3.6 2.19 224 0.82
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EFF 195 840 0.5 46.5 33.8 0.5 24.4 3.4 2.08 226 0.77
NC 225 990 10 59 38.3 3.2 38.5 3.9 2.14 227 0.79

 

 
 -  

  
 

 
 

Tablo 3.  
 Pe Pc Tsh Tsc  Tsur 

 
[kPa] [kPa] [K] [K] [gs-1] [K] 

min maks min maks min maks min maks min maks min maks 
No - - - - 0 0.1 0 0.1 0 0.1 25 25.1
VL 190 195 560 830 0.1 2 0.1 3.0 0.1 2.5 25.1 30
L 195 200 830 930 2 4 3.0 3.5 2.5 3.0 30 34
PL 200 220 930 980 4 6 3.5 4.0 3.0 3.5 34 38
N 220 230 980 1020 6 8 4.0 4.5 3.5 4.0 38 40
PH 230 250 1020 1100 8 11 4.5 5.5 -  -  40 42
H 250 280 1100 1200 11 15 5.5 6.5 -  -  -  -  
VH 280 560 1200 1300 15 21 6.5 7.5 -  -   - -  

 

 
 

Tablo 4. belirtileri. 
Veri Pe Pc Tsh Tsc  Tsur 
Hata  [kPa] [kPa] [K] [K] [gs-1] [K] 
NC N N N N N N 
CDW VH VL No No No No 
RFD PL PL H PH L PH 
RXV VL PL VH N L PH 
CVL H L L PL L PH 
RU VL L VH VH VL PH 
RO H PH VL H L L 
DC PH VH H PH PL PH 
EFF L VL VL L PL VL 
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Kural (RU): 
If (LP is VL) and (HP is L) and (SH is VH) and (SC is VH) and (Msogutkan is VL) and (Tyuzey is H) then 

(  

Kural (Normal): 
If (LP is N) and (HP is N) and (SH is N) and (SC is N) and (Msogutkan is N) and (Tyuzey is N) then 

 
Kural (Bilinmeyen): 
If (LP is not VH) or (HP is not VL) or (SH is not No) or (SC is not No) or (Msogutkan is not No) or (Tyuzey 

is no  
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Kural (eLP): 
If low pressure (LP) is HIGH 
and high pressure (HP) is LOW 
and superheat (SH) is LOW 
and subcooling (SC) is LOW 
and mass flow rate of refrigerant (Mref) is LOW 
and surface temperature of compressor (Tsur) is VERY HIGH 
then the selection of LP-M is MULFUNCTION and HP-M is OK and 
SH-M is OK and SC-M is OK and Mref-M is OK and Tsur-M is OK 
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