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A study on the 3-step classification algorithm for the diagnosis and
classification of refrigeration system failures and their types
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Abstract As the size of buildings increases due to urbanization due to the development of industry, the
need to purify the air and maintain a comfortable indoor environment is also increasing. With the
development of monitoring technology for refrigeration systems, it has become possible to manage the
amount of electricity consumed in buildings. In particular, refrigeration systems account for about 40%
of power consumption in commercial buildings. Therefore, in order to develop the refrigeration system
failure diagnosis algorithm in this study, the purpose of this study was to understand the structure of
the refrigeration system, collect and analyze data generated during the operation of the refrigeration
system, and quickly detect and classify failure situations with various types and severity . In particular,
in order to improve the classification accuracy of failure types that are difficult to classify, a three-step
diagnosis and classification algorithm was developed and proposed. A model based on SVM and LGBM
was presented as a classification model suitable for each stage after a number of experiments and
hyper-parameter optimization process. In this study, the characteristics affecting failure were
preserved as much as possible, and all failure types, including refrigerant-related failures, which had
been difficult in previous studies, were derived with excellent results.
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Table 1. Data description

no Data Type Explanation
normal
1 normall normal data Normal State Data
normal2
cf6é
2 Egg Condenser Refrigerant tube is
1 v 0y
30 Fouling blocked by 6% to 45%
cf45
ro10
3 r020 Refrigerant Refrigerant is 10% to
ro30 Overcharge 40% overcharged
rod0
eold
€032 ] Qil is 14% to 68%
41 eos0 Bxcess O overfilled
e068
fwe10
5 fwc20 Flow Rate of Reduced condenser
fwe30 Condenser Water | coolant by 10% to 40%
fwed0
The degree to which the
ncl refrigerant is
6 nc2 Non-Condensable non-condensed as 1%
nc3 in refrigerant to 5% of nitrogen in the
nch refrigerant tube is
generated
fwe10
7 fwe20 Flow Rate of Evaporator cold water
fwe30 Evaporator Water | reduced by 10% to 40%
fwed0
110
r120 . Refrigerant charge is
81 mo Refrigerant Leak | 1001 " 4096 insufficient
r140

Table 2. Feature Description

no variable Full name unit
1 Time Real time counter second
9 TWE._set _Chul\ed water oF
setpoint—control variable
TEl Temperature of Evaporator oF
TWEI Water In
16 Cooling Tons Calculated City Water
Cooling Rate Tons
Shared Cond Calculated Shared HX Heat Tons
7 Tons Transfer (only valid with no
water bypass)
64 FWH Calculated Hot Water Flow GPM
Rate
Calculated Condenser
65 FWB Water Bypass Flow Rate GPM
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Fig. 1. Boxplot Analysis

Fig. 2. Correlation Analysis
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Fig. 3. 3-Class FD Model
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Table 3. Performance indicators
index formula explanation ‘
accuracy (TP+TN)/(TP+TN+FP+FN)
precision TP/(TP+FP)
recall TP/(TP+FN)
Precision, recall
F1-score ;
harmonic mean
4, EMZAn

4.1 BAN: HOY) 95 T Detect SVM
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Table 4. Diagnosis of faults (abnormalities) SVM model

results
precision recall f1-score
normal 0.99 0.98 0.98
abnormal 1.00 1.00 1.00
42 A 2: 1 A 27 Target SVM
1§89 E5d= Accuracy= 99.52%2 ¥ 67}
A B RS EstA ERokeith

Table 5. 2-Class Target SVM model results

precision recall f1-score

nomal 0.99 0.98 0.98
Ef 1.00 1.00 1.00
o+l 0.99 1.00 0.99
Eo 1.00 0.99 1.00
Fwe 1.00 1.00 1.00
Nc 1.00 1.00 1.00
fwe 1.00 1.00 1.00
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Table 6. ro, rl Analysis Result
precision recall f1-score
(ro) 0.92 0.97 0.95
(rl) 0.97 0.92 0.94

Pl 13S RS A3k Table 69] 2yl o]
Precision¥} Recall, F1-Score”} 92%°]4 0.2 LERGE

& A7} At
ol & ol 4

TJr H]_Tﬂﬁ}oq Accuracy, Precision, Recall Fl Score

oA 9aloit, 2 oA AAleke g
5 mUe BE 549 AR, BE 77 §
2Rl 94T s A0E By

o&%

Table 7. Final Result

. 3-step
Variable Exp Prior Research classification
Model -
algorithm
detect Acc :
detect Acc : 0.9972
Cause of 0.9947 target Acc :
failure target Acc : 0.9952
0.8623 refrigerant Acc:
0.9440
1(Normal) nomal | precision : 0.9829 | precision : 0.9899
Z(Condenser cf precision : 0.9764 | precision : 0.9973
failure)
3(Refrigerant ro precision : 0.4626 | precision : 0.9147
overcharge)
4(Qil overfill) eo precision : 0.9929 | precision : 0.9973
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