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ABSTRACT KEYWORD
Purpose: This study aims to improve the operational efficiency of screw air compressors, which are widely used ~ 37|&Z7|
in industrial settings, by enabling early detection of potential failures. This approach is intended to minimize ;;llij:
St
=]

unnecessary downtime and enhance overall productivity and workplace safety. Method: To achieve this, an 4o g
anomaly detection algorithm based on Hotelling’s T? and Q-statistics using principal component analysis (PCA) o=
was developed. Key operating variables—including intake temperature, discharge pressure, discharge temperature, ~ Air Compressor
compressed air flow rate, and instantaneous power—were analyzed using multivariate statistical techniques, =~ Maintenance
e . . . . . . Machine Learning
utilizing approximately one month of operational data collected from an actual industrial site. PCA-based Efficiency
contribution analysis was applied to identify anomalies and diagnose their causes. For performance validation,
efficiency analysis using DW-SIM was conducted and the results were compared with the standard calculation A CCEPTANCE INFO
formula (KS B 6351) and DW-SIM simulation outputs. Result: The analysis results show that the prediction error  Received Aug. 1,2025
is less than 5% (RMSE 4.41, MAE 3.55, MAPE 4.76%) and the coefficient of determination (R?) is 0.75,  Final revision received Sep. 15, 2025
confirming the reliability and usability of the anomaly detection and performance diagnosis system. Accepted Sep. 19, 2025
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Fig. 1. Procedure for conducting research
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Fig. 4. Contribution analysis: Concept and Formula
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Table 1. Air compressor specification

Division Unit No. 1 No. 2 No. 3
Type - Screw Screw Screw
Discharge flow | Nm®*min 11.84 6.68 11.84
Discharge pressure| kg/cm® 7.5 7.0 7.5
Power kW 75+1.5 37 75+1.5
Consumption rate | kWh/Nm 0.106 0.092 0.106
Rotation speed rpm 3600 3600 3600
Power supply \% 380V/60Hz | 380V/60Hz | 380V/60Hz
Manufacturer - Kaeser Kaeser Kaeser
Date yy.mm 2022.11 2020.06 2022.11
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Table 2. Vortex flowmeter specification o — -~ Compressor Rating(kW)
60
Division Unit No. 1 No. 2 No. 3
50
Type - Wafer Wafer Wafer N 1
=< 40
Size mm 40 25 40 2
S 30
Max. Flow m'h 290 130 290 .
Min. Flow m*/h 13 8 13 N 1
Pressure MPa 1.0 1.0 1.0 . | |- | . .|
Accuracy % £1.0 £1.0 £1.0 §ifiit SiEREifiEIGiiiiiGiiac
Power supply \'% DC 12~45 | DC 12~45 | DC 12~45 Time
Manufacturer - Oval Oval Oval . . . L
Fig. 12. Air compressor power consumption pattern monitoring
Date yy.mm 24.04 24.04 23.12

Sensor Installation Flow Meter m

Fig. 11. Air compressor system instrument installation status
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Fig. 13. Compressed air production pattern monitoring
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Fig. 14. Exhaust air temperature and pressure monitoring

AT}, oF 1~23 THJ0] L 27| 2 ON/OFF Afo] 20| HHasje
Aol FelE gt ol B3 xaawu 7] 8 W5 94E7]
7} 2714 0 2 kg gt whet Afol2 e 24 WEs} B as] 5
7Vt Aoz At Eo] 27 Ea 7bukEA 0 2 ON/OFFE
S A, 2|9 A7) A 50 Bed 7441474 AEe At
wRel oA £A7 9] 457 T8l FasHe BAE opIE 4
olet

RO 4t @M= B719E719] A S 8 6.0~7.5
kg/cm’g M= Fjetet. Ty 2 AL (Fig. 14.) 014 & 7.0~8.5
kg/cm*g(AP=1.5kg/cm) 2 AH 02 &7 A o] glo] o
2] AM7h F7Vobe Ao R wobEh B3 3795719 S 2
T o2 o oFF Al 200C ool e 4= glov, AA &
e oAt FHEAR Qo) T2l 77k B ERY o=
B Ao E Bt oF 73.6C 202 GA 1 Qi



yye - g
4.2. 714571 o)A 4 HA5EA Elo] YAt HAMA (stationarity) 7FE 31 & <F 2,592,00071
957 00 BYL BAT A, GG FA G glol 4 ) VAR VST FA00070E T FHAAE FESted A
A A% LA Fol REGA ME E(HY - 2 weo]  C1HE MBS
A e, A0 2 9 A7) F05 gels|ol, £ 1) oI ol A7 BIE Al UL, EELE, BEUE, WS
371 5%, £A1AE 2 57 Mo gl 9] 9] Table. 3. HIAE d
olel 507E /s, o] & 7] gt RE O] £4& 53 (Principal
Table 3. Test data for fault detection Component Space) o] st Fig. 15.0] 49} Zro] QH g|o]E]
Division | [ ooty | Pover | Dis-Temp. | SucTemp. |- Fow Aol oh L] FHCRR WE) 227 fol5H] ol AHe Py
(kg/em’) | (KW) (°O (§¢) (Nm’/h) o] pAEAY
CASE 1 8.305 45 77.1 18.2 366.67 e AT
CASE 2 | 8391 45 80 18 368.08 Fig. 16,914 & A= 250l thafl 95% 2 99% T deH-a(d
CASE 3 | 8308 46 83.4 17.4 11.59 AZDS 71208 o|Abx] o] B2 st 2 o). AL 2
CASPA | S%% | % ¢! 168 1 37% Hsh ol HES EARCR B4 Aol Hold ghoe 7H5
CASE 5 2 47 69.9 16.6 330 Sl A2 e o] ofa] Aol 909 TS o
CASE 6 8.169 47 69.1 18.1 112.86 T =T u= o orEE v
CASE 7 3 45 30 18.1 375.95 2407 zilol= @Afo] 1=t
CASE 8 | 828 45 81.6 172 3.81 Hotelling's T?¢} Q-EA2F A4S S 7|20 5t4H o] g 7]
s 0] saod T T i T e [oear - FoE 7OV fel 0.01 ool AT 11345, SPE
CASE 11| 8464 46 65.6 14.9 37722 1.546)0f A=A o gL o2 T =™ Table. 4 A H o442 24
CASE 12| 8383 45 63 15.1 376.24 Al 12 8]AZE Ao B Fault tag, AAEL(AIEA]), AAHEH
CASE 13| 8237 2 715 14.7 206.36
CASE 14| 8199 43 70.7 147 9.99 oA Score lot T va st
CASE 15| 8.096 43 72.8 152 29.93 W = -
CASE 16| 845 46 20 14.8 377.27 e e
CASE 17| 8323 44 69 14.6 260.83 10
CASE 18| 8204 46 70.6 14.6 46.58 s
CASE 19| 8432 46 65.8 14.8 377.64 > e
CASE 20 | 8254 25 709 14.6 221.43 ol "
CASE 21| 8357 45 63.4 209 366.72 =
CASE 22| 8431 45 67.7 5 368.66 TS :
CASE 23| 8419 46 7.5 20.6 368.95 o
CASE 24 | 8282 46 76.8 205 162.35 \
CASE 25| 827 46 762 204 127.34 -15 s
CASE 26 | 825 44 75.6 205 773 0 A
CASE 27| 822 44 80.3 21.6 109.8
CASE 28 | 8357 45 85.5 215 362.33 5 0 S 15 20 2
CASE 29 | 8289 45 627 214 361.41
CASE 30 8.424 46 725 20.7 351.41 Fig. 15. Data distribution in principal component space
CASE 31| 8291 45 627 5 365.69
CASE 32| 8365 45 66.4 17 368.09 Hoteling's T2 Confrol Chart (st
CASE 33| 8456 | 45 694 169 369.04 00y = omm
CASE 34 | 8.426 46 69.9 16.7 370.94 B0
CASE 35| 8303 45 732 16.7 236.79 o
CASE 36 | 8241 3 744 16.7 2082 o
CASE 37| 817 45 727 16.7 118 "
CASE 38| 8514 46 68.9 16.7 369.95 s |
CASE 39 | 8259 45 634 17 358.32 - @ %
CASE 40 | 8239 23 74.1 16.7 214.12 069 oot ]
CASE 41 | 844 47 60.9 18 231.78 ==
CASE 42| 8365 45 63.5 17.9 215.07 0 T
CASE 43 | 8517 46 74.1 192 365.25 0
CASE 44 | 8501 46 59.2 182 20221 % o
CASE 45| 831 45 677 18 1424 ‘
CASE 46| 8513 45 747 19.3 364.9 e
CASE 47| 798 14 63 19.9 292.04 o = =
CASE 48 | 8318 27 66.4 18 3272 sSample
CASE 49 8.294 43 68 17.9 106.45 Fig. 16. Hotelling T° chart and QO-statistic (SPE) chart analysis
CASE 50 | 8178 48 68.9 19.7 296.77 results
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Table 4. Fault detection results

71 =
< ol
A

. Sensor Falult Fault Optimi Remain.
Division
Fault Tag Value Value Month
CASE 1 0 - - - -
CASE2 0 - - - -
CASE 3 1 Flow 11.59 384.27 0.21
CASE 4 0 - - - -
CASE 5 1 Dis.Press. 2.0 9.59 0.46
CASE 6 1 Flow 112.86 375.95 0.30
CASE 7 1 Dis.Press. 3.0 7.92 0.71
CASE 8 1 Flow 3.81 381.86 0.21
CASE 9 0 - - - -
CASE 10 0 - - - -
CASE 11 0 - - - -
CASE 12 0 - - - -
CASE 13 1 Power 22 42.20 0.51
CASE 14 1 Flow 9.99 377.09 0.21
CASE 15 1 Flow 29.93 378.28 0.22
CASE 16 1 Dis.Temp. 20.0 65.60 1.65
CASE 17 1 Flow 260.83 376.96 0.68
CASE 18 1 Flow 46.58 382.83 0.23
CASE 19 0 - - - -
CASE 20 1 Power 25 42.49 0.59
CASE 21 0 - - - -
CASE 22 1 Suc. Temp. 5 18.49 3.68
CASE 23 0 - - - -
CASE 24 1 Flow 162.35 372.86 0.38
CASE 25 1 Flow 127.34 372.79 0.32
CASE 26 1 Flow 7.73 368.57 0.22
CASE 27 1 Flow 109.8 369.52 0.30
CASE 28 0 - - - -
CASE 29 0 - - - -
CASE 30 1 Flow 351.41 368.23 4.75
CASE 31 1 Suc. Temp. 5 18.25 3.74
CASE 32 0 - - - -
CASE 33 0 - - - -
CASE 34 0 - - - -
CASE 35 1 Flow 236.79 377.06 0.57
CASE 36 1 Power 23 42.09 0.54
CASE 37 1 Flow 1.18 377.87 0.21
CASE 38 0 - - - -
CASE 39 0 - - - -
CASE 40 1 Power 23 42.19 0.54
CASE 41 1 Flow 231.78 368.22 0.58
CASE 42 1 Flow 215.07 367.13 0.52
CASE 43 0 - - - -
CASE 44 1 Flow 202.21 364.20 0.49
CASE 45 1 Flow 142.4 370.26 0.35
CASE 46 0 - - - -
CASE 47 1 Power 14 42.79 0.36
CASE 48 1 Power 27 4424 0.60
CASE 49 1 Flow 106.45 376.45 0.29
CASE 50 1 Flow 296.77 373.94 1.03
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Fig. 18. The process for validating error rates

y = 0.7676x+ 17.76 0y
R? = 07542 )

Y
o
o

DW-SIM Efficiency (%)
a
°

45.0

35.0
350 45.0 55.0 65.0 75.0 85.0 95.0

Standard Efficiency(%)

Fig. 19. Correlation between standard and DW-SIM efficiency
analysis results
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