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Fault Diagnosis Algorithm of an Air-conditioning System by
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ABSTRACT: The fault diagnosis technologies may be applied in order to decrease the en-
ergy consumption and the maintenance cost of an air-conditioning system. In this paper, a
fault diagnosis algorithm was developed by using a neural no-fault model and a dual fuzzy
logic. Five different faults, such as the compressor valve leakage, the liquid line blockage, the
condenser fouling, the evaporator fouling, and the refrigerant leakage of an air-conditioning
system, were considered. The fault diagnosis algorithm was tested by using a fault simulation
facility. Test results showed that the algorithm developed for this study was effective to de-
tect and diagnose various faults. Therefore, this algorithm may be practically used for the
fault diagnosis of an air-conditioning system.
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Table 1 Specification of a multi-type system

Component Specification
‘ Compressor Scroll type, 145kW
Outdoor| Fan Propeller fan, 90 m’/min
unit Coil &7 x 2row x 52 step

EEV 1-2 phase, unipolar
Fan Cross flow fan, 7.5 ms/min

Irllilo;)r Coil O7 x 2row x 12 step
EEV 2 phase, unipolar

o Aol AARPAE, FE7], FdviHeR
748 v te] durlE AHg3tHen, Table 1
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de EcEdo] ¢F7IHE FY= 4571 2
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Fig. 2 Data acquisition and control system.
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Table 2 Weights and biases of neural no-fault model

i

wl(i,j)
1 2 3 4 5 6 7 8 9
1 | 04501 | —05128| ~1.2415| —1.4139 | —09290 | —2.2651 | 15341 | —1.0532] 0.8823
i 2 | -01641| 02161 | -23503| 20028 | -2.1809 | —1.0277| 15708 | 26452 | —2.2784
3 | 17508 | 19082 | -03413| —08960| 02151 | 0.4458 | —1.6039 | —1.2567 | —06116
wij) )
1 2 3 4 5 6 7 8 9 10 11
1 | 01970 | 06161 |-0.0482—0.0012] 0.6354 | 0.0426 | 1.4501 |—0.7389| 0.5886 | 0.8654 |- 2.1762
2 |-07240|—0.1821] - 0.4005| 0.5822 | 17542 |- 1.0535| 0.6357 | 05478 |- 0.4662] 0.6300 | 1.6062
3 |-00946| 17918 |- 1.0084] 0.2567 | 05936 | 0.0045 | 0.1492 | 1.1059 |- 2.3009|- 0.7283 - 0.6004
7 |-1.1155- 14494 0.4512 | 05797 |- 05864 0.7871 |-2.2634) 0.0587 | 1.0270 | 0.8525 | 0.3780
8 | 05428 |-0.1887— 1.1814|- 04954 15539 | 1.2936 |- 06085 0.3180 | 05079 | 0.9155 |- 1.4350
9 |-09265-1.0579)~ 0.0287| 1.1096 |- 1.7484) 0.5281|~ 06425 1.2106 |- 1.0023| 0.6156 | 0.4730
3,.. )]
w i) 1 2 3 4 5
1 ~0.8038 ~18118 ~0.8682 ~0.7660 03223
2 0.0986 ~2.0803 0.0769 0.7284 0.7754
3 - 0.8080 ~0.0510 0.3748 0.0728 16919
9 0.7537 - 14975 06191 11975 0.0984
10 - 05575 1.0811 0.2581 0.4337 0.6667
11 1.8103 17212 -1.0707 - 1.3092 - 0.8954
i
1 2 3 4 5 6 7 8 9 10 11
bl |-25269 12403 | 19252 | 16002 |—0.6453| 0.8883 |- 0.4572| — 1.6742| 3.1398
b2 | 13790 | 02058 | 1.2211 | 02044 | 0.0436 | 0.2889 |- 05382 ~0.9814| 0.1242 | 0.3858 |-0.3694
b3 | 01187 | 0.0614 | 1.3051 | 1.4998 | 0.0857
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Table 3 Trends of input variable residuals

Fault Variable
au
Ry, Rz, Ry, R, Re,
Compressor valve leakage - - - - +
Evaporator fouling - - 0 0 0
Condenser fouling + 0 + + +
Liquid line blockage + + - - -
Refrigerant leakage + + 0 0 -
Table 4 Rules-base for fuzzy logic #1 Small Middle Larger
Fault Re,
e
ault type "o all | Middie | Large
Smaller| F_law F_2 Unknown
Small | F_lx F_2 | Unknown ~0.32 -0.3 0.35 0.37 (kg/om)
Ry, | Middle | Unknown | No fault | Unknown
Large F 4 F 510 F 3 Fig. 5 Membership for Rp,.
Larger F 4 F_52 F_3
N
Fixfle F2  F3 F4 F50F 5 faat Unknown
Smaller Small Middle Large Larger
X 005115 3 4.5 665775 85 95
-15 -14.8 -1.7 -1.5 15 1.7 5 52 () (Fault diagnosis code)

Fig. 4 Membership for Rr,.

Fig. 6 Output membership for fuzzy logic #1.
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Table 5 Rule-bases for fuzzy logic #2

Ry,
RTcon :
Smaller Small Middle Large Larger
Small Unknown Unknown Unknown F_440 F_4s
Rp, Middle Unknown Unknown Unknown F_5 F.5
(small) Large Unknown Unknown Unknown Unknown Unknown
Larger Unknown Unknown Unknown Unknown Unknown
Small Unknown Unknown Unknown Unknown Unknown
Ry, Middle F_2:0 F 2% No fault Unknown Unknown
{middle) Large Unknown Unknown Unknown Unknown Unknown
Larger Unknown Unknown Unknown Unknown Unknown
Small F.1 F_1 Unknown Unknown Unknown
Rp, Middle Unknown Unknown Unknown Unknown Unknown
(large) Large Unknown Unknown F_330 Unknown Unknown
Larger Unknown Unknown F_3x Unknown Unknown
Smaller Small Middle Large Larger 4. 1 Qﬂ H’ Al g _3 _E, é-’
XN
-62 -6 -1.2 -1

Fig. 7 Membership for R,

Smalt Middle Large Larger

AN K

-09 -0.8

Fig. 8 Membership for Rr_.

Small Middle Large

XX

-0.28 -0.27 0.21 (kg/on)

Fig. 9 Membership for Rp,.

F_1  F_230F_250F_330F_34«wF_44F 445 F_5 No fault Unknown

0 1.5 2285 335 445 5556 7.5 85 9.5
(Fau't diagnosis code)

Fig. 10 Output membership for fuzzy logic #2.
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