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Using a Residual Input RBF Neural Network
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ABSTRACT: Two different types of algorithms were developed and applied to detect the
partial faults of a multi-type air conditioning system. Partial faults include the compressor
valve leakage, the refrigerant pipe partial blockage, the condenser fouling, and the evaporator
fouling. The first algorithm was developed by using mathematical models and parity relations,
and the second algorithm was developed by using mathematical models and a RBF neural
network. Test results showed that the second algorithm was better than the first algorithm in
detecting various partial faults of the system. Therefore, the algorithm developed by using
mathematical models and a RBF neural network may be used for the detection of partial
faults of an air-conditioning system.

Key words: Mathematical models(5=8% = 4) Parity relations(71$-#7), RBF(Radial Basis
Function) Neural network(RBF 217 %), Compressor valve leakage($t%7] HEY
A), Refrigerant pipe partial blockage(*¥ viuj# H293]) Condenser fouling(-$3
712.9), Evaporator fouling(F%712.)
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Fig. 1 Fault simulation facility.
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Table 1 Specification of a multi-type system

Component Specification
Compressor | Scroll type, 15.2 kW
Outdoor Fan Axial fan, 60 m*/min
unit Coil 99.52x2 rowx34 step
EV 1~2 phase, 5000 pulse
Fan A,C,D| Turbo fan, Qmii/min
Indoor B Turbo fan, 6 m*/min
units Coil $6.4x2 row=14 step
EEV 1~2 phase, 480 pulse
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Fig. 2 Data acquisition and control system.
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Table 2 Mathematical models for no fault
y Tx (C) T (C) Teon (T) Tewin (C) | Pr(kgf/em®) | P, (kgf/cm®)

Al —57.2404 --69.5031 —59.5930 —14.8549 —4.8710 —13.0417
A2 6.1598 3.3894 4.4404 0.6922 0.7609 0.8192

A3 1.4884 1.8246 1.2835 -0.1240 0.0026 0.1306

A4 —0.0686 —0.0382 —0.0539 —0.0099 —(.0041 —0.0098

A5 -0.0061 —0.0167 —0.0102 0.0020 0 —0.0001

A6 —0.1763 -0.0160 —0.0074 0.0141 0.0009 -0.0025

y=Al+A2xX1+A3 x X2+ A4 xXI"2+ A5 x X272+ A6 x X1 x X2
(X1 : Outdoor temp., X2: Indoor temp., y: Qutput)

AE B3l 249 g, eveE 5874 2de = 32 7|1BAE A28 ™A=
8 AEge 9w
Fig. 3¢l A E%¢] 7] 9@AE Al4sd 24
Ry, =Thr=The D Az At @A #E Asgen A
Al 74 Q,
Ry=T,,~T,., (@  ° HA Table 3% Zo) dejxd 35T, 41%,
AU zEA 27T, 50%9! %H”fzidﬁﬂ*i AHE
R = Temr™ Teomex ® g 432 FIPVAYN dol oW 0, B
RT.E = Teuain,r_ Tevain.ev (4) 74-2}7‘(]-‘*‘.,/],] 5“:}]6]-74] %IEE]- 73‘?‘ ‘+1" I':L
DAY A4VAYRY HE AF -7
Re,=Pir=Pre ©® = sepAz WAL F Table 49} 2ol 7t
Rp=P,,— P, (6) el i AAE 71FAN)SBAS vlwste] 7
, : | | I
i I 1 Real Parity |} | Fault
‘ Inputs H system l >iRe51duals .’ ﬂ relations [ ’j detection
' L RS R |
J System '
" model |
Fig. 3 Fault detection algorithm by using mathematical models and parity relations.
Table 3 Residual boundaries for no-fault (Outdoor 35C, Indoor 27°C)
Ry, (T) R, (T) Ry (C) | Ry (C) |Rp, (kgf/em®)| Rp, (kgt/em®)
Upper 0.23 0.19 0.42 0.09 0.15 -0.03
Lower —0.64 —0.31. —-0.23 ~0.24 —-0.2 —0.16
Table 4 Parity relations on various faults
Fault Variable
au
Th TI Tcon Teaw'n Ph Pl
No fault 0 0 0 0 0 0
Compressor valve leakage —1 —1 -1 +1 -1 +1
Refrigerant pipe blockage +1 0 0 -1 —~1 —1
Condenser fouling 41 —1 +1 +1 +1 +1
Evaporator blockage —1 -1 0 0 0 0
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Fig. 4 Fault detection algorithm by using mathematical models and a RBF neural network.
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Table 5 Weights between the hidden layer and the output layer

J
W 1 2 3 22 23
1 ~211659 | 91132 70.4756 355625 | - 456332
. 2 11.0709 —~9.4414 | —295712 187887 | 39.3580
3 11.1274 —8.1673 | —38.8499 15.1501 28.4694
4 ~1.0325 8.4954 ~2.0544 39.2011 ~22.1942
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Fig. 7 Measured data (Outdoor 35C, Indoor 27T).
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Fig. 8 Measured data (Outdoor 32°C, Indoor 27C).
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Fig. 9 Residuals (Outdoor 35, Indoor 277T).
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Table 6 Residual boundaries for no-fault (Qutdoor 32°C, Indoor 27C)
Ry, (C) R (C) Ry (T) Ry (C) |Rp, (kgf/cm™) R, (kgf/cm”)
Upper 0.59 0.33 0.09 0.35 0.29 0.13
Lower —1.52 —-0.03 -0.3 —0.08 —0.02 -0.02
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