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ABSTRACT: A scheme for on-line fault detection and diagnosis of an air-handling unit is
presented. The fault detection scheme uses residuals which are generated by comparing each
measurement with analytical redundancies computed from the reference models. In this paper,
artificial neural networks (ANNs) are used to estimate analytical redundancy and to classify
faults. The Lebenburg-Marquardt algorithm is used to train feed forward ANNs that provide
estimates of continuous states and diagnosis results. The simulation result demonstrated that
the ANNs can effectively detect and diagnose faults in the highly non-linear and complex

HVAC systems.
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Fig. 1 Layout of an air handling unit.
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Table 1 Fault and symptom relations

Fault signal | R | Ry | R3| Ry| Subsystem

T, sensor | © T, control
T,sensor | o | o T,, control
T_; sensor o T,, control
T, sensor o T,, control
P, sensor o P, control
Q,sensor | o | o | o | o | @y control
Q,. sensor o o &, control
H, sensor | o T, control
U, signal | o T, control
Uy signal ol ol o| T, control
U, signal o P, control
U,, signal o | Qg control
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Table 2 ANN patterns for fault diagnosis

Input pattern Output pattern Diagnosis result

R | Ry | By | Ry Subsystem No.

0| 0|0 O 1 0 0 0 0 0 Normal operation

1 0 0 0 0 1 0 0 0 0 T, control 2

0 1 0 0 0 0 1 0 0 0 T,, control ( T;, T, sensor) 3.0

1 1 0 0 0 0 1 0 0 1 T, control ( T,, sensor) 3.3

0 1 1 1 0 1 1 0 0 1 T,. control (damper, control) 3.6
"o|lo|1]|oflo o }lo |1 ]|]oO0/|oO P, control 4

0 0 0 1 0 0 0 0 1 0 €, control (fan, controller) 5.0

0 1 0 1 0 0 0 0 1 1 Qg control ( Q,, sensor) 53

1 1 1 1 0 0 0 1 1 1 @, control ( Q, sensor) 5.6
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Table 3 Residual changes after faults

Residual changes
R | Ry | Ry | Ry
Normal operation <011<01| <3 |<0.05

T, sensor degradation ?2059) <01] <3 [<0.05

Stuck cooling coil valve | 2.9 | <0.1| <3 [<0.05
Fouled cooling coil 0.81|<0.1] <3 |<0.05
Leaking heating coil valve| 0.41 | <0.1| <3 [<0.05
Ty, sensor drift <0.110.23| <3 [<0.05

T, sensor drift <0110.31| <3 |<0.05

Faults

T,, sensor drift 0.2 |1.11]| <3 [<0.05
Stuck damper <01/143} <3 }011

P, sensor drift <0.1]<0.1| 6.2 |1<0.05
Supply air fan <0.1]<0.1] 249 |<0.05

@, sensor drift 058(0.21|249 | 0.1
Q,. sensor drift <0110.22} <3 {0.251
Return air fan <01]<0.1} <3 10.07

2 HAg golu L] AYHW 25CE 37
guz 1N Fo e nFAY Agaad.
Table 3914 “}EF gl ubsh o] Table 1°]
N odzg 247 4A27e Aol Au
dASE AL & & Yo, IHFE &3
AZFWen AL EFAY Table 49 Zo| 3
e 13 AVE £ Ak oF B UA
Bel d2r1e7 dd QAs1Ee o8 BS

Table 4 ANN diagnosis result after faults

Faults Diagnosis results No.
Normal operation [ 1 { 0 {0 |0 0 {0 |1
T, sensor oj1100110}0]|0] 2
Suck sone | o |1 0| 0|00z
Fouled cooling coil| 0 | 1 001 00| 0| 2
Lealdng heating | o | 1 | 0| 0] 0|02
T4, sensor 0(0]1]0]| 01001 3

T.; sensor 0(0j1]0] 01001} 3

T,. sensor 00011 |0} 0| 1133
Stuck damper 0|1{1(0]0([1]36
P, sensor 001 001099 0|0} 4
Supply air fan [0 [0 [0 | 1|0 |0 ] 4
Q, sensor 010{0(1|1]1i}56

@, sensor 0[O0 0001} 11153
Return air fan 0]1]0|]0j0]1[0]|b
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