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Fault Detection and Diagnosis Simulation for CAV AHU System
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ABSTRACT: In this study, FDD algorithm was developed using the normalized distance method
and general pattern classifier method that can be applied to constant air volume air handling
unit(CAV AHU) system. The simulation model using TRNSYS and EES was developed in order
to obtain characteristic data of CAV AHU system under the normal and the faulty operation.
Sensitivity analysis of fault detection was carried out with respect to fault progress. When
differential pressure of mixed air filter increased by more than about 105 pascal, FDD algorithm
was able to detect the fault. The return air temperature is very important measurement parameter
controlling cooling capacity. Therefore, it i1s important to detect measurement error of the return
air temperature. Measurement error of the return air temperature sensor can be detected at below
1.2°C by FDD algorithm. FDD algorithm developed in this study was found to indicate each failure
modes accurately.

Key words: Fault detection and diagnosis(21 33 & 2 &), HVAC equipment(& 4 H]),
Normalized distance method(E=38 A7 7IH), Classifier(:F71)
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Table 1 Sensor measurements and control
signals of CAV AHU system

Symbols | Measurement points
T1
T2
T3
T4
T5
T6
T7
RH1

RH2

Outdoor air temperature

Mixed air temperature

Cooling coil outlet temperature

Supply air temperature

Return air temperature

Return air fan outlet temperature

Cooling(Hot) water inlet temperature

Outdoor air relative humidity

Return air relative humidity

Supply air fan electric power
consumption

W1

Return air fan electric power
consumption

W2

Mixed air damper open rate control
signal

C1

Cooling(Heating) coil valve open

2 rate control signal
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Table 2 Simulation model summary and
HVAC system operating conditions

Design parameter Unit Conditions
Typical floor area m2 30x30
Number of floors - 15
Internal load density | W/m’ 3%
Ceiling height m 4
Window to wall ratio - 0.4
AHU type - CAV AHU
AHU location - Seoul, Korea
Infiltration 1/h 1
Density of occupancy l/rn2 0.2
Outdoor air intake CMH 25
AHU operation start B Weekday 08 : 00
time Saturday 08 : 00
AHU operation stop B Weekday 18 : 00
time Saturday 13 : 00
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Table 4 Fault diagnosis pattern table
T2 | T3 | T4 | T6 | W1 | W2
Fault 1 - 1 ! ! ! !
Fault 2 | - ! 7 7 ) )
Fault 3 | 1 l ) ) ) 1
Fault 4 ) 7 T T - -
Fault 5 ! ! ! ! - -
Table 5 Simulated fault type
Fault Simulated .
mode fault type Simulated fault symptom
Outdoor air and exhaust
3 O,
Fault| Mixed air | & damper stock at 10%
1 damper stock position, Recirculated air
damper stock at 90%
position
Outdoor air and exhaust
3 O,
Fault Mixed air ar figmper S.tOCk at 30.%)
9 damper stock position, Recirculated air
damper stock at 70%%
position
Fault Mixed air Decreasing rate of
3 filter plugging mixed air filter area
Return air
temperature
Fault| sensor error Decrease of simulated
4 (measured return air temperature
at a lower
temperature)
Return air
temperature
Fault| sensor error Increase of simulated
5 (measured return air temperature
at a higher
temperature)
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Table 6 Change pattern of properties

Temperature [°C]

Fault 1 Fault 2 Fault 3

DP1 l 1 )

M1 1 l l
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Table 7 Fault diagnosis class probabilities at
a first fault detection

11\:/[11;12 Fault 1|Fault 2|Fault 3|Fault 4|Fault 5
1 0.3547 | 0.0001 | 0.0000 | 0.0008 | 0.0236
2 0.0001 | 0.2108 | 0.0669 | 0.0045 | 0.0045
3 0.0000 | 0.2108 | 0.3547 | 0.0236 | 0.0008
4 1 0.0001 | 0.0397 | 0.0669 | 0.1253 | 0.0002
5 10.0024 | 0.0075 | 0.0024 | 0.0002 | 0.1253
()8 AH83ke] 57hA 9] mgR sl te weS
858 b Aotk 57k4 mgel sl 7tz
ALFRAL AlEHoldE Ty, aFHE] He
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