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#& [ 1§ B2 ¥7(FDD > Fault Detection Diagnosis) 1 #25 ¥ #4112 g &1 1
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CSI'.IH the data-driven .r\H)l))
Energy signals from back-end and front-end, liquid level Z
in receiver, suction temperature, active compressors /

T'rain statistical and regression mndclsl

3

X E-£pin)
Calculate error: éf=="—
Eplt)
No
Is £(1) < Lower limit
Yes
Detection of leaky refrigerant based Detection of iced door, iced evaporator, or expansion
on back-end energy signals valve faults based on back-end energy signals

l Train statistical and regression models, calculate £(1)
and analyze data based on additional sensors

T'rain statistical and regression models,
calculate €(1) and analyze data based on
additional sensors

Suction No

perature <
Threshold
Yes 4 Number of

ACHVe COMpPressors

Average
liquid level in receiver
< Threshold

No

Threshold r
Diagnosis of’
faulty EPR valve Yes Is front-end
Diagnosis of leaky energy signal pattern

refrigerant ﬁ §§ |53 j] gﬁg H . Diagnosis of different? No
RRRIRRZ IS E2 B od evapoxator Yes
7 §§ BREE K

Diagnosis of iced door

PI4E K2

Bl 4-1 2 % 4 52 AFDD % % % 6i(- )

18



{ Start the AFDD method )W
System level
‘ ‘ Component level
Current system Historical system data Measured power or current of each
data and and electricity compressor, compressor suction and
clectricity measurements from discharge pressures and temperatures,
measurements data warchouse refrigerant properties, and rack control
I signals
Data pre-processing: 1-Integrity checks (i.c.
remove obvious outliers). 2-Synchronize data
series. 3-Aggregate data in time Predict the compressor power consumption with
I the use of the compressor model
Regression models based Regression models based on
on recent data well-separated data (¢.g. last s
scason)
Measured No deviation
vs. predicted compressor
No deviation power
Mecasurement

vs. baseline energy
consumption

There is a deviation
Mecasurement

vs. baseline energy

A fault is detected
consumption

in compressor

No deviation

T'here is a deviation

2o i PR iR R PR 52
T'here is a deviation
Detection of an

Detection of a
@ E' ag ﬂi s@ anomalous fault degradation fault ﬁi $ x 3 n/
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Control system problems (controller electronics or control settings) FEw 26.14
Refrigerant problems (leakage, undercharge, or overcharge) [l 36.03
Compressor problems (e.g. inefficient or dead compressor) _ 2331
Oil problems [N 31.79
Condenser fouling B 2316
Condenser fan or fan motor problem [T 20.96
Iced-up evaporator or evaporator fouling [ 27.21
Evaporator fan or fan motor problem [N B 1985
Faulty refrigerant-control valves (e.g. TEVs or EPRs) T B 172
Liquid line restriction [ P 1360
Cabinet glass door frosting I s 1445
Faulty/inefficient interaction between HVAC and refrigeration
| ;
systems B 1833
0 20 40 60 80 100
Percentage of Responses
M More than 75% W 50to 75% m 25 to 50% Less than 25% H None Average
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Control system problems (controllers' electronics or control
settings)

Refrigerant problems (leakage, undercharge, or overcharge)
Compressor problems (e.g. inefficient or dead compressor)
Oil problems

Condenser fouling

Condenser fan or fan motor problem

Iced-up evaporator or evaporator fouling

Case evaporator fan or fan motor problem

Faulty refrigerant-control valves (e.g. TEVs or EPRs)

Liquid line restriction

Cabinet glass door frosting

Faulty/inefficient interaction between HVAC and refrigeration
systems

m First most costly repair

Fourth most costly repair
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