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ABSTRACT: The objective of this study is to detect the multi-fault of HVAC system using
a new pattern classification technique. To classify the effect of single-fault in determining the
pattern, supply air temperature, OA~damper, supply fan, and air flowrate were chosen as ex-
perimental parameters. The combination of supply temperature, flow rate, supply fan and OA-
damper were chosen as multi~fault conditions. Three kinds of patterns were introduced in the
analysis of multi-fault problem. To solve multi-fault problem, the new pattern classification
technique using residual ratio analysis was introduced to detect the multi-fault as well as single-
fault. The residual ratio could diagnose single-fault or multi-fault into several patterns.

Key words: Fault detection and diagnosis(Z#73%& 2 ), Variable air volume(ZFA$ ),
Neural network(27 %), HVAC system(FZA| 2 €), Multi-fault(F & 113)
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Table 1 Specification of the environmental chamber and house

Environmental chamber

Environmental house

Parameter Capacity Parameter Capacity
. 2
Chamber 136.208 3 (?\ieg ﬁrou;ld Area 3.0mX21m=6.3m
m oor Story/Room 2 Story building /4 Rooms
Size 3 Over Ground Constructi Concrete
Attached 24948 1st floor : 45m | ~Oonstrieton
facility m® 2nd floor : 3.6 m | Air conditioning Central and local air conditioning
3rd floor : 3.6 m | Control method Computer based automatic control
Capacity 1,428.8 m®
Structure Steel-frame. Ferro-concrete

Air conditioning

Central air conditioning

Control method Computer based automatic control
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Table 2 Capacity of the environment chamber

Parameter

Capacity

Temperature control range
Temperature decrease rate
Temperature increase rate

. Chamber
Humidity control range

Experimental house

—25~50TC (DB)
0C to 8C/h Decrease
20C to 10C/h Increase

Dew point temperature 6=1C at 15C (DB)
Dew point temperature 10=22°C at 24°C (DB)
Dew point temperature 20~30%£1C at 15C (DB)

Experimental room for Environment

Experimental
room for HVAC

Experimental
room for
Equipment

Experimental
room for Ondol

Fig. 1 Schematic diagram of experimental house.
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Fig. 2 Schematic of HVAC system.
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Table 3 Operating range of component

Component

Operating range

Indoor condition
Outdoor condition
Supply fan
Return fan

Cooling coil

Heating coil
Damper
Supply set pressure

Summer : 24°C, Winter : 20~24C
Summer & Winter condition
Max : 1,000 CMH (0.278 m*/sec), Min : 200 CMH (0.055 m*/sec)
Max : 900 CMH (0.25 m*/sec), Min : 200 CMH (0.055 m*/sec)

Capacity : 13,608 kcal/h (4.5 HP), Condenser : 9,072 kcal/h (3 HP), 4,536 kcal/h (1.5 HP),
Inlet cooling water temp. : 7C, Outlet cooling water temp. :

Max. electric demand : 10kW, Control method : P, PI, PID and manual
Control method : P, PI, PID and manual
45 mmAq (448 Pa)

13C
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Table 4 Type of fault

Type Variable Description
OD Outdoor damper
Single SFR Supply fan flowrate
fault ST Supply temperature sensor
SF Supply fan

+Q0D Multiple occurrence

ST
Multiple ST+SFR Multiple occurrence

fault )
Multiple occurrence
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Fig. 3 Flowchart of fault detection diagnosis.
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Fig. 4 Two-layer feedforward neural network.
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Fig. 5 Pattern analysis in single fault and multiple fault.
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Table 5 The raw, residual, normalized value
and patterns in single & multi fault

Heater VAVD ST SF SFR
&W) (%) (T) (%) (CMH)

Normal 1820 4501 36.29 68.18 317.53

oD 2325 4702 3595 6842 33092

SFR 1764 4851 36.34 67.86 391.50

Raw ST 2457 4471 3958 6813 31285
data SF 1754 4505 3586 61.71 316.02
ST+OD 2803 4445 39.86 6837 31797
ST+SFR 2440 4576 39.76 68.33 37543
ST+SF 2351 4463 39.66 6158 321.64

OD 0505 201-034 025 1340

SFR —-005% 350 005-032 7397

ST 0638 —030 329-005 —468

Data Fault

Residual SF —0.066 004—-042-647 —151
ST+OD 0983 —056 357 019 044
ST+SFR 0620 076 347 016 5790

ST+SF 0531 —037 337-659 416

OD 0514 ~047—-009 004 018

SFR  —0056 —082 001—005 100

Normal- ST 0649 007 092—001 —006
ized ~ SF  —0067 ~001-012-098 —002

value ST+OD 1000 013 100 003 001

ST+SFR 0631 ~018 097 002 078

ST+SF 0541 009 094-100 006
OD 1 0 0 0 0
SFR 0 1 0 0 1
ST 1 0 1 0 0
Pattern SF 0 0 0 1 0
ST+0D 1 0 1 0 0
ST+SFR 1 0 1 0 1
ST+SF 1 0 1 1 0
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Table 6 Normalized input patterns for AHU single fault diagnosis for ANN training

Neural network input
Heat VAV ST SF SFR

Neural network output

Fault diagnosis

0 0 0 0 0 1 0 0
1 0 0 0 0 1 0
0 1 0 0 1 0 0 1
1 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0

Normal
Outdoor damper fault
Supply flowrate sensor fault
Supply temperature sensor fault
Supply fan fault

O = O O O
O O O O

Table 7 Normalized input patterns for AHU multi fault diagnosis for ANN training

Neural network input

Neural network output

Fault Diagnosis

Heat VAV ST SF SFR

0 0 0 0 0 1 0 0 00 0 0 O Normal

1 0 0 0 0 01 0 0 0 0 0 0O Outdoor damper fault

0 1 0 0 1 0 01 0 0 0 0 0 Supply flowrate sensor fault

1 0 1 0 0 6 0 01 0 0 0 O Supply temperature sensor fault

0 0 0 1 0 0 0 0 01 0 0 O Supply fan fault

1 0 1 0 0 0 00 00 10O ST+OD fault

1 0 1 0 1 0 00 0 0 010 ST+SFR fault

1 0 1 1 0 0 0 0 0 0 0 0 1 ST+ SF fault
A2 RN iy 10%Y oldE& A 1% 3te] A8l A71W ST+ODY FE3AYU A%
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ST+0D9 FEIRZANA Yette 3E 4w
g AAe FVZAAMY ddnFAH Y
EBhte 3E 2uldde dAnng Fvtd #@e
Zteth ST+SFRY £E13<AM vdelvde 3H
2uAg ] FAaE FUIRFANY Gd o)A
Uets S8 audde FxRg FotEEs A
Fg Jetdcth =8 ST+SFe 5139 A%
38 Auldge] Aae FrIAY vduygd 3
Fol vdehts sH &udge Ixung F7he
E A%S Yedd. a3y 3L sutez

A& JeElgE ¥d ST+SFRe
Lol FUXEANEYD F7)HFAMAA, ST
+SFe FEuAEQ F9de Fr|EAMETD
7o M FrtH oz 19 A3 e et
ST+0D9 FE 1o dAdAd F7] 2T A
o % dduFy FAY £ gl F57F G4
gt "EHe] FEHE A 3y AHAH
% Friexe &€y HE&E AHEste FHD
A& A& 4 Utk Table 8& FNLEHAMY
ddnyged H$9 ST+0DY FEFQ AL
o Ztz}e] uAEL 10%, 15%, 0% W3

Table 8 Residual, residual ratio in the case of single and multi fault

Fault Fault rate Heater ’*W) VAVD (%) ST (TC) SF (%) SFR(CMH) Residual ratio
ST 10% 0.638 —0.30 3.29 —-0.056 —4.68 575
single fault 15% 0.769 —2.28 5.29 —-0.70 —40.34 6.88
20% 0.851 —-1.09 7.03 —~0.38 —34.44 8.26
ST+0D 10% 0.983 —0.56 357 0.19 0.44 3.63
multi-fault 15% 1.304 —2.74 5.00 —0.15 —51.28 3.83
20% 2.406 —1.09 7.30 2.37 —39.34 3.30
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