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Fault Detection in an Automatic Central Air-Handling Unit

Z oE, & oFHIT
(Won-Yong Lee * Dong-Ryul Shin)

Abstract - This paper describes the use of residual and parameter identification methods for fault detection in an air
handling unit. Faults can be detected by comparing expected condition with the measured faulty data using residuals.
Faults can also be detected by examining unmeasurable parameter changes in a model of a controlled system using a
system identification technique. In this study, AutoRegressive Moving Average with eXternal input(ARMAX) and
AutoRegressive with eXternal input(ARX) models with both single-input/single-output and. multi-input/single-output
structures are examined. Model parameters are determined using the Kalman filter recursive identification method.
Regression equations are calculated from normal experimental data and are used to compute expected operating variables,

These approaches are tested using experimental data from a laboratory’s variable-air-volume air-handling-unit.

Key Words : Fault Detection, Air handling Unit, Residual, Parameter Identification
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Table 1 Estimation error comparison of ARMAX

and ARX models(Pump failure)
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Fig. 5 Parameter identification result of SISO

ARX model for the pump failure

= :LE]:L
7 e ¥ E%ﬂ*‘:ﬂa 01%6}%1—31 2zte]
Hoz £ e vl A3 ::OIZE 13t
Bw7t 29 59lM 4§ gl ubeh ol Ho
AL FLAE AT VEFY wol=e FdHY
AAHE RAZ oY FFE FAHE o vEy
= wolze] AVE 2 ¢4 AME AEFoR FTYd
2t Aol sl duiHer §Fd

X Aol A vebdh fHEe FA9 AdH AY
2 Foze " FHAAM A7)

B xolz7t §F A& d3kS mAA Bk FF At
E A% gl v 1/10 o2 A

37 2A veidr & =&

o
£
=
i
o
o
£
ol
2
tlo
H
als

W
Q’
.8
jicA

e
£

e Jo
OB

©

ox

2 |o

e 739 BS 23*& Fefoll o 77 odZ2)9] AifolA =
ol=9] F77t 71& @] 10%0]37t H=E A9 dEe R
#e Agsty 249 ALE dAsHder oo uet B

Fgls aol7h fout, Ad WA dF wAG%e ol
=z Qs Aolsh AT

414

4. 1% HE 23 =9

z7ld A AEE& 3l 3000 B¢ 102 A=
3007];4 dol8l & 2Astgoen 1AL 1500%dA LA
Aok 1FE AAsy) A A EH o] Fsin &
EFdAE 308%S ALY F3F x7t AF 22
o] da BFZel x, 2T FFE B ooW AR
2 Wel gle x99 FEFST 78 F Uk B =FAA
Zeo) dAReR | x—2/=3 0% AEsAt o7

st o Az HEgyx EE Bty ol
—30,x+30]9 WY A& FEL 9973% c°lth
' AgE *a‘za ARE o] &3ty FIdt 1%
=3 ¢ |2 —xle AH 2oid,

} —3— }%z} %” 44 FEiel A dEE AL

gt
=
<=

=&l ok 2y e
Hhg & wvh wa 302 =9
. “‘7"*]’\@@]/‘1% &3
Halpts 5% Fr2 uiye Bato] ud 4
Fa9z A28 39 AL doeH,
o] £71xQ REHIE AYJilue AFfH o
Vel E FR3le2 3279 EAY AHY
2 3#AE #AEY F Ut Alz=d AFA
‘E“;% | & el A& Ag «lE o

Zo o gl dow AHA AdHd =L
°] 7}'“3}‘4 =49 A4 WHIE o]

o]g4% uwjrtl o] HF(Moving average)2|

2 HA 7 2 AR A" =PEE A|to)

Azrel] i3 HgaFdel s weolz xFHv}
5 AT W Boh ZAA deidd AAAHA AE
c:ﬂ_/;s)\l_,] As7t B Aejo Egdte AL 2
9 A$ o 78, 4™y AS 358, qEn
ok 45% 9] _/}__S_QE]- o] A].o]oﬂ SR ngo}
3 A Fe b FHAT Asdsted o]
doh, AR AelelA 1ol wAsto —mh]
ol ald AL A A =gdte ,\]
o] upel 1FeA oF 108, ¢ 7
2] 739 oF S5¥o] 28 F o)
YUY AzF 7HAe] Edd AE 1w

: .

> i Y
A
4o =

) 2
=
1
i)
_?l_“
X
fa) oﬂ,
L H
N
é

LU R

,_.
>

[o

o

2 o
“FﬁﬂT{:rlrL&
.XQ),LONHU
N (LI
3125y
A )
m&‘i-{w
10 pobv ox

i

—?‘i%%fﬂ\m

oz

or of (@ K o d W2 & ool 2o &

£ 2
=
g

™ Jo o

2

MUt a® ox of
o
o v TR oo

E%rlo

P

‘ H
oo oW o

4 22

8 & 40

30 Rl oox do o 1 2 o Ho

75 REU ABUE F9 2% d
A #2B Adelt #8 $37E 37 #3378 §



Afste 715¢ FHHRR, £8 $%719 1
W3E zddd 2AE o8W wyoz
23g 29 6o udebdch 19 GelA
FNEE Bk KA A 4 24 2
A2ARE B Aolsl DEIA Frt
14, fFpel e 2AE b 2
<F>ow & & Qe whs gel @ $E719)
& A WSV, SEsh dele el sl
¢ & drh Fa® 19 FHL 19AR 1Y
o fAe WARAM BE & e
S0 FEA AN 28 B
A7) §2
ZAAA71A S, wee)
15.9) wlelse] Z7bel
Agatolo] akol7h @
NEE olgato] dZw
717

:ﬁL

=

wm?‘-‘

S
o
N
E=A
.{
=2
X
&2
>
fot
L
>
2
Yo

kiasy w}a}*i @)l X Ao} 7]

&3 A ZAG Aelo] Aolzk A71A el wBe W%
e & Utk B¢ HASE AEE F AE AS ADE ol
ot AA HAFe} Aojgton did A5 A5 of
B8 1S AEY 5+ Yot
1.5 raysupply e temperature, TS| 350 Eysupply e pressue Py
o actual 000 aq(ual
Ts 5 o esﬁr:zted Ps300 —— estimated
14.5 W 250 jivmmpaioyenainne
14 200
13.5 150
0 1000 2000 3000 0 1000 2000 3000
Time(sec) Time(sec)
2 CyFiow 3t afereneed ] 0.4 moyesiauarer s
000 actual
15 - estimated 02
R
1 0
0.5 s -0.2 Thresholq)
0 = 0.4
0 1000 2000 3000 Y] 1000 2000 3000
Time(sec) Tim(sec)
150 MEwesavarorPs 1.8 (FiResusI oG
Raa
RP‘I‘OO 1
50 0.5
0 R e e I Hrre 0 NrwsiAoppgd
T b [ reshol
-50 -0.5
0 1000 2000 3000 0 1000 2000 3000
Time(sec} Time(sec)
O 6 &8 £27] IEAL TR} HE

Fig. 6 Residuals for the return air fan failure(Fault #1)

Ao wE o &4 74]—’1“—““5} AGE AR 219 70|
% 2¥" 1F)dA BE &35F 7 -Tlc}°l CEUIR R

Fab o Z49 At s UHMP
ag 7De 4 dEF A e E”%MM] g}y, F7|
22 43t dARE ‘33°1bﬁ Aoy, Ao
d BAY AFEciE W W HEL A 5 gt o

=dule] DE AHE Ve

---- estimated
estimaf 0
145 b

Trans. KIEE. Vol. 48A, No. 4, APR. 1999

15 0.5
{A)Supply Air temperature ( C)
000 aclual

(C)Ts identification parameters

Threshoid
-0.5
an_ Threshoid
14 -1
0 2000 4000 0 2000 4000
Time(sec) Time(sec)
300 (C)Supply air pressure(Pa) 02 (D)Ps Identification parameters
280 000 actual
-~ estimated 0 Threshold
20| - . ‘
N o, OgnS
o B —
240 TV e T S
I Threshon
220 -0.4
0 2000 4000 0 2000 4000
Time(sec) Time(sec)

Qd

2 7 = £37] DEAL o

Fig. 7 System identification resuit and identification

(E)Flow rate difference(m*3/sec) (F)Q d Identification parameters
15 . 05 by
~Threshok!
1 0
000 actual

05 - estimated 05 Ao Tveshold

0 -

0 2000 4000 0 2000 4000
Time(sec) Time(sec)

Aol A% v

parameters for the Fault #1

Ao oo IAE o8 Hga A XL,

IY 20 EFE OE IFERE o9} ol 27k o

2 A2% 5 ded, 1 F3x A9 4R}

349 201 BAIE el 93 Fx) Wslel wdA S A
E 47 E 29 E 39 At E 294 Rres Ao
HAge ol43ted AE A= R dEY 2% Ao
A Rl A 4T 23 njiad n3S§ FEE7 93 A
3Rt AR F3FH 4 Ao} Aadd dHAE
AE4g o] 8F WA}t tlEo] Ao YL o] &F A
AHEE itk
3 2 37 £%F719 nge
%7t A9 0 A4HE2 248 Aejo)rh
Aol B7]1 $F71 o8 Aoising F7] $%7)
2] 1’0‘% gl Mg 2 F%E v F7) $£F719

P Az 35 @72 F7E H4dsA 333
FHE c8FFVY nRAE 28 AQA A"
K Ul’"‘JC}. w71 3719 nge HAAHA Axgo
T Z

MAA R dHe) AAE olgael 4A AE

i

24 37 $%719 1
271 94E

e

ofl
hod

mlm rio

L}EM 9t vksh o] oE A A

& o & 30 deht sle v
3 eE BAY AFse] WHAboz
AL & 4 Aok

415



AP R WL 4BA% 48 1999F 4A

E 2 0% wyFol TR

Table 2 Residual values after faults

Fault Rps | Rad RnTs PETS'Z Rns | Rne | Ry
(Pa) [(m/s)| (T) | (Y (V) | (V) | (V)

Flt No.l| -0.8 | 0954 | -0.03 |-0.018| 0 |-100| O
Flt No.2| 638 | -892 | 431 | 1.29 | -10| O 0
Flt No.3{-0.63] 0.006 | -0.32|-002| O 0 0
Flt No.4| 0.28 | 0.002 | -0.76 |-0.138] O 0 12
Flt No5| 0.27 { 0.016 |-1535| -145| O 0 0
Flt No6|64.39| 1.792 | -0.09 1-0.135] O 0 0
Flt No.7| 314 |-0.318| -0.87 |-0.014] O 0 0
Flt No.8| 0.27 | 1.249 | -0.05 |-0.278| 0 0 0

i 3 0% UM F ol =4 AF st (SISO ARX)
Table 3 Changes in identification parameters after

faults(SISO ARX)

arl bri ap| bp1 aql bai
Fit No.l 0 -0.03 0 0 -04 | 042
Fit No.2| -0.18 |-0.043 (-0.843| 0.031 | -0.96 0
Flt No.3|-0.178(1)} -0.05 | 0.05 0 0 0
Fit No.4| -0.055 | -0.044 | 0.071 0 0 0
Flt No5| 0.7G) |-3586] 05 0 0 0
Flt No6| -0.25() | -0.05 | -0.77 | 0.01 0 0
Flt No.7| -0.05 0.05 | 0.05 0 -1.0 |-0.15()
Flt No.8| -0.04 0 02 (-0.06G) -06 0.6

* (i) ¢
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Fig. 8 System identification parameters for the

pump failure
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