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HVAC system fault diagnosis method based on OpenModelica
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[ Abstract] Aiming at the insufficient fault samples of HVAC system, which makes the application of data—driven fault diagnosis
method in HVAC system more difficult, this paper proposes a fault method of HVAC system based on Modelica language. Firstly,
the Modelica language simulation platform OpenModelica is used to establish the model of HVAC system, then the simulation model
is manually injected to obtain the fault samples, finally the fault samples are identified by PCA fault diagnosis algorithm to find the
fault source. The simulation results show that the method can effectively and accurately achieve the fault diagnosis of HVAC system.
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Fig. 4 Sensor measurement data curve in normal operation
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Fig. 7 Room temperature profile of air supply duct rupture
N Ay
2 PCA Ei%iR5|

21 FrRHWwiEie

FICHHT (PCA) J& —FhFE B DR B 15 B % R
/D I IE BT X e 4 AR F A [H) 2 A7 B 4 A 3L 1) 55
Pio BIZ X e R AR FE, Hrb m J2RFEIR
B n 2 WA 4, PCA 5 X Bl i 4T
R Y el AR A o 1 a2 B AR B X B T 2 0
HATIE SR R, AL TR B R B A

COV(X) = (6)

COV(X)P, = AP, (7)

Hr, cov(x) NEARHRE X (P I7 2256 15

A 2 U T 2% FE 4 BRI e R A B R AR AEL; P,
COV(X) MYFFAEI I, XF T FE o045 1) (0 R 2k f 2
HCEA AR 25 B o, HgeA ik n F X
X=yP, +1,P, + - + P, (8)

¢ 245 ARG FE oo, FEEXR

BRI Z [RGB AR BE AT 32 L, P, FROF R GE T
AR i) | 2 B 0] 2% 78 H 2 [ A SC R A R 2R AT
$RH, E D 5k 22 M, A0 75 AR R 22 R RS A R
IH, P F 2R (9) ~ (1), BRI

b, =0,i #j (9)
PP =0,i+#] (10)
PP =1,i=j (11)
P, A (8) FXMiN A (12) .
t, = XP, (12)

FIem i ¢ I EEAER T EE AR X ZERHE ]
i P, AR,
2.2 PCA #[FEiZ s

BiX X e R™" B R ES HREN
IBATEE . TEHEAT LA A BT, S SR R
AThRUEARAL B | BV R A28 f 1 A (B DR SR I I LA
HCbRUEZE | FERATFIE 5 1247 1% F2 oA 7 I it ml LR
Mgt B E L, Han-F Iy 3o i3 22 K
(SPE), T* EIRIDTRREE AR N AR T

(1) )5 AR 2 B (SPE) . -7 Hil i 2 55
THEWARE Q Zeitie, oy iR 2ZE g 75 i
AN Z BB A b | H R DLAVE A AR AR A0 1 80
AR R B BRACER T bR 2 A X, 5 ST
RS, MR R T R, SPE
P(E A2 i Fad K s 3 i BRAE, 75 SPE (A
WA B HIBR N RS #2177, SPE it fils
PR P ECA AR = (13) ~ 2 (16) Fizs

QL:Xi(l_i)ki;kT)XiT (13)

§.,/26, hC h - 1)hé ¥
B, =0,8"" a+( ) 2+lﬂ (14)

g 0, 0, i
h=1 2030, (15)

S 38,
0,= > Al,i=1,2,3 (16)
Jj=k+1

Hirf, Q, FRIESR i REES R Q Gt a8,

~

INTE K 5 K PN o BE W R R, P, =
[P, P, P 0 FR B C, TR
B TE BRI o BIBIE; A, 278 X BT 2250
B R AL

(2) Hotelling T* K. Hotelling T° BIMRET
14316 ¢, WF- 5 L, AT DR B A AN AN TR R A AE I
(H AL S BB AR B, T° St —
FICR RN FR LRI . SRS Tl R B T



57

HHE, 4. BT OpenModelica {5 FLF- {5 H 38 25 I/ R SRl B2 Wi 52 175

ORI, T2 AO{ELAE AR 2 ol T3 R 42 ] BRAE
AT BEBA B L RIR W R G E W is T, T 4
TR FIHAERIR 72 AR =

" =X.PA"' P'X! (17)
m(n—1)
T. = Feaie (18)

b, X, S | 2R AR B e JEAEA
BIANKL m WSS 1 F ARG F, L RTE RS
BEH o IFELE R m,n - 1 4RI F AN
i A

(3) TUlkIEl, 7E SPE SGeitHuki# 7° Soit R
LR A% A IR (I T ARG I 0 O o ke
RGBT RSB (B SPE Sei s 1 it
I ARG B 2R S5 W 2 T AS B TR e
R T TR PR B S R T R U A i
SRR RS @ 20 Q GeiT R STk R . Q, =

(X, = X,) %, Tissj At B BOUHE S i %00 K
N FEITTHTTEA T, = X,P,
2.3 HEZEISKRNAESE

FET F RS 43HT 0 R 308 4 0 2 0 10 A I 5
BT R IEAL IR T

(1) 7E OpenModelica /i E-F- & FALHL HVAC &
BRI IE F 12 A TR A T AR R G0 1 1E 5 R A E A
SR W TE S R A BSOH AT 0 o A AL 3, RIKs 25
AN INE N 0, 77 2502 1 WAREEURAE

(2) FET AL BT bR EBRSE LU ST PCA F25T
BRI T,

(3) AR ERHREE A PCA FERIAR R G #2561 BR
Mgeita,

(4)7E OpenModelica /i E-F- 57 FALHL HVAC &
G Il R 12 A7 R A 2 T AR B R 6 1) e s o A Al
FE X B S R A TR A AL 3

(5) MFRUEA B SRR AR TR T° Geit i
FISPE Giit b, I W45 A J2 5 M 1F w4
RAFERIBR

(6) AR X T° SR SPE Gil-H Y
DR, DTHRR IR A i — B 5 R B 1 A o
24 {AEWIE

VAW 3 25 8 2R G IR 1) A2 SR A o 30 s 26 XL
AW AR AT 05 HA I 50 E , oA R Gl by
ARG, AR SCHERE RS WD AR B 1 R K AL
COP B, Wil A8 5 2 S ¥ VRoK A& IS H0 ., W Az
3 ORI, WD AR R 4 Ak KURGE, 31X LA

JEFHHTER AR AT

(1) &P X AL R . HVAC R GEie Uf [y BL A%
JEERIE F 84T, AE5S 400 AR A5 5 X A R K AL 2%
AN S °C BYIE MM 25 TR, PCA B 7R Xz i B 11
Krmgs S ani 8 /9 Fio

2.0
1.5 e —
210t
g
0.5
ol i MY
0 50 100 150 200 250 300 350 400 450 500
T AR
- (a) T"BLit &
= &
=10
E
“w 5
00 50 100 150 200 250 300 350 400 4I50 500
PR
(b) SPE 4| it
El 8 SPE Zit&% T &it&E
Fig. 8 SPE statistic and T? statistic
4
©
B 3
32
=
= 1
=~
0 1 . 3 4
A
A (a) T°TTRAR
N
<3
%2
=
i= 1
>
0
1 3 4
IR AR
(b) O TEHRF

B9 BEERITEEE

Fig. 9 Cumulative contribution of each variable

(2) B X 26 RS T8 i 248 B . HVAC RGEAE LR
By B4 T8 IE W 1817, 1645 400 AN RAE 5 5 WS %
R R, PCA A7 X6 1% i e 1 G 0 &5 % ]
10 & 11 Fios,

MIE 8 FIE 10 AT LA % 31, 7655 400 4> RAE 5
J& , T vt A SPE Git e B ol IE# e 4 1
FEHIBR , 5 PCA BLAGIN % R G AE MRS T i
1To AT BEAURHEAT I, H 9 A W) 4% o 52
TFoTlRA T DA B AR o 2 suiikiec R, S E
P UR KA IRt Ot 22 5 — 3, [RIRE b ) DA D00 A
FitoimkoR B 11 rT LA R 3 sk R,



176 B o /5 M5 MM 1K
; 3% TRl 4253 U S
5 B8 AU TE 8 S R — 2 2

1 500

1 000
o
500

: | : 1
0 50 100 150 200 250 300 350 400 450 500

(a) T°GEitHE

2000
1500

&

1000

500

) | i
0
0 50 100 150 200 250 300 350 400 450 500

(b) SPE 4t it

10 SPE Zit=# 1° Git 2
Fig. 10 SPE statistic and 72 statistic

60
540
=3
i 20
=
0
1 2 3 4
0 (a) T STMRA
N
'h\‘- 40
B
i 20
(=]
0
1 3 4
(b) O BTRREE

E11 SEERTTEEE

Fig. 11 Cumulative contribution of each variable
3 HRIE

AR S FH 1 38 25 30 2R G A R 57 5 PCA ik s
W ARLS ST T BRGS0, %
J5 L RES AT S TR T B — B T B IR Sl s i2 1
T3 1% T R ST 2R 5 55 R A N S 4 1) ] B A g
I 3T K 4 9K 3 e 5212 W 7 1k 1412 W oK R R
Mo wE s EAR 0 UE T SCH R B ke
% YR A A5 R0 81 7 3 2 R 2R 8 A

(1] HE, . Kl oo E LS R 0 o SO SRl [ T].
HL" AT SR SRS, 2018, 36(S1) :83-86.

[2] AHN B C. A model — based fault detection and diagnosis
methodology for cooling tower[ J]. International Journal of Air—
Conditioning and Refrigeration, 2001(9) :63-71.

[3] KANT K. Data center evolution; A tutorial on state of the art,
issues, and challenges[ J]. Computer Networks, 2009, 53(17) :
2939-2965.

[4] FZR4E, . IS RGEMBBESEHEAR[T]. A3tk 0,
2009, 35(6) :748-758.

[5] HOUSE J M, VAEZI-NEJAD H , WHITCOMB J M . An expert
rule set for fault detection In air—handling units [ J ]. ASHRAE
Transactions, 2001 (1) ;858-871.

[6] YANGH , CHO S , TAE C S , et al. Sequential rule based
algorithms for temperature sensor fault detection in air handling
units[ J]. Energy Conversion & Management, 2008, 49(8) :2291
-2306.

(7] B, RG2S I8 R GEAELM AT I 512 Wi 5 vk B vi FHF 5T
[D]. Kb WKk, 2012.

[8] WANG Liping, PHILIP H, FRED B W. An improved simple
chilled water cooling coil model [ C]//2012 IBPSA Conference.
Madison, WI;USDOE Office of Science (SC),2012:1-15.

[9] WANG Shengwei, XIAO Fu . AHU sensor fault diagnosis using
principal component analysis method[ J]. Energy and Buildings,
2004,36:147-160.

[ 10]LI Guannan , HU Yunpeng , CHEN Huaxin , et al. An improved
fault detection method for incipient centrifugal chiller faults using
the PCA-R~-SVDD algorithm[ J]. Energy and Buildings, 2016,
116:104-113.

[11]TURNER W J N , STAINO A , BASU B . Residential HVAC
fault detection using a system identification approach[J]. Energy
and Buildings, 2017, 151.1-17.

[12]BEGHI A , BRIGNOLI R , CECCHINATO L , et al. Data—
driven fault detection and diagnosis for HVAC water chillers[J].
Control Engineering Practice, 2016, 53:79-91.

[13] ELNOUR M , MESKIN N , AL -NAEMI M . Sensor data
validation and fault diagnosis using auto associative Neural
Network for HVAC systems[ J]. Journal of Building Engineering,
2019, 27.100935.

[ 14]TAAI A, ITARD L. P&D-based automated fault identification for
energy performancediagnosis in HVAC systems: 4S3F method,
development of DBN models and application to an ATES system
[J]. Energy and Buildings, 2020, 224(1) ;:110289.

[15] LI Guannan, HU Yunpeng. An enhanced PCA —based chiller
sensor fault detection method using ensemble empirical mode
decomposition based denoising[ J]. Energy and Buildings, 2019,
183:311-324.

( EHERS 170 1)

[14] GUOX L, SHIC Y, LIU C M. Intention modeling from ordered
and unordered facets for sequential recommendation [ C |//
Proceedings of The Web Conference 2020. New York: ACM,
2020, 1127-1137.

[15]HE X N, LIAO L Z, ZHANG H W, et al. Neural collaborative
filtering [ C]// Proceedings of the 26" International Conference
on World Wide Web. New York: ACM, 2017, 173-182.



