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Tém tit. Mot mé hinh tham sb dic tinh chinh xac s& c6 vai tro then chét trong viéc nang cao ty 1é chinh
X4c cuia qua trinh phat hién va chin doan 13i trong hé thdng chiller. Vi vay trong nghién ciru nay da dé
Xuat sir dung phwong phap Kriging dong vai trd 1a mot mé hinh tham sé dé mo hinh hoa cac dac tinh hoat
dong cua chiller. Sau do, két hgp mo hinh nay véi phuong phap t-test cing véi quy luat chan doan dya
trén d6 nhay cao nhit caa tham sb dic tinh — dé nghién ctru khao sat va danh gia. Bo dit liéu thuc nghiém
thuong duoc sir dung hau hét cho huéng nghién ctu phét hién chan doan su ¢d trong hé thong chiller cua
ASHRAE RP-1043 da dugc sir dung trong nghién ciru ndy. Két qua ciia nghién ciu cho thay rang, day l1a
mat chién lugc rat thiét thuc va co do chinh xac cao.

Tir khoa. M6 hinh tham s6 chiller, Kriging, Phét hién va chan doan, Chiller ly tam.

AN APPLICATION OF KRIGING MODELING FOR CHILLER FAULT
DETECTION AND DIAGNOSIS STRATEGY

Abstract. An accurate parameter model plays an essential role in enhancing the accuracy rate of the
chiller fault detection and diagnosis strategy. Thus, Kriging as a parameter model is proposed in this study
to capture operating characteristics for a chiller system. Then, a strategy includes the Kriging modeling, t-
test method and a diagnosis rule which is based on the most sensitive feature parameter related fault, is
combined in this study. The proposed chiller FDD strategy is tested and validated using the chiller
experimental data of ASHRAE RP-1043. Results of this study show that the approximation ability of
KRG model achieves high accuracy and this proposed method is robust for fault detection and diagnosis
in chiller systems.

Keywords. Chiller parameter models, Kriging, Fault detection and diagnosis, Centrifugal chiller.

1. TONG QUAN

Ngay nay, nhu cau sir dung hé théng may lanh chiller trong cac trung tim thuong mai, cao dc...
ngdy cang ting. Theo thdng ké tir co quan ning luong My (DOE)[1] ciing nhu tir nhiéu nghién ctu
khac[2-4] cho thay rang, nang luong tiéu thu can thiét cho h¢ thong chiller hoat dong s& chiém khoang
30-40% téng ning luong cia mot toa nha. Khi hé thong xuit hién su cb, s& gay t6n that khoang 20-30%
nguon ndng lugng nay, cling nhu chi phi stra chira thiét bi hu hong do sy ¢cé 1a khoang 26%[5]. Trong
thuc te su o hu hong la van dé khong thé tranh khoi trong qua trinh van hanh bat ky mot hé thong nao.
Su CO trong hé théng lanh co ban duoc chia thanh hai dang 1a dang “si co cung” va dang “Syr Co mem”.
Su ¢b cang 12 loai budc hé thdng phai ngirng hoat dong ngay 1ap tac khi xuét hién, vi du nhu chay dong
co, may nén bi khung, hong bo truyén dong, hu hong thiét bi dién.... Dang su ¢b nay thuong dé phat hién,
dé phan loai dugc vi xuat hién mot cach dot ngot, kha rd rang va két qua la hé thong dung hoat dong ngay
lap tirc. Do d6 khong can thiét phai tién hanh nghién ciu giai thuat cho céc loai sy ¢ nay. Trong khi do,
nhitng su ¢6 mém lai dién bién &m thdm trong mét thoi gian dai, triéu chang khong hién thi rd rang, nhu
su tic nghén do tich tu chat cin ban, dau trong thiét bi ngung tu, thiét bi bay boi, su rd ri méi chat lanh,
13i thiét bi cam bién... dan dén cung cip sai thdng tin, vi vay thuong rat khé phét hién va chan doan & giai
doan dau. Ching 1am suy giam hiéu suét cia hé thong dan dan, tiéu hao ning luong ting dan Ién. Chi co

© 2017 Trieong Pai hoc Cong nghiép thanh phé Ho Chi Minh



UNG DUNG MO HINH KRIGING BE CHAN BOAN SU CO TRONG HE THONG CHILLER 59

thé phat hién khi hé théng dang bi 16i & mtc d6 thuc su nghiém trong. Chinh vi véy, viéc nghién ctu tim
giai phap dé c6 thé giam sat, phat hién sém va chan doan su ¢ dang mém cua hé thong chiller nham duy
tri hé thong ludn hoat dong lién tuc & diéu kién ti wu, qua d6 nang cao hiéu qua sir dung ning luong
trong toa nha, ludn 1a chu dé thiét thuc ma céc nha khoa hoc trén thé gigi ludn quan tdm trong nhiéu thap
nién qua. Nhiéu nghién ciru da chimg minh, néu c6 mot giai thuat co kha nang phat hién va chan doan
(fault detection and diagnosis-FDD) chinh xé&c su ¢6 trong hé thdng chiller, s& gitip cho ngudi van hanh
nang cao duoc kha ning danh gia, dy béo tinh trang hoat dong cua hé thong chiller, dé xuat kip thoi
phuong 4n khic phuc, ciing nhu qua d6 tiét kiém dugc khoang 10-40% ning luong tiéu thy cua mot toa
nha[6, 7].

Nhiéu nam qua, phat hién va chan doan sy ¢ hu hong (FDD) timg dugc nghién ctu phét trien trong
nhiéu linh vyc nhu hang khong, qudc phong, giam sat diéu khién ty dong. Cung véi xu huéng nay, viéc
ng dung phuong phap FDD dé giam sat diéu khién hé thng lanh chiller ciing da phat trién nhanh chdong
trong nhiéu thap nién qua. C6 thé dé cap dén nhimg phuwong phap duoc sir dung phd bién hién nay nhu
phuong phéap phén tich thanh phan chinh (Principal Component Analysis-PCA)[8], mang neuron nhan tao
(Artificial Neural Network- ANN)[9], hol quy tuyén tinh (Multiple Linear Regression-MLR)[10]. Nhin
chung, cac phuong phap nay da phat trién thyc hién theo cac bén budc chir yéu sau:

a) Nghién ciru phét trién md hinh tham chiéu cé kha ning mé ta duoc cac dic tinh hoat dong cua hé
thong lanh chiller. M6 hinh tham chiéu ¢ nhigm vy tiép nhan va md hinh hoa thong tin dir li¢u tir h¢
thong.

b) Xac dinh ngudng hay con goi la vung tin cay. Nhin chung, ¢ budc tinh toan nay thuong sir dung
phuong phép théng ké dé xac dinh ngudng theo do tin cay nhur 90%, 95%, 99%,...dé quan sat va du bao
tinh trang hoat dong cua hé thdng. Viéc lua chon viing tin cay 1a sy can nhic can bang gitta d6 nhay cua
phét hién su ¢ va mirc do canh bao sai. Vung tin cay cang hep, kha niang phat hién som sy ¢ cang ting
I&n (nghia la: d6 nhay tang), nhung ddng thoi ciing 1am ting nguy co canh bao 13i sai, va nguoc lai.

c) Phat hién sy cb. Gia tri du, 12 gia tri chénh léch gitta gié tri thu thap hay tinh toan dugc so Vvéi gia
tri udce luong tir md hinh tham chiéu, duoc dua vao ving tin cay. Su ¢ s& duoc phat hién néu gia tri du
nam ngoai vung tin cdy da xac dinh truge do.

d) Chéan doan sy cb. Tai budc nay, kién thirc chuyén gia la yéu t6 cbt yéu dé xay dung bang quy luat
15i c6 thé quyet dinh chinh xac h¢ thdng dang gap phai sy ¢b gi.

C6 thé thay rang, mic d6 thanh céng caa mot phuong phap FDD phu thudc rat nhiéu vao dé chinh
x4c ciia md hinh tham chiéu. M6 hinh tham chiéu cang chinh xéac thi viing tin cay cang nho. Vi, theo
nguyén ly thdng ké, viing tin cay duoc xac dinh dua vao hai yéu t6 do 1a sai s6 do do luong (sai s6 xuat
hién trong qua trinh thu thap dit liéu théng tin) va sai s6 tir md hinh tham chiéu. Vung tin cay cang nho,
viéc phét hién su cb xuat hién trong hé thdng lanh chiller cang nhanh chéng hon. Véi Iy do d6, bai bao
nay dé xuat sir dung Kriging (KRG) dé xay dung mé hinh tham chiéu cho hé théng lanh chiller. Kriging
dugc goi la siéu md hinh tham chiéu, timg dwoc st dung trong linh vuc dia thong ké dé noi suy gié trj cua
mot diém khong do dac duogc tir nhirng vi tri da do dwoc quanh do6 dya trén phuong phép tinh trung binh
khoang céch c6 trong s6. Tuy nhién, trong nhitng nim gan day mé hinh KRG duogc phét trién rét rong réi
trong nhiéu linh vuc k¥ thuat khac nhu @ng dung KRG dé phan tich do tin cay[11], du bao mirc d6 nhiém
kim loai nang trong mach nuée ngam[12], phan tich va dy béo tinh on dinh ciia hé thong phanh[13], ....va
c6 thé thiy rang mé hinh KRG la mét phuong phap rat hira hen cho linh vuc xap xi, du bdo cac van dé
trong linh vuc ky thuat.

2. DU LIEU THUC NGHIEM VA PHUONG PHAP NGHIEN CUU
2.1 Dir ligu thuc nghiém

S6 ligu thuc nghiém c6 ¥ nghia then chét trong linh vuc nghién C}'IU phat hién va chan doan su cb
trong h¢ thong chiller. Vi vay, trong nghién ctru nay da st dung so6 ligu thuc nghiém tir du an cua
ASHRAE RP-1043[14]. Day la b so liéu thuc nghiém dugc thuc hién véi sy tai tro tirf ASHRAE v6i muc
dich nghién ctru vé cac su co trong hé thong chiller va tir do tao ra mot bo dir liu chuan cho cac nghién
ctru FDD sau nay cung su dung. Cho dc;n hién nay9Van c6 rét nhiéu nha nghién ctu trén thé gigi trong
linh vuc nay dang tiep tuc st dung b so li¢u nay dé nghién ctru phat trién phuong phap méi. B so ligu
nay da duoc tien hanh thuc nghiém thu thap ti hé thong chiller giai nhiét nwéc cong suat 90 tan lanh. Bo
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s6 ligu nay bao gom dir ligu cua chiller hoat dong ¢ tinh trang binh thuong va & tinh trang ¢6 su c6. Thi
nghi¢m da t1en hanh mé phong va khao sat bay loai su ¢6 “mém” thuong xuat hién trong hé thong chiller,
thiéu nuoc cap thiét bi ngung tu (RedCdW), nhu thiéu nudc cap thiét bi bay hoi (RedEvW), thiét bi
ngung tu bi ban (CdFoul), thira mdi chat lanh (RefOver), thiéu moi chat lanh (RefLeak), khi khong ngung
(Ncg), thura dau bdi tron (ExOil). Mdi loai su ¢d duoc tao ra va giam sat ¢ bon muce do nghiém trong ting
dan, nghia 1a 10%, 20%, 30%, 40% mtc do 16i. Phuong phap moé phong su ¢b va mic do su ¢ cua bay
loai 11 nay dugc thong ké trong Bang 1.

Bang 1: Bay loai su ¢ duoc thuc hién bai ASHRAE RP-1043

% Khong Sy cb x
Loai sw co c6 sur ch Mac Mac Mac  Mac  Phwong phap mé phéng loi
do1 do2 do3  do4

%‘ﬁl‘}nuo’c tal 61m3h 0%  -20%  -30%  -40% Didu tiét luu luong nudc
%‘g‘;ﬂu"c tal 49m¥/h 0%  -20%  -30%  -40% Didu tiét lu luong nudc

Tic TBNT 164 6ng -12%  -20%  -30%  -45% CO lap 6ng theo phan trim
Thira moi chit lanh 136 kg +10% +20% +30%  +40% Eri%gbo sung theo ty I¢ khoi
Thiéu mdi chat lanh 136 kg -10% -20%  -30%  -40% Trju hdi theo ty 1¢ khoi luong
Khi khéng ngung 0% +1%  +2%  +3%  +5% BOsung N theo ty I the tich
Thira ddu béi tron 10 kg ¥14%  +32% +50% +68%6 NéP Do sung theo ty I¢ khoi

lugng.

Ghi cha: TBNT: thiét bi ngung tu; TBBH: thiét bi bay hoi.

Theo béo cdo cua Comstock va Braun[14], bo dit liéu nay c6 tong cong ba tap dit liéu 1a “Complete
data set” c6 5191 mau, “Reduced data set” c6 433 mau, va “Steady States” c6 27 mau. Thong tin cia 64
bién tin hiéu trong thi nghiém nay dugc truy xuat tir hé théng BMS véi thoi gian truy xuét dir liéu dinh ky
la 10 giay cho “Complete data set”, 2 phit cho “Reduced data set”. Trong bao cao nay chi st dung 02 b
dit lieu “Reduced data set” va “Steady States” cho muc dich nghién cuu,

Vi dit liéu thd thu thap duoc ludn ton tai mot phan thong tin nhiéu, nghia 13 thong tin khong phan
anh dung ban chat cua hé thong Vi vay dé dam bao d6 chinh xac cia phuong phap nghién ciru, busc tién
xir ly dir liéu dong vai tro rat quan trong. Bé xur ly thdng tin nhidu, trong bao céo nay tao ving cira so loc
V6i do dai 1a 10 gidy va do cao 1a 3o (d6 léch chuan: duoc xac dinh theo phuong phap binh phuong ti
thiéu). Dt liéu nhiéu s& bi loai bo khi nam ngoai ving cira s6 loc nay. Két qua, chi con lai khoang 30-40%
s6 mau dir liéu duoc str dung trong nghién ciru nay.

2.2 Mb hinh Kriging (KRG)

Nhu da trinh bay & trén, Iy do mé hinh KRG duoc nghién ctu ap dung rat rong rai trong nhiéu linh
vuc la vi kha ning xap xi va du béo cho cac hé thong phic tap co do chinh xac rat cao. KRG c6 thé giai
quyét cac van dé phi tuyén da bién bac thap Ian bac cao trong linh vuc ky thuat véi tc do nhanh khi so
sanh voéi cac loai md hinh thuat toan khac. Theo tai liéu [15], cau tric cia md hinh KRG bao gém ham sb
hdi quy toan cuc g(x) va do léch cuc bd z(x) so voi ham s hdi quy toan cuc, dugc thé hién theo cong thirc
(1) sau:

flx) =g(x) +2(x) 1)
trong d6, X la ma tran cua dit li¢u du vao co kich thudce tuong ng sd blen thiét ke G(x) 1a mot md hinh
hdi quy da thic véi s6 bac cd thé 12 bac 0, bac 1 va bac 2. Bo léch tai mdi vi tri mau dugc tinh toan theo
biéu thuc (2):
Cov[z(xi),z(x})]=c°R(6, Xi - X)),  ij=1,....m 2
Vv6i R () cd thé duge xac dinh tir mot trong cac ham sau ham md, Gaussian, da tuyen ..[15] Trong do,
ham Gaussian duoc sir dung rong réi nhat. Vi m, n lan luot 12 sé lugng mau va sé bién thiét ké, thi ham
s6 xéac dinh tuong quan giita hai diém mau theo Gaussian duoc biéu dién nhu sau:
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_ n i j\?
R(6,x; — x;) = exp(Ti=1 — Ok (X}, - X)) 3)
vai 0k (0 < Bk <o) la vector trong so tuong quan tai vi tri thu k.

2.3 Phwong phap phat hién sw cé

Phat hién su cb 1a budc quan trong nham gilp nguoi van hanh h¢ thong ¢ co sé dé phan doan tinh
trang va dua ra quyét dinh hop ly nhu “sir C6 van con chap nhdn”, “hé thong sé sira chira khi c6 the”, “chi
can diéu chinh théng so” hay “ding ldp tize dé sira chira”....Dé dugc nhu vay, bén canh can c6 mot mo
hinh tham chiéu du tin cay, co kha ndng mo6 phéng chinh xac dac tinh hoat dong cua hé thong chiller, thi
phuong phap phat hién su cd ciing dong mot vai tro rat Ion. Bé phat hién sy ¢b, can c6 mot ving ngudng
hop ly. Néu ving ngudng Ién thi giam duoc 16i canh bao sai, nhung déng nghia vai viéc lam giam do
nhay cua phuong phap chan doan va nguoc lai. Hién nay c6 hai phuong phap xac dinh ving ngudng
thuong duoc sir dung rong rai d6 l1a xac dinh ngudng theo kinh nghiém ngudi st dung va xac dinh
ngudng theo phuong phéap thong ké. Boi vai phuong phap thir nhat, d6 chinh xac cua viéc phat hién su cd
phu thudc hoan toan vao kinh nghiém ctia ngudi st dung vi vay két qua thuong mang tinh cha quan, cam
tinh. DSi voi phuong phap thir hai, nghia 1a phuong phap thong ké, da va dwoc sir dung phd bién nhat
hién nay. Phuong phap nay st dung gia tri trung binh va d6 léch chuan cua gia tri du dé xac dinh ving
ngudng & do tin cay nhat dinh. Gia tri du duoc xac dinh tir viéc huan luyén md hinh tham sé bai tap dir
liéu huan luyén. Trong nghién cau ndy, sir dung phuong phéap théng ké dugc dé xuat bai Cui va Wang [10]
dé xac dinh ving ngudng duoc thé hién trong cong thirc sau:

Z|:( )O- :| +O—Y [1+X0(Xreg reg)_lxo]
’ (4)

trong do, gi la cong thuc tinh toan cua tham s6 dac tinh th i. z; 1a bién tht j. o 12 6 léch chuén cua zi va
62 1a phuong sai ctia tham sé dac tinh thir i. Xo 1a mot ma tran vector can du béo hién hanh, xJ 12 ma tran
nghich dao cia ma tran Xo. Xreg Va Xyeg lan luot 14 ma tran nghich dao va ma tran cuaa tap di liéu huan
luyén mé hinh tham sd.

2.4 Lwa chon tham sé dic tinh va quy luat chan doan sw c6

Viéc chon tham sb dic tinh dong vai trd cuc ky quan trong trong viéc phan loai su ¢6. Tham s6 duogc
chon can phai c6 day du tinh chat vat Iy lién quan mat thiét d&én su cd, nghia 1a tham sé dac tinh can phai
nhay véi nhitng thay doi cua ché do lam viéc cua thiét bi duéi tac dong cua su ¢b cd lién quan. Ching han
nhu, chénh léch nhiét do vao va ra cua nuéc giai nhiét cho thiét bi ngung tu ludn nhay véi su cé thiéu
nudc giai nhiét thiét bi ngung tu, nhiét d6 cua dau bdi tron lién quan dén luong dau bdi tron. Theo nhiéu
nghién ciru truée day[10, 16], nhiing su cb nay thuong d& dang phét hién va chan doan vi tham sb dic
tinh lién quan su 6 1a duy nhét. Trong khi d6, viéc phan loai sy cé tic thiét bj ngung tu, thira mdi chat
lanh va thiéu nuée giai nhiét ludn gap khé khan. Bai vi, khi thiét bi ngung tu bi tac khdng nhiing lam ting
nhiét tré ma con lam giam Iuu luong giai nhiét. Két qua, triéu chimg cua ba loai sy ¢d nay la twong tur
nhau. Triéu ching thay ddi cua mot sé tham sé dic tinh thuong dwoc st dung dudi tic dong boi bay loai
su ¢ da duogc khao sat va dé xuat nghién ciru boi Comstock va Braun duoc trinh bay trong Bang 2 dudi
day:

Bang 2: Tin hiéu cua tham sb dac tinh dudi tac dong cua su ¢d lién quan

Tham sé dic tinh

Loal sir O TEI-TEO TCO-TC Ton LMTDeq

Thiéu nudc tai Tang Khéng thay d6i Khéng thay d6i Khong thay d6i
TBBH

Thiéu nuwéc tai Khéng thay d6i  Tang Khong thay d6i  Tang

TBNT

Tac TBNT Khéng thay d6i  Tang Khéng thay d6i  Tang
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Thira mdi chat Khéng thay d6i  Tang Khong thay d6i  Tang

lanh

Thiéu méi chat Khéng thay d6i Khéng thay d6i Khong thay d6i Giam

lanh

Khi khong ngung ~ Khéng thay déi  Téng Khéng thay d6i  Tang

Thira dau bdi tron  Khong thay déi Khoéng thay d6i  Tang Khéng thay d6i

Trong Bang 2, TEI-TEO la chénh léch nhiét d6 nuéc vao ra tai thiét bi bay hoi, TCO-TCI la chénh
léch nhiét d6 nuoc vao ra tai thiét bi ngung tu, Toi 1a nhiét d6 dau béi tron, LMTDeq la chénh léch nhiét
do trung binh logarit tai thiét bi ngung tu (logarithm mean temperature difference of condenser). Qua do6
ta dé dang thay rang, khi sy ¢d thiéu nuéc tai TBBH, thira dau boi tron va thiéu mai chat lanh xuat hién
thi chi c6 duy nhit mot tham sb dic tinh tuong wng véi 16i c6 sy thay dbi. Ngoai ra, mac du c6 triéu
chung twong tu voi cac sy ¢b ¢d thiéu nudce tai TBNT, tic TBNT va thira moi chat lanh, nhung su ¢é khi
khong ngung c6 thé chan doan duoc khi hé thdng chiller ding hoat dong[5, 16]. Vi vay, trong pham vi
nghién ctu cua bai b4o nay s& khong thuc hién phan tich ching. Tréi lai, s& tién hanh nghién ctu phan
tich céc su ¢ nhu tic TBNT, thiéu nudc tai TBNT, thira moi chat lanh, vi c6 xu huéng thay déi twong tu
nhau. Hién tugng nay gy kho khan trong qua trinh chi ra 15i ma hé théng dang gap phai.

Dé giai quyét van dé kho khén trén, nhom tac gia s dung phuong phap chan doan c¢6 tén goi la “phan
tich 6 nhay I6n nhét cua tham sb dic tinh”. Trong phwong phap nay dua vao ca phuong hudng thay doi
(tang, giam) va mirc d6 thay ddi cua cac tham sé so séanh voi nhau dé chi ra hé théng dang xuét hién su ¢b
nao. Bo nhay cua tham sé dic tinh duoc xac dinh bang céng thuc (5):

Si= e )

trong d6, S (Sensitivity) la gié tri ciia do nhay tham sé dic tinh tht i, Re ( Residual ) 12 gia tri du thir i, Ng
1a gia tri ngudng cua tham sé dac tinh tht i. Do su ¢b tic TBNT va thira mi chat lanh déu cuing sir dung
LMTDeq la tham sé dic tinh. Vi vay dé phan loai hai su ¢b nay, can phai bo sung thém tham s6 dic tinh
esc 12 tham sb co khuynh huéng khéc biét duéi tac dong cua hai su c6 do 1a tic TBNT va thira moi chét
lanh nhu trong Hinh 1. Tham sb dic tinh e« duoc xac dinh bai biéu thuc sau:

_ Tsub
Esc = Teqa—TCI (6)

trong do, Tsub 1& nhiét d6 qué lanh, Teq 1 Nhiét do ngung ty, TCI 1a nhiét do nudc vao TBNT.
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Hinh 1: Phuong huéng cua tham s6 dac tinh e dudi anh huong cua tic TBNT va thira moi chat lanh
T6m lai, theo phan tich trén, quy luat chan doan dugc tong hop va trinh bay trong Bang 3.

Bang 3: Quy luat chan doan su ¢6

Loai sy ¢b Quy luat chan doan

Thléu nudc tai TBNT NéU Retco-tcr > Ncho.Tc| va Stco-tcr > SimTbed

Tac TBNT Néu ReLmToed > NgLmTDed VA SimToed > Stco-ter VA €sc giam
Thua moi Chét lanh NéU ReLvtoed > NgLMTDcd Va S mTbed > Stco-Ter VA € tang

© 2017 Trieong Pai hoc Cong nghiép thanh phé Ho Chi Minh



UNG DUNG MO HINH KRIGING BE CHAN BOAN SU CO TRONG HE THONG CHILLER 63

3. KET QUA VA THAO LUAN
3.1 Huén luyén mé hinh

Trong nghién ctu nay da sir dung bo sb lidu 6 tén goi “Normal” cia ASHRAE RP-1043 dé thuc
hién huan luyén moé hinh tham s6 KRG véi ba bién dau vao 1a Qe 12 phu tai lanh caa hé théng, TEO la
nhiét d6 ra cua nuéc tai TNBH, TCI 1a nhiét d6 nuéc vao TBNT. Nghién ctru di sir dung 27 mau dé thuc
hién huan luyén md hinh KRG. M6 hinh KRG sau khi huan luyén s& duoc kiém tra lai véi s mau sir
dung 14 169 mau cho mdi tham sé dic tinh (bién dau ra), cu thé 1a LMTDc va TCO-TCI. Két qua duoc
trinh bay & Hinh 2.

M3u

o e gy 0| i W |

2§ |

Wy | it me
o

s
|
[ O MTDed O P-LMTDcd [ O Tco-tcl O P-Tco-TCl]

(a) (b)

Hinh 2: So sanh gi4 tri thuc nghiém va gia tri xap xi tir KRG cua 02 tham s6 LMTDq va TCO-TCI

Tur Hinh 2 dé& dang thay rang, khi so sanh gitra gia tri do ludong duoc tir bo dir liéu thuc nghiém va
gia tri xap xi mong doi dat dugc bai md hinh tham sé KRG sau khi huan luyén c6 gié tri gan nhu 1a twong
ddng nhau. Piéu nay chung to kha ning xap xi cia mo hinh tham s6 KRG cé do chinh xac rat cao. Ngoai
ra, hé sé twong quan R? ciing 1a mét trong nhitng théng sb théng ké dung dé do ludng muac d6 chinh xéac
cua moét mé hinh. Trong nghién ctu nay, gia tri R? cia LMTDcd va TCO-TCI rit cao, lan luot 1a
RZ \itpea = 0.9911 va R4 ¢o_1¢r = 0.9998.

3.2 Phat hién va chan doan sy cb
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Hinh 3: Gi tri du cua tham sb dic tinh LMTDq (a) va TCO-TCI (b) & mutre do 99.73% d6 tin cay.
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Hinh 4: D6 nhay cua cac tham sb dic tinh dudi tac dong bai sy ¢b trong chiller.
(a) Thiéu nude giai nhiét TBNT, (b) Tac TBNT, (c) Thira moi chat lanh.

Bo s lidu gdm 169 miu cia “Normal” va 108 mau cua tirng su ¢d nhu thiéu nuéc tai TBNT, tic
TBNT, thira mdi chit lanh tir bo dir liéu thuc nghiém cua ASHRAE-RP1043 dugc sir dung dé danh gia
kha ning thyuc hién phat hién va chan doan cia chién lugc nghién ctu nay. Két qua dugc trinh bay trong
cac Hinh 3 va Hinh 4.

Hinh 3 1a két qua cua viéc thuc hién danh gia kha nang chin doan cua chién lugc nghién cau voi
bo s6 liéu thi nghiém “Normal” md ta hé thong chiller dang hoat dong ¢ trang thai binh thuong. Két qua
cho thay rang, chi cd rat it diém dir liéu cua ca hai tham sé dic tinh LMTDcg va TCO-TCI nam ngoai
viing tin cay (duoc xac dinh voi mic 99.73% do tin cay), nghia 1a chi c6 2.37% chan doan sai. Két qua
nay dong nghia, chién luoc nghién ciru da dat mic @ chin doan chinh xac 13 97.63% cho viéc xac dinh
hé thong chiller hién dang hoat dong & tinh trang khdng c6 su ¢6 hay khong.

Nhu d3 dé cap ¢ phan trudc, trong nghién ctru nay dé xuat chi thuc hién chan doan 03 su ¢b hu
hong thuong gap khi van hanh hé théng chiller d6 1a thiéu nuée giai nhiét TBNT, tic TBNT, thira moi
chat lanh. Trong qua trinh kiém ching danh gia, mdi loai sy ¢é s& c6 108 mau caa bén mie do hu hong
ngdy cang ting, nghia 1a tir mic d6 01 d&én muc do 04. Hinh 04 1a két qua chan doan cua chién lugc
nghién ciu.
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Trong Hinh 04, truc tung la két qua phan tich d6 nhay cua ting tham s6 dc tinh, d6 13 LMTDcq,
TCO-TCI va gs. Truc hoanh la s6 mau duoc str dung dé klem chimg phuong phap nghién ctu. C6 téng
thé 108 mau, mdi muc do su CO 1a 27 mau va muc d6 su ¢b ting dan tur tréi sang phai cua tryc hoanh. Tur
Hinh 04 c6 thé quan sét thay rang, dudi tac dong cua 03 loai sy ¢d nay, khuynh huéng caa 02 tham sé dic
tinh LMTD¢q va TCO-TCI déu tang. Mirc d ting ngay cang cao tuy thuoc vao mace do nghiém trong gay
ra boi su cd. O Hinh 4.a, dudi anh huong cua su ¢b thiéu nuoc tai TBNT, d6 nhay cua TCO-TCI hau nhur
I6n hon d6 nhay cua LMTDeq tai cac mirc d6 nghiém trong cua su ¢6. Biéu ndy ching to thiéu nuéc giai
nhiét tai TBNT s& tac dong dén TCO-TCO nhiéu hon LMTDgg. Theo nhu quy luat chan doan ¢ Bang 03,
két qua chan doan chinh xac dat duoc 12 98.15%. Twong ty, Hinh 4.b&c md ta thong tin d6 nhay cua 03
tham sé dic tinh dudi tac dong cua su ¢ TBNT bi tic va thira mdi chat lanh. R6 rang thay rang, ¢ hai su
cd nay, ca LMTDe va TCO-TCI déu c6 khuynh huéng giéng nhau, nghia 13 ting dan theo mic do
nghiém trong cua su ¢b va do nhay cia LMTDcg da phan Ién hon TCO-TCI. Vi vay dé phan loai hai su ¢
nay, budc ching ta phai sir dung thém tin hiéu cua es.. Két qua chan doan chinh xac dat 20.37% ddi véi
su cd tic TBNT, 71.29% ddi véi su cb thira moi chét lanh.

Qua két qua cho thay rang, viéc phat hién va chan doan su c6 thiéu nuéce giai nhiét cho TBNT la dé
dang nhat, c6 thé sém phat hién khi sy c6 vira chom. Riéng d6i véi su ¢b tac TBNT 1a kho chan doan nhét,
chi cd thé phét hién va chan doan khi mirc d6 su ¢b thuc sy di nghiém trong, tic la & giai doan 03 va 04.

4. KET LUAN

Nghién ctru nay da dé xuat mot phuong phap nghién ciru thiét thuc cho viéc thuc hién phét hién va
chan doan. Trong d6 KRG véi vai trd 1a mot mo hinh tham sé da chiing minh kha nang nim bat rat chinh
xé&c nhitng dac tinh hoat dong cuia hé thong chiller. Phuong phap da thé hién dugc kha nang phat hién va
chan doan ba su ¢d tiéu biéu, thuong gap trong chiller véi do chinh xéac cao. Cu thé, dat 97.63% , 98.15%
va 71.29% d6 chinh xac cho lan luot xac dinh hé thdng chiller dang hoat dong binh thuong, thiéu nudc
giai nhiét TBNT va thira méi chat lanh & mirc 99.73% d6 tin cay.

Tuy nhién, trong nghién ciru nay con viéc chan doan su ¢ tic TBNT chua c6 do chinh xéc cao, cu
thé chi c6 20.37% do6 chinh xac. V4, su ¢b nay chi c6 thé chan doan duoc khi s ¢b da thuc sy nghiém
trong, nghia 1a & mtrc 03 va 04. Vi vay dé xuit can tiép tuc cai thién trong cac nghién ciru sau nay.

TAI LIEU THAM KHAO

[1] US department of Energy, Buildings energy data book, 2009.

[2] L Jayamaha, Energy effficiency building systems: green strategies for operation and maintenance, 7th ed.
McGraw-Hill, 2007.

[3] R Saidur, M Hasanuzzaman, T M | Mahlia, N A Rahim, H A Mohammed, Chillers energy consumption,
energy savings and emission analysis in an institutional buildings, Energy, 36 (8) (2011) 5233-5238.

[4] Z Ma, S Wang, Building energy research in Hong Kong: A review, Renewable and Sustainable Energy
Reviews, 13 (8) (2009) 1870-1883.

[5] Y Zhao, S Wang, F Xiao, A statistical fault detection and diagnosis method for centrifugal chillers based on
exponentially-weighted moving average control charts and support vector regression, Applied Thermal
Engineering, 51 (1-2) (2013) 560-572.

[6] H Wang, Y Chen, C W H Chan, J Qin, J Wang, Online model-based fault detection and diagnosis strategy for
VAV air handling units, Energy and Buildings, 55 (0) (2012) 252-263.

[71 C GH, Building control systems, in Oxford: Butterworth-Heinemann, 2000.

[8] Y Hu, H Chen, J Xie, X Yang, C Zhou, Chiller sensor fault detection using a self-Adaptive Principal
Component Analysis method, Energy and Buildings, 54 (0) (2012) 252-258.

© 2017 Truong Pai hoc Cong nghiép thanh phé Ho Chi Minh



66 UNG DUNG MO HINH KRIGING BE CHAN BOAN SU CO TRONG HE THONG CHILLER

[91 N Kocyigit, Fault and sensor error diagnostic strategies for a vapor compression refrigeration system by
using fuzzy inference systems and artificial neural network, International Journal of Refrigeration, 50 (2015)
69-79.

[10] J Cui, S Wang, A model-based online fault detection and diagnosis strategy for centrifugal chiller systems,
International Journal of Thermal Sciences, 44 (10) (2005) 986-999.

[11] Z Sun, J Wang, R Li, C Tong, LIF: A new Kriging based learning function and its application to structural
reliability analysis, Reliability Engineering & System Safety, 157 (2017) 152-165.

[12] L Belkhiri, L Mouni, T Sheikhy Narany, A Tiri, Evaluation of potential health risk of heavy metals in
groundwater using the integration of indicator kriging and multivariate statistical methods, Groundwater for
Sustainable Development, 4 (2017) 12-22.

[13] L Nechak, F Gillot, S Besset, J J Sinou, Sensitivity analysis and Kriging based models for robust stability
analysis of brake systems, Mechanics Research Communications, 69 (2015) 136-145.

[14] M Comstock, J Braun, Fault detection and diagnostic (FDD) requirements and evaluation tools for chillers,
West Lafayette, IN: ASHRAE, (2002).

[15] S N.Lophaven, H B Nielsen, J Sondergraard, DACE-A Matlab Kriging Toolbox, Technical University of
Denmark, 2002.

[16] F Xiao, C Zheng, S Wang, A fault detection and diagnosis strategy with enhanced sensitivity for centrifugal
chillers, Applied Thermal Engineering, 31 (17-18) (2011) 3963-3970.

Ngdy nhdn bai: 01/04/2017

Ngdy chdp nhdn dang: 20/05/2017

© 2017 Trieong Pai hoc Cong nghiép thanh phé Ho Chi Minh



