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ABSTRACT

In general, cooling and heating rooms are arranged with a large number of
sensors, based on which the automation system or human workers will make some
responses according to the predetermined rules or human experience to achieve the
maintenance. However there are two real problems in the actual process: first, the
sensor data quality i1s poor, which not only affects the control performance, reduces
the efficiency of energy use, increases the security risk, but also hinders the
subsequent exploitation of sensor data; second, the rules or experience is unreliable,
such as the accuracy of some algorithms is not ideal, or the assumption that some
equipment 1s working well is not valid, which also leads to wrong response actions,
and these rules or experiences can usually be abstracted as some synergistic
relationships between numbers. Therefore, the goal of this thesis is to:1) evaluate the
accuracy of individual sensor numbers; and 11) evaluate the effectiveness of
synergistic relationships between multiple sensor numbers.

To this end, a belief system is developed to evaluate the accuracy of numbers and
the validity of synergy relationships quantitatively. First, the belief system will form a
knowledge base containing various rules or experiences of the target cooling and
heating source system and other knowledge based on the predefined various synergy
relationships: second, the belief system will measure the synergy of each number to
form a judgment on the accuracy of the number; then, the belief system will further
split the synergy relationships and assign the reasons of non-synergy in different
degrees according to the accuracy of the number assigned to each sub-relationship,
thus refining the assessment of the validity of the synergy relationship into the
assessment of the validity of each sub-relationship therein: finally, the knowledge
base 1s updated according to the validity of the synergy relationship to prepare for the
next assessment.

To validate the belief system, this thesis builds a TRNSYS secondary
development platform based on regular expressions to generate case data of mixed
sensor faults and system faults on the one hand, and introduces algorithmic models of
different accuracy in the knowledge base of the belief system to simulate rules or

experiences of different degrees of perfection in reality on the other hand. The
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experimental results show that the belief system is able to effectively evaluate the
accuracy of individual sensor numbers under a fully interpretable operating
mechanism, and that it is able to distinguish between sensor faults, system faults, and
unreliability of experience or rules by evaluating the validity of synergistic relational
subterms. In particular, if the belief system is unable to assess a number or a synergy
relationship subterm based on the current knowledge base, it will explicitly state that
it is unable to do so.

Key Words: cooling and heating source, sensor numbers, digital synergy

relationship, belief system
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PR E R R T BERK AR I, EHRRKARENVRTAE FRETABERR
R

215 HFEEL2ERRES

BT LGS RS, MERKRREL, #—PEXNFEE
(Trust Score of Value, TSV) J7ER— M ZIAH {5 FAE B R HERR E R R 8
Y E 154 (Trust Score of Casualty, TSC) Jy7EH:— B ZIAH 15 H AR % R (7] %
FABAER KA, EATHEEEEL A, 1],

Tl

2.2 152 MLE

W AR B D, R T —ME 22 FERIESRE, %
145 S R M4 I35 B R0 460 78 BTER AR A8 2 LA R JE R A i B, R 24453
A0S 2 R 4 5 H O e Al

(1) WMKT XS R, BRI RS R /0T R 25 RT3k T 4k

10



F2E FERAHE
e, DRHAR 1 S, RUBEHLdEREERRARE 7 & MRS
Wy, RESHTRARRARASHEREERKAMR L —FKELEBRKR: BB
X —-BEn ik, el LR E S ER T ER R R B ARE 1. E 2,
5ERENBE, AR ERRRIE LRSI, ZREERRA B
TR REMRIR R BRIz Ah, AT VR B RIS RAE 7R 1 AL T
B35 MK PR RISR AR AR LA MR 1 A e, TR R I R R R
IRAEMFRIR AR, RRAZE MR LU T RRIZE -

(2) FHLWIE, KERMEEERXZMFRKABRERE, MR
LRI BEAE AR R RIS R A A 2E, WIZRoR Al e P AR e, I SRR A Tik
WS ITERRR, MR ATREL I 1K RS R K AR AR, X3RoR
iz M Al U T X SRS R AU AR

(3) GuFFRATA A LLEPAN R A 3 IR 5k R R HEWT i 1 ROAR IRER 20
(EHERTEE RATAET )G, AR DB B R R B R R R RUA RME, IniR5EE 3t
AKGEGAHKEASTE, RIE R R R RIS R, BRFZESME
AILVHT PG M. &4 & £ — %KY, ZESMETEL 1 &S e
RUXFARNRR, MERERFIDRRRPEFERKANE, SREEZ %X
FIRRPIFMFERRNE, LI THWEE®ZEAAHES ",

(4) HAL THRIEREE, sBURBL T RRIRER R, Al LESEERA 1
SMEE R IRINA ST R, WA KX el G MR eiE, BRRNZESMEREFIR
W RIFFARAE SRR . 9ihr b, ZMNEEN KR RE BiAr T R A
S, RUEA EC T LA A9 &R0 R B pY 800 A E AR B E RS, HEA R
SRR OUERTE -

11



[FlGERSE 220 1 S0 RIS 1 R B U v (5 2 0P A

ERREERXER
SIERKER

K22 FE&M%

23 ERIHMAEITE
231 BFEEAIHE

LA LERRTEERNE—SEBEREE L, ME TSV it 7k
(2.7-2.8) Fim. B, pRonfeBEEAT s B9 “CFEMmEE" , AHZACTFrE
HIFTA PR K R B — SR B P e .

1
TSV, = — (2.7
dis
He = ) syn (2.8)
m

B H R A AR ANRVFRK AN B EE R G T U E SN ?
B F) — Sk PR B2 MR A A (AT SRR, 1 AN (] AR AR (R AN (R 2R Y AR
AFERZE R R, FUEAE AV Z LR A rDE . Frel, Aesor—
BERE A 0-1 B ALfLALEE, FFAEE A (2.7~2.8) AR (2.9~2.1D , Hrbe ¥
E VRIS A2 S U R B — B B A

12



F2E FEREGE

TSV, =1 — g (2.9)

I :ZDissyn/m (2.10)

1, disgyn > €syn

Disgy, = ['(disgyn, £yn) = { (2.1

0, disgy, = £gpm

232 ENIDEEERE

M SERRIGIE S R DL R SC R RIMERZE, a0 2.2 FTRTIHRANEE, FRAT
R EE A R K RN A SRR A REE, R E G SRS ERE.
XS E AU RIEATIA A, A4 e [ 1 i 2 B — B B 2 i B A A R
KA, RN ENTEEEARREENET.

SECHFEINIE 2.3 Fras, HEREBEZRENNNEFEESEFERRERA
A R B REAME BB TSV EAR M, X %o RiA% B8R D6 RO R 1 F 4
BN BHREAHTEROCRIB R FEEEHF TSV R, Wbz FHE
KAPIMEEIR K 26 AL &R RS 0t H R MHEE, i— 1 EES o8
BE, BARTFEIEMR (2.12~2.14) FiR, HADis AxE e H R KR E
§1, Dis, WXt i SRR RAVET], Mbr s AEEESEER K AN BENR S,
fibr a AT R XA S, n NEFRK TSV HE.

Fia
A 4
—HtiEE
TSVBIF%EE
4 4 l A
ERERESRET | |(CRRREREN ST ERE

GO

K23 ZoowENEHFE



Al K2 W22 i S0 4 AL 55 1% TR 3 i v {3 VPl

Disgyy = Z Dis, + Z Dis, (2.12)
5 a

_ 1— TSV, _
Dis, = * Dis

Zs (1 - TSVS) + Za :/HsEsyn, s€a TSVS

UHsEsyn, s€a TSVS
Dis, = + Disgyy (2.14)

Es (1 - TSVS) + Ea " HsEsyn, s€a TSVS

n (2.13)

M (2.12~2.14) HATBAF 57 R R PREE T TSV, Stk

AR R ANIMEE 1 — TSV, RALKHN . ZIELEABEEY, HNESE
TN AR IR R R 5 AT ER S R R SR AT AT BE s (8 R SR AN AT i
B, EAMNESMEF A DE L, 2 irERRARZUAR BT REERRA
A REFNAL A TR, HATEER SRR RRABESESTRERK AR,

(BB IR, 77 75 SR BT AS R 15 70 IR L 2R PR 3
M5 AT RS, DR Tl R AP R R R R 5 4
R IR 2% (R AR — B RBERRAE B0 T B RIS, {ELIX LR (B4R
W), B BRER, WIRERGBRXER, RANAELSRQEE L
S A TR 2« (B AT DRI R b BB TR o, TS e
H5E, X BRIERHR— RURIR.

RPN P 6 RABAT L 18 1 4V, 54 98 B 2 R 51 %
KF L. NEBTRR BRI, RO ENRT M, AT R (215,
Hhpenalty BIERX R ¢ SREOFHER, HAIENT EERAELRER
P EA RIS, Dis, B PR ER A S B RIAGE T . SRR, R
IR S Bl A TSC AL RS (2.16-2.17) 4T S 37, BLoP B STHR 1 — e—penaloy

=T PR 52 B AE[0,1) 2 1]
2. Dis,,

penalty, == W= {s, a} (2.15)

TSC,. = Y(TSC, — (1 — e Penaltyey) (2.16)
1,ifx>1

Ux)=4xifl=2x=0 (2.17)
0,ifx<0

233 EFTIKRMEFESME

A BATABHXEEA R R R AN, &AH TSC 28 0. XA, AT
WAHIZRARKRCERI FHEFERFRANABREZEHETE: Fift—

14



S, BATVARLE R RN THAX RS LE2 R BHAE LTk
BT . 7 REA SRR ML IERIE S E R RET, Ak
HEBEIN “HABWEEE T 5 AR R ARE” fBE.

AR SERE SN I (2.18) PR, ZEE S AH R B ER
RMF, MRAHNEPHEANBRRLR c SERBLT cME, BERBERKR
EEH BT RER, Bhxf ¢ B —ShEraR i TR, R, HHEREATSC =0
if, o RIA R —SEREE BN 0.

Dis. = Disgy * H TSC; (2.18)
iEsyn, i#c

AR FERABENFET R (219 Fiw, Ff, SHEHFENEE
KA ¢ BIFRERET ¢ EXH), BERD VHAIAEFRT c AIRFEEE, &
FARMFEIR R A ZAE TR, BIAHKER KRG RE FRER, o FIAIAFEED
SRR REE, VISR ¢ B9 R .

NC:Z " H TSC; (2.19)
syn iEsyn, i#c

FIN RS S, BIER (2.10) . X (2.13~2.15) 458K (2200 « &

(2.21-2.23) .
Ei (Dissyn * “’HiEsyn TSCi)

Esyn : HiEsyc TSCl

_ 1— TSV, L
Dis, = # Disgyn * | | TSG; (2.21)
ZS (1 —-TSV,)+ Za B HsEsyn,sEa TSV, i€syn,izc

. HsEsyn, s€a TSVS
Dis, = \ « Disyy + ® n TSC, (2.22)
Zs (1 —"TSV,) + Za U’HsEsyn, sea TSV, i€syn, i#c

Di
penalty,. = 2 Disy (2.23)

z“s.yn :jHiEsyn, i#c TSCl

(2.20)

Hi

15



[FlGERSE 220 1 S0 RIS 1 R B U v (5 2 0P A

20 TR R R RIIE TR RS, A A B REAETE, Mt
R ZZHRET, EEERIFERRA MR M KIPFERN KRR, BaEE
SRR ASCATAIE AR, Foml RO R, I 613 25t B A A b, TSC
BEA — MR BRI S R . BARESRITHENREN (2240 , KAl S e
N MEEEEEE, B TRiE TSC £ o i E gt 0.

recovery, = max(TSCZ, €) (2.24)

A6 (2.16) 55 (2.24) , 53 TSC m4E& Ak (2.25-2.27) Fy
TN ,\ﬁTéﬂﬁéﬁEﬁ?’?O ff, TSC A &3, HIRMHIE /G TSC K/ E[0,1]
Z [a].

update. = (e P"d%e — 1) + @(penalty,) * max(TSCS, €) (2.25)
0(x) = [(1] :g ~ g (2.26)
TSC. = Y(TSC, + update,) (2.27)

234 HHEENEESTM

M (2200 BLAEC (2.23) FafBLEH, ARNERREEAE N5 EHII
it EN, WAEEARET 0, (HEFR LXEATRER), FIL T A8
g L. 2.2.4 FEE RGN FEKCREEMNE O RS TRERK RSE
B FFREREE, BAZEET oM, SREMAEFEEST 0, B
A4 AT ARSI A B R R R RS RIE &, B PR R
.
HARH, 250 (2.20) 5784 0 B, TSV B+ HAEK % T nan (not a number),
#iF4 nan LA “ %i’iﬁfﬁ 7B HE, B4R RN BT Z I B EE SR
HGEA. #—F, % nan B SHE T FIERHT BT R—E %, ERE
SECAE ZRIE TSV iR R, UL E R S% T nan, H IS5 B %1 Dis,,
N nan, 25 HSFEHE LR ¢ B penalty £ 4 nan. XA, FATHFAHE
penalty 1% %4 nan, [ AFAIA Al G i KA B3 [R5 RIFAE R R KR ¢ 1)
. B, BER (2.23) AN (2.28~2.30) , LIk nan {H LUF 5 i —
-1

16



H2E FuRGNE

A(Di
penalty. = 2 ADis,) (2.28)

Zsyn (E(Disy,) * " HiESyn’ iz ISCy)

0,ifx is nan

A(x) = [ % else (2.29)
- 0, ifx isnan
2(x) = { e (230

FEelth, 30 (2.23) 83 (2.28) 43BN 0 1), JFER KR ¢ B penalty,
A5 N nan, HAF & #Hrupdate N nan, RATSC AL N nan, Fon Lk %

KSR LARES. Bk, 245 TSV=nanff, WY “[[._. .. TSC, =0, FiLl

syn i€syn, i=c
Ittt penalty, = TSC. = nan, E4TGiEPFEIEIIEEE SR, WBIETEE TR )
ERBHERE S

MELESHT Rl AR H, RIS H G S TR SR —ME T2 /A
REIAE XV i, A 4B AL AR R B R, — R a8 i o2& vl
DA 7 X B VP4 22, S A —Fh AR A I v 2 B W R« BRI 7,
BN 2502 R A R K RIEA R, R SE T ARAZIBHIFE R R RKA.
A TR —BRRE, RBSCRTFARTEHERRXRE G TRERERT T, P
TRE A Xt &0 R EEHES . Bk, a0 (2.28) BEIEA (233) , K
decay B 99E T HIE SR AREL A AFET TR decay=1, HEGFHERERE KR ¢
i decay<l, 4 B pFEE I decay>1, 4 decay=0 i}, AR KR c MG &AL T .

ZAHEVEATAEBIE, [FFREL TSV S TSC itHE R (2.31~2.35) Fim, Xt
N4 Ry BRAE S VPG RAZ 0 & 2.4 BR .

Zi (F(dissynf Esyn) * " ’ HiEsyn TSCi)

TSV, =1 — (2.3D)
ESYII HiEsyn TSCl
TSC. = Y(TSC, + (e Pema%¥e — 1) + B(penalty,) * max(TSCS, €)) (2.32)
A(Di
penalty, = 2 ADis.) + decay, (2.33)
Zsyn (E(Disy,) * HiEsyn,i;tc TSCp
(2.34)

Dis,, = W(z (1—-TSV.)+ Z : 1_[ TSV,, w) * T(dissym, Sopn) * ©
5 a SESYN, SEA {Esm, i

17




[FlGERSE 220 1 S0 RIS 1 R B U v (5 2 0P A

1— TSV,
LW=5s
Es (1 - TSVE) + Ea n’ HsEsyn.sEaTSVs
WZ 1- TSV, +Z n TSV, w) = o (2.35)
( 5 ( ) a sEsym, 5Ea W) HsEsmsEaTSVE
W =a
Es (1 - TSVE) + Ea iIHsEsyn.sEaTSVs
e T AR
TSV TSV TSV

L

i e s e }(}T

wemE . ,
¥ ¥ ¥ :
TsC TsC TsC i
—
ERXRAER ’

K 2.4 {5 0Pl R AR R

24 FERAGZIIEN

2.4.1 #IRFNREME
SR RIS I SRR AR 1 R T A SR NS R R A B R P I R R
HRAFERX R (EE N ERXREE TSR R R RBPFR
R) , HERTHTENAMRERGHVIGEFR, BMEEDRKXRTHTFERL
HA L 2.1 fizs.
% 2.1 R PR R B

TR Ut U]
Type WE R IAR R REOER IS, F T A5k
thresh —EEI R EBURE, ot Rt EE

18



F2E FERGHE
inputnames  /}HTIAI R SL RANE B — 0 SLAEXT R, AR AR BN &
outputnames 47 A SR I R PTIEFE ) — 3 /r SLAERT & XL [ AHSR R B R R
Relationship ST R R ZRIRN RS E, AEARTIE ] R ER RN

Hopr o B R R AR A BT A BUERT IR S, AR FTBR] “ BfEHE
A7 L RILLERTIER) “ B, Rl LR EAR, HERZEARE N “HN
S BRI FRRRZAE R A M R RS 2, AR NS A IR VR AL X SR AR .

ST RBFEIEMS, RAITFTARE R TR &R AR, WRKEAREE
HEE, ZOREXMMN 2058, BERXTEREEHIER, weil. —XE.
A ENEN M ER B MA; B AR TYEMERME, i ETFE. ggETE;
BAXTEEXE A ENE, 3N & EEREEETAEEA; £8 KT8
EiR, GEIE GEit R IS L BE 2 (B A A A A S e 2R AR, AR ST A Y
TR EE LI % A

AT EBERAL EENR, RIBICFIAT PR LA A R A

(1) w&FBEMN., AR T —MEUEEHNMES, 88 7 {ChilledPump’,
‘CoolingPump’, ‘SndPump’, ‘Chiller’}, #RIIRIET Trosys 159 3CFS, FE A
H—P R

(2) ZeVEREAY . XF . Type=linear, HAYEFHT N0 (2.36) Fr, Hix
N NAE R, HUEMRYE 7B inputnames AT &K y R R KX RER M H, 52
PREUE A AR $E 57 B outputnames i#17 & 4K; kT A RELA&E, 1%L Relationship
FEP;

y = k'x (2.36)
(3) AZXMAL. XF N Type=inequality, FAFEMNTRIA (2.37) FiR, %
KR A& LA EBRyxe + Kyxy +... + K% = Koxy, IXE S 0, &0
e zERZEE. KR, x AMAZE, KTAHARK, HEKHS
outputnames="unscale’, F#{5E 'unscale’BE N 0, PrifEE N 1, DMFT JELE—%
RN
y = max(k'x, 0), k' = (ko ky, ..., — 1) (2.37)

(4) PR, X Type=logic, AT (2.38) AR, fo,
FoRBARHAIWIER], 2K R BRI T 2 AR T s o0, 7 4
Hop. EARZHEINERKAE Relationship T, R4 outputnames="unscale’;
y=p=*{[fj;(x)and...and f,; (x)] or... or [f; (x) and ...and f,_,(x)]} (2.38)

(5) 2R ERAL. XN Type=logicres, AN (2.39) Fiw, f,
NIEBHAWNER], g WIRETHRRE, ZBAR A AR 5248 R R f)—

19



Al K2 B30 650 AL 15 RSB0 7T (5 5 VR A
fas, RHMNETARENRERNEERR, SRS FEEMNE,
Himh omitHikE. ,5g B B ¥ id & £ Relationship # ,

outputnames="unscale’ .

y=H®g® +... + ()8 () (2.39)

242 KEHEZEH

I (231~235) FRBEONRE, X LERT, BAIOHEF NS
AR AUHARRUME TR . 208, BATE 2w DUR X Eebr & — 4R IT, 770k
E—PFNRA, (EIXFE B T b [0 B AR R, AR 1 & iy Al ik,
i1 HO9RE e AR i & o R AR s RO R (R ROk B . X TR oL, LA & A
FH KBS EEE BT 776 s 5.

SRER—FMAZRAREESERFZRNT A, ZFE. RE. BFFRERIE
— i, ERAAFERARNRREES, SE% —M A SR T AREZ R
HORHIERFR: RN, Bt R&ERFEAEEENNREE, XEFesTRFt
Forkhy, REvEERETEEE. B, AReS0ERA (231-2.35) Rajkg
el sk iz, HatFadfeaE 2.5 pros, fXEETT.

20



F2E FERAHE

SRS EERGEIERE VR R
TR IR
ER R
i —mp e J7 MewtHn MBERESER
v
T — B EERER HinEMitER
i E—EHEEEEEE e  MEREESER
IR ERER T Y
— EMERNEEN — iFEEEEE Rl PR > FAAESSETEE (AEEERIEAR
EEBEFAR f BAES R
BNESEEE EemEnE

K 2.5 [FEERKE/IZ R

TE XTI RAHEFRE A= (a)mwn ay € {0, 1} T, m AEEEHERK
REE, n AIPTTERKRHE, ay =1 RAEREHRKR 1 5HERKR
JHHE, 0 "aRAHHE. HAFME T A MEREDFX R,

E XTI HRIR RAEFE S = ATA = (si)nxns S € RTe ZHEFEE SRR
HIPER, #sy = 0, WRARHTER 1 50 R j A DU S A S2AE XS Rl
BORTEIh AR &R, RREF T R ER R AR Z hEX R, ik L&D
ST ETREFEC RAEE, HATDE R E R KRB ME AP, #mE
BEREHFASES, BEERXFERHMFERRRFELZERESRAENAH I

EXMRARRKR C= (Cyuxnxminy> Gk € {01} ZKEA—Fr — TR
AR FER R, HoERL 5oER j sl R—F 2 FRKX R, W
Iy # 0, HERRBERKR k FETERRKX R )

21



iRz B2 000 ST A RIS 1 R B8 H T (5 15 VP A

5E XA R K ARG &R TSC = (t5¢) 1x@men)» ts¢; = TSC; € [0, 1];

5E SRR A5 & 7 B LTSC = 1og(TSC) = (1t56;) 1x(mny » HHLE log(0) =—
inf, e M =0;

TE X —FMEFE B FEFE D = (di)pseny dyy = 00 3 e # 0, dy e B 1R R
RN —FERERS; BV oy =0, dy=0. BAKHL, X T e & i R e X
2.1, HHE: ARLEAPEARNRKABUBALREES, BEAENF
KAMBLRESHILRH K-

LiFEIKRPEE 2 MR KRR, RATATLLERQ.DEL A (2.40).
LIE 2.2 A1, EHFERE 2.2 FHRIRENFRRLR, BoRFE BN { 5=
1}; x5, X =X, o XN {¥%E, oE 2}, UMEAERH TS RER
fNs £, BITRIANERKRIER: £ (x Xe1), f Koo Xeo) WL {AAFE},  {EIL
'), RremPBERXAEUNRSH; MU FERXATNES 1 FaTER KR
Bf, HBRRERRZEANT, FTHR (2.0 fwmthA (241 , BEAWNZ
RS FEEN. b, FEF D E— PR, BRI RER EEA
FERE .

dis = min(||(x],x3,y1,¥3) — (X1, %o, fi (%20, X21), F2(X50, %:2))[1)

= min(J(II(XIf ¥1) — (Xen fi (g0, Xe) [11)? + (11032, ¥2) = (3¢ B0, X2) [1)?)

(2.40)

dis = |(x, ¥0) — (xo, fCxo)II? (241

7 LSRR T = () b = 0. SEAF T RORAL B —FUMEBR RS 0-1
B AL B

B AR SUEREAFE DD = (D —T) > 0 = (ddj)nxn» ddy; € {0, 1};

Eijf‘_%—ﬁl\iﬁﬁ%gﬁﬁ ED = (edijk)nxnx(m+n)’ ﬁ{i‘:%: k ﬁ‘edijk = ddij;

SR FV ="V C * e = (i) meax(miny Mk € [0, 1]

T

LTSC
L= [ = () memyx(mny> B0 LKHATFRIE LTSC R mtn RS HHE, K15

LTSC
SHOS AR ER N 730 (2.18) FHHESRFEHOVIEIN, SHERRLL C E13745

k AEWFIR ARG DT, foge = 0, FFHRSKEUUAT-F I RONR 5 R )5 it 5 a2 49

SE SCHTRA TR R KV ="V C * OB = (kvig) nnx(meny» KV € [0, 1]

0 - 1
HFE= \ ' ‘ » BB XA ITTR 0 HARITTFRI 1 K F7RE.
1 -0 (m+n)x(m+n)

22



F2E FEREGE

vy ik 70 FHR R ko P ECHEBE B dd, B Rt

R N = 4 (FV+ED).sum(—1).sum(—1)
i X J![J = {E /f':[ © IJEJ m TsV=1 FVsum(—1).sum(—1)

[0, 1], HAT sum(-1)FK 30 fie Jm — N 4E SR A

E XMEFRE W = (Wipdnsnx(mtn)? Wik = 05 Wijki%ﬂ—?%?%% k fEVRFEIR
AGL)FOETHENE, AR (235 , #HLKAEGLHT, wy=0:

TE UM ZEFE RS 5K B WD = KV * ED * W = (Wdip) nscnx(mn)? Wik = 05
T T MNAIR ARG ) R4 BR KR k B ST

TE SXE R BATIMIKE F = (fip)nxox(meny® fix € {0, 13- 0 Foxwdyy, = nan,
1 &oRwdyy, # nan;

TE XS SRR & Dec = (dec))ixmin) dec; = 0;

» A ST A = (F*WD).sum(0).sum(0) _
iXﬁfQ:ngfE—ﬁ WE P - (F*K\O.Sum(ﬂ).sum(oj * Dec = (pi)lx(m—i—n) 3 pi = Oe pi

KRR THERLR 1 WARCFEN, B TETRSMHEK, FE 0*nan=0;
TE SIS &G A B BD = ———— = (bd))1x(mtn)» bd; € [0,1]. Hefrep=1 -

max(ep)

e " = (ep)ix(mn) Ma € [0,1] 2 FNFEANESHERIEEABSE, HE 0] L
e 1 BERR, i) B RN T BB EEREE AR R 2B R R R G SRR 0,
XA REE T

TE S RE R BR= (P ==0) * max(TSC, €) = (bry) x(mn)» br € [6,+
CX));

E AR EHE R U= BR —BD = (01 x(mtn);

JE SCPFAG SR 2 A B Mask = (mask;) i (min)» mask; € {0,1}. % u; = nan,
mask, =0, 75 Mmask, =1. ¥4 Mask KAEHE, KB (2.42) TR

RikE C, DAL R R,
B {0, if Cj * Mask # C;;
j C,;, else

= (tsvi)ixm» tSV; E

(2.42)

243 ML ARERE

I EIARVERL, PATR R B A R T R R R I RAE R Er (5
TSV UL S &N BEIRK R AR E & TSC. TSV. TSC BUEIIZE[0, 112 (8], HL
(e Rl {5, S M BLEE IS SUA BUE DN nan, HZ R REZEANNTHA
REEFTHOE M P . ERF—IERE, N TSV 5 TsC Wit AT AT LA,
AT A0, 2 [RNESLZ R, 5& RA T FRICE 420,12 M ESEE,
L RIS NRUE {0, R EEE R, EhEr R A URERE AT
AR RS RS, DTt SR tE.
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Al K2 W22 i S0 4 AL 55 1% TR 3 i v {3 VPl

Ak, 135 TIPS R A 4 rl R, R ait RARIEA AT A &
RAF, BT HEER, FATRT AR S ATk 2 B R SR 5K R RER R, T
BARATTR AR B DL A Z R AT R R, H B 5 F 7 B A 3R 2.2 k.

7222 il EFEOR Y

FEAR 1t 7

causal name PR FK R AR

syn_loc PHAR R E S, R RAIERPMA S REEFE PRI E
dis —HPEIE, SREEN 0

dis_thr Z P AR R — SRR S ) B R A

R ASR RET SRR R, HAE 7 =358R
ARFKFR G, RNRK R A EFLE,
AR R AR
ARK#R L~ s fnfEE

related causalty




93 E FEUE R

B35 WERIEER

3.1 REHRIER AR

NIE EIRES RS, ®EKEHBFEOERFEE, ERbEhRITRAELL
— ARl F A SR R IX AR OB, JF HaX S SR A R e SR AR,
IXATAFIRATTCVERT R0 45 A 2 B S ER IR AR —Erg AT, fr DL SO f %
B AR, JF B TRNSYS i & HfL R S A0E R Aainds . ER—5ER
&, RONVEEEE AT RAER A B R AANVER, ExT AR s R s
HEFE:

B, BIE— RO E RO A, FATIMEARE— IR ? B HRATE
TR, RE-ANFYEEHERIFEO R EINE, RATF T A%
EHAREE N, ERNTEN S EELK 2 SIS oy . XRARATHR
BRABERT KA EAIREE, mochrfdht T2amE%5E, BAA R
X & RIS

HI R CHRRIFAREARRRGM AR, eEEmd R 0T
B IRV AR ARG S A . BRI, IS SRR X LAY Vi % SRR AR
Wy ARG, EAREEMEARIRAGIRE, U EAAT R RGRA
EARFTEEHIDIR 7 A TERA PR RS, HEEETNEER TR REtG 17 7715
— MR AG ST HAG RN —EG A 1X R LB AE 5% e hrdliE
gR b, ARG N E AR AR AR A R -

3.2 TRNSYS &1}

32.1 TRNSYS i+E &8

TRNSYS, #4=Ff Transient System Simulation Program, #& —#FiR. #Bitlft
HIBES RGEMDT RN, B TEABES e, RREEA THE&RE
FHLTR, X EARIRIEIL . R IREAEAL . KA RGENL.. TR RSB
AL R GRS -

TRNSYS R 5{ E R G oA —Igdah B, Eo e, RIS (Type) , #]
DAASWT 36 H N 52N R G, v [B@d A, 4k | P i
HEFE—M, WREF—. BER—. Z6E5F %, REENERENEF
F—HfE, (EAF IR AR AN B e AR R SRR

25



[F) i R A 220 i ST ¥ AT 5 1 T 35 U 1T (5 VP

BHAMEHR IR E 2 — 1 Ha T A 56 T 5 A R BB AR, Hodh
NS5y B R (] AR SN S5 ABE R AR LRI, BT B WviR . IR SR
“INPUTS” , Ja&EWMHA. HEREFHIN “PARAMETERS” . {E3#1T—iX
TR Z B A2+, TRNSYS A ¥F+i&1508C PARAMETERS.

RN E R S5 R SRR AN S 5| B . PARAMETERS {5 A4 (R A7 E
—A~.dek TAFEH, 4 EITIAR, TRNSYS BN IZ M, ke H Bk X
TR NIRRT 3 AR AN EE, TERCRAE . RIE SO A, HOoRAFIREIN T -
24— AN RIE R 2B TFAG, TRNSYS 4% 18 dek 3244 FRRRER 30 A0 I 40 20 18 ) 454
B, JRds P AR e, RIEERAIREE R R, RIX i B AE Jyxt
RAREHFT RSN, BOAABESIRORME; AESIENA L PR, HEEmX
i HE 25 SR 22 S R SR SR, U SE R [R5 B, 3N R — B fRlE AR
fE. FTLVEW, ATHFIEL S EE SRR — A BAAL R, XE AR
BRI R R 1T IR

3.2.2 TRNSYS IhgE HFR

TRNSYS i HFIHF AR TEER, EEINEE LAAE R, FERINEH A
B, TEFRE-NESHHESES, PEBR AT, mHERY
PARAMETERS 545 5] FSCHF. 1 A8 SO0 T # R R (94, 1 2 is i 2 rox
Sefid B S, A OUREER LA R TRNSYS, RATEAEAFah bt — B LER 7] 1)
i EVIEAE T EARARA R, HEARE RS A ERIENE; 5
=, B E S REEM T B . KRR TSRS PR RGO ORI,
MU= R R FTA B E 1AL RESN B 2R, T B2 e HAl e RS IR 2 EE )
AZTE, TERAKEE EHRE FTEOENFEM, SUEEDEEEA E IRIERE
W FTbA, AILSCKEXT TRNSYS #H4T kK, PATREN BB AN .

33 TRNSYS =% F %4

3.3.1 IEENFRIER

M 3.1 R ER A A AT AE H, TRNSYS BB R A f dek 0524 5E X,
SEPR = TRNSYS 2 5 t 3 FFid i dn 247 B4R A A v 5 51 25 A dek S, BASE
T 5t 25 T A 7 T ) 477 B o deke ST Ao 2 — Fi 2 5 B TR VAR U ) SC A SR CRL
PRAB LA WA BA SOk , B, Fig Erf LB EE dek SO REZILE N
RIEHTE . AW, 2l ENFRIARR dek S LA S RE 5| B S
SRS, SZF TRNSYS f) K.
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EON I IE ey
IENMFIAF (regular expression) A AFRMFA— 7 5 ) IL R FFIES A,
(AL B BE WS E AR 22 1 S A A -4 2035 2 AR O =77 58, B i SE L H 2l 4055
PR  F R AR IE MR IA T 757 LA S T8 F A AL B, 1T B8R = 75 2 7
HIFART TR/, RS KBRS WoF /A 3.1 B JRE R
T IUTFRZANETE B 75/, B, B bR RS S, ENRERZ A)A]
DLEATIEIHERE .

301 W WoCTF T

JEFAT Pt

\ e SUFRE, W oo 3 S I TT U

. UL EC B IAT AT AME R B F1T

* T e g i 19 - R IA R 0 IREZ iRk

+ DL EC /T i Y F2RIE R 1 R E ik

? &M Z IRILEC O 71T, FoRRSATREADHIICHES, BPIEJr3EFi

[abc] MLEC 3% 5 WA —FFF
(pattern) e, DCECHFEHUME S R FFRIER

\g<number> r B RHER], TEACS number ~4H
(?=pattern) Al A &4k, 7CUGACD pattern 2 A 07 B AT 4K
(?<=pattern) Jala A48, /EULAD pattern 2 5 10 B A4

\s UL BCATA 7S B 71T

\S MLEC AR B AT

\d T B AT AT S0

\t T B il = 17

\n TCECHAT T

332 REIXTHES

NS TRNSYS i EARE SR E M HAIMLES, 127184 TRNSYS18 4
A dek CF S & PEREIMZR SCF (o F AT , G H 7 FoFhaE A IE Rk 5
bR, HAET PR A FAER dek U, 5 — M A T2 scERE 2R i, BRI EA
mr.

A~ DCK X ik

START=3625
STOP=6553
STEP=1

* Model "CoolingPump2" (Type 747)

#*




Rl e B2 i 0 A AR 5 15 Tk 38 e VT {5 1 VP A

UNIT 5 TYPE 747 CoolingPump?2

*$UNIT NAME CoolingPump2

*$MODEL .\Hydronics Library (TESS)\Pumps\Sets the Mass Flow Rate\Single-Speed\Pump
Curve and System Curve Match\Type747.tmf

*$POSITION 589 446

*$LAYER Main #

*$# Constant-Speed Pump - Intersection of System Curve and Pump Curve

PARAMETERS 11

40000 !'1 Design Flowrate

40.0 ! 2 Design Head

4.19 ! 3 Fluid Specific Heat

1000.0 ! 4 Fluid Density

0.0 ! 5 Motor Heat Loss Fraction

45 ! 6 Logical Unit for Pump Data File

12 ! 7 Number of Pump Flowrates

3 ! 8 Coefficients for System Curve

0.0 ! 9 System Curve Coefficient-1

0.0 110 System Curve Coefficient-2

15 ! 11 System Curve Coefficient-3

INPUTS 4

323 ! CoolSupDiv-2:Outlet temperature-2 ->Inlet Fluid Temperature
324 ! CoolSupDiv-2:0utlet flow rate-2 ->Inlet Fluid Flowrate
sig2 ! ChillerControl:sig2 ->Control Signal

0.0 ! [unconnected] Motor Efficiency

ek INITIAL INPUT VALUES

300.01.00.9

++x External files

ASSIGN "E:\study\TRNSYS18"Tess
Models\SampleCatalogData\Pumps\Single-Speed\SAMPLE CSPDAT" 45
*2 Which file contains the pump performance data? [1000

Al KA i 2 SO %

0.25 0.50 0.60 0.70 0.80 1.00 ! Fractional pump speed [0..1]

0.00 2.00 4.00 6.00 8.00 10.0 12.00 14.00 ! Volumetric flow rate [1/s]

3.0 0.6 ! Pumpable head and Overall pump efficiency at 0.25 speed and 0 I/s
3.0 0.6 ! Pumpable head and Overall pump efficiency at 0.25 speed and 2 1/s
2.5 0.6 ! Pumpable head and Overall pump efficiency at 0.25 speed and 4 I/s
2.0 0.6 ! Pumpable head and Overall pump efficiency at 0.25 speed and 6 1/s
0.0 0.6 ! Pumpable head and Overall pump efficiency at 0.25 speed and 8 /s
0.0 0.6 ! Pumpable head and Overall pump efficiency at 0.25 speed and 10 I/s

o

.0 0.6 ! Pumpable head and Overall pump efficiency at 0.25 speed and 12 I/s
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93 E FEUE R

—. HEM BB EAEY TRNSYS ik EELER (a5 Bid H s oid B
FIRTHE T, ZRANXA T Bah ) o 07 BB, — AR R AC & i 1 ) Rk s fe
. HENEREXRDA (3.1~2.3) AR, 2 HFRILE START. STOP. STEP
JEH 1 ANPA BT (PLRCH R ORI S #E FRIZR AR, TFRD , AT
Wi e | o9 RN B A R R R 5254

(?<=START=)\d+ (3.1
(2<=STOP=)\d+ (3.2)
(?<=STEP=)\d+ (3.3)

—. BRSHUE . MK SEGE R R TS NE AR, @iz e
ol DAt &t pe e . RIENFREAX WA (3.4) fin, HERRERK
FIRIEL LR {type_name} {11 B 5 FFZ (S A4 1 {para_name} {7 B, A5 HiX
WAL (8] B A R o AP AT LT, 5 1 AOMERETATH(\\S]+?), 5 2
HAH 1 AU EEFBON SR R R (] RES—H, ERE A
FIEMFRERXBE TR (3.5 Frw, Hd{sub} AE#EHIZEL;

(?<="{type_name}")([\s\S]+?)([\d.[+?)(?=\t\t! [\d.]+ {para_name}) (3.4)

\g=<1={sub} (3.5)

=. B @ e eeE s A T LT PR AR S G S, AR
HIFNE, XMNMAENRERINK 3.6) fin, HERTRXEERSEEECEE,
HoA {input_name} FEfUHIA T ERHIZHIR, (2B ONARFT R ILE — > thdER
TR 77T e . [FIFE, HB#ENE (3.5) , Hi{sub} &5 A5 ;
(?<="{model name}")([\s\S]+?2)(.+?2)(?=\t\t! .*?->{input_name}) (3.6)

VU, 51HEIEBE. S0 EZTUsEE T 51 FH /PR AE fh 2 SR, TR
A F B SO, R E A, W EFEE kG AU g, Xt
R IEN AR (3.7) Fras, {quo name}FRACT| Fl = EXAI &R

(?<="{model name}")([\s\S]+?")(+?)(?="\s\d+'n\*\\? {quo_name}) (3.7

oo KREVEREUH R KRR AR — R P TR, et
Bl DASEHUKEZ IR RE IR A TE - X5 T Type747 BX Type748 HIELIANEAE #2k 3L
fFms, #HERFERKEEREMZ, priEMmENREX MK 3.8) P, Hi
ULACATA Lol M FRIAAE, b ATEH 88 N agEe7 R e SEEL I RE H 28 T R%.

(?2<=\n)[\d.]*+(?7=\s\s\d) (3.8)
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[FlGERSE 220 1 S0 RIS 1 R B U v (5 2 0P A

AL TS AT BRI AT #h e, B2 5E IR S e R, 35 RS &
EA, REMENNRERENTE, BESGHEAHK, BEELERER
JE77.

AKIERRIR KGR RE i 20 58 B P I 2RISR G IR FHAS SR, B8 TRNSYS
AHEXE IR E, (EERAL 15 R B B UR M KRR B (Type747 5
Type748) , iZHH A LUEIL 250 B /77 AR RS # B R R . [
it AR OB 3.2.2 FEhAB SR E /Y77 SEPUNE i LRI A e B 14D

e B e G.9) , XFHAMT, Q NiE, « AR
. b E MR R R IRE T, B 2R P 5 2R R R [ S B
WEREN, PrUAREREFERF ARG, R, fE. TR [
I (3.10~2.12) FIRMIgtERk R, KA, AT, m AHE ZIRERE, o
N IRA TR, HAR ZIXEERIEE, o A— IR HBETREL kb
AEVAFEL. R AT R BOURIE (3.13) 5, Hd C AFL
n AR ERTTR 648 k MZIERE, HIUEMFRUITE 2 R A%,
SSINNER S N L

H = aQ? (3.9
m = koq + b, (3.10)
a, = H/m? (3.1
a; = kjay + by (3.12)
0 = ko (3.13)

n

i DA B RIRATERRE | RKER T, MAEZIEEE. ZRIGTEHR
71, MEEREEADREOVERRIHEL T, ROERMRIER G.6) HRES—
MES), HoA p RIRERAE R AL T], base NSEIE A, h A/KEHE, m HRE,
s MR AEL KR, X8 REEX R 2R R, 2T R EES BT
BR, AR SORILIRE AIRAK, RIAEIERIETT M.

pi:base+h—mz S; (3.5)

33.4 BIRNAERIE

Zra A LA, TRNSYS I RF &1 Wi SR E 3.1 frs. 5%,
AR R R R 5| AR RS R R T (R PTUCNE) , SRR R R AR
MR R G ES dek USRS, EOEA TRNSYS WAZ R IR 750
o, STEAREE AT BRI R &M A R, &/n AREA RS HER 51 5
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ANERR B R, ik, TRNSYS —XHKFE

e — IR R.

"

Y

31

—>{ IEREAdK S HRIR > EEHEESE > EHEEEARY
A A
b= i dok ST HREE itk | B Uit SINIHEMEETE |« R |
AHEHISHHER > I e
3
> RS
< 3.1 TRNSYS ~iRJTF% 1 & 1 B



[FlGERSE 220 1 S0 RIS 1 R B U v (5 2 0P A

B4E SWIWIESERDH

4.1 LIt

411 (RERNRRGENER

T H =R TRNSYS —UTTAT G, XA 4.1 o) IR RSt
TR, W&EAHANK 41. ZRGT - GAIE -6 KRS —6%HE, ¥
KAESUS FRER] 20 IR AR AR E ], a2 4ERF %08 28.89m,
IBAT FEVFRARALE N 9000kg/hr; A HIZEIT/F A M 2T E; & AIKF %
TE JE 5 ¥ VR K IR IR E TE Ay SR ERAE VS HI SR AN DAL S —IRFEN AL - (R V% #8R
AGRIAT AT ARSI T E L, SO FE U TH I s R Y 5 s ] SRR A 3
—2itik.

RO E, EOERSNENE, EE 41 FLUREBRTR, EHEE
W45 1 Tmsys FiR5H A ENZR R, WA 7 VO REARRENER, &
WiE RER R E T FR P AR IR, It 64 . BN EAE
M= EET TS, A—maE T AeBEEhRAS h R RENsRE. ST
WAENZERAIMZR LI, ENZRSFADZIFEEW, AT
PP ANERKAZTIE, B FIAA SR A SR A RHIE .

Symbol Description

fraction DT drybulb temperature
M mass WT wetbulb temperature
T temperature O trnsys native variable
P pow supplementary variahle
H head O analytical virtual variable
I pressur
(0]

@ z o - | 3
| o[ " Lon , === @O

o Tag

a1 iR RGN E

F 41 IRERSZGVHYME

S g 'S HE
KA Type666 2
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SE B — IR 2R Type747 2
SEA HI Type747 2
AN IR Type748 2
Fiaweglhes Type510 2

4.1.2 ZHIE RS
4.1.2.1 & EEENA

MATE SR IR R AR A, RIVEAS M R R R A dEm 2 IR B4
fRIRBR AU PR A Y ER G — i Z S R R S
AERPIERENT, A - THRECSSHTEMRENERSERTHEEATE
PRREPERIECF A & - 0T T BA AT DUB I 5 A B AR EE s, »t T /a& &
BEHELT LA

I IFILR ISR AR R G P B SSAT L i, SRR R RIC R R SE
EIEEHL T SZERFRABREE, AR ERN HIABREAT, X
P L AT CLIE I 51 AR R A8 i PRl R BB S5 58 — FiB L= AN [E IS e
IR R GA bR, hRITEE SR s AN HER, RS, Frilalfg
FEAEART B Z IO R ANTT, XA B OL AT LU 5] A RIS AL ST

RS SR EPI PR B R, SR & A DL ESSHLF B, PR R R RS R
GRS N E s, R GHEAVOY SR, F2 R T 0EHES THE
IRAHEIR LT

4.1.2.2 BWErE

Z BTk SRS S R G HR X 7y, REAZEATRAER, MIHIRM
AR R AU W, (B DU IR R, KRBT AIREHAZTM, HRR
Giihs, NASIEIT BRI,

M TFAEREHET S, Ae3CPsIAN 7T nE 4.2 Ry LA JEE, N
0 % 100 FEEHLIHR — M7, SEEBERFZHFAAEL: Wi, SE=RE
AR A R ST & — WAL 2R AU LA AR P AR B e = s R4S
AL [ AR TR RO BE S S AU ORI, S B IR E Y 0.1 157 SRR REE 3,
MFEIEZS 70 A R BE LI B — B AR R IR AR A & RS A RO E 5 T JK
AHRSEEEAL T = TR AR T =
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[FlGERSE 220 1 S0 RIS 1 R B U v (5 2 0P A

Ll

amplitude 4 ——  true value

dead value
— — — biased value
-------------------- drift value .
waved value

“time
a2 RGN

ST RGN S > 3207 Bk RIS PR, Joik T B0 ™ & 1 i,
FrUMIFIN T PAR U e R AR E R, SRR SR BN XHA—6%
HiE;, BEAEREFE, UEEAVURITE R B S AR, ACGEMEREER,
IFETEOK IR RE - 2R 2 80% 4R KF, B —IRIE. ZIRE KR HE; EikiE
Ky BETREE R AR 1R 60%1157/KF, BIEA EIKIFEE 55 R KIF i .
4.1.2.3 IR

P [FI PR AR AR T LA R, A R T A BEAME R AR Y,
EREETEIL PR W E B T . Joit, 43T E U IR EFIRUER, Ait
SRR EF I A—KINE (4.1 Frnianil, JRRZE R XRG4 A ufit,
HimEF PRETEWMA (4.2) 5 A, B8 —FERER R PR R A
AERTEN, BIEEAIRE 2R R, SN REE, SdRarF 31,
XA IE GG I I G R e A SR 523

y =09 *x (4.1
y = 0.998 * x (4.2)

42 SLWHERSSHT
42.1 EIEFEZEH5)
4.2.1.1 {ERLEEHE

& B Trnsys T &K F & 4 OESE 1200 FIZRS 50E, 41T 200 FisH ik —
AL A i, (1L B BRI S B FA AR A & 5% 10%. 25%. 50%-
100%. SsEfrAr it ARl RGBS EIMErSRE. KEARE, &
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H 45 LIRS AR
TR AS [ 8 I B e ST ROHEE AR, Brbloh 1 B2/ fME S5, 141
A LAH 2 — S A0 S [F) X REEEUD AR FR{E A5 2 Hh I iy A% 28 A AR Sk 5 (A
RERAGEN L, REHEHTESEE. P RE TR KA 1, 400
AP NIER—IR, RAGEETREER 0.5, R/MESEEE R 0.075, Fif
RIR K RRIIIRE S99 1, ik R S E SRR ATy 0. BIER
KAME GERBUFHERE, T2 RNGESTHEE R N 2 5ok
REBERRK ARG T BB R KR EE2 0T E SR 4.8~4.14 #HT
JE7R .

Kl 4.8~4.12 W8 T TAERERRXRE SITRRXRANGE SEATET
B, BRARPRRARET RS, PR RRE SR LB REARET AR, £oR
FE I X 450 P A 52 (A SR K R ARG IR B X SN 2R 2w evE R B Am 45 AP 3T
.

TERT 20 NEF[EE T, RGTAETERE, & KRR REE SYERFE 1 B9KF
A

M 20 B [E] 25 FF 45, CoolingTower2 Spd, CoolSupDiv_ Chiller2 Flr,
BypassSup_SndDiv_Tmp —ME RS H A& dlE, XA 1A £ B9 0 [F) 5% 2 D
HIAS—E, xFAARI RIS R FRIFrA BERK R MAREERES TRE.
LA CoolingTower2 Spd A, EARSHTIZE BRI AT HHRE R R ARG S22
wr.

L [A] =20 B, BRI J5 R CoolingTower2 Spd [FIB4bF 3 4N R A Hp
[FR 3 B T ANRAEDFER RS, SRR FEK RSB SRR 1,
FrUAEAER (2.30) i1 CoolingTower2 Spd AT TSVIECZ A 0, BN A%
HP ARG g — 0, F I LRI ) TSV 22 BT RT KR TSC, BIR(2.31).
D = FE W RR R, EFFDRERR TR — SRR = ] 7.
MEABENHERKES, REEANBIRK R GR IR X AR B — S
SERAGE S EHT . X =R R E B 7017 B R K R SRS B R R W R AT
7~ (AR RTEEMA IR A, HPEADFERZSE F2IERKRAL):

{TowerStrategy, CoolmgTowerl Spd. CoolingTower2 Spd},

{Tower2ctl, CoolingTower2 Flr, CoolingTower2 Spd},

{CoolingTower2 Mass, CoolingTower2 Flr, CoolingTower2 Spd,
CoolingPump2 Pwr} .

A LVE BT =AM [F5C R rp — 388 7 94N 4R, CoolingTowerl_Spd-
CoolingTower2 Spd. CoolingTower2 Flr. CoolingPump2 Pwr, XJR [ TSV {E U1
4.3 Fros -
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Al RKag B2 i ST % AL A IR 28 Hdis vl 5 L VP4

LOF—

0.8F—

0.6

TSV

0.4F—

0.2

0.0F—

CoolingTowerl Spd  CoolingTower2 Spd  CoolingTower2 Flr  CoolingPump2 Pwr
Sensor name

K 4.3 =20 B 2B R RSB FESE (RS HIEZRM)D

MoRyE (2.32) Bal BN BFER R PSR B E, WnE
4.4 jrox, HAFE Y CoolingTower2 Spd #) TSV Jy 0, B LL 70 # [ R % &
TowerStrategy. Tower2ctl. CoolingTower2 Mass [ E )4 0.

LO—
E CoolingTowerl Spd

B CoolingTower2 Spd
081 mmmm CoolingTower2 Flr
e CoolingPump2 Pwr

0.6

weight

0.4F

0.2F

0.0 o S
TowerStrategy Tower2etl CoolingTower2 Mass
synergy relationship name

K 4.4 =20 B 2B VM A SR R — SRR E /- BOUE. (iR SR S S 61D

ARAE LA PR, R IX = AR 5SRO RS R — S A 2 O Bl 2 IX DY AR KRR
FHRKAF, EACsRILE 45, o] AKX MERBHERRAARR T —
TER)—BUMERE RS, (2P I AR IR AR B Xt I A% AR TR Rk R R — Btk
RIS CONS
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#45 LRBAESE R0

=] —_ —_ —
-1 = o] o
w = =] =

=
&
=

accumulated valid distance

175}
T 0.25} I

CoolingTowerl Spd CoolingTower2 Spd CoolingTower2 Flr CoolingPump2 Pwr
causality relationship name

K 4.5 =20 B 2080 IR R R F A 20— SR (PR s = B

SRIGNTEBRER K REM R RAT I AMEESR, ¥ EEHE M8
FE BB L AR E F A A R SC REE, B340 R R % R AR A 20— 2k
RS, @ 4.6 Fias, A DLESA CoolingTower2 Spd ) R 1HEE & A i/, {HH
ER N, ZARREZNED A, X 4 MEEBHERXRE 3 Mo ER
KEAF, EMNESTFTHREERR, WREGEANNRDSEHIZBILEE, H4
CoolingTower2_Spd 1£ /225 K X RHE SR fe o TEEZ 0.

—
=1
on

Standardized valid distance

= [=] [=] —_— — —_—

[ ] =1 =1 = =] wn

on =] =] = =] =
T T T T

0. 0 ———IIII

CoolingTowerl Spd CoolingTower2 Spd CoolingTower2 Flr CoolingPump2 Pwr
causality relationship name

P 4.6 t=20 B ZEL 70 AR K RAnHEAL B 2 — B R E (iR SR D

4 CoolingTower2_Spd f&£ /&2 R KR ME &I T, RERX (2300 5
X (232) HRA=MERBHRFE S FBEA. HRERXANR TG I—
BEE RS AR N 2 =22 X PUAME R AR A TSV E. —BUMEIER RO E. R
A BRI SRR R 4.7 Fir, AT LEARRLRD
AEME SRS, FrUERR (223) , XBEEXRANESEIFHEF.
BER 22, RiHA M SUEERSET 0 MUEREANEST 0, BEAHEAR
R K RAE R BUERE R 0, B IUREERE, W7 Lkl w0 A9 15 5L F
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Al RKag B2 i ST % AL A IR 28 Hdis vl 5 L VP4

- T oy— By
EKIEAH 0.
1.0
Lol gt 00 4.
0.8F
0.8
™ .
0.6 A L 0.6
= =
= / -
0.4f =04k
2
. N n.zf
0.0 A+ AL
]
Cool ingTower]_Spd ConlingTowerZ Spd CoolingTower2 Flr Cool ingPump_Pwr l"]l'nv.'m'.\'l rategy TowerZet] Coolinglower? Mass
SENsor name Y relat hip name
30 3.0
228 225
5 z
= 20F F2or
RS E L5
3
ELo0f S Lof
£0.! Z0.5
o
?' ) — - — EL‘J — 5 — s .
ool ingTower] _Spd  CoolingTower2 Spd l o] g T wwer2 Flr  Cool ingPusp2 Pwr oolingTowerl Spd  CoolingTower2 Spd l lnul wer2_Flr  Cool ingPump2_Par
causality rela nship name causality rela nship

P 4.7 =22 2B S ST RIRIE R (ks Hdaz i)

FE 40 NEFEZD, BB AERE HIEE, ENTENEE S I TR,
BT VRS, RIVK LN CoolingTower2 Flr A& 2445 P 5 05 R 15 S HITTAY
B 71, XN CoolingTower2 Flr ATEMIFTA hRIX R E % M (2.30)
PLE A (2.32) R[LLEH, —E CoolingTower2 Flr Bt t[F] 5% & HH A HALA
RKAM TSCEAN 0, 40 CoolingTower2 Spd, 4T nEH&A —DE LS
N0, XFRZFERRDA BRI CoolingTower2 Flr P4 ER], ElHHFRC R K
2, 4PTA R RAB ST, R (2300 53 (2.32) &R 0/0, B TSC 5 TSV
HUE Y)Y nan.

PAEAE R S5 R B AR, A (UHF R =R AR R, MHRBERKRR
G WA L. SEPRTE R, 2B EREBRMRERR, Bk bk 4 AER
RAZLFRHIFRHEL — SRR 288 A AR, (BRI REER R 2.

Ak SEHERE R 5 60 /NEFE]2E, 3R F| CoolSupDiv2_CoolingPump2 Prs 715 %
FEE S T REERNESET, BE B ERIERE T IX A R SRR dis
T RARE dis_thr:

causal_name: CoolSupDiv2 CoolingPump2 Prs
syn_loc: (113, 113)

dis: 9.229991811327553e-09

dis_thr: le-08

related causaltv:

[11]CoolingPump?2 Prs-pre_belief:0.97
[13]CoolingPump?2 H-pre belief:1.00

38



45 FLRKAE S LRI

[57]CoolSupDiv2 CoolingPumip2 Prs-pre_belief 0.74
[113]CoolingPump?2 Head-pre belief:0.90

F %5 80 NAf[A]25, &I Chiller2 CoolRtnMix Tmp {5 &% A L% T P4,
P AE B ERI, HHTAZUEA TR iR R R IR EE A5, R4Em
PP E 9% 2 CoolTmp4 Balance 5 CoolingWater AcrossChiller2 A 7 (4.3)
53 (44) , 1 M B CoolRtnMix Tmp . Chiller2 CoolRtnMix Tmp -
CoolSupDiv_Chiller2 Tmp [IHUE 75114 24.09, 20.38, 20.05, XIFEFIHEHIX
2k Ph[E] 9% R, EH 2 Chiller2 CoolRtnMix Tmp it IbVEE, HAZ 54T TR,
Chillerl Fre, Chilled Pump Tmp 15 & %A L2 F RS Z AH[F ;

CoolRtnMix_Tmp >= Chiller2_CoolRtnMix_Tmp (4.3)
Chiller2_CoolRtnMix_Tmp >= CoolSupDiv_Chiller2_Tmp (4.4)

F 5 100 B E) 25, &I CoolRtaMix Tmp 15 & F % A 52 % F %,
SndMix_Tmp F1 BypassSup BypassRtn Tmp 1555 E &SRB R, HE5E
RIEEFEFS LR triEE, BE28RRARME. 2 SarEniHEm E A -

39



(A5 R B2 AR ST AL G A R R R 7T (5 VP A

WetbulbTap Dirybsul bTmp Cool SupMix] Tep
L0
05
oo
LI T R e 35 T sy © ™
L0 F -
ns
oo
[ o W w0 = F Wm0 W
CoolRtrMix_Tap Cool ingPumpl
" T [
ns
““ . . "
! o aulin..;l’.‘_n-pl_l-‘i"nL i 'fﬂ ! ® Golinghump_pre
L0
05
0.0 !
C T olingbumz par A T
Lo L
05 F 3
oo
[ o W W w0 - Wm0 E] 0 L ST
CoolSupDiv Chiller] Tap CoolSupbiv_Chiller?. Tap Chiller]_CoolRtnMix Tep
1o NG|
0s
00
o N T R T 0 ® w1 m 10 Wm0
Chiller2 CoolRtnMix_Tmp Chillerl_CoolRtnMix_Prs CoolSupliv_Chillerl Prs
1.0 1 ~
05 -
0o | 1 |
» o o 2 a0 0 o I R
hillediump CoolSupbiv Chiller] Fir ' ! Chiller] Fir
10 - —
81 = .
oo
0 E—] « 2 LR DU ]
Chillerl _L‘Iliﬁodﬁupl SupDiv_Chiller2 Flr
10 =N
0.5
oo
[ o W W@ w 2 40 @ 10 R
Chiller2 Fir Chiller2 Chil Chiller2 CoolRtnMix Prs
1L.o
N
o5
“’u i i s
0 0 0 80 ) i [ £ W0 60
SndMix_Tap Load_Tmp
10
05 — tsc
“o failure label
R | | | N | out of assessment
o m 10 60 L 100 120 20 40 L] 100 120

Kl 4.8 H—Er e B N RS REEEL (RESEUEZEND



B4 E LRBIESERN T

BypassSup BypassRtn Tmp ChilledPuspl H

10 L J L
0.5k Il : ! L i ]
o.of - 4 4 4 8 4 {
1
ST Billedbum? ot o T Billedrumpy pes
1.0 L L \
05
0o
[ N W s 10 £ B T T R @ F ) O]
Chillerl ChilledSupMix Prs ChilledPusp2 Prs Chiller2 ChilledSupMix Prs
10 b L
0s
aol ! L | | L | |
] o W @ §0 0 @ _ » PO 0
Cool ing'l'qwrl _Flr CoolingTower2 Flr hil ledSupMix_Tmp
10 N
[ 3]
0o
"™ BypassSup SndDiv Prs ! “ SndPumpt_Fre o
Lo v 1L L
05k - + + L 4
- T i
TR R R ] P [T
BypassSup_SndDiv_Tmp SadPumpl_H .
= m P Wm0 1
SndPumpl_Prs
10
0s
wof — T i — I
[ 0 20 0 ] 40 60 B 100 =0
B ! CoolSupllix_FIF !
10 -
o5t L ! L
0o '
| ] ] ] ] ]
b Moolsupbivz CoolingPumpl Prs . MoolSupivz CoolingPump2_Prs. o Y ga e ™"
10
05 \.
0o !
[ N W @ w10 1% £ jo 6 & m x P W M i
Chi lledRtnDiv_Chil ledPumpl_Prs Chi11edRtnDiv_ChilledPusp2_Prs Chillerl_Fre
10
05
o0
o W W@ #0020 £ W e 81 ] W & T T
Chiller2 Fre CoolSupliv_Chiller2 Prs
10
o5 —_— tsc
S failure label
0.0 | out of assessment
[ o W

B 4.9 5 E e B N R AR FEEEL (RESHEZEND

41



[RGB S0 % AL A R B Hd T (5 VA

05

oo

ns

oo

[ 3]

oo

0.5

oo

05

oo

05

oo

05

oo

05

Lo

Air HeatTrans Cool ingTower TowerStrategy
\N \- — 4
| | | | ] I | | | | 1] | | | 1 |
[] 40 0 £ 100 [FT ] 10 0 a0 100 10 0 a 10 0 ) 00 [E-1
Cool ingWater_Acrosspump CoolingWater_Acrosstower CoolingPumpl_Energy
~ Il N N
I | | | | I 0] | | I | ] ] I | | ] | ]
o R L B0 [0} 120 [} 20 A L 1] 1o 120 0 m 40 &l B 100 1m
CoolingPumpl_Pwr2Prs Cool ingPump2_Pwr2Prs CoolPumpl_Perf
~r v -—-———-—u—\.r V)
I | | | | 1 ] ] | | ! ] I | | | ] | ]
] 0 0 80 100 120 o =0 0 0 80 [l 20 0 0 60 Ll 100 120
Cool ingPump2 Energy CoolPump2 Perf CoolTmpl _Balance
7
] 0 0 0 120 o 10 60 80 !l 120 0 m 0 60 ) 100 120
Ezmle2_Hnlmce CoolingWater_AcrossChillerl CoolingWater_AcrossChiller2
I | | | | | 1 ] | | | | ] I | : ] | |
0 Ao i LI 100 120 [} 0 40 [ &0 o0 120 0 40 60 Ly 100 1
Cool ingWaterP_AcrossChillerl Cool Tep3_Balance CoolTmpd_Balance
\J v o \
I | | | | I ] | | | | | I | | | ]
] A 0 a0 100 120 o 21 10 L) 80 100 0 : 0 60 130
Chillerl_Perf Chiller2 Perf Cool ingWaterRin_Pressurel
” " ' \/
1 [ ] ] | ! I 1 1 1 ] L] ] | | ] | |
0 0 40 [ 80 100 120 o 20 10 60 80 100 0 60 00 120
CoolingWaterftn Pressure2 UserTempRaise Bypass Temp
~r A ¥
[ ) 0 W 0 w12 o 10 W ) 100 2 0 ) ) 50 wo i
ChilledFuapl_Energy ChilledPump2_Energy ChilledWater_Acrosschiller2
\Y) ol ™~
I | | | | I 1] | | | | ] ] | | | ] ]
0 R [ L] 100 120 [} N 40 L] 80 100 120 0 m 40 60 B 1m
ChilledWaterP AcrossChillerl ChilledV¥aterP AcrossChillerZ Chi l1Pumpl_Perf
I I ] ] | ] 1] ] | ] L ] L1 ] | | ] ] |
L] an 0 i) 100 120 [ 0 a0 60 100 120 [ i) 60 ] 13
ChillPump2 Perf Towerletl TowerZet |
\J A r’ 1 el il ™ 1 I 1
— tsc
[ | I N failure label
. | out of assessment
. I} [} i i I 13 . i Il I . i i I [
[ 0 0 @ o w0 EY 0 [ om0 ] 0 0 o w0 1

Bl 4.10 F—#or bR R R EEEN (R

42

BUPEREGD



=

P i
A4 E LIEHESER ST
Chiller1Tenp Mix Chil ler2Temp Mix Chillerl P
Lo —-—-—-ﬁ- J—u
05 ¢ ' 1 1 ' T
(1] . 4 { |
i | L L s i
[ w [ 0 100 120 0 10 [ s0 100 [F ] m 0 60 ED 100 [E]
Chiller2 P ChillWater Bypassl ChillWater Bypass2
Lo \r—u. T _\ﬁ . t—u—t—\f ‘ [
o5 ‘ l
0Lop— . { 4
. ! \ ' | . ' . A ' . . \ . ' . \ ' .
o [ 80 o0 120 [} 0 an i A0 1o 120 0 m 40 il Ll 100 1
ChillWater AcrossSndpump SndPumpl_Energy SndPump2_Energy
Lo s ~r
NN VAR -l B
ool | | ! 1 | | | | |
[ i w6 o w0 10 o £ W0 é s 100 12 6 n i &0 O T
SndPumpl_Perf SndPunp? Perf SndP_Load
LD - ‘
05 — - — J
Lo | | 1 | | | | | | 1 |
] a0 0 0 100 120 o 20 10 60 80 100 120 0 m 60 0 100 120
CoolingWater_Mass] CoolingWater Mass2 Coolinglater Mass3
Lo — g~ ‘ (e
05h— | | | | - e !
ol || L1 | NI |
i i i i ! i i i i i i i i i i i ! i i i
L 0 W 80 100 120 L] 20 o 60 80 1o 120 L o N 60 Ly I [E-4
CoolingPumpl_Head CoolingPump2_Head CoolingTower] Mass
1.0 b Ind \J
o5 et |
nop— .| al — .| al i + 1 - al
L T I R ' i 0 0 6w R T . I T ]
Cool ingTower2_Mass Cool ingPumpl_Mass Cool ingPump2_Mass
LD ~r v
~J
os S—
nop | | ! ]
i i A i ! i i i i L i i i i i L | i L i
[ 0 40 Ll 0 120 o 10 60 80 I 0 o 40 100 120
Cool ingPumpl_Pwr2Flr Cool ingPump? PwrlFlr SndFlow_Mass
Lo
N
0 —_ —_— —_—
nop— | ! 1 | ! - | ! -
A ! | ' ! . ' | | ' ' ! | ' | | | | . |
o 20 an L 0 100 120 o 20 10 60 L 100 120 0 1] 0 60 Ll 100 120
SndPump_Mass SndPunp]_Head SndPump2_Head
1.0 L a ¥ N
(%3 ! ! — ! —_— ! |
nop— . — - . — { -
. | \ ' | ' | ' ' ' ! ' ! ' | ' ' |
L 0 L il 80 120 L] 20 40 0 80 120 L o0 40 i B 104 [E-1)
ChilledPump]_Head ChilledPump2_Head CoolRtnMix_Tmp_Ir
Lo J ke
. N[ | |1l .
0o | — | S | ! —
[ o W@ 0 0 o 0 0 @ & w0 x 06 T
Cool ingPumpl_Per_1r CoolSupDiv Chiller]l Prs_Ir Chiller] ChilledSupMix Prs Ir
Lo | S—— ———— A " 7 ) d
— tisc V
e failure label T T ' ]
0o out of assessment | | 1 | i | 1 1 .
[ 0 n w0 o w0 EY 10 & o om0 0 & o w1

B 411 5 E# AT R R R E R (A

43

HEREGD



[FlGERSE 220 1 S0 RIS 1 R B U v (5 2 0P A

Chiller? ChilledSupMix Prs lr

Sndilix Prs Ir

Chillerl Strategy

Lo _——
05 hﬂ
oo
] 0 %0 100 120 0 20 ) 10 . nu a0 10 T a 100 [T
Uullu_ \llntu.-u CoolSupiv_Chiller2 Prs_Ir {I:lllu (oolﬂln!llx I’n Ir
Lo N, _—
0s
0o
0 20 10 ) |_;| 50 100 0 0 J‘u ) qsln 50 100 20 0 = 0 50 100 1
CoolSupMixl Flr Ir CoolSupMixl Tmp 1r tcm]\urﬁlnﬂ Tmp_Ir
LD v %
0s
oo
0 20 0 ) H0 16 w0 20 i ] 0 100 i 0 m 0 6 £ 100 120
CoolSupDiv_Chillerl Tmp lr CoolSupDiv Chiller2? Tep lr Chiller] CoolRtnMix Tmp_lr
Lo ~rr
[ %]
oo
. | . ' | ' ' I . ' ' ' . \ | ‘ | | . ' '
o 0 L1 il 80 100 120 (1] 0 o0 L] B0 100 10 0 m 0 L) L o0 1
Chiller] ChilledSupMix_Tmp Ir Chiller2 Fre Ir ChilledSuplix_Tmp_lr
1D} ——e —_——— ——
[ 3]
oo
L | . i | ' . i . A L L . | ! L | | ! A |
0 20 T ] 100 12z 0 20 40 [ 80 100 120 0 m A0 60 ) 100 1
BypassSup_SndDiv_Tap_lr BypassSup_BypassRtn_Tap_Ir ChilledPumpl_Tmp_lr
[N
os
no
lli Ell'l . Ih |;:| kél Il"lﬂ Iili 1" 2.:0 II!\ l;.'l HIU Iiil Ii"U ill L';'J Ill'\ ﬁll) . N‘l ||I‘“ 'I'I_'l'l
Chil ledPuap2_Pwr_Ir ChilledPump2_Tmp_Ir SndPumpl_Fre_lr
Lo ———— —~—— .
[ %]
0o
0 20 m 80 100 120 0 100 0 0 0 60 0 100 120
\ndlepE Fre_Ir lm:l‘aupl}n {onlmul’umn"! Prs_Ir CoolingPumpl _Prs_Ir
] \, ™ 1 A
05
oo
A | . i | \ . | : A A \ { | I i | | . A |
0 om0 G E 100 1z 0 20 0 6 £l 100 1 0 m a0 60 B 100 120
Chillerl CoolRtaMix Prs_lr Chil ledRtaliv_Chi l ledPump2 Prs_lr Chi |l edPump2 Prs Ir
T . —— ", s -
05
oo
. | . i | ' . I . . | | \ | | . ' \
0 20 10 [ 100 120 0 0 0 100 120 0 il 10 60 H 100 1
BypassSup_SndDiv Prs_Ir ‘\ndl unpl Prs_Ir Cool ingPumpl_Flr_Ir
Lo —————r————
05
oo
] 20 RIS G E0 120 R ] a0 100 12 0 W 6D 1) 100 14
Cool ingPuap2 Flr_Ir CoolSupDiv_Chillerl Fir_lr CoolSupDiv_Chiller2 Flr_Ir
LOF
\j T
= 1isc
e i i failure label
0nLo L L out of assessment
' | . \ | \ \ | . ' ' \ . A | A \ T T T T
0 20 10 ] 80 100 12 0 0 10 0 £ 100 1m0 o 0 60 ] 100 120

Bl 412 5 3y At BER S R E aiE e (R e =D

P 4.13~4.14 W SR T 0 348 AR U5 S RIVHS 45 R, R SeEkTor
ARG RN TSV, LEELSSEEL T IR AR ER GRS RS %
sl LI REIE RN (4.5) , BIBEXEE XS5ERESHER AR .



B4 E LRBIESERN T

value! .., = value'/max(value’

TSV ZBWEH RIEE TSC ZAFD, IERERERAR I aibahT,

eal, valuemeasured),

(4.5)
HAa Y

1= real, measured

FE— ML, 2 KA B, A PRI T P R 4 R A A B AR AT =

2], HREXE R IERETIRT,

HAUE A nan;

WethulbTmp Drybul bTmp CoolSupMix] Tmp
- N ]
= s — 1,__,,"-..‘ F‘-—- L7 N | LT Limd) Lol et '.A__J’
® % e I R T e EeY T
CoolingTower] Spd CoolingTower2 Spd

L) 60 [{L1] 120
CoolingPump2_Per
VL V -
i L L L .l ' i N
o 0 A0 60 1] 10 120
CoolSupliv_Chiller]_Tmp

T TR

" 0 5
CoalingPump2 i

oo 8
CoolingPumpZ Flr

g
--

q__ﬁﬁ.

Guol!:unﬂlv Chl lll.-r2 Tap
]

w1200 ]

-

10 0 0
Chillerl CoolRtnMix Tap
]

I T VA

;

‘.U I | }

g-

mn
CoolSupliv Clullerl _Prs
T T T
1
[ V il
O e o o S
rr il
! I il
"“. 60 80 w0 60 o
ChilledPumpl Tap L‘h;llerl I~Ir
W ‘ ‘ |
M= 701 = i~ : - T
: z H ] i ] ] vy -t
1 H :
] - I N O T | 1 i L.....l
0 C L I [ I 0 #6800 120 0 2 ®
Chillerl_Chi I]edSup'l['.x Chil ledPump2_Tmp Cool‘iulev [Ilullerz
=i = = =
| i o VL JSE N S 1
I | | | | | o | .
o 0 a0 20 100 LE U]
l.hiller‘l I'Ir B . . (Jnlleri (.‘hllledeIu Tmp o
- | -
™ == = S r
V R VY Jﬂ ]
0 f 1 [ " W 20 0 | i 80, ’ w1 o x0 10 60 0 w0 12
Snd\lix_Tmp Load_Tmp tav

05

oo

Pl 4.13 v EaiEit (e

45

normal ized previous reading
normal ized current reading
causal failure

out of assessment

FERE]D



[RGB S0 % AL A R B Hd T (5 VA

BypassSup BypassRin Tep Chil ledPump]l Pwr

ChilledPuspl H

Lo r—v
= S - [ — & . — 22 .
ash-L F i L.U [ [ T T
[ T
i T
aopt 1 N I | I
0 W0 W iz 0 £ W W
Chl 1 led‘lmﬂ_Plr Chi lledPump2 _H
I ] |
Lo v | U
05 - . .
0o e -
I 1 1 | i | Lo | 1 1 1
0 0 n 0 0 100 120 0 2 0 B0 #)
Chiller] ChilledSupMix Prs ChilledPump2 Prs
Lo —
; i i ; ] ! H
- [
L et T T
P
Y| . L [ T .
| ] " I I 1] 1 |
0 0 0 100 120 0 20

) ) 0 w0
Cnulins‘l‘mrl_Flr Cool ingTower2 Flr

(hoISunDivz Coolinl‘l’ulpl Prs Sndlix Fir
1.0 - . |
05 - - T { L -
i = e L Y
P e e N = N B A A T T
| | - . ! i 1 | | | Lo | | | ] i
o 0 1] m 20 M ] 100 1 o m 40 60 H0 10a 120
) Chi Lleditrdiy_Chilled P_p ChilledRtnDiv_ChilledPunp2 Prs - Chillerl Fre
L0 - -
05 g T——rT _.._ - - 4 !
1 1 P\ x
i i { R L
0.0 _.’ -} ..._f - — - E AN N [N S £ W S — |
0 0 o _ w0 120 0 %0 10 60 [ ]
011 Iler2 Frc CoolSupDiv_Chiller2 Prs ry
o U == normal ized previous reading
a5 L P | | normal ized current reading
causal failure
] R e N Ee B + out of assessment
i | A . . i [ | | | i . '
0 0 10 W0 80 100 120 0 20 o 0 0 100 120

Kl 4.14 5 EHr B EaEit (RS EdERED

4212 RS

FINRGE R A BRI — O, RO5E RS
i B NMERERE; F—rm, SIS gEEHZ A E
LER SRR ARG ST RER

PR, MEUELES
RRAR, FolRdt

HIER MBS A TR, BTl ARSI AE



45 FLRKAE S LRI

B, MIER T —BOESE 70h {15 HAUE, IXEET R Y [RIBSAE B R SRR T
BIFHTN 7 TFE 3, FFHAFERIESERBRE I, BT an s i I (e BcE, A
P flsE, WARAES FEHEES 1, ERRERFAE, 2N B2/
e T 5 R R ARG SRV ZE R AE 4.19~4.25 Fior.

5 B2, B PLR 8% & TowerStrategy A, 15680 24 i IN R Gt iR,
FRERGEN T LERKANE S REF AR

2 t=5 B, [EH KR TowerStrategy [FFf /77E T 1 MRAEWMFRKASE T4
RAEMFRR AT, FREFH 1 KEEMRTKRS 2 FIRAEBFKA:

{TowerStrategy, CoolingTowerl Spd, CoolingTower2 Spd},

{TowerStrategy, CoolingTower2 Spd.Towerlctl, CoolingTowerl Flr},

{TowerStrategy, CoolingTower2 Spd.CoolingTowerl Mass, CoolingTowerl Flr,
CoolingPump2 Pwr} .

Hib L& E8 A CoolingTowerl Spd. CoolingTower2 Spd.
CoolingTowerl Flr, BL % CoolingPump2 Pwr, ‘EA 1A TSV E W& 4.15 i,
] L T#1 ¥ 2135 7% 55 ] Cooling Towerl Spd 5 CoolingTowerl Flr 4 ij %L
FAE SR, (HHHFRA LS T 0, UL AR R FIX LR 1

LOF .94 T

0.8F

0.6F

TSV
o

0.4F

0.2F

0.0r

C . C : C . C .
oo.fmgTowe” Spd OOI“’gTOWerz . Oo-f“ig?‘owe” . Oo_Imgpumpz P
— I 2 —~ . —

sensor name
B 4.15 t=5 2B SR T E S E (REtddEzR=ED

b, WEX LRSS R T — S SR o O iE, Wi 4.16 Fos.
AT, BEOAAAFAE TSVAESE T 0, Fril& o B RS AR B A e 17— /)72 BdiL
H,

47



[FlGERSE 220 1 S0 RIS 1 R B U v (5 2 0P A

1.OF
B CoolingTowerl Spd
i CoolingTower2 Spd
0.8F B CoolingTowerl Flr
i CoolingPump2 Pwr
= 0.6} TowerStrategy
&0 Towerletl
g CoolingTowerl Mass
0.4r
0.2r
0.0 . : -
TowerStrategy TowerStrategy— TowerStrategy-—

TowerZet] CoolingTower2 Mass
synergy relationship name

K 4.16 =5 B ZIE 7 PhIA R R —EMERRE 0 BO PR CRETME R 1D

R¥E N EAE AT A AR SRR R, B[R 5 R B & a— Sk
FEEYIN 1, BT RER WA 417 o, a] Wi R K & TowerStrategy Ith
AR B R A — SR B K.

1.75F

1.50F

L.256F

-
=
S wo S

T T

accumulated valid distance

=
[
o

OUOJ . =t L] 1 it

CO()[ Co Co Coni: To Ta Co,
ine 20w 011 ngt, Oh”.g}" Oflngp Wers,.. Very, O’Iiﬂgr
We Wery g, - lp2 Aleg OWery
«Spd orz. Spd Fiy Py Y Magg

causality relationship name

P 4.17 =5 W ZIE R R R R8RS (REtHE R 61D

Ff Bk B AR — R S AT AR AL, SRR 4.18 Fian, A LbRiEAL
J& T R R OC R TowerStrategy FH 2L —EIMERE BTN 2/ K, FTLLERGEE

48



o 33 PEE A X K

L.25F

L.O0F

standardized valid distance

TO].V(_‘ 'y TDI[—'F . CU():’ :
1 Tate,, Tlerg mg?b“‘r?” y
= ~Magg

causality relationship name
Kl 4.18 t=5 W2 70 AU R R R A BRI (REtddsZE= 6D

H 2 Je L BB E 5 BT 0L B 2R [ B 9K 22 CoolingTower2 Spd 73 #rAH[A]
BEE EE SRR, AHK TSV EHSZE#H R, HAbE R 28 BibA 20— 2t
FEES B ETR N E 80 T ERESZHRNEERAES B, HhiEEEE
RAFTERIPNF R R BRI, WALZR EXZBE R K R AR A LER
LI ARG EEER, BRKREGREH T

[ 3] 4.19~4.23, BHRE, HLAXKETRE . —ESRKRAM D
PriEl SRR, HESE PR R EIF4ERFAE 0; R AE SRR KR,
ERE RS FE)E, G &R, sk 0 VP BE /)5 (AEZ # Chiller]l_Perf
FERTHIHIL 7 R 2 AR5 & T B8, AF HE RIS &£ TR KR — St
B, 2B i R Trosys 724 OX BUEGER AR IR BB EE S, mEAR
AT R B EERT A, B DL B RE R S A R, AR A T
IR 7 7%

BARZ| A R K R TowerStrategy~ Towerletl {585 1 T PR 7~ B D
Y% HNE R % X M Chiller2 Strategy X M ¥ #1 B F & F 5
CoolingPumpl Prs Ir Xf [N [ & £ K ¥ #% J§ 7K ;  CoolingPumpl Perf .
ChillPumpl Perf. SndPumpl Perf {55 H) FEEZ KB A EIE, —KE. =i
=M MEBE 3 L ;. CoolingPumpl Pwr2Prs . CoolingWaterRtn Pressurel
CoolingPumpl Pwr2FIr. CoolingPumpl Pwr Ir. Chillerl ChilledSupMix Prs Ir.
BypassSup_SndDiv_Prs_Ir 5 & F R BN A A SZ D 3 7 % S BUH R IE R, (8]

49



PN i = VA o e S Y W L s i 6 K B

PR 7 HAERESEG [, SndPumpl Prs_Ir. SndPumpl Fre Ir {55 FFE2
N R EERENE % E XIS E; Chiller2_ CoolRtnMix_Prs_Ir «
CoolSupDiv2 CoolingPump2 Prs Ir . CoolingPump2 Flr Ir N
CoolSupDiv_Chiller2 Flr Ir. CoolSupDiv_Chillerl Prs Ir. ChilledPump2 Pwr Ir.
CoolSupDiv_Chiller2 Prs It ZH AR A EREF B G H O E RN F %
Chiller] CoolRtnMix Prs Ir A #ibriE, (BG5S WMEEAL 0, ERKIET
briitie, AR HEVERERE RS, HapiE A&t HaE AR, ZE R
REMMRVEEBOIR; (EE 4.7 R A RIS FKIA B IRK R EEE, SEm
THEER I, FOAREE A R ECH 68 A KA B8 58 T RUAEXHEUE R/ RIR, BTEAR
ARSI AR

50



Ha4E

FEIE S E R

Wethu | bTmp Dryhiu ] bTap CoolSupMix] Tmp
L0 -
05 ! ! ! ! ! — | ! ! v ! ! }
0o ! ] ! - | i - ! !
i i e L i i . L i i i i i i - o i i i i i
[ 10 ED a0 [ 50 0 w0 10 o0 30 0 ] ; W0 0 0 0 10 £ 70
CoolingTowerl_Spd Cool ingTower2 Spd CoolSupMixZ_Tmp
MR '
IR ‘
nop— “oe | . - . -
' | . . . ' | | . | . . . ' o ! . | ' '
o 1o 0 30 A0 50 L] w0 (1] m El 0 5 LU 1] n ] A T
CoolRtnMix_Tmp Cool ingPumpl_Pwr Cool ingPumpl_H
L0 3 -
os - + -
0.0 ! I - l | 1 i _ |
' | ! ' ' . . L ' ' | . . . . | | ! ' ' )
[ 10 E 0 s L w0 10 =N 40 50 Bl w0 ] E 3 a0 50 0
CoolingPumpl Flr Cool ingPumpl_Prs Cool ingPump? Prs
Lop ——r ~r —~r I [ 1 1 ._V
(%1 1 l —
0o 1 ! - 1 1 - ! !
o 0 2 @ 40 50 e T 0 W m _do 4 5% @ W 0 1 2 3 @ ™
CoolingPump2 Pur CoolingPump2 H CoolingPump? Flr
1.0 N -
05 4 4 b= i t t f= i t
0o | ! ! 1 1 ! - ! ! ! ! | | . | ! ! ! |
i i i i i i ‘ - | i i i i i - i ! i i i |
L} 1] 20 0 4 ] L] w0 10 0 3 0 50 L LU L] o] 0 40 50 o
CoolSupbiv_Chillerl Tmp CoolSupDiv_Chiller2 Tmp Chillerl CoolRtnMix_ Tmp
HITV BRY
05 | - |
0o
' . ' ' . . o | ' . . ' ' o | . | ' ' '
0 10 20 30 w5 60 w0 10 il 30 0 5 L w0 0 0 0 a0 50 b
Chiller2_CoolRtnMix_Tmp Chillerl_CoolRtnMix_Prs CoolSupliv_Chillerl_Prs
L0 _V . 1 !
v ATl
0o + b= : + - ' : ! 4
R S e T S S R S T e T W TR SR R R N N )
ChilledPumpl Tap CoolSupDiv Chillerl Flr Chillerl Flr
' J ) v
; AVER |
0o 1 | ! 1 I - ! ! ! ! ! | -1 | ! ! 1
| i i i | i ' [ | ' i | ' ' o | | | | i '
0 0 U ] w0 10 L 0 50 W 0 10 E 040 £ 0
Chillerl_ChilledSupMix_Tmp Chil ledPump2_Tmp CoolSupliv_Chiller2 Flr
L0 T ' N T
o5k ! | | | | | - |
nop— 1 1 1 1 1 ! - ! 1 - |
' ' . . ' . . [ | ' . | . ' o ! . | ' ' '
o 1] 20 ] 40 L] L] w0 (1] 2 £ 40 B w0 1] 20 0 40 Sl iy
Chiller2 Flr Chiller2 ChilledSupMix_Tmp Chiller2 CoolRtnMix_Prs
LOp——r = —V
s 4 } -1 4
0.0 | | | I - | ! ! — |
o W W @ 4 s e W 0 18 @ % 4 0 e @ 0 W 2 W 4 5 0
SndWix_Tmp Load_Tmp
1.0
05 tsc
failure label
e I Y S S —— —— S S— — S— S— S— S— — out of assessment
[ 10 0 0 a0 50 60 w0 10 o 0 0 50 0 0

Kl 419 F—d e EENR XA EEERL (RATEZRGD

51



[RGB S0 % AL A R B Hd T (5 VA

05

oo

05

oo

%]

(1]

oS

oo

05

oo

03

oo

oS

oo

05

0.0

05

oo

0

oo

BypassSup BypassRin Tep Chil ledPumpl Pwr ChilledPumpl H
— ! I
! - | ! } - 1 !
4 | i L | i . - ! | i o L A - | i | A L ! |
[ o 20 a0 A0 1) (1] moo o o0 a0 40 Y o mw o n €N o L &0 60 70
ChilledPump2 Per Chi lledPumpZ_H ChilledPumpl_Prs
I | | | | | | I | | | | I | L] | | | | 1 : |
L} 1 .} 3 40 ) won (1] o 0 0 5 L FL 1] n 30 40 ] o
Chillerl ChilledSupMix_Prs ChilledPump2_Prs Chiller2 ChilledSupMix_Prs
! I - | ! | |- | | |
' ' ! ' ' . . L | ' ! ! ' ) o ! ! ' ' ' | '
[ 10 20 30 0 50 w0 10 el 30 0 50 L w0 0 0 30 0 50 60 0
CoolingTowerl_Flr Cool ingTower? Flr Chil ledSupMix_Tmp
1 | ! 1 I | | || | | | | 1 ] I 1 | ! | | ] | |
o n n 30 an 50 60 w o n 30 40 50 L LU n n o £ 60 n
BypassSup_SndDiv_Prs SndPumpl_Fre SndPusp2_Frc
| — ! ! |
] ] | | | | | . | | | | | | L] | | | | | i |
o 10 20 30 40 50 L] w0 10 m £ 40 5 L ELU n 30 40 Siv 60 T
BypassSup_SndDiv_Tap SndPumpl_H SndPumpl_Flr
| | [ | | | | I | | | | | | 1 | ! | | | [ |
o 10 20 a0 40 50 L] mon o m 30 1] L] ] W oo 10 2 30 a0 L) T
SndPump2_H SodPump2_Flr SndPumpl_Prs
o 10 = _m 40 s e M 0 1 @ % o 0 e @ 0o 10 2 3 » & 7
SndPump? Prs SndMlix Prs CoolSupMix] _Flr
| | ! - } 1 4 I ! | !
] | | | | | i |- | | | | | |1 | | | | | | |
L} 10 20 i) 40 5 L] w0 10 @ W A0 50 L L L] L ] 80 o
CoolSupDiv2_CoolingPumpl_Prs CoolSupltivi_Cool ingPunp2_Prs SndMix_Flr
I | | | | | | ] | | | | | [ | | | | | : |
o 1o 20 30 40 50 L] [ 10 mn 30 40 50 L] LU 1] 30 40 5 60 n
_ChilledRtnDiv_ChilledPuapl Prs ChilledRtnDiv_ChilledPumpZ Prs Chillerl Fre _
o 1 = _@ 4 s e 1o 0 10 @ % 0 s e 0 0 10 2 % 4 s 6 70
Chiller2 Fre CoolSupDiv_Chiller2 Prs
= — tsc
failure label
1 ] | ] ] I \ 1 ] ] | ! | ] ] out of assessment
[ 10 o 0 a0 0 60 w0 10 20 a0 0 50 [ ™

Kl 420 F HEERENR SR EEEL (RGEUERED

52



Ha4E

FEIE S E R

Air HeatTrans Cool ingTower TowerStrategy
L0 -
ns + . - +
oop— ! { 4 { ! 1 - ! 1 1 {
0 10 E] [ 50 60 K 10 30 0 50 L] k] 0 10 T [ n
Cool inﬁm_kmm Cogi ing¥ater Acrosstower %ﬂnl in}-nl _Energy
L0 -
05
Y] = 4 /] 1 ! ] -
| | | A i | | | i
o 1 20 k] a0 5 L] wm o m ELL 40 5 L w0 1] L] 0
CoolingPumpl Per2Prs Cool ingPump2_Pwr2Prs
L0 — -
os i
nob— ! -
| | ' ' | | | | | | | | |
o 1] 20 30 A 50 L] T 0 i 30 A0 50 L] b 1] 0 0 A i L] ki
Cool ingPump?_Energy CoolPump2_Perf CoolTepl_Balance
LOp =g -
o5
0o
0 1] E ] 50 0 w0 10 30 0 k] 0 0 0 60 n
Cooll%!Jl‘lnlnce Cnoﬁm'ater_ﬁcrmsfhi l?erl Conﬂns‘later_.lcruﬂﬂli I?erﬂ
Lo -
05 ! 4 + 4 Il - + 4
0o
i s i i .. .. i . i .
L} 1] 20 0 40 R 0 o o £ 40 50 L kL L] n S0 Tl 5 0 o
Cool ingWaterP_AcrossChillerl Cool Tmpd_B: CoolTepd_Balance
L0 ~r
o5b+ { 4 i - { {
oo
| i ' ' | | | ' | | | | |
o 1o 0 30 a0 T 10 30 A0 50 L] 0 10 0 30 an 5 0 n
Chil lerl_?_erl' ChillerZ Perf CoolingWaterRin_Pressurel
L0 —
osh+ 4 /] + + 1 -
00 1 1 1 -
o 0 0 30 40 50 60 o 10 30 40 50 L] 0 0 0 30 40 0
_ CoolingWaterRtn_Pressure2 UserTempRaise Bypass_Temp
L0
Y
s + -
oo
0 10 F 1] i 0 50 o R 10 ) 3 o %0 & k] ] X £ 10 £ 0 i
Chil Isg'\.nl_ﬁnem Chi llmhﬁ_hm Chi ﬁod'l-ter_l\crosschl 1er2
v ‘
0EF+ ' 4 e 4 . - " 4
0o
| | | ' ' | ' | ' | | |
o 0 20 n 40 5 L] kY o 0 £l 0 5 b n n k] L] 5 60 T
ChilledWaterP_AcrossChillerl (hilledWaterP_AcrossChiller2 Chi 11Pumpl_Perf
Lo o
N1 - - + + ! + + -
nop-- 1 { { 1l 1 ! -
o 0 = _ w49 s & 10 0w w0 wm @
ChillPump2_Perfl Towerletl
L0 | - - !
— isc
5T 1 T T . T failure label
aob | 1 | . out of assessment
. " “ . " . . . . . L . i i
0 10 E ] a0 w0 50 0 o0 0 b1 0 40 50 0 ™ 0 E E w0 50 L] o

B 421 F—dr iR R AR EEL CGRETEEERD

53



(A5 R B2 AR ST AL G A R R R 7T (5 VP A

ChillerTemp Mix Chil ler2Temp Mix Chillerl P
LOp Y} N -
05 { - ! - I
ool I ] | ! - ] I ] - I ] |
i i i i i i .
[ T T W m W W W e 0 [ R T - R ]
Chiller2 P ChillWater Bypassl ChillWater Bypass2
1.0 - -
05
o 1 { 1 1 . | 1 1 . 1 1 1 1
o W @ @ 40 W & W Wwoom_ @ W w0 W 2 W _ 40 o
Chill¥ater AcrossSndpusp SndPumpl_Encrgy SndPump2_Energy
1.0 - -
05
a0l . B I |
0 0 ’ [ 1o i E ] ’ y W0 W0 2 3 W % 60
SndPump? Perf SndP Load
10 - ~/ 7
05
0.0
o 10 o0 10 @ W0 w2 @ o 60
Cnolmsl'ater ﬂaul Conllrldlaterwlusﬂ Cnolinl'ater’jauS
1.0 . Y, "
05 - 1 - ! |
0.0
0 = s 4 50 6 7 [ R R R . ] W 30 a0 W 6
CoolingPumpl_Head Cool ingPump2_Head Cool ingTower]_Mass
Lo \vs
osp+ - | ~
a0
o W ®m W @ % @ W Woom W 0 % T o @ W . 8
Cool ingTower2 Mass _ Cool ingPumpl_Mass Cool ingPump2_Mass
10 -
sk 1 1 1 1 - 4 - 4 L
%0 | | . | -
0 % @ W 0 10 W w0 s e 10 0w 3 4 o 6
ool inghump! Per2fir Toolingpump2 Purziir " ® SndFlow Mass
10 v 7/
05 . R
0.0
| I | I | | ]
@ woom @ 0w £ w o » R
SndPusp_Mass SndPump1_Head SndPump?_tiead
10 R-— v v -
05F+ ! { ! { - i - { {
0o
o W 2 @ 40w @ W woom_ W 0 W e T W i
ChilledPuspl Head Chil TedPump2 Head Cool Kuriix Tmp Lr
8 |
1.0 - - - _ :
— tsc
st { I ! { - 1 T T - | s failure label
nop— T 1 T + - + 1 ] . 1 out of assessment
T TR R z'n @ T T T . L
Cool ingPumpl_Per_1r CoolS lﬂil‘ Chillerl Pri Ir Chillerl_ChilledSupMix_Prs_Ir
1.0
05
0.0
" " ) . ) ) ‘
o W @ W W w0 m @ W 4 e

B 4.22 5 F oy TR R R E&EN CGRETEEERRD

54




s
4 E FRRIIESET R
Chiller? ChilledSupMix Prs Ir SndMix Prs Ir Chillerl Strategy
L0 - | -
0o ! ! ! - ! 1 — ! |
s i i ' | i ' - i | | i i I P | | i | ' i i
[ 10 ED a0 [ 50 0 w0 10 2 30 40 50 ) w0 10 0 £ 0 50 o0 70
Chiller2 Strategy CoolSupDiv_Chiller2 Prs_Ir Chiller2 CoolRtnMix Prs_Ir
Lo - . -
0o / ! I - | |
i ' . . ' . \ | . . . ' o ! . | ' . |
o 1 20 E N (1] 5 L] o ] El 0 5 w0 0 n oo £ i 0
CoolSupMixl Flr_Ir CoolSupMix] Tmp Ir CoolSupMix2 Tmp_Ir
L0 ‘ | 2 4 ‘ - — e
NIV =i '
0.0 ! | | 1 | | |- | |
o M _®m s 4 s e 0 0 o % 4% e M 0 10 _% @ 4 % 6 W
CoolSupDiv_Chillerl Tap lr CoolSupDiv_Chiller2 Tmp Ir Chillerl CoolRtnMix Tmp lr
Lo} +—— —— —
05 - -
0o - | | |- ! |
0% @ 40 0 60 T 0 10 @ % M s e 0 0 1o Jn i y o 6 10
Chiller] ChilledSupMix Tap Ir Chiller2 Fre_Ir (hlll(\d‘\ur:lhx Tep Ir
1.0 17 -
v . |
0o ! ! | | - | - ! ! |
i i i i - | i i i i - i i i i i | i
L} 1] 20 0 0 L] L] w0 10 20 £l 10 50 LU L] o 4“0 5 o
BypassSup_SndDiv_Tmp_lr BypassSup_Bypassktn_Tmp_Lr ChilledPumpl _Tep_Lr
L0 . ]
os - -
0o 1 ! - | 11 | 1 ]
o Ih 3‘! :;J I.I'l il Y TII'I 1:l IIU J;.l j! Ill'l ';J ?Il.l Ell Illl I S0 I I ?h
Chil ledPump2_Per_1r Chil ledPump2_Tmp_1r '\ndhlml I-n: Ir
L0 - e - l
' | Lj
0.0 b -1
i i i . i " . — ! : i ! . i Lo | L A
[ 10 20 30 0 50 w0 10 o0 0 0 50 0 w0 10 70
SndPump2_Fre_lr CoolSupDivZ Cool ingPump2 Prs Ir Lml]nul-‘ulpl I'rq ]r
L0 - ~
0s - - 1
0o ! - -
0 0 2 @ 4 50 w0 D m W @ s e T 0 o ;W W i
Chillerl CoolRtnMix_Prs_Ir ChilledRenDiv_ChilledPump2 Prs_Ir ChilledPump2_Prs_Ir
Lo " 1 - RV
05 b } - - |
0o 1 1 1 | | | |- ! |
.2 x - ' . | ' . | . ' o ! . | ' . | '
w0 (1] o0 M 0 Bl w0 1] n 0 40 S 0
Iiyp.nk‘mp "mdlll\' Prs. Ir SndPumpl_Prs_Ir CoolingPumpl_Fir_Ir
L0 : - - I <
05 - - —— + - 1
0.0 | 1 | 1 i _ | | |
w0 10 ™ W M & 6w W w0 8 0
lelllnih.lrruz Flr ]r CoolSupDiv_Chillerl Flr_Ir Cool SupDiv_Chiller2 Flr_Ir
1.0 - — - _— -
—— 1sc
“ . - failure label
0o - 4 | , out of assessment |
i i A i i ‘ - | A i ! A i o i ! T T T T '
[ 10 0 0 a0 50 60 w0 10 o 30 0 50 0 w0 0 0 0 o0 £ 0 i

Bl 4.23 F=F# TR R R EEERL CGREaEREPD

K 4.24~4.25 X FRCF RS RIS S R M EART ST, BrEEh TW‘E
TEBFRIL AR A, HARMEREGR R B SR 1 I, S0 EIRERES
FEAY S SEA — 2L

55



[RGB S0 % AL A R B Hd T (5 VA

WethulbTmp DrybulbTop CoolSupMix] Tmp
Lo = — — ~ -
== S s Sl N v = = R s S N \ W R W [,
05 — ! ! 1 1 I
00 ] | ! - !
| i e L | i b | | | i i | | 4 L | | | |
0 E ] [ E] w0 10 mw oW [ 50 w0 0 ] w W (] i
CoolingTowerl_Spd Cool ingTower2 Spd CoolSupMix2_Tmp
1.0 H T - -
] : 1 : i i il. I i \-*“"-a-_.l‘ [P __L,.-—"J
05 I i I H | | H i 11 - { 1 ! {
I i i i i I i i 1
oo j i I - | S— | 1 1 1 1 1 1
| | i ' . ' [ | | ! | ' | \ | ! | | | .
L} 1o 20 30 0 50 L] mwoon (1] m 30 0 5 L LU 1] 0 30 A 5l L o
CoolRtnMix_Tmp Cool ingPumpl_Pwr Cool ingPumpl_H
L0 - 4 - {
L (s 1 ! Ui i i ‘
05 i - i ! ’
i i ! |
oop-t ' ! ! ! i | !
| | ! | | ' [ | | | | | i |
0 10 20 a w0 s 60 w0 10 EY 0 a0 50 60 70
CoolingPumpl Flr Cool ingPump? Prs
L0 : ] .
AV A iV
I i i
] | ! ,
- i i
! [ l
nap R l .
o d0 0 s 0 W 0 10 ® @ 4 % @ T 0 I S o
CoolingPump2 Per CoolingPump2 H Cool ingPump2 Flr
L0 -
05 ! -
0.0 -
i A A L i i i i i L s A i s s ' A i A s A 1
o 10 20 k] 40 5l L] o 10 o 30 _40 i) L ELU 1] 0 0 40 ] T
CoolSupbiv_Chillerl Tmp CoolSupDiv_Chiller2 Tmp Chillerl CoolRtnMix_Tmp
Lipr T - - -
T — 17 Mo T FPe;
| - ! ! | ! | ! i | 1 ! ! | 1 - !
0o
| | ! | | ' ' Lo | ! | ' | | | ' | | | |
0 10 20 a0 10 50 80 w0 10 30 n 50 w0 10 0 0 n 50 (] n
Chiller2_CoolRtnMix_Tmp lerl_CoolRtnMix_Pr: CoolSupliv_Chillerl_Prs
L0 -
oS l~ _1‘/._.-‘] v \ y l‘ 1 V V' W 1 ‘
]
5 4 + + 4 + + + + r - - + -1 + +
1 HEEER || ! |
nop— I I I | l ! | ] | | | i i - H I / I
B T P T S B S L B A Y. WY T B N I B I T R B N
ChilledPumpl Tap CoolSupDiv Chillerl Flr Chillerl Fir
|
Lo r—yr T T T T T
YRR RPY IR M T YT L AV A Y
0.5 et |- I I 1 I S T Y I IR N I |
I t 1 :
i Voo \ i il L
b | I | I N N | |1 I . I i |
i 1 i ] i 1] 3 1} 3 [} I}
L} I‘l) 3‘] 0 4‘0 . ﬂll w ‘!l 0 - U C‘I) lI'J 50 kel UI Ilﬂ an 30 0 5‘] 80 ?30
Chillerl_ChilledSupMix_Tmp Chil ledPumpZ_Tmp CoolSupliv_Chiller2 Flr
Lo T ”_ =T T r T -
1-__ i '. ‘q [ A v -t Vol
P e B o S | | S [ | 1
0.0 + + - + + +—t + + T - - —1-
| | ! ' | ' ' Lo | | i | ' | ' | ! | | | '
o 0 0 o 40 50 L] w0 10 am 30 40 50 L] LU 1] 0 30 40 ] i n
Chiller2 Flr . . . Chiller2 ChilledSupMix Tq; . Ch_iller2_(lmlﬂt_rﬂia Pl_’s
L0 - -
i H i T i I
—— e | Rl o
05 1 | 1 ! -
oo 1 1 ~
i i i L i A A L ! ! i ! L | | ! | i | L
o 10 20 I ] 60 o0 10 30 40 L] w0 0 0 30 A £ 60 0
SndMlix_Tmp Lond_Tmp
— 1isv
w i ! i I v i l\ P [N '-r-_--"\--’ - normal ized previous reading
\- ! 1 i i [V normal ized current reading
causal failure
0.0 t t + t t t t out of assessment
o W W @ 4 % e W0 I @ W 4 0 e W

K 4.24 F—H BT ESEL REUERGD

56



B4 E LRBIESERN T

BypassSup BypassRtn Tep Chil ledPumpl Pwr Chil ledPumpl H

Lo} - - - -
i 1 \ i T H Y4 T ] T T T T T | i
L i \ j i i i B2 | ] YA V4 IV 1_
0.5 it | N o |- 14 | s : | — i i 1 1
! i i 1 I i I i ! ! i
i i i | i ] i | i i
a0 Ll [ - Ll L N |- [ —
i ! ! | | i ' [ | | i | . L L i | | | ! | |
[ I E] an 1 50 0 w0 10 0 30 10 50 ] W0 0 ] 30 0 0 0 0
ChilledPump2 Pur Chi lledPumpZ H ChilledPumpl_Prs
0 - - T T
MV BRI
05 - — 1 ! } i .
T i i i 1 i
| i j ! | i
0o - IH et b 1 -
0 10 2 ) 10 50 0 Tln 0 IIU El :lIJ IIII 50 ] iil !II :|I|| o ﬁlu 7‘!!
Chillerl ChilledSupMix Prs ChilledPump2 Prs Chiller2 fhll]rdSulex F'rs
T VT T T T T
! 1 | ! i i
ns i t 1 ] T t = =
i | | i i !
aol-b L e (- . SISO ISR S
' . . ' ' ' . L | ] . | ' ' P | . | ' ) | |
[ 10 E- ] w5 60 w0 10 i k] L] il w0 10 0 E ] Y L] 70
CoolingTowerl Flr Cool ingTower2 Flr Chil ledSupMix_Top
Lo - e - r
1 ! 1 ! ! I
o] {1 | | I
0.5 —1 T 1 T
a0 | VN | S
20 40 50 m |'[| 50 0 0 0 2 a0 1;) 0 0 0
BypassSup_SndDiv_Prs SndPump]_Fre SndPusp?_Fre
Lot = ; =
1 T 1 Y 'lv T V- i | ]
D 4NN rod l !
05[-if i i i i ' — P i 1! i l| - !
i | i : i 1 i f
nof— | | - | - I |- | I
6 Illl JII Iu -‘ll “I lﬁll Tlﬂ ill |IU 2’“ '.ﬂl) II[I F&I f;l :Iil lll ]III ?,;] :llll 4." .'ll’ l‘ll;l ?Ill
BypassSup_SndDiv_Tap SndPumpl _H SndPumpl_Flr
LOper - - r -
1 :f 1i, ! ‘i _f! Y i N : v i v V_}, 4 0
LT bt | S T S - i RN N IR S/ A . A 1
i i i | ! ] i i ]
! i HI i f ] i
0o | _ 1.1 HI— R S - I u_ A |
0 10 0 .:1;:1 10 0 0 ™0 0 0 ) E) I'p 50 0 0 0 0 N ) 30 0 50 0 70
SndPump2_H SndPump2_Flr SndPumpl_Prs
L0 . - .
i | |
T W T V]
s L | - 1 ! i B
! | |
o B ; [ L] [ -
[ 10 20 a0 0 50 60 w0 10 0 30 10 60 70 0 a0 0 50 i 0
SndPump? Prs SndMix Prs CoolSupMixl Flr
L0 v v - T T -
' ! ! " | i | P W i
sk i i ! ! i i [ ! |
057 i i ll T i Tl  — - - 1 — _J —
] i i ! |
wol 4 i I S I | | |
0 O 2 3. 4 50 60 1 0 m om0 @ " 7
CoolSupbivZ CoolingPumpl Prs CoolSuplivZ CoolingPunp2 Prs
(] o i v s C— - ™ -
i i j i
WSy 3 4 4 1 - i -1
i | f
| | | - 1
0 [ T R RN T R T 1
L"hl 1 Iedlltnl.ll v_Chi | Iedf’u-pl lr-c ChilledRtnDiv_ChilledPump2 Prs
L0 7 o= T T T T - -
11i BRI
L] | | ]’ i T T -
1 ! | 1 I \
nop | | 1 I | - —
o W 2 @ 4 s e w0 1 ®m % @ @ @ W 0
Chiller2 Fre CoolSupDiv_Chiller2 Prs
o ' - | T == normal ized previous reading
a6 B | | | | 1 | weareee normal ized current reading
! causal failure
DOp = e e out of assessment
0 10 0 0 10 50 60 w0 0 E 0 40 50 0 0

P 4.25 5 BT AR CGREMEERED

4213 BEHE

NERSBATIRE, Z RN AN ERENES RG i, F42127
FURRERL b, R —En a5 A —Hta S femds, 1545 R R s i8R
IE5F] 5%, 10%-. 25%-. 50%-. 100%, HHEXERFFS 42.12407%, £R/FitHHES

57



PN i = VA o e S Y W L s i 6 K B
RinlE 4.28~4.35 Fizw.

PLAE ECER R B X & CoolingPumpl Flr 59 H7[A 5% & CoolPumpl Perf A1,
VLBA S [ DU AR R B R AR, FofitRd RS kKEF 2. ]
R RESR RIHEAT T

{CoolPump1_Perf, CoolingPumpl Flr, CoolingPumpl H},

{CoolingWater Mass2, CoolingPump! Flr, CoolingPump2 Flr,

CoolSupMix1 Flr},
{CoolPump1_Perf, CoolingPumpl H, CoolingWater Mass2,
CoolSupMix1 Flr}.

2 =30 B, X=2% PRI RAIB AL — SRR Iy 1, RFHSAHRR) TSV
B, SRS, ENE. 2HAASEES. AR St wE
4.26 iR, A] WE R & CoolingPumpl Flr 5 CoolingPumpl Perf FIHRER 24—
BB AECR, X5 I CoolingPumpl Flr f£EZRHES#] & AR B
I SEAH — 2

L
L P
0.8
0.8 A8
PR
0 0.6
5 ~gT
0.4 7 0.4
s
0.2 “16
¢ 0.z
0.0
0.0 -
CoolingPumpl_Flr CoolingPump2 _Flr ConlSuphlixl_Flr CoolingPumpl _H CoolPumpl_Perf Cool Pump]_Perf
[ CoalingWater Mass?
1.7 L
2 150 2
c L2 LI
E LD ERN
B0t .75
E0.50 I Z0.50
£0.25 Z0.5 I
0, 00 —-— . 0,00 - I
Con ingp, Gonjj, ” (""-'\'L-, i Conj, o (r.u.ih'“\‘f Cogp - r'r..,ll:lw {r""r"uh Canjg, " r.r""ll'r“' 'r..,l;j,\”‘”l oo j, .
g gy, gy M gy Perg Mt g, WLy 2y T g Perp 00ty
susality relationship nome cousality relationship name

K 4.26 t=30 B ZIFE /5 &R AR GEA HPEEGD

FRAREIL R, B K AR CoolingPumpl Flr 5 CoolPumpl Perf Ff UG 28R H5F—
MERPRAE — SRR RS, B FENE S TR EMZIERRIARHER ), B
HT 2R HEMm P FEX R BT EATEEN, FLLENA A HILE 4.7 HirdEfh—2
PRy 0 BIIEML, BMESASREA. BEEZET, HT 2R SEaE
2, RATRZEH R I3 ENRITHERE ST .

nE 427 Brox, 4 t=31 K, CoolingPumpl H (1] TSV {H 75 /g nan, iX 53
FIRE 1KLL 3 FIMRIR R KRL, CoolPumpl Perf A~ FAb T LA — %A 2%

58



45 TIEHE SR
MRIRXAST (ENUFERXJLEAMERR) , AL LEFHERE R KR
CoolPumpl Perf; *4t=32 ], CoolSupMix1 Flr #] TSV 1€ N nan, X SE LA
2 %k h AR FR KA, CoolingPumpl Flr AN A TAEFI— KA M FXRF, Fr
PL, 24 t=33 i, CoolingPumpl Flr ) TSV [E AL T nan, BI'E B IEik4k 4%
R

Pl 4.27 =30 B ZIEL 5 SR A AR GEAHPEZEGD

MERBITHEE R ATV, EFERCR . EIT R A S A R/ —
B, mAiiEII R, FTAMARERKRANGE S A REER T s, A5
LERRKRARERAN, ERERXANGESHEEZRHA. EE, EEF
CoolSupMix1 Tmp. CoolRmMix Tmp HE & FFEFE— L, H&EMES
RERA TR 0, TEIRANSTEERR.
4 t=65 i, BAPRERWENEENIZ FE, EXHIMERRAPDES
FHARTFE, &F CoolSupMixl Tmp HIFHIKHE, WMAMKHEWT:
causal_name: CoolSupMix1 Tmp
syn_loc: (65, 65)
dis: 0.0
dis _thr: 1e-09
related causalty:
[0]Wetbulb Tmp-pre_belief:1.00
[2]CoolSupMixl Tmp-pre_belief:1.00
[67]HeatTrans CoolingTower-pre_belief>1.00

causal_name: CoolSupMixl Tmp
syn_loc: (67, 67)

dis: 77.28812157349087

dis thr: 1e-06

related causaltv:

[2]CoolSupMixl Tmp-pre belief:1.00

59



(Al R 5 B2 i 3T 74 P 55 A% Tk 28 H i VT {3 VP Al
[5]CoolSupMix2 Tmp-pre belief:0.00

[67]CoolingWater Acrosspump-pre_belief:1.00

ARVAEM, F—F(HEFHFERXRB dis=0, B ZWHFEXZEZINFE
CoolSupMix1_Tmp It FIf£ &K SR8+ 1, #— P EFZFXRZAHIE AN
WetbulbTmp<=CoolSupMix1 Tmp, ] I iX P& B2 507 70 7l 2035 5
27.14, BABHRFMARR, FTELZ—BUEREFSEA 05 X158 5k HF%K
#, BAAH dis AT 0, HEN CoolSupMix2 Tmp HIE&ZT 0, FrLlExt
CoolSupMix1 Tmp A —EMEER N 0. XFRAIAE CoolSupMixl Tmp
AT A I WA ER R, 8 b TR R RIS &, B DAEE AR — 23X
TEFERS A 0. (584 T EFRIRES . CoolRtnMix Tmp {5 & A T By E K 5 HAH A .

60



B4 E LRBIESERN T

Wethul bTmp

Drybul bTmp

CoolSupMix] Tmp

Mool ingTower] Spd

o

CoolinkTover Spd

Coolglpluz o

0
o @ W @ % & T
Cool ingPump? Prs
o 1 =

lv f.‘hiﬂer] _Tmp

Chlllerd Cunlllulia o

l:un

Dilllarl (Ionllhlﬂix 'I'w

ISulﬂiv Chiﬂ.arl _Prs

v

/

+ |
- Chil 100”‘?_1'-1

=
e
z

Clulle'rl Flr

J\

~n

0s -
0.0
I ]
’ " Chi’ lerl Clli.llodSuDIi:“TQ “ " v o " i\r Chiﬂeﬂ_?r
L0 \ j \ / N 7
05 A
00
o m @ _m @ o om0 4w o @
Chiller2 Flr Chiller? ChilledSuphix Tmp ChiLLerd CoolRinMix_brs
L0
Y
; \/
00
0w ™ w4 s e 7w W x™ a0 P S ]
Sndlix_Tmp Load_Tmp
s |
Lo
[
[ —_— tsc
“ failure label
0.0

£
g
-
]

2

out of assessment

8=

K 428 F—f BN R AGEEN CRAGHEZEDD

61



(A5 R B2 AR ST AL G A R R R 7T (5 VP A

BypassSup Bypassitn Tep ChilledPumpl Pwr Chil ledPumpl H

TNV g '
Y= ! = ! =
nop 4 - | -
O B e pur ® LI R R R LI P U U
Lo '—\ f ﬁ = =
05 U'J
00
o W _m . @ 0 & 0 om0 4 s @ o @ W 4 5 8
Chiller] ChilledSupix Prs ChilledPump2 Prs Chiller2 ChilledSupMix Prs
L0 —\I - v \ o _V
05
oo - -
o W @ 3% 4 s e T 0 W 2 d_ 4 50 W 0 0 2. M 40 _ 50
CoolingTower]_Flr CoolingTover? Flr ChilledSupix_Tup
1.0 —\
05 \
0.0
o 2 $n£ 50 w0 10 m 0 o0 0 ® 9w
!Ntlﬁn_ iv_Prs Snﬁhnl_ Snﬁ’\n! re
R RmV; - ‘U - "
“T \\m ‘ | \J | ! -
0.0
o W @ W w50 o 0 om0 4 s w7 o @ %
I!ypusnﬁup_sml_}lv_'lm _ SndPumpl_H SndPuspl_Flr
1.0 - -
v N
o5 1 - . .
00
o W ®m M @ 0 & o m _s  4  % & o @ W 40 50
) SndPunp2_H " SndPunp2_Fir ) sndPuspl_Prs
1.0 [ \\
0.5 L ‘/_V_”:
a0l ! - | - ]
0 0 W e W 0 0 ®  a  w % s M 0 N ]
P sodbump2 Brs : Snidix Prs O Coaiuptind Flr
10
V| | C
05 ! . | R \
e i ] i i i
o @ W @ W @ W 0 @ 3 T RN DR
Cool SupDiv2.CoolingPump]_Prs CoolSupbivZ SndMix_Fir

E
iv_ChilledPumpl Prs

2
=)
-
z
E

om0 4 s 6 E I
ChilledRtnDiv_Chil ledPunp2 Prs chillerl Fre

s @

- W &

!s
2

2
=
-4
-3
-
&
2
2

0w % a0
ChillerZ Fre

-4
2

% a0 w0 &
CoolSupDiv_Chiller2 Prs

— tsc
S failure label
out of assessment

<
i“

'
0 20 a0 40

©
u
&
8
]

K 4.20 5 E RSB IR KSR G EEN GEAEEEZEDD

62



45 LRBUESER 0T

Air HeatTrans_Cool ingTower TowerStrategy

" ® CoolingVater_Acrossiower
1
MY
u,
T W ®m W 4 5 6 0 0
Cool ingPump2_Pwr2Prs
Lo N\
0
oo
: s @ T I jg"r 0 @ M
Lo s o
s
oo
o P erfapz atance © ™" " Coofingater Acrotschillert © " °
L0 v
0.5
[ T
" Coolinghaterp Acrosschitlerl © O oottapd_patance © © "
Lo ~r
v " J
[
[
W W M M N e T 10 i W W S 6 T
Chillerl_Perf Cool ing¥aterRin_Pressurel
Lo
s l / /
oo
50 0
v Cuﬁill'l':toerltn. sured " !
Lo
o8
[
LI T |'i 0 & 0
10 '
[
[
W W 0 MW @ T [ T T T |
ChilledWaterP_AcrossChillerl ChilledWaterP_AcrossChiller2
Lo '
ws
oo
T T I T ] ]
1Pump2_Perfl Towerletl
Lo
N — Lisc
" failure label
00 © out of assessment
. . K i

L ™m0 lll n 30 an 50 L] o

=
H
£
E
&
H]
]
2
=

K 430 F—dr iR R AGEEL CRGHEEZRGD

63



(A5 R B2 AR ST AL G A R R R 7T (5 VP A

ChilleriTem Mix Chiller2Temp Mix Chillerl P

o N

30 40
trilix_T

- ‘u l
— isc
failure label
out of assessment
2

I

- 50 60 T o 10
Supbiv_Chillerl_Prs_Ir Chill

K431 B Er iR R A EEEN CEGEEEZEGD

30 W0 6
erl_ChilledSupMix Prs Ir

0 an 40 50 L L o n 30 a0 50 L] o



45 LRBUESER 0T

Chiller2 ChilledSupMix Prs lr SndMix Prs Ir Chillerl Strategy

S=mm L EEEE |

Y cootsupdiv chitlerz pratr © 0 0 " oaifler Coolkntix Pra e

/

/ / ¥
/ /

E TR . [ o @ W 450
CoolSupMix1 Flr 1r CoolSupMix2 Tmp_1r
\/ )y

\

10 30 @0 50 &b E O] R T o ih 0 s 8
Cbn?sllﬂ‘iv_&l llerl_Tap_lr Cm?mtv_dlillwz_‘l'-p_lr QlTlarl_Emllu:llx_Tw_lr

—

" it fort oo edsinix Tap 1r ™ ™"

e

Lootinghampz Prs 110 " ° " Puolinbumpt Prs 15

“hillcdpumd Prs 1r 0" “ChillodPump2 Prs 18
A\
[ i 0 4 50
gPumpl_Flr_lr
b
W ™ s s 6 7 m a0 a0 s 6 T O N TR I
Cool ingPump2 Flr_Ir CoolSupDiv_Chillerl_Flr_Ir Cool Supliv_Chiller2 Flr_Ir
/ ! = v
/ failure label /
0 out of
“
o

i
o 20 30 a0 50 60 FLU ] 0 20 a0 40 H‘l é * o | n 30 an 50 L] o

B 432 F=F o iR R A G EEN CRAGHEEZED

65



(A5 R B2 AR ST AL G A R R R 7T (5 VP A

WetbulbTmp DrybulbTag CoolSupMix] Tmp
Lo [ S — L= -‘-...\___ ———— |
s+ 1 4 ! =
oop 1 { L N
0 0 ED 0 10 El 60 0
CoolingTowerl_Spd
1.0 =
05 r ll
0o
| i ! ! |
0 10 20 30 w5 0 i
CoolRtnMix_Tmp
L0 — = —— v - -
Mot ‘-/-‘\.._.’ T [ Il \{1 II
o3 4 i 1
(L]
ook + + 1 - —
i ] | | 1
20 30 w50 0 " 30 a0 U 70
CoolingPumpl Flr Cool ingPump? Prs
L0 .
14 |4
s
0.0
0
L0 - Y
05 -t
0.0
i | 1 1
T 30 40 T
Chillerl_CoolRtnMix_Tmp
L0 - —
|\ -
o5 = e
0o
| ] ] | | | | |
0 10 20 30 w5 0 30 10 £
Chil ler2_CoolRtnlix_Ts 3 CoolSupDiv_Chillerl Prs
10
PR W
T s
Wb | AIV_\/J E
i
0.0 . -
0 20 30 60 w0 I ] 30 50 @ w0
Chill leSupDiv_uliﬂerl_Flr
L0 o — T
I r"v i ! s i v ¥ !
i J Lol i i i
D5 o= i - i i -
H ‘ ' L H
! B i !
0.0
‘ ) " i .
0 20 30 0w 60 n 10 ]
Chillerl_ChilledSupMix_Tmp
1.0 - -
" r
05 —H=t= -
0.0
| i 1 | | 1
10 A 40 50 kL] o 0 40 E 70
Chiller2 Chil ledSupMix Tmp Chiller? CoolRtnMix Prs
L0 -
= e 174
\ [ i
o5 s = i
00 :
| Il 1 | 1
10 I 0 o 2 30 0 EC 70
Load_Tmp
- I | — sV
Lo ‘-V‘ 7= T — == normalized previous reading
0 - - | | normal ized current reading
W causal failure
0.0 - + out of assessment
10 W 50 W ™

K 4.33 G- AR GRAERERED



B4 E LRBIESERN T

BypassSup BypassRtn Tep

(hil ledPump]l Pwr

W w0
Chil TedPump2_Par

D W05
Chi ller] _ChilledSupMix Prs

B

05+

oo

422 FIEET

e 4.36~4.42 Ao, MAFHATLLEH,

R T T 2 [ ]
CoolSupliv2 Cool ingPump2 Prs SndMix_Flr
f =y i v —— N N
1 ] | —
Hinin
IH - L 1 )
| i o I Iz + | 1 | | | | 1 |
o L] 50 1] moo 1 20 30 50 L1
CMlIethrﬂiv Chl]led?lq)l Prs (.'hillzdenDlv Ch“ledlmqﬂ Prs Chillerl_Frc
1 B - ~
" 1 d
] -] I I !
- it
A 1'1 1 _‘ ,N
- -t 1 -
2 o 1 m @ M 0 1 @ % 4 s &
Chl 1er2 | Frc le‘iunDlv Chlller2 Prs e
v U : == normal ized previous reading
I I 1 L iR D |00 [ normal ized current reading
causal failure
I - . out of assessment
i ! i 1 | - | | | |
E I W 50

1o

PA

K 434 5 HoETEaE GREHIERED

IRR

4.2.1.3 TEEE AR, %R 4123 PRSI AR, SR ES
Eﬁ%‘ﬁﬁ‘]%k%ﬁ%ﬁﬁ%%ﬁﬂh%ﬁﬁﬁ

AFEAR L, HEAARE AL bR RN A XN HBLE & PR fER G

67



PN i = VA o e S Y W L s i 6 K B
BRRHI XN B ERICIE VAL, L2405 _E 2 RO AR A9 5N IR AN
A, FEARULEHIN .

AFHFFINOTHERLR, WE 440 PafLEH, HESETHERER
Frig bt A A R SRR R G SRR, ENRE S B PR, #iRoR
LETSE PRI E R RAFT S RFTIC KRR R . NIARANEE uwfit FIEEHTZ
AR, HELLT L PRFR -

{unfit, CoolSupMix1 Tmp, CoolSupMix2 Tmp},

{CoolTmpl Balance, CoolSupMix2 Tmp, CoolSupDiv_Chillerl Tmp},

{unfit, CoolSupMix1l Tmp, CoolTmpl Balance, CoolSupDiv_Chiller] Tmp}.

4 t=0 B, T RMRARXANBEBR-EWEEE N 0, HRAKXBRRANS
A—EERE AN 1, BbA I’ 435, A7 i unfit bR E— SR SR L, KPR
% R AR B SR IE TUOE ME w22 E (B —SUMERR R RMED M.
unfit FE &R 05, RIEN (2.33) , EHAEMMER—MIFRRRBASIH
flb R SRR RIERAE RN, ST RATINZERK A,

1.0

Lor ______J-'J
0.8k ‘I_ 11— — 2-51-' _-_ 0.8 R CoolSupMix] Tmp
' Cool SupMix2_Tmp
0.6k 06 W ool Supbiv Chiller] Tog
= 5 . unfit
& = B
a4 o Cool Tapl_Balance
0, :
0.
0.1
B e — — 0.0 - — ~ .
Cool Suplix]l_Tmp Cool Suplix2_Tmp CoolSupliv_Chillerl_Tmp CoolPumpl_Perf Cool ing¥ater Mass2 CoolPumpl_Perf
NS0T DA Cool ingWater Mass2
L ationship name
1 a LTl
Z L0 2 1.50
| L
E L0 ERR
EoTs Zors
20,50 E 0,50 I
20250 = 0.25
n,(un—. & S—— 4 z e “-(L!“—- - —— : " ; |
001G, 015y, Gl tnfy ) LI, Gojg,, . Coojg,, Unfy, tin g
7 T, i Ty Bl Chiy | Betjgy PN p T il y o Tiy iy, Chiy ] Bajap,,
1 Ty, 1 Ty, -
aiisality relationship name causal ity relationship name

P 4.35 =0 2B S &R A RIER CERBRZEGD

R R AR B, 1 4.36~4.40 HHa] LLE HEAK S S sl A L
TREMERFIPSER -8, XEHITEZA S SE8W. F4E K+
CoolingPumpl_Pwr_Ir F{5&240, A PARIIAG SAEAREZ BRI ZIE 146 T
b, tEMKHS:

causal_name: CoolingPumpl Pwr Ir

syn_loc: (69, 127)

68



4B TR 4 R
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R A #lmANREE

"Ar": {
"Type": "mequality",
"inputnames": [
"WetbulbTmp",

"DrybulbTmp"
l.
"outputnames": |
"unscale”
l.

"Relationship™: "WetbulbTmp<=DrybulbTmp"
1
5>
"HeatTrans CoolingTower": {
"Type": "mequality",
"inputnames": [
"WetbulbTmp",

"CoolSupMix1 Tmp"

1,

"outputnames": |
"unscale"

1,

"Relationship": "WetbulbTmp<=CoolSupMix1 Tmp"
¥
"TowerStrategy": {
"Type": "linear",
"inputnames": [
"CoolingTowerl Spd"
l.
"outputnames": |
"CoolingTower2 Spd"
I,
"Relationship™: "[1.0, 0.0]"
¥
"CoolingWater Acrosspump': {
"Type": "linear",
"thresh":1e-6,
"inputnames': [
"CoolSupMix1 Tmp"
I

"outputnames": |
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"CoolSupMix2 Tmp"

1,
"Relationship™: "[1.0, 0.0]"
IR
"CoolingWater Acrosstower": {
"Type": "mequality",
"Inputnames": [
"CoolSupMix1 Tmp",

"CoolRtnMix_ Tmp"

l.
"outputnames": [
"unscale"
I
"Relationship": "CoolSupMix1 Tmp<=CoolRtnMix Tmp"
3
"CoolingPumpl Energy": {

"Type": "logic",

"inputnames": [
"CoolingPumpl Pwr",
"CoolingPumpl H",
"CoolingPumpl FIr"

1,

"outputnames": |
"unscale"

1,

"Relationship": "[("20000>CoolingPumpl Pwr>12000",
'38>CoolingPumpl H=30',
'32000=CoolingPump1 FI11r=30000"),("abs(CoolingPumpl Pwr-0)<le-8',
'abs(CoolingPumpl H-0)<le-8', 'abs(CoolingPumpl Flr-0)<le-8")]"
1
I
"CoolingPumpl Pwr2Prs": {
"Type": "linear",
"thresh":1e-12,
"Inputnames": [
"CoolingPumpl Prs"
l.
"outputnames": [
"CoolingPumpl Pwr"
l.
"Relationship": "[500.48757848757845, 0.0]"

1

5

"CoolingPump2 Pwi2Prs": {
"Type": "linear",
"thresh":1e-8,
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"inputnames': [
"CoolingPump2 Prs"
I
"outputnames": |
"CoolingPump2 Pwr"
I
"Relationship™: "[500.48757848757845, 0.0]"

3
"CoolPumpl Perf": {
"Type": "CoolingPump",
"inputnames': [
"CoolingPumpl Flr"
l.
"outputnames": [
"CoolingPumpl H"

1.

"Relationship": "coolmgpump"
1
¥
"CoolingPump2 Energy": {

"Type": "logic",

"inputnames': [
"CoolingPump2 Pwr",
"CoolingPump2 H",
"CoolingPump?2 Flr"

l.

"outputnames": [
"unscale"

I

"Relationship": "[('20000>CoolmngPump2 Pwr=>12000",
'38>CoolingPump2 H=>30',
'32000=CoolingPump2 FI1r=30000"),("abs(CoolingPump2 Pwr-0)<le-8',
'abs(CoolingPump2 H-0)<le-8', 'abs(CoolingPump2 Flr-0)<le-8')]"
3
"CoolPump2 Perf": {
"Type": "CoolingPump",
"inputnames': [
"CoolingPump2 Flr"
l.
"outputnames": [
"CoolingPump2 H"
1.
"Relationship": "coolmgpump"
5

"CoolTmpl Balance": {
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"Type": "linear",

"Inputnames": [
"CoolSupMix2 Tmp"

l.

"outputnames": |
"CoolSupDiv_Chiller] Tmp"

1,
"Relationship™: "[1.0, 0.0]"

IR
"CoolTmp2 Balance": {
"Type": "linear",
"iInputnames": [
"CoolSupMix2 Tmp"
l.
"outputnames": |
"CoolSupDiv_Chiller2 Tmp"

1,
"Relationship™: "[1.0, 0.0]"

IR
"CoolingWater AcrossChillerl": {
"Type": "mequality",
"mputnames": [
"CoolSupDiv_Chiller] Tmp",
"Chiller] CoolRtnMix_ Tmp"
l.
"outputnames": [
"unscale"
l.
"Relationship":
"CoolSupDiv_Chiller] Tmp<=Chiller] CoolRtnMix Tmp"

IR
"CoolingWater AcrossChiller2": {
"Type": "mequality",
"Inputnames": [
"CoolSupDiv_Chiller2 Tmp",
"Chiller2 CoolRtnMix Tmp"
l.
"outputnames": |
"unscale"
l.
"Relationship":
"CoolSupDiv_Chiller2 Tmp<=Chiller2 CoolRtnMix Tmp"
IR

"CoolingWaterP AcrossChillerl™: {
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"Type": "mequality",
"Inputnames": [
"Chiller] CoolRtnMix_Prs",
"CoolSupDiv_Chiller] Prs"

l.

"outputnames": [
"unscale"

I

"Relationship": "=Chiller] CoolRtnMix Prs<=CoolSupDiv_Chillerl Prs"
3
"CoolTmp3 Balance": {
"Type": "mequality",
"inputnames": [
"Chiller] CoolRtnMix Tmp",
"CoolRtnMix_ Tmp"

1.

"outputnames": |
"unscale"

l.

"Relationship™: "Chiller] CoolRtnMix Tmp<=CoolRtnMix Tmp"
5
"CoolTmp4 Balance": {
"Type": "mequality",
"Inputnames": [
"Chiller2 CoolRtnMix Tmp",
"CoolRtnMix_ Tmp"

1,

"outputnames": |
"unscale"

1,

"Relationship™: "Chiller2 CoolRtnMix Tmp<=CoolRtnMix_ Tmp"
3
"Chillerl Perf": {

"Type": "chiller",

"inputnames": [
"CoolSupDiv_Chiller] Tmp",
"ChilledPumpl Tmp",
"CoolSupDiv_Chillerl Flr",
"Chillerl FIr"

l.

"outputnames": [

"Chiller] CoolRtnMix Tmp",
"Chillerl ChilledSupMix_ Tmp"
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"Relationship™: "1"
IR
"Chiller2 Perf™: {

"Type": "chiller",

"inputnames": [
"CoolSupDiv_Chiller2 Tmp",
"ChilledPump2 Tmp",
"CoolSupDiv_Chiller2 Flr",
"Chiller2 FIi"

I,

"outputnames": [

"Chiller2 CoolRtnMix Tmp",
"Chiller2_ChilledSupMix_Tmp"
l.
"Relationship™: "2"
5
"CoolingWaterRtn Pressurel": {

"Type": "linear",

"thresh":1e-12,

"inputnames": [

"Chiller] CoolRtnMix Prs"
l.
"outputnames": |
"CoolingPumpl Pwr"
I,
"Relationship": "[532.931976744186, 0.0]"
3
"CoolingWaterRtn_Pressure2": {
"Type": "linear",
"thresh":2e-8,
"inputnames': [
"Chiller2 CoolRtnMix_ Prs"
l.
"outputnames": |
"CoolingPump2 Pwr"
1.
"Relationship": "[532.931976744186, 0.0]"
3
"UserTempRaise": {
"Type": "mequality”,
"inputnames': [
"SndMix Tmp",
"Load Tmp"

88



[P PN T i VA £l U BT

"outputnames": [
"unscale"

l.
"Relationship": "SndMix Tmp<=Load Tmp"
3
"Bypass Temp": {
"Type": "mequality",
"inputnames": [
"BypassSup BypassRtn Tmp",

"Load Tmp"
l.
"outputnames": |
"unscale"
1,
"Relationship™: "BypassSup BypassRtn Tmp<=Load Tmp"
1
5>
"ChilledPumpl Energy": {

"Type": "logic",

"Inputnames": [
"ChilledPumpl Pwr",
"ChilledPumpl H",
"Chiller] FIi"

I

"outputnames": |
"unscale"

1.

"Relationship": "[('21000>ChilledPumpl Pwr=>15000',
'31=>ChilledPumpl H>25'",
'43000>Chillerl Fli>40000"),("abs(ChilledPumpl_ Pwr-0)<1le-8',
'abs(ChilledPumpl H-0)<1e-8', 'abs(Chiller] Flr-0)<1le-8")]"
IR
"ChilledPump2 Energy": {
"Type": "logic",
"Inputnames": [
"ChilledPump2 Pwr",
"ChilledPump2 H",
"Chiller2 FIi"

I

"outputnames": |
"unscale"

1.

"Relationship™: "[('21000>ChilledPump2 Pwr=>15000",
'31=ChilledPump2 H=>25',
'45000>Chiller2_FIr=40000"),('abs(ChilledPump2 Pwr-0)<le-8',
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'abs(ChilledPump2 H-0)<1e-8', 'abs(Chiller2 Flr-0)<le-8")]"
1
I
"ChilledWater Acrosschiller2": {
"Type": "mequality”,
"inputnames": [
"Chiller2 ChilledSupMix_Tmp",

"ChilledPump2 Tmp"

I

"outputnames": |
"unscale"

1.

"Relationship": "Chiller2 ChilledSupMix Tmp<=ChilledPump2 Tmp"
3
"ChilledWaterP_AcrossChillerl": {
"Type": "logicres",
"inputnames': [
"ChilledPumpl Prs",
"Chiller]l ChilledSupMix_Prs",
"ChilledPumpl Pwr"
l.
"outputnames": [
"unscale"

1.

"Relationship":
"(ChilledPumpl Pwr=0)*max(Chiller] ChilledSupMix Prs-ChilledPumpl Prs,
0)+(abs(ChilledPumpl Pwr-0)<le-8)*abs(Chiller] ChilledSupMix Prs-ChilledPump
1 Prs)"
3
"ChilledWaterP AcrossChiller2": {
"Type": "logicres",
"inputnames': [
"ChilledPump2 Prs",
"Chiller2 ChilledSupMix_Prs",
"ChilledPump2 Pwr"
l.
"outputnames": [
"unscale"

1.

"Relationship":
"(ChilledPump2 Pwr=0)*max(Chiller2 ChilledSupMix Prs-ChilledPump2 Prs,
0)+(abs(ChilledPump2 Pwr-0)<1e-8)*abs(Chiller2 ChilledSupMix Prs-ChilledPump
2 Prs)"
IR

"ChillPumpl Perf": {
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"Type": "ChilledPump",
"Inputnames": [
"Chillerl FIr"
l.
"outputnames": |
"ChilledPumpl H"
l.
"Relationship™: "chilledpump"
I3
"ChillPump2 Perf": {
"Type": "ChilledPump",
"iInputnames": [
"Chiller2 FIr"
l.
"outputnames": |
"ChilledPump2 H"

1,

"Relationship™: "chilledpump"
IR
"Towerlctl": {

"Type": "logic",

"Inputnames": [
"CoolingTowerl FIr",
"CoolingTowerl Spd"

l.

"outputnames": [
"unscale"

I

"Relationship": "[('1>=CoolingTowerl Spd=0',
'36000>CoolingTowerl Flr>15000"), ("abs(CoolingTowerl Spd-0)<le-g8',
'abs(CoolingTowerl Flr-0)<le-8")]"

3
"Tower2ctl": {
"Type": "logic",
"inputnames": [
"CoolingTower2 Flr",
"CoolingTower2 Spd"

I

"outputnames": |
"unscale"

1.

"Relationship": "[('1>=CoolingTower2 Spd=0',
'36000=CoolingTower2 Flr>15000"), ("abs(CoolingTower2 Spd-0)<le-8',
'abs(CoolingTower2 Flr-0)<le-8")]"
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IR
"Chiller] Temp Mix": {
"Type": "mequality",
"Inputnames": [
"Chiller]l ChilledSupMix Tmp",

"ChilledSupMix Tmp"

1,

"outputnames": |
"unscale"

1,

"Relationship": "Chiller] ChilledSupMix Tmp<=ChilledSupMix Tmp"
1
I
"Chiller2Temp Mix": {
"Type": "mequality",
"inputnames": [
"ChilledSupMix Tmp",

"Chiller2 ChilledSupMix Tmp"

I

"outputnames": |
"unscale"

1.

"Relationship": "ChilledSupMix_ Tmp<=Chiller2 ChilledSupMix Tmp"
3
"Challerl P": {
"Type": "linear",
"inputnames': [
"Chiller] ChilledSupMix_ Prs"
I
"outputnames": |
"BypassSup SndDiv_Prs"

1.
"Relationship™: "[1.0, 0.0]"

3
"Chiller2 P": {
"Type": "logicres",
"inputnames': [
"Chiller] ChilledSupMix_ Prs",
"Chiller2 ChilledSupMix_Prs",
"BypassSup_SndDiv_Prs",
"SndPumpl Fre",
"SndPump2 Fre"
l.
"outputnames": [
"unscale"
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1.
"Relationship": "(SndPumpl Fre>0 or

SndPump2_ Fre>0)*abs(BypassSup SndDiv_Prs-max(Chillerl ChilledSupMix Prs,
Chiller2 ChilledSupMix_Prs))+(not (SndPumpl Frc=0 or
SndPump2 Frc>0))*abs(BypassSup SndDiv_Prs)"
5>
"ChillWater Bypassl": {
"Type": "linear",
"Inputnames": [
"ChilledSupMix Tmp"
I
"outputnames": |
"BypassSup_SndDiv_Tmp"

1,
"Relationship™: "[1.0, 0.0]"

5
"ChillWater Bypass2": {
"Type": "linear",
"Inputnames": [
"ChilledSupMix Tmp"
1.
"outputnames": [
"BypassSup_BypassRtn Tmp'

1,
"Relationship™: "[1.0, 0.0]"

IR
"ChillWater AcrossSndpump": {
"Type": "linear",
"Inputnames": [
"BypassSup SndDiv_Tmp"
l.
"outputnames": [
"SndMix_Tmp"

l.

"Relationship™: "[1.0, 0.0]"
IR
"SndPumpl Energy": {

"Type": "logic",
"Inputnames": [
"SndPumpl Fre",
"SndPumpl H",
"SndPumpl FIr"
l.

"outputnames": |
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"unscale"

l.

"Relationship™: "[('1>=SndPumpl Frc>0', '30>SndPumpl H=28',
'40000>SndPump1_FIr=8000").('abs(SndPumpl Frc-0)<le-8',
'abs(SndPumpl H-0)<le-8', 'abs(SndPumpl Flr-0)<le-8")]"

3
"SndPump2 Energy": {
"Type": "logic",
"Inputnames": [
"SndPump2 Fre",
"SndPump2 H",
"SndPump2 Flr"

I

"outputnames": |
"unscale"

1.

"Relationship": "[('1>=SndPump2 Frc>0', '30>SndPump2 H=>28',
'40000>SndPump2_FI1r>8000"),('abs(SndPump2_ Frec-0)<le-8',
'abs(SndPump2 H-0)<le-8', 'abs(SndPump2_ Flr-0)<le-8")]"

¥
"SndPumpl Perf": {
"Type": "SndPump",
"inputnames": [
"SndPumpl Frc",
"SndPumpl Flr"

l.

"outputnames": |
"SndPumpl H"

1,

"Relationship™: "1"
IR
"SndPump2 Perf": {
"Type": "SndPump",
"Inputnames": [
"SndPump2 Fre",
"SndPump2 Flr"

l.
"outputnames": |
"SndPump2 H"
l.
"Relationship™: "2"
3
"SndP_Load": {

"Type": "logicres",
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"inputnames': [
"SndPumpl Prs",
"SndPump2_Prs",
"SndMix Prs",
"SndPumpl Fre",
"SndPump2 Frc"

1,

"outputnames": |
"unscale"

1,

"Relationship": "(SndPumpl Frc>0 or
SndPump2 Frc>0)*abs(SndMix Prs-max(SndPumpl Prs,
SndPump?2_Prs))+(abs(SndPumpl Fre-0)<le-8 and
abs(SndPump2 Frc-0)<le-8)*abs(SndPumpl Prs-SndPump2 Prs)"

¥
"CoolingWater Mass1": {
"Type": "linear",
"inputnames": [
"CoolingTowerl FIi",
"CoolingTower2 FIr"
I
"outputnames": |
"CoolSupMix1 Fli"

1,
"Relationship™: "[1.0, 1.0, 0.0]"

3
"CoolingWater Mass2": {
"Type": "linear",
"Inputnames": [
"CoolingPumpl Flr",
"CoolingPump2 FIr"
l.
"outputnames": |
"CoolSupMix1 Fli"

l.
"Relationship™: "[1.0, 1.0, 0.0]"

3
"CoolingWater Mass3": {
"Type": "linear",
"thresh":1e-15,
"inputnames': [
"CoolSupDiv_Chillerl FIr",
"CoolSupDiv_Chiller2 Flr"
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"outputnames": [
"CoolSupMix1 Fli"

I
"Relationship™: "[1.0, 1.0, 0.0]"

3
"CoolingPumpl Head": {
"Type": "linear",
"inputnames": [
"CoolSupDiv2 CoolingPumpl Prs",
"CoolingPumpl H"
l.
"outputnames": [
"CoolingPumpl Prs"

1,
"Relationship™: "[1.0, 1.0, 0.0]"

5>
"CoolingPump2 Head": {
"Type": "linear",
"thresh":1.6e-8,
"inputnames": [
"CoolSupDiv2_ CoolingPump2 Prs",
"CoolingPump2 H"
I
"outputnames": |
"CoolingPump2 Prs"

l.
"Relationship™: "[1.0, 1.0, 0.0]"

3
"CoolingTower]l Mass": {
"Type": "logicres",
"inputnames': [
"CoolingTowerl FIi",
"CoolingTowerl Spd",
"CoolingPump2 Pwr™"
l.
"outputnames": [
"unscale"
1.
"Relationship":
"(CoolingPump2 Pwr=>0)*abs(CoolingTowerl Fli-CoolingTowerl Spd*31038.0)+(
CoolingPump2 Pwr<=0)*abs(CoolingTowerl Flr-CoolingTowerl Spd*15519.0)"
3
"CoolingTower2 Mass": {
"Type": "logicres",

96



[P PN T i VA £l U BT

"inputnames': [
"CoolingTower2 FIi",
"CoolingTower2 Spd",
"CoolingPump2 Pwr™"
l.
"outputnames": [
"unscale"
l.
"Relationship":
"(CoolingPump2 Pwr=>0)*abs(CoolingTower2 Fli-CoolingTower2 Spd*31038.0)+(
CoolingPump2 Pwr<=0)*max(abs(CoolingTower2 Flr-CoolingTower2 Spd*15519.
0)-1000, 0)"
3
"CoolingPumpl Mass": {
"Type": "linear",
"inputnames": [
"CoolmgPumpl FIr"
l.
"outputnames": [
"CoolSupDiv_Chillerl Fli"

1.
"Relationship™: "[1.0, 0.0]"

3
"CoolingPump2 Mass": {
"Type": "linear",
"thresh":1e-12,
"iInputnames": [
"CoolingPump2 Flr"
l.
"outputnames": |
"CoolSupDiv_Chiller2 FIr"
l.
"Relationship™: "[1.0, 0.0]"
IR
"CoolingPumpl Pwr2FIlr": {
"Type": "linear",
"thresh":1e-10,
"inputnames": [
"CoolingPumpl Pwr"
l.
"outputnames": |
"CoolSupDiv_Chillerl FIr"

1.
"Relationship": "[1.6930255290227492, 0.0]"
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5
"CoolingPump2 Pwi2FIr": {
"Type": "linear",
"thresh":1e-8,
"inputnames": [
"CoolingPump2 Pwr"
l.
"outputnames": |
"CoolSupDiv_Chiller2 FIi"
I,
"Relationship": "[1.6930255290227492, 0.0]"
IR
"SndFlow Mass": {
"Type": "linear",
"thresh": le-12,
"inputnames': [
"SndPumpl FIr",
"SndPump2_ Flr"

I.

"outputnames": |
"SndMix_FlIr"

I.

"Relationship™: "[1.0, 1.0, 0.0]"
IR
"SndPump Mass": {
"Type": "logicres",
"iInputnames": [
"SndPumpl FIr",
"SndPump2 FIr",
"SndPumpl Fre",
"SndPump2 Frc"

1,

"outputnames": |
"unscale"

1,

"Relationship": "(SndPumpl Frc ==
SndPump2 Frc)*abs(SndPumpl Flr-SndPump2 Flr)+(SndPumpl Frc>0)*abs(SndP
umpl Flr/(SndPumpl Fre+le-12)*SndPump2 Fre-SndPump2 Flr)+(SndPump2 Frc
=>0)*abs(SndPump2_ Flr/(SndPump2 Frctle-12)*SndPumpl Frc-SndPumpl Flr)"
3
"SndPumpl Head": {
"Type": "linear",
"inputnames": [
"BypassSup_SndDiv_Prs",
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"SndPumpl H"
I.
"outputnames": |
"SndPumpl Prs"

l.
"Relationship™: "[1.0, 1.0, 0.0]"

3
"SndPump2 Head": {
"Type": "linear",
"inputnames": [
"BypassSup SndDiv_Prs",
"SndPump2 H"
1.
"outputnames": [
"SndPump2 Prs"

1.
"Relationship™: "[1.0, 1.0, 0.0]"

3
"ChilledPumpl Head": {

"Type": "linear",

"thresh":1.5e-8,

"Inputnames": [
"ChilledRtnDiv_ChilledPump1 Prs",
"ChilledPump1 H"

l.

"outputnames": [
"ChilledPumpl Prs"

1.

"Relationship": "[1.0, 1.0, 0.0]"

3
"ChilledPump2 Head": {

"Type": "linear",

"thresh": le-12,

"Inputnames": [
"ChilledRtnDiv_ChilledPump2 Prs",
"ChilledPump2 H"

l.

"outputnames": |
"ChilledPump2 Prs"

l.
"Relationship™: "[1.0, 1.0, 0.0]"

1

e

"CoolRtnMix Tmp Ir'": {
"Type": "linear",
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"thresh":1e-8,
"Inputnames": [
"Chiller] CoolRtnMix_Tmp"
l.
"outputnames": |
"CoolRtnMix_ Tmp"

1,
"Relationship": "[1.000203848462427, 0.0]"

¥
"CoolingPumpl Pwr Ir": {
"Type": "linear",
"thresh":1e-12,
"inputnames": [
"ChilledPumpl Pwr"
I,
"outputnames": [
"CoolngPumpl Pwr"
I
"Relationship™: "[0.9059254489758908, 0.0]"

3
"CoolSupDiv_Chiller] Prs Ir": {
"Type": "linear",
"thresh":1e-8,
"Inputnames": [
"SndPumpl Prs"
l.
"outputnames": |
"CoolSupDiv_Chiller] Prs"

1.
"Relationship": "[0.669041095890411, 0.0]"

5>
"Chiller] ChilledSupMix Prs Ir": {
"Type": "linear",
"thresh":1e-12,
"inputnames": [
"CoolingPumpl Pwr"
l.
"outputnames": |
"Chiller] ChilledSupMix_Prs"

1,
"Relationship": "[0.001410389121866745, 0.0]"

1

e

"Chiller2_ChilledSupMix_ Prs Ir": {
"Type": "linear",
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"thresh":1e-8,
"Inputnames": [

"ChilledPump2 Pwr"

1.

"outputnames": |

"Chiller2_ChilledSupMix_Prs"
l.

"Relationship": "[0.0012778820168002447, 0.0]"
IR
"SndMix Prs Ir": {
"Type": "linear",
"iInputnames": [

"CoolingTowerl Spd"
1,

"outputnames": |

"SndMix_Prs"
l.

"Relationship": "[34.698693115347226, 20.025894547101032]"
1
5>

"Chiller]l Strategy": {
"Type": "logic",
"Inputnames": [
"ChilledPumpl Pwr",

"CoolingPumpl Pwr",
"Chiller] Fre"

l.
"outputnames": |

"unscale"

1.

"Relationship": "[('1>=Chiller] Frc>0', '21000>ChilledPumpl Pwr>15000",
'20000=CoolingPumpl Pwr>12000"), ("abs(Chillerl Frc-0)<le-8',

'abs(ChilledPumpl Pwr-0)<le-8', 'abs(CoolingPumpl Pwr-0)<le-8")]"

3
"Chiller2_Strategy": {
"Type": "logic",
"inputnames': [
"ChilledPump2 Pwr",
"CoolingPump2 Pwr",
"Chiller2 Fre"
l.

"outputnames": [

"unscale"

1.

"Relationship": "[('1>=Chiller2_Frc=0'", "21000>ChilledPump2 Pwr>15000",
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'20000=CoolingPump2 Pwr>12000"), ("abs(Chiller2 Frc-0)<le-8',
'abs(ChilledPump2 Pwr-0)<le-8', 'abs(CoolingPump2 Pwr-0)<le-8")]"
3
"CoolSupDiv_Chiller2 Prs Ir": {
"Type": "linear",
"thresh":1.5e-8,
"Inputnames": [
"ChilledPump2 Pwr"
I,
"outputnames": |
"CoolSupDiv_Chiller2 Prs"
l.
"Relationship": "[0.0018100857801776088, 0.0]"
¥
"Chiller2 CoolRtnMix Prs Ir": {
"Type": "linear",
"thresh":1.6e-8,
"inputnames": [
"Chiller2_ CoolRtnMix_Prs"
I,
"outputnames": [
"ChilledPump2 Pwr"
I
"Relationship™: "[588.27354651, 0.0]"
¥
"CoolSupMix1 FIr Ir": {
"Type": "linear",
"thresh":1.5e-8,
"Inputnames": [
"CoolingTowerl FIr"
I
"outputnames": |
"CoolSupMix1 Fli"

1,
"Relationship™: "[2.0, 0.0]"

5>
"CoolSupMix1 Tmp Ir": {
"Type": "linear",
"thresh":1e-7,
"inputnames": [
"CoolSupMix2 Tmp"
l.
"outputnames": [
"CoolSupMix1 Tmp"
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1.
"Relationship": "[0.9982445487332509, 0.0]"

3
"CoolSupMix2 Tmp Ir": {
"Type": "linear",
"inputnames': [
"CoolSupDiv_Chiller] Tmp"
l.
"outputnames": [
"CoolSupMix2 Tmp"

1.
"Relationship": "[0.9999576656715545, 0.0]"

3
"CoolSupDiv_Chiller] Tmp Ir": {
"Type": "linear",
"inputnames': [
"CoolSupDiv_Chiller2 Tmp"
1.
"outputnames": |
"CoolSupDiv_Chiller] Tmp"

1.
"Relationship": "[0.9999533926886057, 0.0]"

3
"CoolSupDiv_Chiller2 Tmp Ir": {
"Type": "linear",
"inputnames': [
"CoolSupDiv_Chiller] Tmp"
I
"outputnames": |
"CoolSupDiv_Chiller2 Tmp"

1.
"Relationship": "[0.9999533926886057, 0.0]"

3
"Chiller] CoolRtnMix Tmp Ir": {
"Type": "linear",
"thresh":1e-8,
"Inputnames": [
"CoolRtnMix_Tmp"
l.
"outputnames": |
"Chiller] CoolRtnMix Tmp"

1,
"Relationship”: "[0.9997171026325103, 0.0]"
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"Chillerl ChilledSupMix_ Tmp Ir": {
"Type": "linear",
"inputnames": [
"Chiller] FIi"
I,
"outputnames": [
"Chiller] ChilledSupMix Tmp"
l.
"Relationship": "[-0.00012418813789155943, 12.219999999997789]"
I3
"Chiller2 Frc Ir": {
"Type": "linear",
"thresh":1e-10,
"Inputnames": [
"SndPump2 Flr"
1.
"outputnames": |
"Chiller2 Fre"

1.
"Relationship": "[2.554504410021874e-05, 0.0]"

5>
"ChilledSupMix_ Tmp Ii": {
"Type": "linear",
"thresh":1e-8,
"inputnames": [
"BypassSup SndDiv_Tmp"
I
"outputnames": |
"ChilledSupMix_ Tmp"

1,
"Relationship": "[0.9999522821129585, 0.0]"

3
"BypassSup_SndDiv_Tmp Ir": {
"Type": "linear",
"thresh":1e-9,
"inputnames': [
"BypassSup BypassRtn Tmp"
l.
"outputnames": [
"BypassSup SndDiv_Tmp"
1.
"Relationship™: "[1.0, 0.0]"
5

"BypassSup BypassRtn Tmp Ir"': {
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"Type": "linear",

"Inputnames": [
"BypassSup_SndDiv_Tmp"

1,

"outputnames": |
"BypassSup BypassRtn Tmp"

1,
"Relationship": "[0.9999494747720798, 0.0]"

IR
"ChilledPumpl Tmp Ir": {
"Type": "linear",
"thresh": le-6,
"inputnames": [
"ChilledPump2 Tmp"
l.
"outputnames": |
"ChilledPumpl Tmp"
l.
"Relationship": "[1.0039536951227601, 0.0]"
3
"ChilledPump2 Pwr Ir": {
"Type": "linear",
"thresh":1.6e-8,
"Inputnames": [
"CoolingPump2 Prs"
1.
"outputnames": |
"ChilledPump2 Pwr"

1.
"Relationship": "[552.4600054600054, 0.0]"

5>
"ChilledPump2 Tmp Ir": {
"Type": "linear",
"thresh": le-6,
"inputnames": [
"ChilledPumpl Tmp"
l.
"outputnames": |
"ChilledPump2 Tmp"

1,
"Relationship": "[0.9960630276944762, 0.0]"

1

e

"SndPumpl Frc Ir": {
"Type": "linear",
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"thresh":1e-8,
"Inputnames": [
"CoolSupDiv_Chiller] Prs"
1,
"outputnames": |
"SndPumpl Frc"

1,
"Relationship": "[0.023830997341809875, 0.0]"

IR
"SndPump2 Frc Ir": {
"Type": "linear",
"thresh":1e-8,
"inputnames": [
"ChilledRtnDiv_ChilledPump2 Prs"
l.
"outputnames": [
"SndPump2 Frc"

l.
"Relationship": "[1.737408313906063, 0.0]"

3
"CoolSupDiv2_ CoolingPump2 Prs Ir": {
"Type": "linear",
"thresh":1e-8,
"Inputnames": [
"Chiller2 FIr"
l.
"outputnames": |
"CoolSupDiv2_CoolingPump2 Prs"

1.
"Relationship”: "[1.1895415506863654e-05, 0.0]"

5
"CoolingPumpl Prs Ir": {
"Type": "Ir_coolbase",
"Inputnames": [
"SndPumpl Prs"
1.
"outputnames": [
"CoolingPumpl Prs"

1.
"Relationship": "[0.6690091671530659, 0.0]"

1

5

"Chiller] CoolRtnMix Prs Ir": {
"Type": "linear",
"mnputnames": [
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"Chillerl FIr"
I.
"outputnames": |
"Chiller] CoolRtnMix_Prs"

1,
"Relationship”: "[0.0008183072875274152, 0.0]"

}s
"ChilledRtnDiv_ChilledPump2 Prs Ir": {
"Type": "linear",
"inputnames": [
"Chiller2 FIr"
1,

"outputnames": |
"ChilledRtnDiv_ChilledPump2 Prs"

1,
"Relationship”: "[1.1895415506848485e-05, 0.0]"

3
"ChilledPump2 Prs_Ir": {
"Type": "linear",
"thresh": le-8,
"inputnames': [
"Chiller2 ChilledSupMix_Prs"
1.

"outputnames": |
"ChilledPump2 Prs"

l.
"Relationship": "[1.1581593194122197, 0.0]"
3
"BypassSup SndDiv_Prs Ir": {
"Type": "linear",
"thresh":1e-12,
"mputnames": [
"CoolingPumpl Pwr"
l.
"outputnames": |
"BypassSup SndDiv_Prs"
l.
"Relationship": "[0.0014105818732047264, 0.0]"
IR
"SndPumpl Prs Ir": {
"Type": "linear",
"thresh":1e-12,
"inputnames': [
"CoolingPumpl Pwr"
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1.

"outputnames": |
"SndPumpl Prs"

1.
"Relationship": "[0.002986248022256781, 0.0]"

1
5
"CoolingPumpl Flr Ir": {
"Type": "linear",
"Inputnames": [
"CoolSupDiv_Chillerl Fli"
l.
"outputnames": [
"CoolingPumpl Flr"
l.
"Relationship": "[0.9999999999985708, 0.0]"

5>
"CoolingPump2 Flr Ir": {
"Type": "linear",
"thresh": le-12,
"inputnames": [
"Chiller2_ChilledSupMix_Prs"
l.
"outputnames": |
"CoolingPump?2 Flr"
I,
"Relationship": "[1200.232018561485, 0.0]"
¥
"CoolSupDiv_Chillerl Flr Ir": {
"Type": "linear",
"inputnames": [
"CoolingPumpl FIr"
l.
"outputnames": |
"CoolSupDiv_Chillerl FIi"
I,
"Relationship": "[0.9999999999985708, 0.0]"
¥
"CoolSupDiv_Chiller2 Flr Ir": {
"Type": "linear",
"thresh":1e-8,
"inputnames': [
"Chiller2 ChilledSupMix_Prs"
I

"outputnames": |
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"CoolSupDiv_Chiller2 Flr"

1,
"Relationship": "[1200.232018561485, 0.0]"
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