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ABSTRACT

Marine diesel engine is a power plant with big inertia, multi-variable, multi-output
and complexity operating conditions. Its working conditions have direct impaction on
navigation security and ships operating profits. The temperature of cooling water of
marine diesel engine is an important reference. It is very significant to control the
temperature of cooling water accurately. For improving the power performance of diesel
engine, decreasing the exhausting and saving fuel. If the temperature of cooling water is
very high , the high temperature will speedup the ageing speed of lubricate oil ,and
accelerate the wear and tear of parts; if the temperature is very low (below 30°C) , the
acid radical in combustion air and water come into new acid , and the new acid also
accelerate the corruption of the parts. So the temperature of cooling water affects the
performance of diesel engine. However, due to the heat transfer process and the pipeline
delay, there is a long delay and big inertia for the temperature of cooling water,
combining with the complexity operating conditions of the engine, it is very difficulty to
~ control the temperature of cooling water.

In this paper. for big inertia, long delay and easy overshooting of the temperature,
thermodynamic mode! and control system model of cooling water of marine diesel
engine are studied. Based on feedforward control theory, two fuzzy controllers are
designed, and control effects of the controllers are compared in MATLAB. The simulation
results show that the control speed and anti-disturbance ability are significantly
improved after feedforward fuzzy controller introduced. In order to improve reliability,
control speed and accuracy of the control system, in this paper, a new temperature
control system based on S7-200 PLC is designed. The new control system bas the
function of feedforward fuzzy control, automatic and manual operation modes. With the
HIM of the control system, system parameters can be set and modified, also abnormal

condition such as high and low temperature can be alarmed.

Key Words: Marine Engine; Temperature of Cooling Water; Fuzzy Control;
Matlab Simulink; PLC
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Fig.1.1 Central Cooling System of Marine Diesel Engine
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Fig.2.1 Heat Transfer Relationship of Cylinder Liner Cooling
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BB EREEHETRT Matlab TAEF, B TEFEREF 1. BH
TAFEANEEMN GUI TATLAREN. HEMUREHMEERS. WE 3.2
iR, XEA GUI TEHBET 3 ANwmESE, EMERRYS (Fuzzy Inference
System, FIS) %iE%%. REERHEBES. BHHNFHES, 2 MRS, IR
BN RSB W SRR . RERBATRMAEZ BRISERN, ik,
EERT, RESEHEERSEA— GUI MSEAERERFE%, RETH
HIEM GUI HRAHRL RS St R ADHs B shih o, X— AR KA R TR A3
B SRR R T IR R,
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WG R RS

e S R
Mm‘lba'ﬂnp Function

RN B

Rule Editor =

BN nNE RHAERRE
Rule Viewer Surface Viewer

B 3.2 BEHMZBRTRERETAMEXR

Fig.3.2 Interrelationship of Graphics Tools in Fuzzy Logic Toolbox

3. 2. 2 HTRIEMIZH R AT R MIEE

ERIEEFHERT, EHIHERAAEKE LR RIEAR KWL
MEBERE, AHRIHEZ S EEN TR G KRR RN
B, MENSEE. HHE. FHEEE. ASEHFSHRNRLTR B ENNE
FUFEIEN, E—&5IAENIIEMZLERBTAORIEE . MRS
0 Hh i o 2R — A o AR A R KRR . B S AT A LA T LU K
Thes. HLMTHEE. FIRFTRITHERMENED,

SR L Xt TS L T R B - R B RELRELMF TRRLES
A LR X BEERETHb—ES5RmH AR ETREXNSRE
KARBIHEES ., HBid YANMAR 6N280-SN Z 4 b AL gl i 3% 0¥ T LUAG S ik
HUHEARIR B2 BE S AL R, I8 3.3 BTR, M8t HERBNGR RERE S i B AT O 2R
WXFR. FRNHEEEAERETRIEMR A, BEkaT Lw S UG 2 &
R SIES . AERREOINENZES ARZURREENXR, X
R TRATRIRLBAE A AT BHE SIS L MR B 88 1T AU BRI B 2. 5217
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* 8% (T)
g 8 B 8 ¥ 8 %

(%)

B 3.3 YANMAR 6N280-SN 4yl HLHEMRIR A2 BE $ 77 AL B £

Fig.3.3 Temperature Variation Curve of Exhaust Gas with the Variation of Loading

3. 2. 3 LIHHEIR B 0 ATIRE S B " HEARRMIIE H 2R 80t
(D WA, BEZERERSERL
A 5188 R S WL HE B8 R 20 TS 5 B U\ B 0 ) AR 1 1 28
B AHERIR AL B e AHHER LK ec ENBMIZHIBIVMAE, UIITH
P AZLE u EVHER.

UL
o e— d/dt
ec 3
TR -
S i
o sEuH > 0
& e
® | 4

Bl 3.4 UAHHEE BV RTIRE 5 B Z e Hlas R B Al
Fig.3.4 Contro! Block Diagram of Two-dimensional Fuzzy Controller with the Feed-forward Signal

of Exhaust Gas Temperature

HE YANMAR 6N280-SN B4 Seimpl #)H- R A BE A BRI E SR, HE
I8 FE B AR R B E A [-300, 300], HHEEEMELEREA[-600, 600], AT

B AT LB E H[-60, 60], & e ec, u BIEXWLEH[-6, 6], MEHE

ﬁﬁﬁwi\ﬁwﬁmﬁwﬁ?hj%=mn’b=ﬁymm’ﬁﬁﬁ$§%

HHIBIT b =2 =10, W3 FRER e, cov v HEMTE:
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£3.1 Z&e. eco uIBHTE
Tab.3.1 Fuzzy Subsets and Meanings of e, ec, u

BEHE PB PM PS 20 NS NM NB
£ EX EF E/AN 0 s Fiep PN
(2) B LR A
R 3.2 FroRB LRI R
F 3.2 B HIRIm
Tab.3.2 Fuzzy Rules
ec
u NB NM NS 20 PS PM PB
e
NB PB PB PB PB PM 70 Z0
NM PB PB PB PB P 70 20
NS PM PM PM PM 20 NS NS
20 PM PM PS 20 NS NM NM
PS PS PS Z0 N NM M N
PM 70 20 NM NB NB NB NB
PB 70 20 NM NB NB NB NB

HE 32 A BBF 49 & “If - Then~-” MMM MEA:

1) If (e is NB) and (ec is NB) then (u is PB)

2) If (e is NB) and (ec is NM) then (u is PB)

3) If (e is NB) and (ec is NS) then (u is PB)

4) If (e is NB) and (ec is ZO) then (u is PB)

5) If (e is NB) and (ec is PS) then (u is PM)

6) If (e is NB) and (ec is PM) then (u is ZO) -

7) 1f (e is NB) and (ec is PB) then (u is ZO)

8) If (e is NM) and (ec is NB) then (u is PB)

9) If (e is NM) and (ec is NM) then (u is PB)
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10) If (e is NM) and (ec is NS) then (u is PB)
11) If (e is NM) and (ec is ZO) then (u is PB)
12) If (e is NM) and (ec is PS) then (u is PM)
13) If (e is NM) and (ec is PM) then (u is ZO)
14) If (e is NM) and (ec is PB) then (u is ZO)
15) If (e is NS) and (ec is NB) then (u is PM)
16) If (e is NS) and (ec is NM) then (u is PM)
17) If (e is NS) and (ec is NS) then (u is PM)
18) If (e is NS) and (ec is ZO) then (u is PM)
19) If (e is NS) and (ec is PS) then (u is ZO)
20) If (e is NS) and (ec is PM) then (u is NS)
21) If (e is NS) and (ec is PB) then (u is NS)
22) If (e is ZO) and (ec is NB) then (u is PM)
23) If (e is ZO) and (ec is NM) then (u is PM)
24) If (e is ZO) and (ec is NS) then (u is PS)
25) If (e is ZO) and (ec is ZO) then (u is ZO)
26) If (e is ZO) and (ec is PS) then (u is NS)
27) If (e is ZO) and (ec is PM) then (u is NM)
28) If (e is ZO) and (ec is PB) then (u is NM)
29) If (e is PS) and (ec is NB) then (u is PS)
30) If (e is PS) and (ec is NM) then (u is PS)
31) If (e is PS) and (ec is NS) then (u is ZO)
32) If (e is PS) and (ec is ZO) then (u is NM)
33) If (e is PS) and (ec is PS) then (u is NM)
34) If (e is PS) and (ec is PM) then (u is NM)
35) If (e is PS) and (ec is PB) then (u is NM)
36) If (e is PM) and (ec is NB) then (u is ZO)
37) If (e is PM) and (ec is NM) then (u is ZO)
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38) If (e is PM) and (ec is NS) then (u is NM)
39) If (e is PM) and (ec is ZO) then (u is NB)
40) If (e is PM) and (ec is PS) then (u is NB)
41) If (e is PM) and (ec is PM) then (u is NB)
42) If (e is PM) and (ec is PB) then (u is NB)
43) If (e is PB) and (ec is NB) then (u is ZO)
44) If (e is PB) and (ec is NM) then (u is ZO)
45) If (e is PB) and (ec is NS) then (u is NM)
46) If (e is PB) and (ec is ZO) then (u is NB)
47) If (e is PB) and (ec is PS) then (u is NB)
48) If (e is PB) and (ec is PM) then (u is NB)
49) If (e is PB) and (ec is PB) then (u is NB)

BN 1 530 49 hEe AR R T: A1, wR
HERE S KRR HERERUEE R K, BLRTEIESHER. HARKE
X RAMEERET RS, FNREMEZRR XEHRIHEMILIZR
SRR, EEAHKEILERERSRERE, XNHPITBRILERXA LIS,
RANZBRKIFE, #FHEIRHKAEBEADBNREXRRLD, NTTESE
AHKBEASKIERE, BETRERERAHKEENER; AN 49, wRH
fRIE B E KRN HEEEELEEER, BARTENEI K. BARHEN
H: MEHBEEASTRE, ANFASMEERR, XEFHADEHIDES
Bl L, @RAHKENEERRREN S, XERITENARKAE R, &
REEROTE, FHEAASHKRZSEAHBHRERNENK, ATESEA
HKBEASKNERR, BETREAHKIERE.

(3) FISHyzErBaIR

1) ZEMatlabf 4 & D N fuzzyér S Bl FFFISARE 2R, FuzzyBlB M R
FISERGERHEONFREF-ITEARE, NTEZRBWARSE, AL
EdivAddinputi® 5, #in—/MaALZE, ARG AREEA . BHRR, ¥EE
B HE Re. ecy u. WMBE3SHR.
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2) HBIMEHA. FidER, BRENENRBBEA[-6, 6], 7EEdiVAddmf
KW URERAREEEMESH, EHERARERENRETENN
BHEHNT, REERFRE HrimfE, WE3.65T7.

3) ARFENHESEANER, T AFNRETD, §OF BN
HEZREFHESHE, RESHANRI2EPEANNMESHE RAEaH
“Addrule” , HERT OIS QI IMAARAMN, AEHBILFOFERMN, .
MNGRAESEIS, ATLLM View/View rule3 835 T A4 2 2 B0 32 ) 2% OB RT3 2L
EETMBAFTHEER, WE3.853987.

4) FISEWF/E, ¥BEM% Acooling#H&, I EFAMATLABHI TAEZ(H]
(workspace) ¥, LUMBE(H BN

|s-wamn,1-u-«sw j [ T —_[
B 3.5 EMARNLERE E3.6 RERBEENR
Fig.3.5 Setting input and Output Variables Fig.3.6 Setting Membership Function

NI

_—
[—
e
_—
-
i omme———
5 ——
§ me————
s ==
L ——————
==
—

E v -
fmre——— ==
B 3.7 GBI 3.8 AEHHIHN

Fig.3.7 Editing Fuzzy Rules Fig.3.8 Examining Fuzzy Rules
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3.9 AE N HE
Fig.3.9 Examining Fuzzy Surface

(4) FFsimulink 96 RS R T 507K

WP 3.10 FrR7E simulink FHEEAR ARSEHHLA HIKIR S5 R R4,
ATETFI T, ERFRNGETHAEH RN ESEH RENEL
PID Z#I R %

Gaint awiat M_ I:l
_3_ a3 Fuzzy Logic I—,
208+ O Controlle i b
25%L0ad  TrangerFon Gain2 Gain
17.133
152.59+1
30 m & Tranger Fent
Scope2

Congant PID Controliert

Constant1

Scope1 b
5
gt BiD 17.133 COH5=_|
e 152.55+1 e > [:I
Congani2 PID Contolier2  Tander Fons .—I
I [] [& 01048 Sonped

L:j

A4

20s+1
25%Load1t W1  Trander Fon2

80

Consant3

Bl 3. 10 LAHREIR BE WA E 5 MER & 1B R4 51540 PID {7 KA HUHER

Fig.3.10 Simulation Comparison Diagram of Traditional PID and Integrated Control System
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1) LAHEIE FIS RERNERZRIE, BATZEN: HETIHFERED
4 1 cooling  FIS F& 4, #i4: File/Expot/To workplace ¥§ BT 3L FIS LF%E AN
TAEZS[E], #RJEM i Simulink ¥ HI RGARE i) Fuzzy Logic Controller #251, 7
FIS File or Structure £2%i A\ 25 2 479 FIS XHHRI4F7 “cooling”, A OK {E5E K
T FIS Uiy LB TIE.

2) HTFEHMEFBRNANZTENFERENZUEBERMLE, FLUXELM
MR ERE S NLAALEE, A ICRIE YANMAR 6N280-SN RS AL HAE
¥ FE B DD R AR X RIAL AU B HEEIR R O R AR LA 5 R &, IR & T EX
R, SR RERWE 311 Fir.

3

n=es

20s+1
25%load  Transfer Fen

¥

¢
g
€

B 3. 11 HEQRIRBE Bl # fr ELAh EL

Fig.3.11 Simulation of Exhaust Gas Temperature with the Variation of Loading

3) EHEMN IR PET iR RN E 45 R 5440 PID £
HIRZF PID SHAAR, LUEEIRX ISR E 8.
(5) HELERMH
TR PRI & A Scope BHLAT LI EARR A AT L Bk, B 3.12
BT HERE AT BRIIE S 554 PID BEIEMTE XL, WEFRTTLEH
HERGTIM 25%AFIMBIAT, AT HIER TR T IR HIANER, 2
—BEELLE PID BHIF X REHIT TH LAY, S8 EWERE, &
FERIEB B AR fL G4 PID #5506 T EMR, REREHHERE.
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Fig.3.12 Comparison Diagram of Control Effect Simulation

3. 2. 4 LUHITRAFL RS 4 ATIRIE S R —HERRRIIZ B 88 AT
CLyd [ 1R AT AL BAE A AR (S 5 EREE VLAY R AG AR S LAY Dy R 2B, A
B 45 & SCARRPUI R, AT LA SE HERR B9 0N I 25 4 A\ 2R B AR TSR IR {E..
BT I aE

] €

e ¥

L IREDL 4]

X 21

&
S +

2— m s b L s ——

% |

. .

WD EDNY

Bl 3,13 LA MR DI IRGE S 8 — S R0p I B2 g E

Fig.3.13 Control Block Diagram of One-dimensional Fuzzy Controller

(1) LAV TTHZAT A8 4 BUSHE 5 VRO 1 38 A0 it

6|32 LU T TRFI8 E MR, DBATHEHLEE A E U A%
AR A B O\ PR — RIS AR . 4 S o0 B TR M BT IR I
HlBRER SRR, WIBATMEARRRIRE H[-75, 75], PATHIEALLER
EA[-60, 60], 4 E. U MEEREH[-6, 6], NATBIIERE, REZTLENE

LtlE-‘Fia:%:O,{}s, E%ﬂﬁéﬁrﬂﬁﬁﬁtuﬂllﬂ%kﬂ=66—0=1U= 0% 3.3 iR E
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BEHT&:
3.3 XEEMEHMTEREX
Tab.3.3 Fuzzy subsets and meanings of E
EEE X WEELE (%)
PB EX (#-2%) 75
PM EF (RE-FE, @E-28) 50
Ed (HEASE, @E-FE, $
PS 25
-2
20 0 0
s (BE-¥E, FE-SHE, 18
NS -25
H-ED
N fip CRE-HE, £FE-18E) -50
NB K (-7 =75
IR 3.4 B SLAERA A
% 3.4 HEIMN
Tab.3.4 Fuzzy Rules
E—~ PB PM PS 0 NS NM NB
U— NB NM NC 20 PS PM PB
LA .

1) If(E is PB), then(U is NB)
2) If(E is PM), then(U is NM)
3) If(E is PS), then(U is NS)
4) If(E is ZO), then(U is ZO)
5) If(E is NS), then(U is PS)
6) If(E is NM), then(U is PM)
7) If(E is NB), then(U is PB)
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X BRI 1 SN 7 A B R RAR S SRR M1, W
KM B ELER, BARTHEIEN K RAROE: MRHE]
FFMNEERFI2E, XERAAHHLIIEGRE LT, i H7K H LR B
SYEF T, ENBPTENG A RABEEE, BAX=ZEREITE, EHls K
MEmBEAHBOME BN, ATERRAHNKBREASKELA, 23T
FosE MR HKE R B 8. RN TR 7, WRMITHABELAKR, Ha
PATHEHFEFIER. HARME S MRETIHTNEEREIGE, KEFL
F P E BRI R, MEAHKHIRERSRETRE, XRHATHRILER
NABEIER:, B=BRTE, A HKRE &GRS EHEHEKERD,
T iR A KR BEAR 2RI T e, AR BIRE /RS H/KEEERN.

T HARIE B RS 88 FIS Rt g BRI E T T HAT AL 75 p AR
25138 FIS X, M, Wk 3.14 ZE 3.18 BioR.

[ ) e ey I

O _" g "'__'[ Ll AT M S o

e s BEeTE N :

o= fwl ] : | - x !

[ e | [ T || | i - =
B3 14 REMAGLZE 3,15 B REA RN

Fig.3.14 Setting input and Output Variables Fig.3.15 Setting Membership Function
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B 3,16 B REMAI 3.17 MELRIH A
Fig.3.16 Editing Fuzzy Rules Fig.3.17 Examining Fuzzy rules

[ewn Canane. VS L. jTeme Ty -]
lxu 1 F gty t

= _ ==
[y |

B8 3. 18 LN B T
Fig.3.18 Examining Fuzzy Surface

(2) EHIHR 7 IRAE
B Simulink (FROEE A 3.19, KHEERILDB A ERT), £
EGIFRE T, BIHRRFNBE M TRATE 30s AHEREIRE, 150s 4 i
THATARE BB 208 . R RE T TRATBN FIS USRI HARE T
TG, RS RME 3.20 Fx.
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25%Load m
Gain
Fuzzy Logic
Controlier Scope
50%Load : 17.133
D ] 4 162.58+1
0 s i i it Transer Fenl
Ceonsant PID Controliert Scopab
| Constanti

17.133

152.58+1
PID Controlier2 Transer Fon3

{+ z - 1
J Scoped

25%Load1

50%Load1 Commants

3,19 LU TR R ATIRE B 14 & 1% R4 5 154 PID 45 ELX HHE K
Fig.3.19 Simulation Comparison Diagram of Traditional PID and Integrated Control System
(3) HRER M
ME 320 R RTTLUFL, BERHEH R TS — Kb TR B AL
TEHESY, BTFEMEHBRNENEEIER, ERmIAREnEEE, =
BERFFERM, MEBEAHKEER/DMETRE, #id PID A HI7ER ¥ HKIEE &
KIBEEAEEL, LWBASGN PID BHERY, BHXEETHENRS.

B 3. 20 fhE &Rk

Fig.3.20 Comparison of Simulation Results
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%4 F MISEAL HUKRERE B RS BT

F 45 FRpAsHILL AR E IS RERIT

4.1 ZGEERIES KR AR

AR RIS LA AR B RS E RSB L T EHIES%

(1) BALEHTIEEASHKENERE, REFMELBRE, RASERK
BRKFERAL, WEKESELBERRE; RUGBRKEROES, RERA
EHEMRIRE: RNHFERBKERE: RIS,

(2) R RFKREWIRITH  THAT AL R R B 2 R B X =38 R A T BT
TiRYS, FZH PID BHIFERHET BRI ERSREIERA HKHEAN
AHBNEZEE, BMETHELDKPINERE, BRLEHEADKNDHLE
BRERE. BRRZKRS 3R TRKAKERE, ERERLEEEEXREE
P LA (REEMALA HKENIRE . BHIRERBRERKERE B3NERBKRL
e

i—-'mm ‘; x| ApE
! [ % 1

A% k| MON gy BREK

g;; .3 B gy | Kag

______

|

i T pwest

B4 BHEAERTRER

Fig.4.1 Schematic Diagram of Control System

REMRA PLC /AP RIEFH B REANNIENERITRBRFTETL
¥, BdEHKH: ZBRIFENETY, BRKFERKEBBETE, BKRE
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BITRAMIESE, RESSENERERE. ANREEEEZREMBS, X
A SREZFHAEGER. B 4.1 AF BRI RIS ML 2 KR AL 12 )
REREE,

4.2 PLC #5482

PLC BIMIRIZFHEHIE, R—BHAFEERENBETRSE, EHETIWHE
THAmRT. ERATREFHEHES, AXEXARFERITERZHE. I
Frsl, Er. A BRERZESERMANIES, FEIHFR. HEUKXHARN
Hit, BESFEROPMEE TR, PLC TEH U T A,

(1) AEMRE. TSR

4R REMBEEIRSE P, KEFAT PELHE, HESAERE, BT
FERA ERBS 0, XEHBTHEESEHZML. BB BAKEE). iR
RED%, ZHAKBETRENTEN. TE PLC BHIRES, KIoHPlag
H3%, BTIA4k 28 2T LUBE 2RI .

(2) 4

PLC BHIRZEMFEAMERMNSE T ERRRAFREAHHE, MERRTE
ik, BEEREN. RELNERFENRETERRR, SBHREW
FK—RFIEFAL. THEES. TR, SEBERMEPLCHPRRTHERE, =H
ERMLEMES .

(3) FEH VO HEOER

PLC #XMARAMIWHAHES, WXRKER. FRESENUE. BRERE
[E. Bbaefr, SRS, FMMN VO BTGB HREE, T
B ATRETTR. BIEFR. ARBRRER, BHLBENEHRSEEER.
BohH T REREMNE, PLC BFZA—NHEMZEOBR, HTHRIT VR
M, EiEH S FEEBKMIE OB,

(4) R, RRAPE

PLC REMEFRELAMNRLENESE, ik, EWLLETREHERSEH
FROIEE, AN, RItARTUELRTEHTRIUTABHERF, THTUE
K EHE T RENEHRETRR, FRGH THEERKRD.
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(5) ZERR, £BHE

PLC ABELITHIE, TTUAESFIWAE TEERET. FANAFEN
B EFRELS PLC N VO SmAEES, HTRAET.

PLC W FERRIK, BRAFATEMNBLHMERIIEE. 3 PLC BUMTRIBA
FERPATI R AESFER, ATLURYE PLC S48 ERIZ T Ms TR R B 5w
BRARENER, HFEERRENERE.

% B3] PLC B £ A0 S H ARG AR AR M ML HK B B HI R B EE I,
A SCRK AT ) F PLC S7-200 E 445 55188 K SCHLAR AR S AL 1 KB FE B354

SIMATIC S7-200 %! /E F/h& PLC, HolfEtEm, FTLUABEEE. E/FR (B
54X AR E=MESXHEE. CHIELEE. BLDRE. HTEE.
BEHE, WEFSETHS. SEML. PIDEH88. RS-485 BE/&EHED.
PPLE F Y. MPLEE A B Bk A EUERF TR, &KLY RE) 248 s
F8 10 5 35 BB VO, BT H 30KB BFEMMIEFME R, TREBEID)
BEIE AL A THE S7-200 FAEH E A ARASL LA HIKBREEHI RGN R EX.

4.2. 1 EHIET RIER

ETUEHREY, REE. BF. Eh. RESEMNEESTEEMANKY
R RRE BRI X MY B BB RN RS /E4%4 PLC #HITAE. 5
bb, BLURBHREWFEAEMNERGSHTE, m—Ea3R]. FAREER
%, XHEFER PLC LB FERLAEAERS, UREEHREAMERK.
BRI EYT RERER A TEAE—RHES TR, S7-200 MR &L EE
RERAER A GG EM231. BB HER EM232 MERIERAAN /AL REHK
B EM235%1,

HRIE S7-200 R FA, &5 & 5MmPLAMKBEEHREAHKERE. BKEE
ERABWMARS, RAEIERE EM231 A BRI EMAY RERLIE BT
BESHEH,

4.2.2 ) FA PLC 323X PID #5%)
FIPLCX#80l EHEATPIDIE KK EA tnF LR ikl
(1) EHPIDI R4 HIE SR XA RMPIDIEHIEFRPLC KRITH,
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BAESESRT, ARERARARERE LS8, FRRRERTE.

(2) IEHPIDIREIES: ERHATPIDIZHIN FER, SHEMERMN/HTE
R—iEFEH, TUBRRLUTFHPIDERZHIMBE, BEMSETZRE. WS7200
HIPIDIE4 .

(3) F BHmIMEFLIPIDARES: FEREPIDIERIZHIRRMIIGETR S/
BT, NHERBEMBUHMPIDEREE, KA - RE B CRHPIDIEHIE
FFe

4. 3MITRHAD

TEX R 1SATEREEH. o isdl. BBEIRES, EHRTRE—F
DR D ERITEG . BEPITERS HERR I EHNRFEEY, XEFEHL2H
X, MHEHIREE S, BHEASHA K SEROTFE. BaHRTRE
FARBSHLIS, B mPIRIITE . EREHRRITE. TRENRHITE
BEHHRARS, X8R TFHRITRGE S ARRITRLE. TR B
REHRSE LS T H AN E TR PR AR ZY., ARGRRAL
# L B R B3 K BT 7 5 WL 0 43 AR B ALEK BRI BR30AT 2 6 R SR T H1K
ZEROFTESEH, BRREME 42 FiR.

—_—
) aEEm
A 4
) ‘ N

PLC ————» Eoi2 — u —>:§—+
[ — .

B 4.2 PATHHEER

Fig.4.2 Schematic Diagram of Actuating Mechanism

4. 3.1 kMEARR F - FAR B

AHEFS AL S LM TP BRI, BT &P,

(1) HABHTERR. KBRS BV RKEARE B, THERE, &
T BTRP, BETRORTFHRE, EHKERL SIMNRERBHEFRTSE
PLRR S HENE, TEAFEMNERMEIGENB#EER, NTTAT X, 2
® T LB TR R
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(2) WK R BB RS ENRT KRR, RARER. BNENE
HL:

(3) KELFS BHLE R BN, TR AR5 B
ZURFBERINHIEM:

(4) KBLFD BB HL S E 5 BIEE A A RFRBHIR SRR, EHlR
3 TES LNt

(a) (b) ()
B 4.3 KRIEER P B S H

Fig.4.3 Structure of Constant Magnetism Low-speed Synchronous Motor

B 4.4 ETXREEREE

Fig.4.4 Current Waveform of Stator Coil

RIEA KB EEHZEREIFAEREER, AUHRAKEKERD
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Fig.4.5 Operational Principle of Incremental Pulse Encoder
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RIS IR AP E S — BER T #88. PLC LRIHEHNL, PLC MitEHLEREK
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B, TR MR A E .
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EEM BIEHIRERE, ERARBILRITEEER U IEXHIAR. LR
RABEAFENE BIWHEHRENTD B, BEREBANGSEETEE
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_37_.



54 B SRR EIEE RS kit

WHREY, £LETRIGEEMNTTR, RAELRid RSl E A 38 ki T aml
Yy FLIR o

(3) BIEFR

BERITREFEBENE2REEM, BUREREFERETILRIIITIFER
FXAMIE, NiZEATRENTRE. ik, —REPITHELEFFR, FK
FRANEDHREANHBEEBLTRERES, TEEIER. FRREFRAIT,
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(1) iR RE

REBRIEFREETHBEYN, ERFEMHAR LSS 3 EERA SR
B, HRATFALMEEARER, BIEEFRE-ERESE, KM HTEINR
RN . e BRI B 1R B AR B B R R X 7 R K P A Al B & I8 = 1R B3 i R R
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R TMERE. I THBRARERERANERZREM, TRARRE
BEAMELT, B 4.6 HEFEIMEEER, EF R, . RF R HEFLSH KR,

TR EEATRERR. R, HALHRRME R, 3R R
BT K o 358 A PR 0t o, 545 P B P38 ST, T VAR HH P i,

‘ uy=e+uy=f(T)-f(T,)+u, (4.2)
R, f(T) DBREREE, £(T) AARERES, o, = /(T,). Wy, = £T)
WL, DB u,, 76 SR Y ARG S A A S R B %,
B R SCBUA SR AE O AME . #RIE u,, = iAR, = iR aT, = £(T,), FI{83]

/%) (43)
ial,

To

Rb, o HIMEREHEERY, T, hEE, R AMEBEMTEEAHE. K
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Fig.4.6 Temperature Compensating Schematic Diagram of Thermocouple Cold End
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E-200C~0CTEE A

R(t)=R,[1+ At +Bt> + Ct*(t-100)]
He

(4.5
A=3.9083x10~ "

B=-5.775x107"C*

C=-4.183x107% "
(2) A

(a) #EPHZH

(a) Structure of Thermal Resistance

<
9 10
(b) HEZBLESIE

(b) Noninductive Winding of Resistance Wire
B 4.7 L
D BiE: 2) REKEE: 3) TEAEE: 49 KE[EM: 5 5140; 6) #LE: D
oA 8) HEAZ; 9) RIFEE: 10) FIKER
Fig.4.7 Structure of Thermal Resistance
1) Resistor Body; 2) Ceramic Insulating Sleeve; 3) Stainless Stee] Casing; 4) Fixture; 5) Wire Port;

6) Junction Box; 7) Core; 8) Resistance Wire; 9) Protective Sleeve; 10) Wire End
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Fig.4.8 Feedthrough Mode of Thermal Resistance
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Fig.4.9 Level Switch
1) Body; 2) Float Arm Assembly; 3) Buoyancy Adj. Screw; 4) Lid Seal Ring; 5) Cable Gland Nut;
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Tab.4.1 Sea Water Pump Lectotype and Combination Program

RS Th& HETHR BITRRmS EA T (KRR

A =1 I A+B >25°C

B & I A+C 18~25C
I B+C 10~18°C

¢ fe I\ B <10°C

RIERRKBENZUER, PLC BIERBKRENAEHTR, EH=6HK
REBE, RS LRER TR NAKEEREZ M ERNBEE, BET
BRUARKIIERE, RBRDTEKRAODFE, TATRHE.
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Fig.5.1 Hardware structure of temperature control system of high temperature cooling water
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Tab.5.1 1/O Table of Temperature Control System of High Temperature Cooling Water

e BUF BN BFEAE HFEmL EE5ARE
10.0 B 1 Q0.0 EBAHKIRIRM R IRE
10.1 At 2 Q0.1 TKFEIRAK AT IR
10.2 AU 3 Q0.2 BEK R IR FF /S
10.3 AU 4 Q0.3 TKF FK AR
10. 4 s Q0. 4 K FE R O IR
10.5 JEiB 1 Q0.5 AT NS TR
10.6 JEiB 2 Q.6 WATEHLIESE
10.7 J5i& 3 Q0.7 PATEENLR 5
11.0 JGi8 4 QL.0 A BKFIEBT
1.1 EEREF QL. 1 B #/KRIEAT
I1.2 EERZ AR QL.2 C ®KFRIBIT
11.3 TKFE AR PR AR K AL QL. 3 R
11.4 TKFE R AL QL. 4 A MKFEIBITIRT
11.5 TKFEEAKAL QL. 5 B KEIZITHR
11.6 TKFEAR R K L QL. 6 C BAKREBITIER
11.7 HAKFER O EH1K QL. 7 FRA K B iR PR R
12.0 BIKFE L&

12.1 PAT LT

12.2 ABKELE

12.3 Bk REH

12.4 CHEAKRIE

12.5 AT B E R IR

12.6 =3 T BN (BRAL)

12.7 =38 BB (BRATD

13.0 PATHEHLEF BB

13.1 PATHEILRERBBY

13.2 PATEYF L

13.3 ABIKFREIT-RIR

13.4 B /K RIEAT-R %

13.5 C BAKFIEIT-R%

13.6 RAT

13.7 PATEHLIER R IR

14.0 PATHHLRE RR

14.1 HE

BRERA ERc i kA

IW100 RS HAKE ORE
IW104 BAKRE
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RIEZFBLIREZHINEE, RERMAN B ES LR AR SR 5.1 B
5, REHANMFFERAL, 2MEREBRAL, 16 M EFERLA.

5.2 =% B4 PLC FE R IEHR AU R
A TF S7-200PLC & CPU221. CPU222. CPU224. CPU224XP. CPU226 &

PR R SR, 5 EM221. EM222. EM223 =R FEY BELR, F EM231.
EM232. EM235 =M#ERIET BERS, £4XRGHMNSH K S5 KREE,
URLRZEIRFHN PLC REE, KRFIEHF CPU226. EM221 FIFEY RIEEHRLL
B EM231 BREV BERRLHARENZEHMES, SERAGRSAR 52.
CPU226 MBI ARG, WK 5.3 Fim.

* 5.2 PLC ACREMAMRRERS
Tab.5.2 Specific Modules Used in PLC Unit

Fg Z ¥R e B, HE &
CPU226CN '
1 R A B T E 1 34 KB A&
AC/DC/RLY
2 BFET RER EM221 z 1 16 A
3 B2 AELR EM231 RTD E 1 RPN

& 5.3 CPU226 #IR M ARTETR

Tab.5.1 CPU226 module technical index

AME R <F (mm) 190 X 80X 62 g E AR 6/
FEFF72fik 28 B 4 ¥ 30kHz
HEITHERTHE 16384 £ AR 2 % 20kHz
AHBITHR THRE 24576 £ B Rk b A 2 ¥ 20kHz
HIETFHES 10240 =35 HEL 7 8% 24, SR
4 BRI E] 100 /et T Bt e Bk b H
ERHMEEBBA/EE 24 HAN/16 HH EEO 2 /N RS-485
HFE 1/0 X 256(128 A/128 44) AC240V 13 CPU
40mA/160mA
g 1/0 BRIX 32 A/32 Ht BN/ BK &
T RESRHE 74 DC24V E13E CPU
150mA/1050mA
BB M A N 24 A L INGER e - Nk -
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(a) Wiring Diagram of CPU226
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Fig.5.2 Wiring Diagram of PLC and Expansion Module of Cooling Water Temperature Control
System
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