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THERMAL PROCESSES CONTROL OF SHIP DIESEL
ENGINE BASED ON FUZZY PLC

Abstract. Object the problem of organization of automatic control the process of heat mass exchange is examined
in jacket space of internal combustion engine. The problem of physical realization of device of adjusting is described by
the optimal temperature state by this engine. It is suggested to use as this control unit the fuzzy controller adjusted
definitely. Supposition is pulled out about creation of device with self-training, which is realizing the functions of
optimal comptroller.
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A.T. TIN'anyn

YHOPABJIEHUE TEIIJIOMACCOOBMEHHBIMHA IMTPONECCAMH CYJIOBOI'O
JAN3EJIb-T'EHEPATOPA HA BA3SE HEYETKOI'O KOHTPOJIJIEPA

Annomayun. Paccmampusaemcs npobiema — opeanuzayuu  ABMOMAMUYECKO20  YNPAGIeHUs NpoOYeccom
MeniomMaccoobmena 6 3apybauieyHom npocmpaucmee oOgueamens 6HuympeHHe2o ceopanus. Onucana npobiema
Qusuyeckoll peanuzayuy yCmpoucmeda pecyruposaHuss ONMUMATbHLIM MeMNEPAMypHbIM COCMOAHUEM O08U2amels.
Ilpeonazaemcs ucnonvzosams 6 Kauyecmse 0GHHO20 YCMPOUCMEA YNPABGIEHUs HACTIPOEHHbI ONPEOeNEHHbIM 00pa30M
Heuémkull Koumpoanep. Bviogueaemcs npeononodicenue 0 coO30aHUU YCMPOUCMBA ¢ CaMO0OyUeHueM, peaiusyioujee
DYHKYUU ONMUMATBHO20 KOHMPOIIEPA.

Knrwouegvie cnosa. meniomaccoobmer, onmumaibHOe MeMNEpamypHoe COCMOsIHUe, HACMPOUKA HeYEMKO20
KOHmMponepa

A.T. I'anyn
YIIPABJIIHHS TEIINIOMACOOBMIHHUMMU ITPOIIECAMHA CYJIHOBOI'O
JAU3EJIb-T'EHEPATOPA 3 HEUITKUM KOHTPOJIEPOM

Anomayin. Poszensioaemuvcsa npobnema opeanizayii agmomamuyHo20 YNpaeiiHHa Npoyecom MmeniomMacoooMiny y
3ACOPOUKOBOMY NPOCMOPI 08USYHA BHYMPIUIHb020 320pants. Onucana npobrema hizuyHoi peanizayii oOnaWMY8aAHHS
PecyI08aAHH ONMUMATILHUM MeMRepamypHum Cmanom yum osucynom. Ilpononyemocs euxopucmamu 8 AKOCMI Yb020
001AWIMY8AHHS YAPABAIHHA HANA200MCEHUN NEGHUM YUHOM HeuimKuti KOHmpoaep. Bucysaemvcs npunyujeHHs npo

CMBOPEHHS NPUCMPOIO 3 CAMOHABYAHHAM, WO Pedniz08ye YHKYII ONmMuMAaibH020 KOHMpoepd.

Knrouosi meniomacooomin,

KOHmponepa

cnoea.

Raising of research task. Basic characteristic
parameters of process of heat mass exchange in jacket
space of engine are four parameters of cooling liquid (CL)
: pressure, speed of duct, temperature on an input and on
an output from an engine. By a management aim this
process is maintenance of CL temperature on an output
from the engine of equal set, which will provide necessary
for a reliable engine temperature state of piston-cylinder-
unit. Pressure and speed of duct remain practically
unchanging at influence of revolting influence that in turn
can be certain as a moment on the billow of engine or fuel
index. The size of these parameters is determined by
structural and operating descriptions of the engine.
Usually these two parameters do not use for a
management the process of heat mass exchange in in
jacket space of engine. For weakening of influence of
indignation and liquidation of rejection a managing
device — three-pass valve set in the by-pass system of
cooling liquid by a heat-exchanger is used. A change of
position of three-pass valve flap, and as a result change of
temperature of water at engine input, is manager by
influence is a finishing operation on organization of
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meMnepamypHuit Cmaw, HaxauwmyearnHs HewuimKo20

process of heat mass exchange in jacket space of engine
for the achievement of the necessary temperature state of
its piston-cylinder-unit.

It is needed to mark that the changes of such
parameters of the cooling system are also possible as:
pipeline characteristic, pressure descriptions of the
pumping stations, change of expense description of jacket
space of engine, change of water level in an expansive
tank etc. Change of these parameters related to such
technological processes as: contaminations of sea chest
filter or transition from one sea chest to other, starting or
stopping of pumps of the cooling system, change of
engine load, and presence of losses in the system etc. It
will be considered below, as these changes influence to
control quality.

To date for realization of task on automatic control
by the temperature state of engine control system usually
will be realized on management by exception. And
accordingly control unit in these systems is proportional
integral (Pl) or proportionally integrally a differential
(PID) comptroller carrying out a management position of
choker of three-pass valve.

Aim of work. Ground of necessity of application of
automatic control units by the optimal temperature state of
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piston-cylinder-unit of combustion engines, that is realized
on the base of fuzzy comptroller or device with self-training.

Material and research results. We will consider
work of one of such devices on the example of cooling
control system operation of main two-stroke engine of
HYUNDAI MAN B&W 6C80ME-C of containership
ship “Cap Frio” 2013 building year. On this ship a device
is realized programmatic in the environment of the alarm
and monitoring system “ACONIS 2000” productions of
HYUNDAI HEAVY INDUSTRIES CO.LTD and
physically on the base of electro-pneumatic comptroller
of position of choker of three-pass valve.

On Fig.l graphs over of change of the described
before parameters are brought during ninety minutes of
work of ship “Cap Frio” during the maneuver. On a
picture: M/E RPM - speed of rotation of main engine
shaft; M/E FUEL INDEX - an index of serve of fuel of
main engine; M/E J.C.F.W INLET T. — temperature of
fresh water of cooling of jacket space on input in a main
engine; TEMP. FOR J.C.CFW TEMP CONTROL -
controlled temperature of fresh water of cooling of jacket
space of main engine; CONTROL FOR JCFW TEMP
CONTROL - a reference signal of management by
exception by the choker of three-pass valve of
management by the temperature of fresh water of the
jacket space cooling system of main engine;
POSITIONER FOR JCFW TEMP CONTROL - signal of
actual position of choker of three-pass management by the
temperature of fresh water of the jacket space cooling
system of main engine. Control unit reacts on the change
of the controlled temperature of fresh water of cooling of
jacket space of main engine practically instantly.
However the change of this temperature takes place
approximately with a three minutes delay after the change
of turns of main engine (accordingly, increases of fuel
index). On columns evidently, that hereupon control unit
is incapable to retain the controlled temperature of equal
set. Long, up to seven minutes, deviations of the
controlled parameter reach + 3°C. If the positive
deviations of temperature of cooling liquid diminish
efficiency of work of cylinder oil, then at negative
deviations such phenomenon as "cold corrosion™ appear
[1]. Both these phenomena negatively affect on a life time
of piston-rings and cylinder cover of engine [1, 2, 3].

On Fig.2 graphs over of change of the same
parameters are brought, which on Fig.1, but during six
hours of work of ship “Cap Frio” in the normal mode. At
this mode of operations of ship the change of speed of
rotation of crankshaft of main engine was not observed,
however in the moment of time 8:25 the change of
parameters of the cooling system happened, that resulted
in the origin of considerable fluctuations in the managed
temperature. It is possible to explain such switch over of
the system to such mode that the coefficients of PID
controller of management unit are set at editing and
debugging of ship’s systems and remain permanent at all
operational modes. Accordingly for the achievement of
higher quality of management it is necessary to change
the coefficients of PID comptroller during change both
engine operations mode and at the change of any of
described before switchovers in cooling water system.

100 4

90 }-eoocd
80
70+
60
= 50
40
30
20
1] B e R T e e e e e R S R
0 B T T T
03-25 12:35:00 03-25 13:00:00 03-25 13:25:00
Description EGUL EGUH  Current
¥ [ M/ERPM -120.00 | 120.00  65.10
i [l M/E FUEL INDEX 0.00 100.00  72.57
~ [ MEJ.C.FW INLET T. 0.00 20000 7732
¥ [| TEMP. FOR J.C.F.W TEMP CONTROL 0.00 100.00  88.90
[l CONTROL FOR JCFW TEMP CONTROL 0.00 100,00 58.00
v M POSITIONER FOR JCFW TEMP CONTROL 0.00 100.00  54.07

Fig. 1. Graphs of change of parameters of main engine
cooling system at the maneuver operations of the ship

In works [4, 5] already talked about the prospect of
creation combustion engine’s temperature state automatic
control system by the indemnification of change of
parameters of management object. Usually for realization
of control system of such type it is needed to make the
mathematical model of process which is necessary to
manage. To date the enough mathematical models which
describing various processes in a combustion engine are
created [6, 7]. However all these models possess have one
substantial defect. Further we will consider a few
mathematical models of heat transfer from a cylinder to
cooling water.

We will consider the example of such mathematical
model, in which a cylinder is presented by a limit multi-
layered flat wall, made using basic equalization of heat
transfer formula:

(TG _TB ) F, (1)

where Q,_— temperature losses from a cycle; ag, 05—
heat-transfer agent coefficients of heat transfer (working
body and coolant); T, T, — temperatures of heat-transfer
agent; ;0. — thickness of basic and additional layers of
wall; A.;,4. — coefficients of heat conductivity of basic

and additional layers of wall; F — an area of surface of
wall.
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An author specifies on that the coefficient « can be Formula of G. Hohenberg:
expected by a few authorial dependences. ag =0,8201(C,, +1,4)"° pllag" ™. (7
Formula of G. Aihelberger: Formula of H. Tsapf:
ag =7,83C, \PeTe - (2) ag =3,277D°%C 7 pl T 0%, (8)

Formula of V. S. Semenov:

ag =11D°%[C, ¥p, 4T, €)

Formula of Voshy:

g =819,5p2E,0f DT, @

In the considered equalizations: C,, — average piston
speed, pg — current exhaust gas pressure in a cylinder,
T, — a current temperature of exhaust gas, D — a diameter
of cylinder, p,., — current pressure in a cylinder at
scrolling of crankshaft, «;— speed of working body on
the different areas of cycle.

Values of coefficient «, at cooling water flow
speed 0,25 ... 1,5 m/s on flat wall cylinder use next
statement:

a, =348+ 2088vw. (5)

In [3] specified on that (5) can not apply on
universality by reason of solit state of coefficients which
can be characteristic only for some cooling system
operations mode only. If in details there are riffles
forming or channels then, for determination of ax
criterion dependences uses, wich taking into account the
features of construction and cooling. In the evaluation
calculations of the temperature state of details of engine
usually numeral values aq is set and by the results choose
the acceptable method of cooling.
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Fig. 2. Graphs of parameters of main engine cooling
system at the working mode of ship

In [6] it is suggested to produce the calculation of
heat loss in the walls of cylinder through the method of
eventual differences on every calculation interval so:

AQN = 0,5|:a”- (TJ _TcyI)Fj +arj+1 (TJ _Tcyl)Fj+1:|%, (6)

where ay — coefficient of heat emission from gases to the
wall of cylinder; T, — average temperature of walls of
cylinder; F — surface of cooling of cylinder; Ap - a
calculation interval is an elementary area of method of
eventual differences; n — crankshaft rotation frequency.

For the calculation of coefficients o, r author used
the dependences indicated higher as G. Aihelberger,
V. S. Semenov, Voshy, so given below.

Results of comparative calculations of coefficients
ar, given at [6] show that at equal terms the values of this
coefficient expected on different methods, considerably
differ from each other.

In [7] an author suggests to use the mathematical
model of internal combustion engine high-beat by
application of method of electro-thermal analogy of
processes for description of processes of heat conductivity
and heat transfer through the wall of cylinder:

d . n-1
% = _Z ginan+1 + gnn+1 (TO _Tn )’ (9)
i=1

where Qupn,...., Qmus1 — superficial amounts of heat
between layers; gin,...,gnn+1 — COefficients depending on
the parameters of layers of cylinder liner; To, T, -
absolute temperatures, being border terms. But an author
specifies on that for determination of numerical values of
coefficients of Qin,...,0m+1, that is used in models,
additional independent researchers are needed.

All considered mathematical models describing a the
same process, in a combustion engine, possess with the
same defect — additional researches of coefficients of heat
transfer and heat exchange, that depend on the structural
features of concrete engine, are needed. Similarly by the
example of imperfection of existent methods and models
of calculations of the thermal state of combustion engine,
there is a construction of jacket space, of examined engine
(HYUNDAI MAN B&W 6C80ME-C). In [8, 9] the main
engine operation monitoring results are used by maker for
modification of cooling contour of jacket space of
cylinder liner of the engine type of HYUNDAI MAN
6S80ME-C. The aim of this modification is lowering of
intensity of heat emission in cylinder liner overhead part
and as a result minimization of the phenomenon cold
corrosion appearance.

Summary. Taking into account, existent lacks of
heat transfer processes calculation methods and heat
exchange in a combustion engine, task on creation of
control unit by the temperature state of the engine
adjusted at their help, is impracticable. With the purpose
of overcoming of this problem in [10] it is suggested to
realize the examined control units on the base of fuzzy
controller. For creation of rules of this comptroller
application of the special setting is offered. But, maybe,
more perspective task is creation of device with self-
training.

References

1. Hyundai-MAN B&W Diesel Engine, (2012),
Main Engine Manual, Volume I-11, HHI, 1376 p.

2. Voznickiy 1.V., and Miheev E.G. Sudovye dizeli
i ih jekspluatacija [Ship’s Diesels and their Maintenance],
(1971), Moscow, Russian Federation, Transport, 192 p.

3. Petrichenko R.M.  Sistemy zhidkostnogo
ohlazhdenija  bystrohodnyh dvigatelej vnutrennego

284



Gatsuts A. Published in the Journal Electrotechnic and Computer Systems No. 15 (91), 2014

282 - 285

Automated electromechanical systems

sgoranija, [High Speed Internal Combustion Engines
Liquid Cooling Systems], (1975), Leningrad, Russian
Federation, Mashinostroenie, 244 p.

4. Gatsuts A.G., and Drankova A.O. Povyshenie
jeffektivnosti raboty sudovyh jenergeticheskih ustanovok
putem obespechenija optimal'nogo temperaturnogo
rezhima. [Ship’s Power Plant Operation Effectiveness
Increase by Means of Ensuring Optimal Temperature
Mode], (2011), Nauchnoe Izdanie, Kremenchug, Ukraine,
KNU, Issuel/2011(1), pp.132 — 133.

5 Gatsuts A.G. O realizacii  ustrojstva
regulirovanija temperatury ohlazhdajushhej zhidkosti
dizel'noj sudovoj jenergeticheskoj ustanovki na osnove
nechjotkogo kontrollera [About Realization of Device of
Adjusting of Temperature of Cooling Liquid of Diesel
Ship Power Plant on the Basis of Fuzzy Comptroller],
(2011). Naukove Vidannia, Mikolayiv, Ukraine, IAE
NUK, pp.79 - 81.

6. Varbanets R.A. Vozmozhnosti analiza rabochego
processa v raschjotnom module diagnosticheskoj sistemy
sudovyh dizilej [Possibilities of Analysis of Working Process
are in the Calculation Module of the Diagnostic System of
Ship Diesels], (2009), Vestnik Dvigatelestroenia No. 3.
Allukrainian Scientific and Technical Magazine, Kharkov,
Ukraine, PP “Evromedia™, pp. 46 — 50.

7. Radchenko A.P., Bendakhman Bukhalfa, and
Buda Rashid. Stohasticheskaja model' teplonaprjaz-
hennosti sudovogo dizel'-generatora, [Stochastic Model of
high-beat of Ship Diesel-Generator], (2000), Ship’s
Power Plant. Nuch. Techn. Sb., Odessa, Ukraine, OGMA,
Issue No. 5, pp.94 — 98.

8. S903-0050 Replacement of Cooling Pipes. — —
MAN B&W. — MAN Group. 2013.

9. MAN. Technical letter 08 10 12. — MAN Diesel
& Turbo. — MAN Group. 2012;

10. Gatsuts A.G. O vozmozhnosti ustanovki po
nastrojke nechjotkogo kontrollera v funkcii upravlenija
optimal'nym sostojaniem sudovogo dizel'nogo dvigatelja
[About Possibility of Setting on Tuning of Fuzzy
Comptroller in the Function of Management the Optimal
Mode of Ship Diesel Engine], (2013), Naukove Vidannia,
Odessa. Ukraine, ONMA.

Received 15.07.2014

CITHCOK MCTIONIB30BaHHOM JIUTEPATYPHI

1. Hyundai-MAN B&W Diesel Engine, (2012),
Main Engine Manual, Volume I-11, HHI, 1376 p..

2. Bosuunkuit M. B. CymoBble au3enn W WX
skcruryararmst / Y. B. Bosaurkuii, E. T'. Muxees. — M. :
Tpaucmopr, 1971, 192 c.

3. Tlerpuuenko P. M. Cucrembl KHAKOCTHOTO
OXJIAXIEHUsI OBICTPOXOMHBIX ABHTATE]IeH BHYTPEHHEIrO
cropanus / P. M. Ilerpuuenko. — JI. : MammHOCTpOCHME,
1975. - 244 c.

4. Tamyn A. TI. TloBeimenne >3¢dekTuBHOCTH
paboTBl CYNOBBIX JHEPTreTHUYECKUX YCTAHOBOK ITyTEM
obecrieueHnsi ONTUMAIBHOTO TEMIIEPAaTYPHOTO peknma /

285

A. T. Taiyn, A. O. Jlpankosa // Hayunoe wsmanme. —
Kpemenuyr : — 2011. — KHY. — Beim. 1/2011(1). — C. 132
-133.

5. Tamyn A. I. O peamm3amun ycTpoiicTBa
PErYIHPOBaHUS TEMIIEPaTypbl OXJIaXKIAIOIMICH JKHIKOCTH
JIM3ETIbHOM CYIOBOM SHEPreTMYEeCKOW YCTaHOBKHM Ha
ocHoBe Heuérkoro koutpomtepa / A. I'. Taryn // Haykose
BunaHHsi. — Mukonais : IAE HYK. —2011. - C. 79 - 81.

6. Bapbanenyr P. A. Bo3moxsHocTH —aHanu3za
pabouero nporecca B pac4éTHOM MOpyIIe
JIMArHOCTHYECKONM CHCTEMBI CyZOBBIX mmswmieir /| P. A.
Bapbanerr // BceykpawHCKHiT  HAydIHO-TEXHHYCCKHUIMA
KypHas. Bectuuk nurarenecrpoenus. — 2009. — Ne 3. —
Xapsbkos : I[TIT «EBpomenis». — C. 46 — 50.

7. Pamuenko A. II. Croxactuueckas MOIENb
TEIUTIOHATIPSDKEHHOCTH CYJOBOTO Au3enb-reHeparopa / A.
I1. Paguenko, Benmaxman bykxamnda, Byma Pammug. //
Hayd. Tex. c6. CynoBble SHEpreTH4ecKue yCTAaHOBKH. —
Opecca : —2000.— OI'MA. — Bpim. Ne 5. — C. 94 — 98.

8. S903-0050 Replacement of Cooling Pipes,
(2013), MAN B&W, MAN Group.

9. MAN. Technical letter 08 10 12, (2012), MAN
Diesel & Turbo, MAN Group.

10.Tauyy A. T. O BO3MOXHOCTH YCTAHOBKH 10
HAacTpollke HEYETKOro KOHTpouiepa B  (QyHKIUH
VIpPaBICHUS  ONTHUMANBHBIM  COCTOSHHEM  CyIOBOTO
musensHoro gpuratens /| A. TI. Tamyn // Haykose
BunanHs. — Oneca : OHMA, 2013.

Gatsuts

Anton, Electrical Engineer of
Deep Sea Supply Pte.ltd,
Odessa National Maritime
Academy,

c. ph. +380505234899.
E-mail:
neotprovlyat@gmail.com




