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IMokazaTens 3¢(HEeKTUBHOCTH NPH HUBILIEH TEIIOTE Cro-
panus npupoxHoro raza 45 MJDx/kr cocrasisier 13,6.
JlanpHeliee yBenn4eHNEe MaKCUMAaJIbHOTO JIaBJIe-
HUS 3aIPaBKH HAKONHUTEIBFHOTO 0ajuloHa B paccMaTpH-
BaeMol koHcTpykuuu I'TIb compoBoxkaeTcss 3aMeTHBIM
TIOBBIIIIEHUEM 3HEPro3aTpaT U OrpaHUdeHO KPUTHIECKON

Temneparypoit JIKXK.
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EFFECTIVE AND RELIABLE OPERATION OF MARINE DIESEL BY
WORKING PROCESS MONITORING

Summary. One of the most important conditions
of marine diesel engine effective and safe operation is
monitoring main parameters of working process during
operation [1,2]. Modern specialized microcontrollers
have high efficiency, integrated analog inputs, nonvola-
tile memory to store programs and data, low power con-
sumption. Thanks to these features it has become possi-
ble to design a portable monitoring system enabling to
control not only parameters of fuel combustion but also

those of fuel injection and gas distribution during engine

operation. The system realizes methods of data process-
ing given below.

Introduction. Peak pressure indicators widely
used on ships determine only peak values of pressure in
cylinders (Pmax) or pressure at the end of compression
(Pcomp) at cut off fuel feed. However, besides Pmax and
Pcomp there are a great deal of parameters; their moni-
toring during operation gives the possibility to carry out
the qualitative control of technical condition and to per-
form precise adjustment of fuel equipment and gas dis-

tribution mechanism.
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Towards this end the authors have developed
monitoring system DEPAS [3]. The main feature of the
system is that it is divided into two separated modules.
Real time module makes records and scoping calcula-
tions of real time data (it is based on specialized control-
ler CYGNAL, now Silicon Electronics). Calculation
module is Windows 98/2000/XP software. Communica-
tion between modules is on USB/RS-232 serial interface.
The system allows of monitoring 2- and 4-stroke diesel
engines in all rpm range with resolution not less than
0.5° crankshaft angle. Nonvolatile memory is to store
about 100 indicated datum sets. Duration of continuous
work with an internal power source is about 10 hours.

The following methods are realized in the sys-
tem:

1. Program synchronization of data. The TDC of a
piston is calculated by analyzing diagrams of gas pres-
sure in the working cylinder [2,3,4]. Design algorithm of
synchronization is based on the fact that in case of clean
compression (without combustion) in the cylinder the
speed degree of increasing gas pressure is equal to zero:

dP/dFi=0 at TDC position of the piston (Fig.1).
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Fig.1. dP _dFi Model. TDC determination

On the loaded diagram of pressure the site of clean
compression before the beginning of combustion is allo-
cated. Factors of non-linear mathematical model of a

curve dP/dFi are calculated by means of minimization

method Powel M.J.D [5] .The error of the program does
not exceed £0.5° crankshaft angle.
2. Fuel timing and gas timing as well as estimation

of technical condition of separate units are determined

by means of contact vibrosensor (Fig.2).

Fig.2. Engine
diagnostic
example

1 —vibrosensor VS-20 on the top of fuel valve
(monitoring of injection vibrodiagram, determination of
real fuel injection phases and valves timing),

2 - vibrosensor VS-20 on high pressure fuel pump
cutoff point (monitoring of fuel feed vibrdiagram, de-
termination of geometric fuel feed phases),

3 - pressure sensor PS-16 on indicator cock

The most important advantage and the unique fea-
ture of the system is that definition of these parameters

occurs without fitting any valves into high pressure fuel
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system and without hard connection to parts of gas dis-
tribution mechanism. Vibro sensor is included in stan-
dard version fo the system. The vibrosensor has a mag-
netic basis. It is convenient during diesel engine opera-
tion as no tools for its fastening are necessary. DEPAS
laboratory [3] was the first employed high-freq vibrosen-

sor in the diesel engine working process monitoring.
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Fig.3. The indicator diagram A and vibrodiagrams
B, C, D, E of S6OMC MAN-B&W

Analyzing fuel injection equipment and valve tim-
ing mechanism vibrodiagrams together with working
process indicator diagram significantly broadened the
spectrum of monitored parameters. The engine cylinder
technical condition diagnosis became possible not only
by cylinder gas pressure (as it performed up to now in
most diagnostic systems) but also by key data of fuel

injection and valve timing.

The example of working process parameter deter-
mination is shown on Fig.3. Reference points on
diagrams:

1. Point on the indicator diagram corresponds to
a moment of the beginning of fuel self-ignition.

2. Geometrical advance angle of fuel feed by
HPFP (a plunger is beginning to close the cut-off port).

3. Fuel feed cut off (the low edge of HPFP
plunger is starting to open the cut-ff port).

4. Rising of injector circulation valve and ter-

mination of fuel circulation (P~1.0MPa).

5. Rising of injector needle (P=25.0+2MPa) -
real angle of the fuel injection beginning.

6. Injector needle fit — real angle of the fuel in-
jection termination.

7. Injector circulation valve fit — the beginning
of fuel circulation.

8. Angle of complete closing of the exhaust
valve — valve plate fit in its seat.

9. Angle of the beginning of damper action at
the end of exhaust valve stroke.

10. Increase of a high-frequency noise level

while opening the exhaust valve.

Conclusions

1. Monitoring of diesel engine working process is
carried out on the following key parameters: MIP, indi-
cated power of a cylinder, Pmax, Pcomp, speed and de-
gree of increase in pressure during fuel combustion,
geometrical and real phases of fuel feed and valves tim-
ing.

2. Thanks to internal algorithm of TDC determina-
tion the hard connection [6] to the flywheel is unneces-
sary.

3. Fuel timing, valves timing and technical condi-
tion of separate units of the engine are determined by

means of contact vibrosensor.
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4. Use of the monitoring system enables to receive
the following advantages during diesel engine operation:

- to save fuel due to precise adjustment of fuel in-
jection equipment and valve timing mechanism,;

- to prevent engines thermal and mechanical dis-
balance by uniform distribution of loading between cyl-
inders;

- to increase reliability and efficiency of diesel en-

gine operation.
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AHAJIN3 TAPAMETPOB TEIIJIOBBIX IIOTEPH DOHEPITETUYECKUM
OBOPYJIOBAHHMEM CYJAOB ITIOPTOBOI'O ®JIOTA

Beenenue

B coBpeMeHHBIX YCIOBHSX 0COOYIO aKTyaJIbHOCTD
MIpHOOpETET BONPOC MOBBIIICHHS TOILIMBHON 3¢ dek-
TUBHOCTH TPAHCIIOPTHBIX SHEPreTHUECKUX YCTaHOBOK, B

gacTHOCTH DY CyJOB IOPTOBOTO (IOTA.

1. ®opmysimpoBaHne NPoodJIeMbl

1. C uenpio penieHusi ITOCTaBICHHBIX 3aj1ad Hc-
CIEJOBAaHUS BBIIOJHEH AHAJIN3 COCTaBa U OCHOBHBIX
TEXHOJIOTMIECKUX XapaKTEPUCTUK DY OTEUECTBEHHBIX U

3apyOeKHBIX CyIOB IIOPTOBOTO (hrroTa.

2. PemieHue npodiemsl.

B HACTOsAICC BPEMsL OTEUYCCTBCHHBIN cyaa nopTo-

BOro (hI0Ta HACYUTHIBAET B CBOEM COCTaBE HECKOJIBKO
THICSY CY/OB, COCTaB M XapaKTEPUCTHUKU DSHEpPreTHde-
CKOro 000pyIOBaHMSI KOTOPBIX COOTBETCTBYET X IIEie-
BoMy HasHaueHuto. IIpemmymiecTBeHHO rnaBHas OV
CyJZIOB TTOPTOBOTO (pj1oTa BBHITOJIHEHA HAa OCHOBE BBICO-
KOOOOPOTHBIX M CPEIHEOOOPOTHBIX IW3ENeH, IIHPOKUM
JINAIa30H arperaTHbIX MOIIHOCTeH KoTophix (10 + 900
KBT) oObsicHsieTcst crieruUKON HMCIIONb30BaHMS CY/I0B
(puc. 1.). Ha pspe cynoB HCHONB3YIOTCS JU3EIb-
anexTpuueckne Y (mpoektsr NeNe 16490, 10380, u
Ip.).

BonbmnHcTBO mpoekToB DY  Cyn0B MOPTOBOIO
¢ora mpenycmarpuBaer Hamuuue B ux cocrtase /I,

HUCHOJIb3YEMbIX KAaK B XOAOBOM, TdK WU B CTOSHOYHOM
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	На работу подшипника скольжения влияет ряд факторов, которые можно подразделить на внешние и внутренние (рис. 1). Выходными факторами являются сила трения и интенсивность изнашивания. Эти два выходных фактора определяют качество подшипника.
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	Согласно второй модели режим работы дизеля определяется по расходу топлива, частоте вращения коленчатого вала  и эффективному КПД, записанному в ПЗУ как функцию цикловой подачи топлива и частоты вращения, которые также представляются в относительных долях
	С учётом принятых обозначений
	С учётом принятых обозначений крутящий момент
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	Результаты такого анализа приведены на рис. 1 в виде зависимости удельных тепловых нагрузок на генератор � и испаритель-воздухоохладитель �, тепловых коэффициентов ТХМ (, снижения температуры (tв воздуха на входе СОД от температуры кипения НРТ в генераторе tг при температурах кипения НРТ в испарителе t0 = 0 (С; конденсации tк = 35 ºC; уходящих газов перед генератором tг1 = 350 ºC и ограничении температуры уходящих газов после генератора в целом (включая экономайзерную секцию) значением tг2 = 160 ºC, исключающим опасность возникновения сернистой коррозии. Здесь же нанесены значения температуры tв2 наддувочного воздуха после экономайзерной секции генератора в случае ее вынесения из газохода СОД, например, на линию наддувочного воздуха при его температуре перед экономайзером tв1 = 220 ºC. При размещении экономайзера вне газохода температура уходящих газов после испарительной секции генератора ограничивалась значением tг.и2 = 160 ºC (в соответствии с ограничением tг2 = 160 ºC).
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