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Abstract

One of the aspects of marine engine operation fidg its torque load. It is crucial for both thgeneral
estimation of the engine working parameters vakfiecting the engine’s operational condition anddomparing its
current condition with the previous one (recordedidg the last check of the engine performancejostate during
the trials at the engine test bed. In the paperdah®ave been analyzed the well known and recomrdemgenarine
engine manufacturers methods of estimating maringine torque load without any torquemeter used,edas
exclusively on measurable working parameters ofimeaengines. To most marine engines the above oneti
indirect methods apply since so far the systemtakihg torque direct measure have been neither commor
standard engine room equipment. Methods based aanpers obtained during engine indicating (engine
performance check), fuel rack setpoint or load ¢adlor reading and turbocharger system working pagters have
been presented. Example nomograms for engine tdogukestimation for engines manufactured by fantoakers
have been shown. Some of the methods have beeraredmpased on parameters obtained during engine
performance check. Discussion on the advantagesimadivantages presented methods has been presented
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1. Introduction

Methods of evaluating engine effective power camlibeled into direct (making use of brakes
or simultaneous measure of torque and revolutiorspged) and indirect ones (approximate).
Brakes are used only during the manufacturer’srengiials whereas the torque to be measured
during the engine operation needs additional dewdaich so far have not been comprised by the
standard engine room equipment. That is why engioen operators often can make use only of
approximate methods.

Accessible literature presents various approximagehods of engine torque load, like in [12,
13, 14]. No synthetic analysis containing appliedtmds comparison has been found in the
literature. There are numerous publications présgrhe subject in a general way; e.g. [1, 2, 3, 5,
7, 8, 9, 10]. On the one hand there has not exmtgdeview material summarizing the topic and
on the other hand the usefulness of the enginei¢ol@mpd methods for the engine room operators
is significant which has made the author of theepgmesent the most common approximate
methods of estimating power.

Basic methods of engine torque load assessmenbuwtitthe use of torquemeters (devices
using the phenomenon of intermediate shaft torgioorder to measure the engine torque) have
been methods making use of energetic processegsenedsults (engine indicating), reading fuel
rack setpoint (load indicator) and using parametaeasure of engine supercharging system.
Possible calculation of effective power based anrtieasure of active generator power regarding
marine generator sets here is not taken into ad¢cbanause the method is endangered to
significant error connected with the lack of infaon concerning the alternator’s efficiency



(greatly affected by the loads). Furthermore, ia gaper a short characteristic of each of the
methods together with selected examples have hesemed.

2. Load estimation based on engine indicating ressl

One of more frequently applied methods of defirengine effective powe?. without the use
of torquemeter is evaluation based on the restiémgine indicating (determined indicated power
P) [3, 4, 7, 11]. There is a relation between effecand indicated power:

P,=P - P [W], 1)

e

where:

P, — the stream of energy used to overcome frictionstasce and for suspended mechanisms
drive/propulsion [W].

Indicated power is the power output of the engimekimg spaces (of all particular cylinders)
in certain established environment. For one cylindis:

P, =C.pin [W], 2)
where:

C, — the cylinder constant taking into consideratibe piston area, its stroke and number of
ignitions assigned for one crank shaft revolutior] [
P;—mean indicated pressure [Pa],
n— speed of the crank shaft'[s

The indicated power of &-cylinder engine is calculated as a sum of paricwylinders
indicated power. Using the results based on ingigatalues of mean indicated pressupe®r
particular cylinders indicating power it is possilio determine mean effective presspgeor
effective powelP, according to the relationships:

p. =1, p;[Pa], (3)
P, =h.PR W], 4)
where:

h..— engine mechanical efficiency [-].

Having the results of indicating the engine andsessing the knowledge of engine mechanical
efficiency it is possible to evaluate the effectp@mver of the engine. It is so much the simplet tha
nowadays vessels are equipped with modern mariggneercontrol indicating systems. The
systems make use of computer programs supportingingpout, archiving, visualization and
comparing the results of indicating with the staxddaeference) state .

They often make other functions accessible whidth whe knowledge of the engine
mechanical efficiency run in the function of loadlicator or the engine rotating speed allow to
estimate the engine effective power. For exampke dlectronic cylinder pressure measuring
systemPremet[15] allows estimating the load with the use ofnfi@rly introduced data concerning
the engine mechanical efficiency plot in the fuoeti of the engine load indicator

(Fig. 1).
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Fig. 1.Bookmark of defining the engine mechaniti&iency plot in the function of load indicator ihe
setup window of the computer program operating Ratesgstem

Knowing the mean indicated pressure and the pressfuengine friction loss it is possible to
assess the mean effective pressure. Assuming the pressure of engine friction loSs as equal
to 1 Pa (1 bar) [12, 13] in a low speed two stroke eadiased on an operational experience of
MAN B&Wthe mean effective pressure can be determineslation to:

Pe=pP-C,=p - 10° [Pa]. (5)

Due to the estimation approximate torque valuend effective poweP. can be calculated in
relation to the following:

T=C,p, [Nm], (6)
P, =C,p.n[W]. ()

In order to assess the possibilities of using extimethods of defining the engine torque load
it is necessary to compare the estimated valuds vt exact measures obtained by means of the
torquemeter. This is possible only on ships witbper measuring devices. Table 1 presents the
examples of power assessments with reference tan@)7) compared with the power estimated
on the basis of the engine rotating speed and eéamgasured with a torquemeter. The comparison
was carried out due to the results obtained froen6ticonsecutivé1AN B&W 7K80 MC-Cengine
performance checks. Particular data series have &eanged according to the growing value of
the average (from all cylinders) mean indicatingssure.



Tab. 1. Comparison of MAN B&W 7K80 MC-C enginectiffe power estimations obtained
by means of two selected methods

Average mean | Average mean Engine Effective power Effective P-P
indicator effective pressurg  rotating determined due to power —€ €100
pressure based on formula speed the use of a determined on e
pi [MPa] (5) pe[MPa] n [rpm] torquemeter the basis of [%]

Pes [KW] formulas (5)

and (7)

Pez [KW]
1,57 1,47 102,1 20842 20243 2,87
1,61 1,51 101,0 20800 20,569 1,11
1,62 1,52 101,8 20100 20,870 3,83
1,64 1,54 102,0 21416 21186 1,07
1,69 1,59 103,0 22264 22088 0,79
1,72 1,62 102,1 22313 22308 0,02

The above presented results of the comparisoregnmh exactness of the indirect method
based on (5). The percentage of the results digooégs in this case does not exceed 4%. To a
great extend such result is influenced by the ter@nud rotating speed exact measure as well as up-
to-date precise system for carrying out enginecaitig. High coherence between assessment
results and the results obtained by means of tlygi¢éoneter probably refers to a certain range of
engine loads close to the rated load. The presantsbures were achieved in the conditions in
which engine performance should be checked, thadeésjuately high torque load (70-80%). Error
increase of effective power estimation for workatgpartial load does not diminish the possibility
of the method application since it is usually apglduring regular operation (operational load),
not during a ship’s maneuvering.

3. Load assessment based on the fuel rack setpoint

One of the groups of marine engines features aedspharacteristics at the same/constant fuel
dose. For the engine work the most important cheriatic is the rated power characteristic which
is done for the constant fuel dose setting cornedimg with the rated power and rotary speed.
Engine effective efficiency in the tested rangeatry speeds is often assumed to be constant (so
called theoretical characteristic). The examplswafh characteristics presenting power and torque
in the function of rotary speed has been showngnZ

Change of power for certain rotary speed of anrengs possible only due to a fuel dose
change [7, 10].Engine effective power at its camisédfective efficiency assumed can be presented
as follows:

P =C,9,n[W], (8)
where:

C, = zZWh, — constant value [J/kg],

z —number of ignitions inside the cylinder per onen&rahatft revolution-],
W - lower heating value of the fuel [J/kg],

o— rated effective efficiency [-],

g,, —fuel dose per one working cycle [kg],

n —engine rotary speedfk



=

Fig. 2. An example of theoretical characteristi¢ghee constant fuel dose in torque T and effeqitweer P system
in the function of rotary speed n for two varidusl doses @>g»

Actually the engine effective efficiency is not stent so the poweP, torqueT and other
working parameters of the engine depend not onbnupe fuel dose but also upon the efficiency
of energy conversion [5, 7, 10]. Effective efficognis not constant and varies within the whole
range of the engine operational rotary speeds.idn 3an example of actual characteristics of
outside power and torque in the function of rotspged have been presented.

Taking into account variable value of effectivei@éncy formula (8) has the following shape:
P =C,/1,9,n[W], €©)

where:

« — effective efficiency (affected by rotary speed dmel load) [-],

C, :% — constant value[J/kg].
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Fig . 3. Real characteristic of a constant fuel @@s power and torque system in the function
of the engine rotary speed

In a considerable range of rotary speeds charatitsrimay be considered to be linear; thus the
assumption of the engine constant efficiency valne the use of information concerning the fuel
dose value is usually to be read in relative uagsthe fuel rack setpoints read from the load



indicator or by means of each pump reading thetiposi of fuel racks in millimeters a defining
the mean value. In case of the main propulsionr&sgthe reading may cause problems in bad
hydro-meteorological conditions.

The fuel pump capacith is usually read from the indicator fixed at thentmal shaft of
governor or fuel pumps actuator, load indicatortlo® governor or it may be a remotely reading
system with the use of selsyns from the indicatoated in the Engine Control Room. Indications
of the load indicator are usually given in percgetaf the maximum fuel dose value of the fuel
settings (scale 0-100%) or relative units in resgecmaximum fuel dose (scale 1-10). When
comparing various states of engine loads it is menended to always apply the same way of
engine load evaluation.

The torque developed by the engine depends updndse (9). In order to relate current
pump settings to the setting values obtained duhedrials at the engine test bench, correction of
the current load indicator value to the values ioletd during the trials at the engine test bengh
is based on the formula [12]:

hham = % [%] ! (10)

where :

h — current load grade [%],
W - lower heating value of the currently used fuétd],
W.__ — lower heating value of the fuel used during $rial the engine test bench [J/kg].

ham

Correction of the current load indicator value naéso include current fuel density[kg/m’]
and the density of the fuel used during trialshaténgine test bencham [kg/m®] — then the shape
of the relationship is the following:

= hx“am—vwam[%]_ (11)

h
ham r W

Marine engine manufacturers provide engine testibémal reports as a part of documentation
also containing fuel grades of the fuel used dudegvery trials which makes corrections of
current load indication to the environment durihg trials possible. The obtained value of the
corrected load indication allows for the assessnoérthe engine currennechanical load The
well known marine engine manufacturéiartsilaandMAN B&W provide their customers with
nomograms allowing for approximate assessment e@fptbwer developed by the engine. Fig 4
presents an example of such a nomograms providesllAly B&W allowing for approximate
assessment of mechanical load based on fuel puttiqgsd 3].

For a corrected value of load indicator the pointhe crossing defined by the load indication
value and the engine test bench trials curve id.rbeext we read the estimated value of the
average mean effective pressure which is directypgrtional to the engine torque. Then from the
bottom nomogram it is read the value of the effecpower specified by values of the determined
average mean effective pressure and the line remiiag current rotary speed of the engine. On
the nomograms power is expressed in brake horsem@¥P), engine speed in revolutions per
minute (RPM) and mean effective pressure in bazesthese are units commonly used in marine
engines operating practice.
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Fig. 4. The way of effective power Pe estimatoretdas the load indicator value L and the rotaryegpef n of MAN
B&W 7L60MC engine [13]

Actually, the load indication value is affected moily by the fuel specific energy but also by
other fuel properties. Lower viscosity grade shedld to bigger leaks of fuel pumps and this shall
call for increased fuel dose in order to inject shene volume of fuel. Apart from that the value of
fuel dose setting shall be affected by all fact@sying fuel consumption like: outside conditions,
maximum combustion pressure [9,13, 14]. Thus, #rging conditions during the load assessment
process in relation to the conditions at the eng@sebench should be taken into account.

Wartsilacompany suggests a different way of assessingrigme effective power. The power
value corresponds to the indication which is a pob@f load indicatoh (directly proportional to
the fuel dosey,) and the rotary speed according to (9). Fig. § Eibws an example &Vartsila
7RT-flex 97C-Bengine diagram. Power here is also expressed i &tdl engine speed in RPM.

The comparison of approximate methods is relativkfficult due to the lack of particular
parameter values for the same load states, esyeaiaén there is no exact information about
actual torque load of the engine (specified by reezfra torquemeter). However, the comparison
of power estimations with the use of indirect mehdor various fuel rack setpoints allows
evaluating the tendency of changes in value diffees obtained by means of various methods and
the value of the differences. Table 2 presentsctdmparison of power estimations for which the
relationship (4) and the method of nomogram preseimt Fig. 5 have been used. The comparisons
have been done fétyundai 7 RT-flex 96C-B/pe of engine.



Fig. 5. The way of assessing effective poweb&sed on load indication value h and rotary speddr Wartsila 7RT-
flex 97C-B engine [14]

The estimations have been carried out due to pedbreports of performance checks of a real
working engine. The necessity for simultaneousstegiof numerous parameters, which is actually
impossible because in real working conditions themeters undergo continuous changes, makes
the comparison of presented methods difficult. Aeotcalculating error arises due to errors of
measuring tools and possible reading errors comgermainly some mean values (e.g. load
indicator).

Tab. 2.The comparison of power estimations for Hyundai 7#IRB¥T96C-B engine carried out by means of two setemethods

Load Rotary Power determined on the Power determined on the P-P
indicator speed basis of indicating results | basis of nomogram presented——<211 00[%]
[%] [rpm] from the relationship in Fig. 5:P& [BHP] e
(3): P1 [BHP]

42,8 86 24238 22000 9,23

47,4 90 25771 26000 0,89

57,9 97 31458 35000 11,26

69,3 100 40949 44500 8,67

83,5 101 45462 52500 15,48

91,4 108 49800 55000 10,44

The value of discrepancies in power estimation$ wie use of relationship (3) expressed in
percents range within 0,89+15,48. The differences elatively small and allow for the
conclusion that both methods show approximate aerastof the estimation. The presented results
of the estimation need to be considered as iratia depend upon numerous factors. That is why
in order to draw detailed conclusions regardingtiipe of estimation changes in the function of
real load, detailed research concerning these espleauld be carried out



4. Engine load estimation based on work charging stem parameters

MAN B&W company also recommend the way of effective paegtimation based on engine
charging system parameters. Fig.6 presents a namogsed for specifying the effective power
based on the turbocharger rotary speed and thgingaair temperature after the cooler.

Fig. 6. The example effective power estimation based the turbocharger rotary speed and the chargingtamperature and
the atmospheric pressurette MAN B&W 7L60MCengine[13]

The values determine the points which together Wighengine trials curve the current value of
the atmospheric pressure define the value of tiggnereffective power. The way turns out to be
more precise than the formerly presented methadsg tise load indicator value. [13].

5. Final conclusion

In the paper the basic methods of torque enging éstimation have been presented. In fact
for the main propulsion engines more and more dftequemeters have been installed. However,
there have still existed many vessels without semhipment. In such cases the above presented
methods are applied..

In order to verify the estimation values the methedn be connected, that is used together.
Fig.7 presents the comparison of torque estimationbased on fuel rack setpoint and trial scale
lines from the engine test bench and the line abthidue to the check indicating results [2].
Operational conditions undergo changes and thegftaa different from the conditions during the
engine test bench [5, 6, 10].

Engine components including fuel pumps undergo wearsing changes of relationships
between fuel rack position and the actual instaedas fuel dose provided by the pump. That is
why it is so meaningful to carry out periodicalication for the purpose of methods calibration.

Each of the presented methods has its advantagedisadvantages and a specified range of
its application.. To the most universal methodsobglthe ones making use of indicators and
readings of fuel rack setpoint values with thetfiomes which appear to be the most useful
especially when the operator does not possessrayiyeetest bench trial reports.



Fig. 7.General presentation of torque estimatiosdxhorof fuel rack setpoiniT —torque, h fuel rack setpoint
1- scaling lineof engine test bench trial,— scaling line based on indicator check results

Estimation based on effective power measure ommiai@ switch board refers only to electric
power generating engines. However, during the djperdahe method does not seem to be so
significant because it requires the knowledge ofegator efficiency and as a matter of fact the
relative changes in engine torque load are reftegiecisely enough in direct reading of the
generator active power.

The method using the charging system parametetsresgmeasure of atmospheric pressure.
Its advantage is significantly higher precision estimation when compared to other methods
based on load indicator reading or fuel rack setpl3].
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