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Abstract

This paper presents results of investigationsobsicket dredgers in service. The operational iigasons consisted
in measuring the parameters which characterize waylconditions of power systems of the dredgersratonal
loads of main engines as well as loads of elegi@nerators which cover power demand from the sfdaugiliary
consumers.
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1. Introduction

Service states of bucket dredger significantlyatifirom those of a typical cargo ship. The
main service state is that defined as “dredgingaipms”. The state is consisted of the following
periods: digging connected with loosening and Imgsthe loosened soil onto the dredger,
possible transporting the winning to land by ugingdging pump, as well as dredger manoeuvring
over excavation site. From the point of view of gowwroblems of the dredger the main state is
that in which at least one main technological comsuoperates, hence also the main engine (to
drive main technological consumers). During breaksdredging only the auxiliary engine
operates.

The second service state, analogous to that oro cdnigs, is “free -floating”. In the service
state, manoeuvring or weathering periods can happepending on navigational situation. The
state is characterized by a greater power demaand tthat for ,dredging operations”, hence the
power system of self- propelled bucket dredgerssisté of two main engines; one of them
operates during dredging and both during free-fhgatThe free-floating state takes place only on
self-propelled dredgers. Most bucket dredgers atefitted with self-propulsion system [5]. For
them the , towing” state is equivalent to that bke-floating”, however from the point of view of
energy consumption the state is identical with ksea dredging work.

The bucket dredger power system consisted of magime(-s) and auxiliary engines, has the
task to cover power demand from the side of mainsomers ( bucket chain, side winches ,
possible main drive propellers and dredging punmgl) @ group ofuxiliary consumerssenerally
the main engines operate to cover demand of maisurners, however in the basic service states
they ensure energy also for driving auxiliary cansus (all or only a selected number of them).

The character of power system operational loatiess illustrated by the loads of main engines
and electric generators for ship general purposege(ing power demand from the side of the
group of auxiliary consumers).

In this paper are presented characteristics of leadls of main engines in both above
mentioned service states of bucket dredgers asaswétlads of electric generators intended for ship
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general purposes. The generators - dependingdesign solution of a given dredger — are driven
either by auxiliary engines or both auxiliary andimengines.

2. Characteristics of power systems of the investigated bucket dredgers

The operational investigations were performed oe firedgers operating in the south Baltic
Sea in the years 2000-2003 and 2005-2006 [3, 4jn@w32 measurement hours in total). The
obtained results were supplemented by the datan thtken the publication [7], they concern the
sixth dredger,lvan Bachalov The main technical particulars of the dredgerswdrich the
investigations in question were carried out, aesented in Tab. 1. The dredgéran Bachalov
andKategatsare of the same design.

The bucket dredger power systems appear in thrage tyges. The basic one is that in which
main engine (-s) drives, during dredging, all meamsumers as well as auxiliary ones, whereas
auxiliary engine (-s) ensures drive for auxiliargnsumers only during breaks in dredging
operations [5]. Such system is installed on five investigated deesldFig.1 and 2). Only the
power system of the dredgelatz Il (Fig.3) belongs to another type which is charazéetiby that
its main engine (-s) drives main consumers and lecteel, small humber of auxiliary ones,
whereas auxiliary engine (-s) ensures drive for temaining, greater number of auxiliary
consumers, in all service states [5]. The dredBexgwiazda , th T. WendaandMalkz 1l are not
self-propelled, the dredg®tatz Il is additionally fitted with a silting-up system,ree the second
main engine for driving the dredging pump is insthl The dredger§Jsedom, lvan Bachalcand
Kategatsare fitted with self-propulsion system, their powsants are consisted of two main
engines.

Tab.1. Main particulars of bucket dredgers on whigterational investigations were performed

Main dimensions
TR ENG | NE | IR crew
redger c

m m m kw kw kw personsg
. 205Y

Matz Il 331 | 88| 1,80 630 972 136,5 8
Rozgwiazda 46,00 12,1 2,90 728 660 310,4 10
InzT. Wenda | 45,9 121 2,90 776 680 315,5 10
Usedom 804 144 385 1926 970" 1510 32

! ! o 970+735”
Kategats 790 144 375 1925 970 1560 32

' ! ’ 970+735”

z N rI;OEm - total rated output power of diesel engines,

Nye - rated output power of main engines,

nom

z N,c - total rated output power of auxiliary consumers;

Y _ output power of main engine driving main teclgatal consumers and possible auxiliary consumers,
2 _ output power of main engine driving dredge pump,
% _ output power of main engines under operatioinduree-floating.
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Fig. 1. Schematic diagram of the power systemefitedger ,Kategats”: 1 —main screw propeller; 2pper
tumbler driving bucket chain; 3 — main electric geator; 4 — electric generator for ship general pose$
ME — main engine; AE — auxiliary engine
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Fig. 2. Schematic diagram of the power systemefitedger,Ire. T. Wenda”: 1 —upper tumbler driving bucket
chain; 2 — main electric generator; 3- electric g@eator for ship general purposgd — electric generator of side
winch; ME — main engine; AE — auxiliary engine
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Fig. 3. Schematic diagram of the power systemefitedger ,Mat II”: 1 — upper tumbler driving bucket chain;
3 — main electric generator;. 2 — dredge pump; Bydraulic pump for driving side and auxiliary whes;

4 — electric generator for ship general purpgsktE — main engine; AE — auxiliary engine
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3. Operational loads of main engines

Long-lasting investigations of operational loads ro&in and auxiliary engines are of a
statistical character. Data used in such investigatare instantaneous values of engine loads
recorded in assumed time intervals.

Measuring process of loads of main engines wasedaaut indirectly by measuring loads of
electric generators driven by a given main engifiae measurements were performed by means
of specially designed measuring systems. Theirrgesm and characteristics are presented a.o. in
[1, 2]. For the reason of high variability of Isadf the main power consumer, i.e. bucket chain,
the measurements of engine loads were taken egeond. The loads of electric generators were
determined by measuring voltage and current vadiggenerator terminals (in most cases it was
direct current machines). Next the loading of th@inrengine driving a given electric generator
was calculated on the basis of the known genekedtmiency characteristics. In the case where
several electric generators were driven by one magine the loads were summed up.

The values of main engine loads obtained this wagewaken for determining the following
parameters of load characteristics distributions:

Noe - average load of main engine, kW,
av

— N , . ,
Nge = —E- . average relative load of main engine, -;
ME

o - Standard deviation of main engine load distidoutkW;

Ve = J—“:WE - coefficient of variance of main engine load dizition, -.
ME
The characteristics of main engine load distrimgidor the investigated dredgers are given in
Tab.2. The main engine load distributions are priegkin Fig. 4 and 5.

Tab.2. The characteristics of main engine loadritigtions of six bucket dredgers in dredging arekeffloating states

Dredging state
Medium and light soils
of dredger N2 NGVE Oue | Ve N2 NGVE Oue | Ve
kw - kw - kw - kw -
Inz. T. Wenda| 170,4| 0,25845,1 | 0,265 - - - -

Rozgwiazda 154,1| 0,23348,8 | 0,314 - - - -

Name Free-floating state

Matz lI 50,2 | 0,245 17,9 | 0,357 - - - -
Usedom 383,9| 0,39671,6 | 0,187 - - - -
Kategats 401,5| 0,41486,9 | 0,216 793,1 | 0,465 309,3| 0,390
Ivan Bachalov 421,3 | 0,434 107,7| 0,256| 920,7 | 0,54Q 283,8| 0,307
average 0,331 0,266 0,503 0,349

The performed calculations of the parameters ofnmamgine load distributions during
dredging showed that the average relative loagmdfcular dredgers were contained in the range
from 0,233 to 0,434 with the average value of 0,381 the coefficient of distribution variance -
in the range from 0,187 to 0,357 with the averaglees of 0,266. It should be mentioned that the
maximum loads of main engines were contained imdhge from 0,532 to 0,714. It may speak for
some power margin during operations carried outard soils or — more probably — for highly
over-dimensioned main engines.
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For the free-floating state, values of the avemragé engine load are significantly higher than
those during dredging when also greater numberengines operate. The relative loads were
contained within the range of 0,465-0,54 with theerage value of 0,503. Higher are also
coefficients of variance — their average value am®to 0,349. The so great value of coefficient
of variance results from the character of freetflfap state of bucket dredgers, which is
characterized by short passages from port to dngdgite and back, and a large number of
manoeuvres.

Additionally, were performed investigations to cketit is possible to consider the relative
load distribution of main engines normal one.

To confirm possible approximation of the empirickétributions of relative loads of main
engines by means of normal distribution, were edriout the investigations in which the total
distribution was analyzed of relative loads of eegi of all investigated dredgers, normalized
within the interval [0—1]. The engines’ loads ftietfree-floating state were grouped in the left-
sided, open quantifying intervals of width resudtifrom the splitting of rated power of main
engines into 10 interval$n the case of carrying dredging work the loadsewgrouped into 8
guantifying intervals as then the main enginesaped under much smaller loads as compared
with their rated output power values. The softwatatisticawas used for assessing the normality
of variable distributions and preparing the norahatribution diagrams. The values of the variable
in question have been drawn on the diagram of tfispersion respective to the expected values,
under assumption that the distribution is normhlthe observed values comply with normal
distribution then they have to run approximatelyngl a straight line.
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Rys. 4. Load distributions of main engines of budkedgers in dredging state
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Rys. 5. Load distributions of main engines of budkedgers in free-floating state

The minimum sample sizey, under assumption of normal or nearly normal Idestribution,
was determined from the relation [6]:
—\2
t,xo
mz[ 2 j o

d
where:

t, - critical value of the test for the confidenceffwient (1-a)and (m, — )degrees of
freedom,
o - relative value of standard deviation calculateahf the sample ofm, size,

d - assumed estimation error of average value.

By taking o = 007-012 andt,= 196 at a= 005and m,> 1000 - on the basis of preliminary
investigations - and assumidg 00he minimum sample sizen=188- 554as obtained. For

all the investigated dredgers the sample sizesfsigntly exceeded the determined minimum one
(95000 — 155000).

In Fig. 6a and 7a are presented the total loadilalisions of main engines of the investigated
dredgers as well as the normal distribution prdidgbdensity curves for both service states,
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whereas in Fig. 6b and 7b - the normality diagramhghe tested distributions. Their runs,
especially that regarding dredging work, indicéizt the distribution can be considered normal.
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Fig. 6. Characteristics of the total load distriliart of main engines of bucket dredgers in dredgtage
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Fig. 7. Characteristics of the total load distrilbah of main engines of bucket dredgers in freeatitg state

4. Operational loads of electric generatorsfor ship general purposes

Load characteristics investigations of electric egators for ship general purposes were
performed for two basic service states of bucketigers : dredging and free-floating, as well as —
additionally — for the state of breaks in dredg{egy. fuel bunkering, transporting the anchors ,
waiting for a dump barge ) and towing.

On the dredgeMalz Il the ship general purposes electric generators diévren by auxiliary
engines. On the dredgezgwiazda, th T. Wenda, Kategats, Usedom and Ivan Bachsimh
electric generators were driven by main and auyilengines. The auxiliary engines operate only
during breaks in dredging, during stays in ponts] eowing.

Tab. 3, 4 and 5 contain calculated values of thearpaters (NZ.,0gs,Vee)Of load

distributions of electric generators for ship gehguurposes, values of the indéds /> N

for three service states of the dredgers, as veetha load ranges determined by values of the
coefficient of the relative load range of elecgenerators foe ship general purpgsgs:

(Beo).=

EG

av _ nmin
NEG NEG .

(Bes)2 =

max _ pjav
N EG N EG

0-EG

(2)
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The example load distributions of electric genemafor ship general purposes during dredging
work of four investigated dredgers are shown in BigAs in the case of main engines, the loads

were grouped into 10 quantifying intervals covering rangeN ;;

min _ N max
EG

The determined average values of variance codfficiéor the ship general purposes electric
generators amount toz2. =0, 241or dredging stateyg; =0, 192 for free-floating state, as well

as Vg, =0,175for breaks in dredging, for port staying and togviAnd, the average values of
relative variability range coefficients amount ¢6.;), =2, 850and (f5;), =3 508- for dredging
state, (Bc;), =2 173&nd (L), =2, 896- for free-floating state(f5;),=1 948nd (L:;),=2 098
for the state of breaks in dredging, for port stgyand towing.

Tab.3.Parameters of operational load distributiaiship general purposes electric generatoir®ucket dredgers
in dredging state

Dredger Parameters of load distribution ~ Minimum Maximum N2
of electric generator load load ~ o
NE | Oee | Veo | NET | Beods | NZE [ (Beo)s | 2N
kw kw - kw - kW - -
Matz Il 19,38 3,51 0,181 10,8 2,442 25,6 1,772 0,142
Inz. T. Wenda 38,61 12,40 0,321 18,7 1,605 96,7 4,687 0,124
Rozgwiazda 34,95 12,11 0,346 171 1,475 88,2 4,401 0,113
Usedom 164,97 28,19 0,171 92/0 2589 261,0 3,407 1090,
Kategats 169,33 31,20 0,184 97,1 2,318 291,2 3,8990,108
lvan Bachalovy, 187,86 45,10 0,240 94,0 2,081 318,0 2,885 0,121
average 0,241 2,084 3,508 0,119

Tab.4. Parameters of operational load distributiaiship general purposedectric generatoref bucket dredgers
in free-floating state

Dredger Parameters of load distribution  Minimum Maximum N2
of electric generator load load ~ o
NE | 0w | Ve | NE| (Beodi | NEZ | (Beo), | 22NKE
kw kW - kw - kW - -
Ivan Bachalov] 136,58 26,11 0,191 814 2,118 211,7 2,8y7 0,088
Kategats 130,76 25,32 0,194 74,2 2283 204,6 2,9160,084
average 0,192 2,173 2,896 0,086

Tab.5. Parameters of operational load distributimiship general purposedectric generatoref bucket dredgers
in the service state of breaks in dredging, ofisig.and towing

Dredger Parameters of load distributign ~ Minimum Maximum N2
of electric generator load load SN
NG |0 [ Ves | NE| (Beohs | NE | (Beo)s | 2N
kw kw - kw - kw - -
Matz Il 11,50 1,81 0,157 8,1 1,88( 152 2,046 0,084
Inz. T. Wenda| 18,12 3,53 0,195| 10,7 2,103 242 1,722 0,087
Rozgwiazda 16,31 2,39 0,146 105 2,431 21,3 2,097 ,0520
Usedom 82,33 16,96 0,206 56/1 1547 1219 2,334 5400
Kategats 101,87 17,16 0,168 712 1,787 1412 2,2920,065
average 0,175 1,949 2,098 0,062
> Naa" - total rated power of electric motors of all diaxy consumers installed onboard
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A characteristic feature of bucket dredgers isgheat value of the coefficiern(S.;),for the

state of dredging. It results from a large numbfeawxiliary technological consumers for which
short-lasting cyclic work is characteristic. Anaexple is the dredgevalz II, majority of such
consumers of whicls driven by the main engine which operates withirsdieengine — hydraulic
systems (Fig. 3), hence the coeffici€f.;), =1 = &tbws the lower value.

The N2, /D N index values are contained within the range 008,2 0,142 - for the state

of dredging, 0,084 — 0,088 - for the state of fileating, and 0,052 — 0,084 - for the state of
breaks in dredging, of staying and towing.
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Fig.8. Example load distributions of ship generatmoseselectric generator®f bucket dredgers during dredging
work

As the case of main engines, the load distribut@fnship general purposes electric generators
should be, in compliance with the Lapunov theoréinglose to normal distribution. The relation
(1) was used to determine the minimum sample sizéhke assumed normal or nearly normal load

distribution. The obtained minimum sample size (fbe average valug.; =009) amounts

tom=311 In all the cases the sample size greatly excettedetermined minimum sample size.
The total distribution of loads of all electric geators, normalized in the interval (0, 1), was
subjected to investigations — Fig. 9. The confoyrstiown in Fig. 9b and 9d , confirms that it is

possible to assume the load distributions of skepegal purposes electric generators of bucket
dredgers during dredging and free-floating, to bemal ones.
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Fig. 9. Characteristics of distributions of totalative loads of ship general purposssctric generators of bucket

dredgers during dredging (a,b) and free-floatingdjc

5. Summary

The performed investigations justify offering tledlédwing remarks and conclusions:

The values oN7. and v,. , obtained from measurements, can be used forndligiag
recommended operational loads for main engineg tselected.

For the state of dredging in medium and lightssoNl 2% = 046— 048 was determined under
assumption that the maximum loads of main engines @ntained within the range
of (085-09)N[°". For the state of free-floatiny 3. = 046— 054 was determined;

The indicesNZ, /Z Nie' as well as the coefficientg®, may be used for the predicting of

load distributions of ship general purposes eleggnerators;

The load distributions of main engines and shipegainpurposes electric generators of bucket
dredgers in two basic service states: dredgingraedfloating, may be deemed normal ones.
The state of dredging should be taken as that focwthe power system of non-self-propelled
bucket dredgers should be designed; in the caselfgpropelled dredgers also the state of free-
floating should be taken into account.
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5. The achieved results may be useful for solving gilegiroblems of power plants of bucket
dredgers as well as for standardizing fuel consianpt
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