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Abstract. The paper considers the ways of
accelerating the activation of a ship's stand-by diesel
generator by using advantages of a vector controlled
frequency converter during the activation for obtaining
additional power reserve in ship's automated electrical
powerplants. The activation of the stand-by generator
and putting it into operation can often be needed for
gtartup of ship’s powerfull consumer, in the cases of
failures in running equipment, accidents, in an
emergency, or changes in navigation conditions, as well
as while fixing the vessel location during the dynamic
positioning. The main obstacle to such an activity is the
fact that the complete sequence of operations (stages)
should be performed for this: pre-start preparation of a
diesdl engine, the activation and acceleration of the unit
to a certain speed, the synchronization of the started
generator with the other running generators through the
fuel regulating devices of the diesdl engine and sharing
the load among the generators in case of successful
connection of the standby one to the bus bars of the
powerplant main switchboard. The duration of listed
stages can be from 15-20 seconds to several minutes,
and therefore such delay may be unacceptable.

Existing methods of speeding up the mentioned
stages are not considered together as a whole. The
proposed solution isto organize the inverter activation of
the stand-by diesel generator controlled by a specialized
device or by the part of the power plant control system,
at the end of which all previoudly listed stages of putting
the unit into operation will be completed and the ship’s
powerplant will be ready for accepting the additional
load. The specialized device should be accommodated to
processing input datain real time during the activation. It
forms control commands for the frequency converter,
generator voltage regulator, regulator of diesel engine
speed and air circuit breaker of the generator. The device
also calculates (determines) the moment of switching on
a breaker, as well as the magnetic flux of the generator
and the torque moment of the diesdl engine by predicting
the load of any of the running in parallel generators from
the assumption that the standby generator is connected
and sharing of active and reactive load components
between all generators are over. In other words, the
gpatial position and magnitude of the EMF vector of

generator which will be connected to bus bar
immediately before the breaker is closed must match the
values that have been determined as a result of the
forecast of the power plant operating mode with the
stand-by generator aready in operation, taking into
account changes caused by transition processes.
Redistribution of active load components of generators
to equal levels after closing the breaker will occur dueto
a certain supply of kinetic energy of the unit rotating
parts. The proper amount of kinetic energy is provided
by the commands of the specialized device during the
controlled activation of the disel generator based on the
forecast of 1oad changes.

Key words: ship’s eectric powerplant, stan-by
generator  activation,  specialized control  unit,
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1. Introduction

Switching on the powerful consumer or the
equivalent powerful consumers group causes negative
consequences in the ship's dectrica power supply
leading even to powering down and failure of generating
units when there is insufficient stock of the so-caled
rotating power of the working generators. To prevent
these and other negative consequences, the ship's
powerplant control system and powerful consumers have
been equipped with devices that alow the activation
only with the appropriate power reserve. If the tota
power of the running generators is insufficient when the
power consumer asks for the activation, the control
system darts the stand-by diesdl generator (SbDG).
However, if the power reserve is considered sufficient,
the start of powerful consumer is provided manually by
an operator or automatically. In practice, the necessity of
urgent activation of the SbDG and putting it in operation
may occur in other situations, such as failuresin running
equipment, accidents, in an emergency, or changes in
navigation conditions, as well as while fixing the vessel
location during the dynamic positioning.

The main obstacle to such an activity is the fact that
the complete sequence of operations (stages) should be
performed for this pre-start preparation of a diesd
engine, the activation and acceleration of the unit to a
certain speed, the synchronization of the SbDG with the
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other running generators through the fuel regulating
devices of the diesd engine and the load sharing
between the units in the case of successful connection of
the generator to the bus bars of the powerplant main
switchboard (MSB). According to estimates [1], the time
interval between the coming of a SbDG starting
command and the moment when the SbDG is connected
to the MSB bus bar and load sharing between the
running generators is completed can be from 1520
seconds to several minutes for ships automated power-
plants (SAPP). Depending on the specific situation, the
duration of such delay may be unacceptable.

The reduction of the durations of the particular
stages of putting the SbDG in operation can be achieved
in the following ways. The first oneis the creation of an
activation queue and keeping the diesdl -generators (DG)
in a “hot standby” mode, which, on the one hand, gives
the opportunity not to wait for the completion of the
diesdl engine warming up after its activation, and on the
other hand leads to inefficient expenditure of energy and
fuel consumption for maintaining the DG readiness to
activation. The second one is the use of the accelerated
generator connection to the MSB bus bar using the
modes of rough- or sdf-synchronization which require
devices and automation additional to the standard
configuration of the SAPP [1, 5, 6]. Particularly
noteworthy mode is the so-called eectromechanical
actuation [5], being akind of self-synchronization mode,
wherein the connection of the non-working generator to
the network and the primary engine start are performed
amost simultaneously. Fig. 1 shows the results of
processing the oscillograms of the electromechanical
activation of the generator of an unmanned power
station, where:

Curve 1 is network voltage Uy; curve 2 is stator
current st and the envelope of its maximum st yax and
minimum Isr win Values (dashed curves); curve 3 is rotor
voltage Ugror; curve 4 is a rotation rate n/nym, at
electromechanical start; 5 is the same rate at a normal
Start.

Being faster than a the normal start, the acceleration
of the unit and its getting the synchronism are provided
by the connection of a rotor winding directly to the
exciter which is located on a generator shaft. Devices
contralling rotor current are adjusted in such a way that
when the rotation frequency becomes close to the
synchronous, the generator has been excited and able to
get the synchronism. The rotating part of the unit is
affected not only by the torque of turbine but also by the
asynchronous torque of the generator, which is
especially noticeable when there is a damper winding on
therotor.
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Fig. 1. Processes at e ectromechanical activation
of the hydro generator 3.5 MW[5].

It can be noted that with this method of activation
the automation of the unit is simplified and the processes
taking place in the generator are similar with the
processes in the asynchronous activation of synchronous
motors with the connected exciter. Along with the
advantages (quick acceleration, no need of
synchronization), the method discussed has the
following drawbacks. In this case, the activation is not
controllable and this facilitates the automation of the
unit; the issue of loading the generator after entering in
synchronism is not considered, while the load sharing
stage between generators takes some time.

Widespread introduction of power semiconductor
converters, in particular, two-directiona frequency
converters (FC), both in the power part of the SAPP and
in auxiliary subsystems of the ships[1, 13], brings a new
perspective to the problem of time reduction necessary to
put the SbDG into operation for obtaining the required
reserve of generated power.

For reducing the activation time of the diesel engine,
the so-called inverter or frequency start [2, 11] can be
used due to the rotating torque of the synchronous
generator working in the motor mode and supplied from
the FC. Power supply for the FC, in turn, can be
provided from either MSB bus bar or from a separate
energy storage unit, such as a supercapacitor bank. This
method alows abandoning the generally accepted
variants of the diesdl engine activation unit, such as an
electric or pneumatic starter or a separate system of
providing starting air to diesdl cylinders. At the same
time, the presence of aregular activation unit allows it to
be used for the activation as an additional one to
overcome the inertia of moving masses during the
acceleration of the DG. Assuming that the power of the



The Use of a Frequency Converter for the Activation of a Sand-by Diesel-Generator... 29

dtarter isthe power of the synchronous generator itself in
the starter mode, the duration of diesdl acceleration to
some required speed can be significantly reduced.

The examples of inverter activation of the DG of
diesdl locomotives with AC-DC or AC current
transmission are presented in [2, 3]. Fig. 2 demonstrates
the oscillograms of transition processes at the inverter
starter of the DG consisting of a diesel engine
12L.DG500 with a synchronous generator GS567U2 at
various values of output current of the starter inverter.

The darter system includes ST22-2000 starter
inverter with the power module of field winding power
supply, cumulative-boost converter ST23-500 DC with
the capacitor drive on supercapacitors and a starter
accumulator battery.

Fig. 2. Trangitional processes at the activation
of the DG 500 kW invertor [8].

It is noted that in this case the inverter activation
allows maintaining the useful capacity and life cycle of
the battery by eiminating discharge current jumps
occurring during the normal activation of the DG by a
regular starter-generator; the rapid achievement of the
DG shaft speed 210 rpm at which further operation is
sustainably controlled by the diesel engine regulator is
provided by the optimal adjustments of the vector-
controlled starter inverter; activation timeisminimal.

The mathematicd model and block diagram of
vector control of the synchronous machine (SM) in the
starter mode is proposed in [3]. One of the research
results is obtaining the estimated relations between the
torque and power of the SM and the shaft speed for the
unit containing a diesd with capacity of 6000 hp shown
in Fig. 3.

The following basic parameters of the SM are used
in the simulation: nomina power 4500 kW, linear
voltage 1450 B, phase current 1900 A, shaft speed
1000 rpm, current frequency of 100 Hz, time constant of
exciting winding 1.4 s. It should be emphasized that the
structure of the vector control of the invertor contains a
functional converter of the torque setting FCT forming

the output signa as a function of the rotation speed, and
the functional converter of the excitement current setting
FCE forming the output signal for field current control.
The signa on theinitial and real-time angular position of
the SM rotor comes from an appropriate sensor or is
calculated implicitly. The task of vector control is to
control the torque (current) as the function of the rotation
speed which provides the maximum effective use of
storage energy taking into account the maximum current
limit of the stator. So, an example shows the possibility
of implementing of the activation controlled according to
certain criteria, one of them being the reduction of the
time necessary for putting the SbDG into operation.
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Fig. 3. Estimated relation of the torque and power
of the SM at the activation of the DG of 6000 hp [3].

The use of FC for the activation of powerful turbo
generators is described in the works of [9-11] and is
considered to be well-established and tested method.
However, when it was implemented, the problem of
reducing the time of putting stand-by generator into
operation was not considered. Therefore, in order to
solve it, in the case of the SAPP, this method requires
further development.

2. Propositions concerning the reduction of the
activation time of the SbDG

The proposed solution is to organize the inverter
activation of the DG by controlled specialized device
(CSD) or by the part of the SAPP control system, at the
end of which all previoudy listed stages of putting the
SbDG into operation will be completed and the SAPP is
ready for loading, in particular, for activating the
powerful consumer. The input signals of the specified
CSD should be: the rotation speed of the SbDG and the
magnetic flux of the generator, the mutual location and
vector values of the EMF and voltage on the MSB bus
bars, the number of running generators and the power of
each of them, as well as their total power in rea-time
mode. As a result of processing these data, during the
activation process the CSD forms control effects on FC,
the generator voltage regulator (GVR), the diesel engine
speed regulator and the generator air circuit breaker
(ACB). The moment of the switching on the ACB, as
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well as the magnetic flux of the generator and the torque
of the diesel engine should be determined by the CSD by
predicting the load of any of the running in paralld DGs
from the assumption that the SbDG was connected and
sharing of the active and reactive load components
between all generatorsis over. In other words, the spatial
position and magnitude of the EMF vector of generator
being connected to the bus bar at the moment when its
ACB is switched on must match the values that have
been determined as a result of the forecast of the SAPP
operating mode with the SbDG already in operation,
taking into account changes caused by transition
processes.

Redistribution of the active components of loads of
generators to their uniform distribution after the ACB
switching on should occur due to a certain supply of
kinetic energy of the unit rotating parts which is
provided by the CSD control during the controlled SbDG
activation based on the forecast of load changes.

Thus, it is possible to eliminate the time spent on the
synchronization and load sharing and, in addition, to
reduce the acceleration time of the unit, considering the
power of the starter as the synchronous generator itself
in the starter mode.

Let us consider some aspects of the rationale behind
the proposed solution.

Therules of the Register provide for DG tests which
are developed to check the settings and actions of engine
controllers and AVRs by applying and resetting
50-100 % of the generators load. Ship's DGs are found
to be under similar conditions at permitted activations of
consumers which power corresponds with the power of
the generator. Therefore, the design of DGs provides for
these changes in the mode of operation without
deterioration in performance.

In most modern SAES, the SbDG activation is
performed by means of the automatic or manua (with
synchronoscope) synchronization for minimizing the
equalizing currents and voltage and frequency deviations
in the network. The anaysis of instructions for
connecting generators in pardled manually and the
characteristics of devices providing automatic
synchronization [15] leads to the conclusion that the
command for ACB closing can be sent when the angle &
between vector of generator EMF and vector of voltage
on the MSB bus bar is +/- 25° ... +/- 30° or “at the
position of the synchronoscope arrow relative to the
phase match mark in the sector from “11 o'clock” to
“13 o'clock”. At the same time, it is considered that the
current jump and the trandgtion parameters of
redistribution of active loads will be within acceptable
limits. Immidiately after the ACB closing, the angle

will correspond to the angle of the load — of the
connected generator. It is known [1] that the value [ of
about 30° corresponds with the nomina active load of
synchronous generators.

Let us suppose that the CSD has determined the
switching angle of ACB & during the SbDG activation;
the SbDG has the proper stock of kinetic energy to the
moment of connection to the bus bar due to acceleration
and after connection the active load would been
distributed evenly between the generators. Then let us
determine the loads of SAPP generators for several
options using these considerations. Let us assume that
the values of nominal power Pn of the generators are
equal and only one generator is running with aload of 50
(100) % of Pn which in relative unitsis 0.5 (1). Hereand
further in brackets another appropriate load levd is
pointed out. In parallel with the running DG the SbDG
should be put in operation. For the even distribution of
loads, the SbDG must abruptly take 0.25 (0.5) of the Pn,
and the running generator must abruptly give 0.25 (0.5)
of the load remaining in operation with 0.25 (0.5) Pn.
Then let us assume that there are two DGs running with
a load of 0.5 (1) Pn each and the SbDG should be
connected in paralel with them. For an even distribution
of the load, the SbDG must abruptly take about 0.34
(0.68) Pn; after that the loads on each of the three
generators will be about 0.33 (0.66) Pn. Considering the
options with three and four generators in operation and
SbDG connection, the values of 0.38 (0.75) and 0.4 (0.8)
respectively can be obtained.

Thus, depending on the load of generators in the
standard configuration SAPP, the SbDG load taken
abruptly will be (0.25.. 0.8) Pn. If changes in ShDG
parameters are not satisfactory for the bigger values
among those in terms of existing requirements, then the
limit of accepted load taken at the moment of ACB
switching on can be limited due to the process
controlability. A dight discrepancy in the distribution of
the load in this case will be corrected in the short time
after the SbDG connection by compensating actions
from SAPP controlling system. Studies of electromecha-
nical processes under varying levels of non-observance
of the conditions of precise synchronization for various
reasons [5-8, 12] show that the generator shock current
and the mechanical moment arising on the rotor due to
non-synchronous closing of ACB with switching angles
& of no more than 30° are within the limits acceptable in
practice and depend on several significant factors such
as. the resistance of the network to which the generator
is connected; the dip of the rotor s = Aw = dd/dt on
which the DG kinetic energy and the value of taken
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active load depends; magnetic flux and, accordingly, the
EMF of generator idle mode at the activation moment. In
support of above mentioned, the simulation results [7, 8]
of the connection into the network by means of precise
synchronization of 10 kW synchronous generator can be
considered. The simulation was carried out with the use
of the developed models in the Matlab-Simulink/
SimPowerSystem software package and using the
physical model, then the results was implemented
practically. To confirm the feasibility of our proposed
solution, it is planned to carry out similar research for a
real and promising SAES, as wdl as to develop the
algorithm of operation and structure of the CSD.

3. Conclusions

In practice, the necessity for urgent putting ship’'s
stand-by diesel-generator into operation may occur in a
variety of situations, such as. connection of a powerful
consumer, failures in working eguipment, alarm,
accident or changes in navigation conditions, ship
retention located with dynamic positioning. The main
obstacle to this is waiting for the sequence of
technological operations (stages): pre start preparation of
diesel engine, activation and acceleration of the diesel to
preset revolution speed, synchronization of the generator
to the switchboard bus bar, load sharing between
generators after closing the breaker. Existing methods of
acceleration of some of listed stages do not address the
problem in a complex which could take into account al
stages together. The proposed solution is to organize the
inverter start controlled by the speciaized device, at the
end of which al stages of putting stand-by diesd-
generator into operation will be completed and the power
plant ready to receive the load. For the confirmation of
feasibility of the proposed solution a further research on
real and prospective ship’s powerplant modelsis needed,
as well as developing the structure of the specialized
device and the algorithm of operation.
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BUKOPUCTAHHS IEPETBOPIOBAUYA

YACTOTHU IIPU BBEJIEHHI B POBOTY

PE3EPBHOI'O JU3EJ/Ib-TEHEPATOPA
CYJIHOBOI EJIEKTPOCTAHIIIT

Cepriii Camonos, Bitauiii Jly6oBux

VY crarTi po3rNAHYTI LUIAXM NPUCKOPEHHS BBEICHHS B
po0OTY CYyZIHOBOTO PE3EPBHOIO JM3EIIb-TeHEpaTopa 3 BUKOPHUC-
TaHHSM IIepeBar NepeTBOproBaya 4aCTOTH 3 BEKTOPHUM YIPaB-
JIHHSM Yy Nepioj 3aIllycKy s 3a0e3NedeHHS JI0AaTKOBOTrO
pe3epBa eNeKTPUYHOI IOTY)KHOCTI B CYJJHOBIH €JIeKTPOCTaHIIil.
3amyck i BBeJIEHHS B poOOTY Pe3epBHOrO I'eHepaTopa MOXYThb
4acTo OyTu MOTPIOHUMU I IyCKY HOTYXHOrO CIOXKHBaya, a
Tako)X HEOOXiTHUMH B TaKUX CHTYalisX, SIK: HECIIPaBHICTh
TIPAIFOI0Y0ro o0JIalHaHHA, TPUBOra, aBapist abo 3MiHH HaBira-
LIMHUX YMOB, IPU YTPUMaHHI CylHA B MO3ULII IPHU JAUHAMIY-
HOMY HO3UIIIOHYBaHHi. | 0JIOBHUMH NEPELIKOAAMH JUIS LIbOTO €
HEeOOXiJHICTh OYiKyBaHHS [TOBHOT'O 3aBEPILEHHS MOCIiIOBHOC-
Ti TEXHOJIOIIYHMX orepaliii (craiif): mepencrapToBoi miaro-
TOBKH U3, IYCKY i NPUCKOPEHHS IM3eIIsl 10 BCTAHOBIECHOI
MIBUJIKOCT], CHHXPOHI3allil TreHepaTopa 3 IHIIMMHU NPaLOI0Yn-
MH T€HepaTopaMy BIUIMBOM Ha INaJMBO-PETYNIIOI0Yl HPHCTPOL
JM3elis, PO3NONUy HAaBAHTKCHHA IIOMDK TI'eHEpaTopaMH B
BUIIA/IKy BJAJIOr0 BKIIIOUSHHSI T€HEpaTopa Ha ILIMHU T'OJIOBHOI'O
PO3NOAUTEHOrO IKTa. TpHBaNiCTh MEpeNiueHnX CTaaiil Moxe
csraty Bif 15-20 cekyHA 10 NEKibKOX XBWIIMH, Y 3B’ 3Ky 3
YUM NOJi0Ha 3aTPUMKa MOXE CTaTH HENPUIHSITHOLO.

IcHyroul MeToAM NPUCKOPEHHS 3aBEpLICHHS Iepelide-
HHUX OKPEMHX CTaJiii B OZTHOMY KOMIUIEKCI HE PO3IJIAAAIOTH 1X
Yy CyKymnHOCTi. 3anponaHOBaHO OpraHi3alil0 KOHTPOJIbO-
BAHOIO CIIELiai30BaHHUM IIPUCTPOEM iHBEPTOPHOI'O 3aIIyCKy
PE3epBHOTO  IM3€Ib-TeHEpaTOpa, HANPUKIHII SKOro  BCi
nepenideHi crazaii OynyTh 3aBeplIeHi 1 Cy[HOBa EIEKTpPO-
cTaHLis Oyle roroBa NPUIHHATH 10JaTKOBOIO HABAHTAXKEHHS.
Bkazanmii  cnemiamizoBaHMi ~ mpuCTpii Mae  OytH
MPUCTOCOBAHUM ISl OOpOOKH B peanbHOMY 4aci HeoOXinHol
BXOAHOI iH(opMamii BIPOIOBXK 3amycKy i (opMyBaHHS
Kepy4nuX KOMaH] [0 IEepTBOPIOBaYa YacTOTH, PEryisropa
HaIpyry TeHepaTopa, PeryasTopa 4acToTu 00epTaHHs qu3els
1 aBTOMaTHYHOro BHMHUKaya  TeHeparopa. MOMEHT
BKJIFOYEHHS aBTOMATHYHOIO BMMHKA4a, a TAKOXX MarHiTHUH
HOTIK reHepaTopa i 00epToBHif MOMEHT AM3els MalOTh OyTH

PO3paxoBaHi Creniaai3oBaHUM IPUCTPOEM LUISIXOM IIPOrHO3Y-
BaHHS HABAHTAKCHHS Oy/b-AKOr0 OIHOIO 3 IapajeibHO
MPALIOIOYUX TEeHEepPaTopiB 13 MNpHUIIYIIEHHS, 110 pPe3epBHHUI
TeHepaTop YXKe HiJKIF0YEeHHH, 1 PIBHOMIPHHI PO3MOAIT aKTHB-
HOI YaCTHHU 3arajlbHOr0 HaBaHTA)XKCHHs MOMIX BciMa reHepa-
TOpaMH 3aBepIICHUM. [HIIMMU c10BaMH, IIPOCTOPOBA MO3MILLS 1
BEJIMYMHA BEKTOpA EJIEKTPO-PYIIIHOI cHiM 0e3nocepeaHbo
nepesl yBIMKHEHHSM aBTOMATHYHOIO BHMMKaya Ie€Heparopa,
SKUA Oyne mix €QHaHO 10 IIMH, MaloTh OYTH BH3HAYEHI SK
PE3yNbTaT NPOrHO3YBaHHS PEKUMY €JIeKTPOCTaHILI{ B CKiIazi 3
PE3epPBHUM I'€HEPaTOpOM, SIKHIl yKe IpaLltoe, NMPUHMAau J10
yBard 3MiHH, OB’ sI3aHi 3 NepeXiTHUMH Iponecamu. [lepepos-
MO AaKTHBHOI 4YaCTHMHM HABaHTaXCHb TI'€HEPATOpiB 10
OJIHAKOBUX DIBHIB IIiCJI BKJIIOYEHHS aBTOMATHYHOIO BHUMH-
Kaua pe3epBHOrO reHeparopa BigOyIeThcs 32 paXyHOK BH3HA-
YEHOro 3aracy KiHeTH4HOI eHeprii 4acTHH, 10 00epTaroThCsl.
Benmnunna HeoOXimHOI KiHeTW4HO!I eHeprii mae Oyru 3a0es-
NeyeHa KOMaHAaMU NPHUCTPOIO MPOTATOM KEPOBAHOI'O 3aIlyCKy
JIU3eNb-TeHeparopa, SKUH TIPYHTYETbCA Ha IPOTHO31 3MiH
HAaBaHTAXEHH.
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