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DREDGER’S SLURRY DISCHARGE PROCESS AUTOMATIZATION

Abstract. There are considered main directions for dredgers production output arising. As a single direction there
was distinguished a process of slurry unloading. The system was created as a combination of connected between each
other single pipelines, which along their lines have a number of washout discharge holes. Automatic system for soil
washout during its discharge was considered. In details has been described wireless network for controlling discharge
scheme. For high quality supplying during soil washout inside the cargo tank of the ship there has been offered the us-
age of complex pipeline with the system of automatically directed electromagnetic valves. On the base of empirical laws
there has been formulated scheme of the valve control algorithm.

Keywords: dredger,modernization of transportation process, tank discharge technology, washout hole, pipeline
section, directed jet, pressure in the system, slurry, cyclic process, washout process automating, complex pipeline, pri-
mary pressure and flow-rate units, wireless technology WirelessHART, network automatic functioning, network self-
tuning,, production

H. 3. Macaos
ABTOMATU3AINUA ITPOILECCA PA3I'PY3KU I'PYHTA HA BEMCHAPAJTAX

Annomayusn. Iloxazanel ocHO8HbIE NYMU NOBBIUEHU NPOUIBOOUMETLHOCU 3eMCHApA006. Kak omodenvroe na-
npasnenue 8bl0eeH npoyecc evlepysKku nyavnvl. Paccmompena aemomamusuposannan cucmema pasmvléa epyHma Os
8blcPY3KU NYNbNbl, KOMOPAs npedcmagisem coOou KOMOUHAYUIO COeOUHEHHbIX Medncdy cobol mpybonpoeodos, co-
eparcauux cepuro pasmvl8OYHbIX omeepcmutl. [emanbho onucana 6ecnpo8ooHas cemv cxemvl YNPasieHus pazepy3Koll
epyuma. [ns obecneyenuss Kauecmea pasmvled SpyHmMa 8 mpiome CyOHA NPedNoNCEHO UCHOIb308AHUE CLOJHCHO20 MPY-
60npo6oda ¢ cucmemoll aBMoMaAMuYecKu peyiupyemulx INeKMpOMASHUMHBIX KIananos. Ha ocHosanuu smnupuieckux
3AKOHO8 CHOPMYTUPOBAHA CXEMA ANCOPUMMA YNPAGICHUS KIANAHOM.

Knrwouegvle cnosa: 3emcnapsao, modepHusayus npoyecca mpaHCnopmupo8anus, mexHou02us OYUCMKY mpromos,
HANPABNeHHAs cmpys, OdelleHue 6 cucmeme, NYIbNd, YUKIUYECKUN NPOYecc, aemoMAmu3ayus npoyecca pasmvleéd
2PYHMA, CROJNHCHBIU mMpYyOOnposoo, nepsuuHvie OamMuuKu pacxoda U O0daeieHus, 0ecnpo8ooHds MexHOI02Us
WirelessHART, asmomamuueckoe gynxyuonuposarnue cemu, CAMOHACMPOUKA Cemu, RPOU3E00UMenbHOCHb

I. 3. MacaoB
ABTOMATU3ALISA ITPOUECY POSBAHTAYKEHHSA 'PYHTY HA SEMCHAPAJIAX

Anomauin I[lokazano 2on06Hi HANPAMKU NIOBUWEHHSI RPOOYKMUBHOCHI 3eMCHAPAOIE. AK OKpeMull Hanpamox u-
OineHo npoyecc posganmadicenna nyavhu. Ll asmomamuzosana cucmema € KOMOIHAYIL NOEOHAHUX MIdC COOOIO
mpybonpogoois, wo Micmams cepilo po3MUBOYHUX O0meopie. Pozenanymo asmomamuzosany cucmemy po3MUGAHHS
2PYHMY OISl PO3GAHMAIICEHHS NYAbNU. [lemanbHo Onucano 6e30pomosy mMepexicy cxemi YnpasiiHHa po36aHMANCeHHAM
epyumy. [na 3abe3neuenus AKOCMI pOIMUBAHHS SPYHMY 6 MPIOMI CYOHA 3aNPONAHOBAHO SUKOPUCMAHHA CKIAOHO20
mpybonpogody 3 CUCMEMOI0 ABMOMAMUYHO Pe2yNbO8AHUX eNeKmpoMazHimuux kianauie. Ha ocnosi emnipuunux
3aKOHI8 CHOPMYTLOBAHO CXEMY ANOPUMMY YRPAGIIHHA KIIANAHOM.

Knrwouogi cnosa: semcnapsad, mooeprusayia npoyecy mpanchnopmy8aHHs, MexXHON02is OYUWEHHA MPIOMI6, Ha-
npasienull Cmpyminb, MUCK y cucmemi, nyiond, YUKIiuHut npoyec, agmomamusayis npoyecy po3smugy epyHmy, ckiao-
HUll mpybonposio, nepeicui oamuuku eumpamu i mucky, 6esopomosa mexnonozis WirelessHART, asmomamuune
@YHKYIOHYBAHHS Mepedici, CAMOHACMPOIO8AHH MepeXCl, NPOOYKMUBHICMb

I. Introduction associated with the extraction of the soil.
Productivity improving for any vessel from  Principally this direction is determined by:
the dredging fleet is a very actual problem. Be- — main technological parameters of the vessel
tween working economic indicators and quan- (used equipment, availability of an additional
tity of the transported soil exists a direct rela booster pump, etc.);
tionship and precisely it determines the level of - training level of the operator governing the
dredger’s efficiency [2]. dredging;
Production output can be enlarged by the - type of the soil which is sucked from the
implementation of two directions [10]. The first bottom of developed area.
one corresponds to the technological stage, The second direction is connected with the
slurry discharging. Unloading speed at the
© Maslov 1.Z., 2013 storage area shortens the ship’s downtime, but
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from a technological point of view is more
complex, than the process of soil extraction.
Main problems in such a case are associated
with the soil compaction; it’s sticking to the
tank walls and the lack of special devices for
soil discharge.

The technologies which are used for slurry
discharge and the level of their automation
define as well as dumping speed and a level of
technical complexity of this operation
realization. Modernization of technologies, that
are used for transportation and overloading of
dredged soil during its proper use can lead to a
significant reduction in vessel’s downtime
during soil discharge and will let to unload all
the transported soil without ballast residues.

I1. Materials of research

The main direction of the works, connected
with automation of the soil discharge system
from the vessel’s tanks must provide continuous
implementation of the cyclic process — "washout
— discharge from the wvessel’s tanks -
transporting or dumping by means of hydraulic
systems use".

During the study there was developed a
new system for soil washout within the working
space of the vessel’s tank [5, 7]. It was created
as a combination of connected pipelines,
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Fig. 1. Scheme of washout system a —top view, b —
1 — feed pipeline; 2 — pump; 3 — electromagnetic valve; 4 —

comprising along their lengths a series of
washout holes. Its schematic diagram is shown
in Fig. 1.

The maximum size of the system
corresponds to the cross-section area of the tank
bottom. By means of pump 2 water is supplied
to washout pipelines 5. Due to the pressure,
generated in the system, the water, through the
washout holes 6 as directed jets falls down onto
the surface of soil in the tank. At the same time,
because of the automating of the water flow
process each section of the complex pipeline 5
can be switched off by means of automatically
controlled  operation of electromagnetic
valves 3.

The proposed technology for tank cleaning
of dredger’s fleet ships from the soil can
significantly  improve the quality and
productivity of the discharge process [7, 8].
From the other hand, the existing technological
conditions on dredgers, namely: large volumes
of tanks, the inability of visual monitoring for
all stages of the washout plant working, require
the use of control-measuring equipment to
automate the process of slurry discharge. In
such a case, due to automating of the washout
process it becomes possible to reduce down the
cost of the discharge process [5, 7, 8].

b

lateral view:
loop pipeline circuit;

5 — washout pipeline; 6 — washout hole;7 — vessel’s tank; 8 — vessel’s hull
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During the investigation works, there was — self-organization and self-healing

developed control system for soil discharge,
which allows to automate:

— check up the height level of the complex
pipeline 5 (see Fig.1) in relation to the tank
bottom;

— check up the pressure and flow-rate of
washout water in the system of automatically
controlled electromagnetic valves 3;

— regulation of the frequency and opening
duration for all valves of the soil wash out
system.

For implementation of all these functions
for soil discharge technological process there
was developed a system of automated control.
It includes: pressure sensors, flow meters,
level meters.

For high quality providing for all
controlled measuring parameters in the soil
washout system main part of sensors must be
installed directly on the movable part of the
circuit pipeline. Depending on the type of
dredger the displacement of the washout
pipeline 5 (see Fig. 1) is possible to the
considerable distances, which ones in the
main are determined by the dimensions of the
vessel’s tank and the speed rate of soil pulp
discharge [11]. In these conditions for reliable
exchange of information in the control system
must be used modern industrial information
systems, networks and protocols, with high
reliability, speed, and noise immunity. To
these requirements more over answer modern
wireless industrial technologies [3].

One of the most advanced technologies
for wireless communication in technological
process control systems in manufacturing is a
Wireless HART technology [4]. Up to present
time in the world were set and running more
than 30 million HART—devices and HART
technology is the most common field
communication protocol for smart metering
devices. Because of the optional wireless
features all the benefits provided by this
powerful technology to remain productive
factor increasing the competitiveness of
technology solutions based on it.

For use in ship conditions the most
important  feature of Wireless HART
technology is the automatic operation of the
sensors network that provide:
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network;

— a continuously acting defense;
self-tuning while replacement
addition of new devices;

— adapting to changes in the operating
network infrastructure.

WirelessHART  technology  provides
reliability of data through transmitting at the
level of 99,9 % under all operating conditions,
which is significant in terms of the ship
operation. HART-Protocol, is one of the best
industrial protocols for information exchange
in networks of process control systems. It
provides high reliability, speed, safety, conf-
lict-free and noise immunity. Most of the
modern manufacturers of control-measure-
ment equipment produce sensors and metering
devices that have built-in hardware support
for this protocol.

During development of the automated
slurry discharge control system have been
proposed to use equipment and technologies
of the Emerson company. It offers solutions,
which are answering to the highest
requirements, standards and  operating
conditions. Emerson’s equipment is widely
used in modern technical fleet, which makes
relatively easy to integrate considered system
into the existing infrastructure of marine
equipments. Most of the modern Emerson’s
sensors and devices have built-in wireless
HART interface. By means of the use of
wireless HART communicators that integrate
wired devices to wireless networks it is
possible to use equipment of the older
generation too [13]. The scheme of self-tuning
wireless sensor network, that is a part of the
control system is shown in Fig. 2.

The network is based on compliant with
IEEE 802.15.4 standard radio transmitters
which operate in the industrial, scientific and
medical band equals 2,4 GHz. They are using
a technology of wideband signal with direct
sequence and channel’s switching for
providing the communication security and
reliability, as well as multystation synchroni-
zed access technology with time division
multiplexing (TDMA) and controllable delay
for communication between network devices.

or
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Fig. 2. The scheme of wireless network for the soil discharge system
In development of automating control _ k,h
management system of slurry unloading there T Q,(P,—P,) 1)
was used the principle of routers devices [13].
In this case, any of the controlled electro- _ Kph
magnetic valves can work as a router for P,Q, ()
communications from other adjacent valves. In o
other words, in case of necessity to disable any Where f  — switching  frequency  of

of the complex pipeline sections 5 (see Figure
1) for controlled electromagnetic valve there is
no need to apply directly to the gate-way. The
desired signal is transmitted to the nearest
neighbor device. This principle extends the
spread area of a network and pro-vides
redundant data transmitting channels for
reliability improvement. Applied mesh net-work
scheme makes it easy to add and move
additional devices too. The unit is always
connected, when it is within operating zone of
other devices in the network.

One of the main functions in the soil dis-
charge process control system is the regulation
of the frequency and operation duration for elec-
tromagnetic valves [6]. For valve working range
diapason presetting there was used empirical
law of valve operation regulation [1].
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electromagnetic valve for arbitrary considered
contour 4 or washout 5 (see Fig. 1) pipeline
section; h — the height of the complex pipeline
location in relation to the bottom of the vessel’s
tank; Q1 — flow-rate of the discharged slurry; Q-
— water flow-rate in feeding pipeline 1; Py, P, —
operating pressure immediately after the
electromagnetic valves 3 and washout holes 6; t
— duration of the jet’s work at the outlet of the
washout holes; ki, ko — factors, determined by
emperical way in dependence of the used type
of valve construction.

Scheme of the algorithm for valve control
presented in Fig. 3. The control algorithm is
implemented in the application Host Appli-
cation and in software Process Automation
Controller, both of which are represented in a
schematic (Fig. 2).
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Fig. 3. Scheme of the algorithm for valve control

To provide working flexibility of the
network under different conditions of the
dredger’s operation WirelessHART standard
supports a few data transfer modes, including:

— a one-way publishing of process and
control parameter’s values;

— instant notification at the exclusion;

— special request/response and the transfer
of large data sets with automatic segmentation.

All of these features allow to customize the
data transmission according to the production
requirements of the real process of slurry
unloading. As a result — it is possible to reduce
energy consumption, to cut down the flow-rate
of water used and the most significant to
descend the vessel’s downtime [9].

Developed automated network for soil
washout gives an ability to provide dynamical
control of all parameters of primary sensors, as
well as from a stationary operator’s PC and
from mobile managing terminal. During plant
operation, it is possible to connect additional
control and diagnostic components: network
monitor, security server, etc.
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I11. Conclusions

1. The main trend in works on the system
automation of slurry discharge from the
dredger’s tanks must ensure continuous
implementation of the cyclic process — "washout
— discharge from the vessel’s tanks — trans-
porting or dumping by means of hydraulic
systems use". It can be stated, that the automa-
tion of the slurry discharge process from the
vessel’s tanks is practically the only way to
reduce downtime and descend the cost of tank
cargo unloading.

2. To ensure a high quality of measured
parameter’s control in the system of soil disc-
harge it is necessary to use wireless technology
Wireless HART. In case of its usage for the
automatic functioning of the sensor’s network
will be provided self-organization and self-
restoring of the network, self-tuning while the
structural scheme is changing and adaptation to
the changes in the operating network
infrastructure.

3. Using the principle of router devices
extends spread area of the network and provides
redundant data transmitting channels for the
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reliability improvement. In such a case it is
possible to add and move additional devices
without damage for the performance of slurry
discharge system.
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