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1 Introduction

The release panel is part of a HI-FOG® fire protectvater mist system that is used in
vessels, buildings, oil plants and tunnels. Theas panel is used to control the
machinery valve that leads water into the HI-FO@azhes in machinery spaces. This
degree thesis mostly focuses on the release gaatabtused in marine applications, but
the plan is to expand it in the future for land laggtions. Marioff Corporation Oy was
founded in 1985 by inventor Mr. Géran Sundholm #relfirst HI-FOG water mist
system was launched in 1991. Marioff is today #exling water mist fire protecting

company in the world. (www.marioff.fi)

1.1 Intention

The intention of this degree thesis is to explarakernative concept for the release

panel used for water mist fire protection systerFaIG.

The current release panel is always designed gepafar each project, and always
built from scratch. This has been heavy throughio@itorganization, because it is time
consuming for the electrical designer, productioe bind installation. The goal is to
make the planning stage, production line and ilatah faster and more efficient with a
more adaptive and modular panel. With standardiesttls the amount of alternatives
increases, and the panel can be used for any preiticas little modification as

possible. This will save costs in the future.

Because the design of the release panel has abegysthe same, and not connected to
component updates, there is a great opportunityaie it to the state-of art level.

As in this degree thesis, the release panel igdedifor marine application and has to
meet the following system approvals: DNV, LR, GLIY,BRINA. To fill these
requirements, the design must meet the SOLAS (fpafdtife at Sea) and the related
rules from marine classification societies mentiabove. The future plan is to expand
the release panel design to land applications @nakeet rules and standards for land
applications such as: VdS, FM, UL, NFPA.

The next release panel will include modular funagithat fulfill:

A. Embedded system or PLC

10



Touch screen, commercial or custom made
Serial connection, Ethernet, Optical fiber

Line watch

mo o w

History log
These modules can be combined independently, lmaspbject needs.

1.2 Problem and objectives

In this thesis | have a few problems that | wil to solve and to propose a better
solution for the release panel. | will put emphasishow to improve the functionality
of the release panel, and how to make the plarstage as fast as possible. My goal is
to come up with a solution that not only satisties Marioff, but also makes it easier

for the end user to use the release panel.

1.3 Method

In this degree thesis, an alternative conceptpdoeed to find a solution for a new
modular release panel. To get to the bottom ohthwe the new release panel should
work and look like, each function in the curredeese panel is studied and just the
necessary functions are chosen for the new con€hptfocus is primarily on how the
new release panel could look when ready, and wihdtdf features compared to the old

one.

The practical information | have received by makiacfory tests on the current release
panel, and by interviewing personnel both from picitbn line and electrical designers
from R&D and project departments. As | am a curiatioff Corporation Oy
employee, it helped me to understand the wholeegatrend whom to ask for
information. This thesis is done in a processjathirom the old panel and ending up
with a new concept. Two different options for a nelease panel are combined and
one is chosen in the end. To find the solution tw will design the release panel, four

companies are interviewed and one is chosen thelddsign.

11



1.4 Limitation of scope

Because the process of building a totally new pcoduvery long, have | decided to
limit this thesis into the planning stage. How tbually build the release panel is not
part of this thesis. The component choice is das=8 on which components are used
in other projects, and which components Marioff g@wation prefer. Finding the most
profitable components is not part of this thesise Toncept that | choose will not be the

final one and requires further development to fiea product.

The information of other release panels is basedfonmation taken from
manufacturers Internet homepages. No other infoomad used in this degree thesis.
The communication, warning colours and layout Far telease panel is determined by

Marioff Corporation.

2 Sprinkler system user interface

The HI-FOG system typically consists of three kinfipanels.
a) Release panel
b) Mimic panel
c) Repeater panel
Figure 1. Release Panel with 9 Machinery sections
Figure 2. Mimic Panel with 8 machinery and 3 accadation spaces

Figure 3. Repeater panel with 9 machinery spaces
All three panels are used to release or monitoHIKEOG system.

As seen in attachment 1, the release panel is cteth® every device included in the

HI-FOG water mist system.

12
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Figure 1. Release Panel

Figure 2. Mimic Panel
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Figure 3. Repeater Panel

2.1 Machinery section

The Release panel controls the Machinery valvesjradicates release signals to Mimic
and Repeater panels. The Release panel is typloaliyed in the machinery control
room. The machinery sections use dry pipes withremtl operated section valves
connected to open nozzles (spray heads). The sdleperated section valve keeps
water from going in to the Machinery section areatandby mode. When a fire is
detected by personnel or by the ship’s fire detacslystem (FDS), the machinery valve
opens and the whole section will release. By réhdgamany nozzles at the same time,
the fire is powerfully extinguished which suits eptionally well machinery rooms
where fire is critical. One section has usually@r8zzles, depending on the size of the
protected area. Figure 5 illustrates an open naraéd in machinery spaces.

14



Figure 5. Spray Head 1000

2.2 Accommodation section

The accommodation system is typically used in cgloiffices and similar spaces. The
accommodation system uses wet pipes, meaninghthatdter is pressurized until the
nozzle. The system is released when high heat @ltyr®7° C) or fire breaks the glass
bulb on the nozzle. Water then starts to flow tigltothe system and when the flow
switch detects the flow, it starts the pump unioFstart). Figure 6 illustrates a glass

bulb nozzle used in accommodation areas.

Figure 5. Sprinkler 1000 Gold

3 Release Panel

The pump unit (PU) is supplying the release; miaricepeater panel with 24VDC. The
pump unit is secured with backup batteries if @tteical blackout would occur, it will
keep the panels in standby so everything can betaned as before. The release panel
consists of different push buttons, light indicatand pressure meters that will tell the
user what is happening in the system. Below isritesdt how all functions work. When

a fire is detected by the Fire Detection SystemJJiDsends a signal to the pump to
start (Machinery start). When a release buttomasged, or FDS has detected a fire and
the automatic release is chosen, it sends a digmglen the machinery section valve. In
both cases the release button lights up. The Auiomedease switch allows us to

choose if the system starts automatically or ndieithe switch is in ON mode the

15



machinery section valve will automatically open wiltke fire detecting system has got
the indication, and the system will be releasea Abtomatic release request ON
indicator tells us if the fire detection systemeagwelease command or not. In both ON /
OFF mode the manual release is always possiblstarbthe pump unit without any
delays the Manual emergency start button has fordssed. The pump unit will stop
when the button is pressed again. After any actimadf HI-FOG system it has to be

reset to stabilize the pressure to standby pre@&ubar and clear all alarms.

The lamps on the panel will show if there is sonmgflgoing on at the pump unit: out of
water, pump unit fault, control system on, pumg mmnning, (buzzer and buzzer reset).
Buzzer and buzzer reset exist on every panel.da ttee system is out of water the
pump unit will not start until it receive sufficieamount of water. As seen in the
pictures, all three panels have similar appeararides makes it faster and easier to
manufacture the panel plate, also same componantsecused on these three panels.
Attachment 2 (Release Panel Section M1) illustrbtas a release panel is built with

relay technique. The release panel has been modifieave only one section.

Signals from pump unit starter cabinet to releaseep

1. 24VDC (Power supply)
HI-FOG activated (Indicates when system is relepsed
Pump unit fault (Indicates if something is not tigh
Reset indication (light when stabilization ON)
No fresh water (Out of water)
Control system on (Indicates that system is ON)

Pump unit running (Indicates that pump unit is liagh

© N o o Bk~ Wb

Reset (reset the release panel when pump ungesg)re

Released signals from ship’s fire detection system

1. Smoke & flame indication (One signal per sectiori,-M5)
Signals from release panel to pump unit startemedb

1. System reset

2. Emergency start (Starts the pump unit immediately)

16



3. Machinery start (Starts the PU when smoke & flalegctor gives alarm or a
manual release button is pressed)

Signals from release panel to mimic
1. Automatic release indication
2. Flow indication (M1-M5)

3. Machinery system fault

Signals from release panel to repeater panel

1. HI-FOG activated (Indicates when system is relepsed
Pump unit fault (Indicates if something is not tigh
Reset indication (Light when stabilization ON)
No fresh water (Out of water)
Control system on (Indicates that system is ON)

Pump unit running (Indicates that pump unit is iagh

N o gk~ Db

Reset (Reset the repeater panel when pump uisés)r

3.1 Repeater panel & mimic panel

When only machinery protection is used, a repgagel indicates all signals that the
release panel indicates. The Repeater panel idlyigeated on the bridge, far from the
control room where the Release panel is located.r&épeater panel repeats the signals
that come from the release panel, but there isinction to release anything. If the
system includes an accommodation system the regeatel will be replaced with a
mimic panel that shows both accommodation and machisystem sections. The

mimic panel is automated with a PLC (Programmalalgi¢. Controller).

3.2 Machinery control cabinet (MCC)

When the release panel exceeds about 10 areal,ibtfit in the control room due to
its size. Also the power consumption will be tog for the pump unit to supply. The
release panel can be divided into release panaiactiinery control cabinet (MCC).
The release panel can now be installed insidedht#@ room and the machinery

control cabinet outside. Because the power consompf the components exceeds, the

17



24 VDC supply from the pump unit will not be enougtprovide for the machinery
control cabinet. Dedicated 24 VDC supply could beugh, but 230 VAC is easier to
get on a vessel. The machinery control cabinet 23639/AC and has its own main and
emergency supply.

When a system uses 230 VDC directly from the sbyps network, rules requires that
it has its own backup battery supply for 12h. sogbrovides the release panel with

24 VDC.

HI=FOG HI-FOG
RELEASE PANEL MACHINERY CONTROL
CABINET
SIGNALS TO RELEASE PANEL SIGNALS TO HI=FOG SYSTEM
SIGNALS FROM RELEASE PANEL SIGNALS FROM HI-=FOG SYSTEM

MAIN POWER SUPPLY
MAIN EMERGENCY SUPPLY

Figure 6. Machinery Control System

4 Similar water mist fire protection system

Marioff Corporation Oy is not the only high pressuvater mist fire protection
company on the market. Similar high-pressure waist systems have been developed
after Marioff started in 1991. Those companies #ratmentioned below also have

some kind of release panels that work with PLCetayr technology.

18



Table 1. Similar high-pressure water mist systems

Marioff |Danfoss- Mini

[1] Semcol 2] Ultrafog[3] | Fogtec[4] | Max[5] Novenco[ 6]
Release Panel or
similar Yes Yes Yes Yes Yes Yes
Standby
pressure 25 bar 10-15 bar - - - -
Working 100-150
pressure 140 bar | 100-140 bar bar - - -
Accommodation,
wet pipe X X X - X -
Machinery, dry
pipe X X X - X -
Water amount,
compar ed
to conventional
sprinkler 10-15 % 20 % 10-15 % 15% -
Extinguishing water, dry
fluet water powder water water water
Electrical 15-27
motors kwW 10-33 kW 7,5-11 kW - - -
Classification
society approval DNV DNV DNV DNV - DNV

There are other fire protection companies that ladaen panels for detecting fires and

releasing fire zones. These alarm panels are désigned for gas (CO2) systems, but

with small modifications can be used for the sanmg@se as the Marioff Release

Panel. One of them is Siemens XC-10, used for ggtems on land applications. The

alarm panel, Siemens XC-10, has been used by Marit#nd applications, but

experience has shown it being extremely time-comsgifor the electrical design and

the commission. The Siemens XC-10 is limited t¢ guee section valve release, and it
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becomes very expensive when several section valgages are needed. The Siemens
XC-10 is not used in marine applications, becatibas no system approval for Marine.
By comparing the functionality of the Siemens XCwilith Marioff Release Panel, it
gives ideas on what the new release panel couldlike.
Other similar panels are:

1. AEGIS, manufactured by Kidde Fire Systems

(www.kiddefiresystems.com)

2. Autoprime, manufactured by Autronica (www.autrofilGacom)

The user interface on the other panels is usualiphs and indicators. In this thesis a

graphical panel will be used as the user interface.

5 Classification society

When a product is developed, there are specifitdstas that should be followed to
obtain system approval for the product. These stalsdare made by classification
societies, and one of them is DNV (Det Norske \&siit In this project where the
release panel is designed to be used on vesdels tihat are according to DNV Rules
for Ships / High Speed, be followed. (Det Norskeidas. 2008, Rules for Ships / High
Speed, Light Craft and Naval Surface Craft)

5.1 Classification procedure

The release panels are installed in machinery spabere high temperatures and
vibrations are common environment factors. Theeetbe design and test procedure of
the embedded system shall be followed to the DNah@rds for Classification No 2.4
(Det Norske Veritas. 2006, standard for certificatno. 2.4)

20



Table 2. Standards for Classification No 2.4

Class B requires 16 hours in 55°C + 2 hours in 70°C

Humidity:

Class A requires 4 days in 40°C at humidity 93 %

Vibration:

Minimum equipment | Minimun
Parameters | Class | Location specification test level
Temperature B Inside cubicles, desks, etcAmbient temperatures:| Test 3.7
With temperature rise of | +5° C to +70° C
5° C or more
Humidity A Location where special | Relative humidity up to| Test 3.8.2
precautions are taken to | 96 % at all relevant
avoid condensation temperatures.
Vibration B On machinery such as | Frequency range: 3-25| Test 3.6.2
internal combustion Hz, Amplitude: 1.6 mm
engines, compressors, | (peak value) Frequency
pumps, including range: 25-100 Hz,
piping on such machinery Acceleration amplitude
4.0¢g
EMC B All location including Conducted Low Test
Bridge and Open Deck | Frequency 3.14.4
Electrical Fast Test
Transient/Burst 3.14.5
Electrical Slow Test
Transient/Surge 3.14.6
Conducted Radio Test
Frequency 3.14.7
Radiated Test
Electromagnetic Field | 3.14.8
Electrostatic Discharge  Test
3.14.9
Encloser B Engine rooms IP 44 Test IEC
Pub. No.
60529
Temperature:

Endurance test is to be carried out for at leaghBlutes at all actual frequencies. The

product is attached to a bench that vibrates ne@uency range of 25-100 Hz.

EMC:

The test is to verify the robustness of the EU€lextromagnetic disturbance due to

sources such as transmitters and other equipment.

Encloser:

21




IP44
In this thesis where both custom made and comnign@ducts are being compared
where some parts might already have DNV type amscand therefore the test was not

done.

5.1.1 Plan approval

Plan approval is a process that is part of thesldasithe performance of a class
certificate. Every drawing that is linked to the@ject has to be approved by the
classification society in this case (DNV). That me#hat the design must be made
according to international mandatory requiremeiitdg, state requirements and

classification rules (DNV).

In projects where software is used, a Software iulan is needed. The Software
Quality Plan shows that the product software isagad by the company and its
personnel. The plan contains in which stage andé@wything is done.

5.1.2 FMEA

As the release panel is part of an important sagsyem, shall all components and
circuits be as robust as possible. FMEA (Failured®& Effect Analysis) is a
procedure in product development for analysis aépibal failure modes within a
system for classification. The analysis containsrgyossible error that can appear in
the product, the consequences of the error, andidi@woid or fix them. FMEA is not
always a requirement by classification societyrbay help to prove the reliability of
the device. Figure 8 gives an idea of the FMEA pdute.

Actions +Check

B -
e

Risk prierity number (RPN) = Stepl:Detect a
SEV*OCCUR*DETEC S —
Stepd: Detection ZHECTARSIYSIS Step2: Severity

number (SEV)

number (DETEC)

: Step3: Probability «
number (OCCUR)
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Figure 7. FMEA procedure
(http://en.wikipedia.org/wiki/Failure_mode_and_etfe analysis)

6 Various options for a new release panel

The current release panel is based on the prinaipége each machinery section is
controlled by relays. The amount of relays andmngivill increases with increased
number of areas, and in some stage the pump uhitavionger be able to supply the
release panel with 24VDC. The release panel walhtbe divided into a Machinery
Control Cabinet (MCC) that needs its own power $ypnich also means that battery
backup has to be installed. To find a way to redbheenumber of parts and make the
release panel smaller, two different options wéldompared. The first option is an
embedded system where a printed circuit boardesiajty made for the release panel.
The second option is based on PLC technology, wdnemmmercial product is used. In
both options software technology is used.

In both options the same touch screens are usamhtool the HI-FOG system.

6.1 Embedded system

For the first option the modular embedded systesnbegn chosen. With this solution,
every function can be specified separately anddlease panel will be “tailor-made”
for the HI-FOG system. The release panel will warth 24VDC supply that is taken
directly from the pump unit, and the need of sefgaaacumulators is excluded in
smaller panels. When the amount of sections excE&ds battery backup is brought
into place. This is because the power consumptitrbezmore than the pump unit can
supply. The main layout for the new release patagissas standard as possible. With a
standard layout, the planning stage will be easlyraot as time-consuming as before.
The brain of the release panel will be the CPU.dvary new project, the software has
to be changed so it is suitable for the system.cdmérol and indication of the release
panel is done by the user panel. With the embedgstm very little wiring has to be
done, compared to the old system where the biggiestas to wire all components
together.
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The release panel is connected with an Ethernd¢ ¢althe pump unit. Attachment 3
(Release Panel Re-Design Signal Diagram) illusrateignal diagram on every signal
that goes between the pump unit and the

release panel.

r ]
EMERGENCY
HI—FOG
RELEASE START
USER PANEL

15" touch panel

| |
| |
| |
| |
| |
| |
| |
Horoc ‘ CONNECTIONS |
PUMP UNIT ‘ A ‘
|2 ‘
| g |
|22 |
g |
CONNECTIONS | ‘
CABLE \ |
BUS | ‘
ETHERNET \ CPU « o ‘
X x
SUPPLY | s s ‘
24VDC \ T | |
| E |
| > | > \
CLIENTS | % % |
REMOTE CONTROL CONNECTIONS | |
SYSTEM CABLE /BUS | |
L] ot O

CONNECTION
CABLES—SVXX
CONNECTION
CABLES—SVXX

Figure 8. Embedded system

Printed Circuit Board, PCB

The embedded system is based on printed circurded®CB) technology. PCB is used
to mechanically support and electrically conneet&bnic components using
conductive pathways. Once the PCB is designedesidd, the mass production is
cheap. Because the PCB is manufactured by compthers can be a large amount of
functions fitted on a small board. In this the§i¥-card got its name from section valve
with the purpose of control section valves for maety spaces. The SV-Card has 4
digital inputs for collecting, and 2 digital outgubr sending. The digital inputs (DI) are

used for:
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Position of the valve
Flow through the valve

Automatic or manual release

A

Local Switch

The digital outputs (DO) are used for:

1. Release signal to the valve

2. Audible & Visual signal

Also one DI and three DO are available for extefredd device. See attachment 4.

The main thing in the new release panel is to chdng number of SV-Cards
depending on how many areas the system has. Adl brdware will stay same. One
SV-Card will have three areas and can be addedowausing CAN-bus.

If a system consists of, for example eight firetpction areas, three SV-Cards have to
be installed. The total number of areas will themime, so one area has to be locked

out in the software.

Central Processing Unit, CPU

The Central Processing Unit is the “brain” of tmebedded system. The CPU is
connected the every device in the release paneC&¥ds, User panel, Clients control
system, and the Pump Unit. Every signal that coong®es to the field will pass
through the CPU. In the planning stage when thieveoé is made for the release panel,
the number of SV-Cards has to be specified to tRe.C

In the software there has to be specified

- Which Pump Unit is in use

- How many protected areas are in the system

- Is there one or two release panels

The principle is to have one CPU that controlsrioelular section valve cards (SV-

Card) and a user panel (Release User Panel, RUP).
Emergency Button

In case something happens to the user panel adat possible to release the HI-FOG

system from the touch screen, there is an emergaadybutton that is directly
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connected to the pump unit. By pushing the emengbotton the pump unit will
immediately start. The section valve of the fireaahas to be opened manually.

6.2 User panel

In the current release panel, the push buttonsrahchtors are used for releasing and
monitoring the status of the system. To reducdithe used for drilling and wiring the
push buttons and indicators, a touch screen wilae those and also to fulfil the state-
of-the-art level. As seen in attachment 3, the pseel is connected directly to the CPU
with an Ethernet cable. The user panel is a graptocch screen where push buttons
and indicators are shown as symbols. The symbaldext status shall be modifiable in
a later stage by configuration tool. The defautigddanguage is English, but by

customers request it can be changed.

The release user panel (RUP) makes it possiblate more functions than in the old
non-graphical panel. This will help both Marioffreennel and customers. If needed,
often in tight places in Yachts, the rest of tHease panel can be mounted in different
place than the RUP. The user panel is divided1d tifferent windows, where one
window can be opened at a time. See attachment 5

The following table 4 shows in detail which funetis connected to which window.

Table 3. RUP signals

=S
3 2> 8
: 514308
0 = 518295 ©
= G z|2ah= =
L 2|24T>
@ SO 5
oFa
Section Signals
Test Valve Limit
DI Switch 1=normal, O=abnormal SVC 3,4
Dl Flow Indication 1=flow, O=normal SVC 2
Automatic Release
Dl (FDS) 1=open command, O=normal SVvC 2,3,4
DI Local Switch (LS) 1=open command, O=normal SVvC A4 2
DO Section Valve Solenoidl=open, 0=closed SVvC 2
DO Audible & Visual 1=on, O=off SVC 2
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| Alarm

Signalsto Pump Unit

DO Emergency Start 1=start, O=normal PANEL 3,4

DO Machinery Start 1=start, O=normal RCPU 3,4

Signalsfrom Pump

Unit

DI Pump Unit Running 1=running, O=normal RCPU 3,7

DI HI-FOG Activated 1=activated, O=normal RCPU 17
Stabilization in

DI Progress 1=stabilization, O=normal RCPU i

DI Out of Water 1=fault, 0O=normal RCPU 3,4,7

DI Pump Unit Fault 1=fault, 0O=normal RCPU 3,4,7

System pressure 4-20mA / O-

Al System Pressure 250bar RCPU 1,2

Common Signals

DI Buzzer Reset (mute) 1=reset, O=normal RCPU 2,3

DI Reset Indication 1=indication, O=normal RCPU

DI Local Alarm Reset 1=reset, O=normal RCPU

DI Remote Alarm Reset | l1=reset, O=normal RCPU

DI Total System Reset 1=reset, O=normal RCPU

DI Panel Fault 1=normal, O=fault RCPU 1,7

DI Control System ON 1=0k, O=fault RCPU 1,7
Dry Pipe System

DO Released 1=released, O=normal RCPU

BUS Ethernet 1x Ethernet RCPU 7

BUS RS-485 1x RS-485 RCPU

BUS RUP BUS ?? RS-232 / RS-485 ?? RCPU

PORT USB USB RCPU 5,6,10

PORT Programming Port RCPU

6.2.1 User panel functionality

Page 1, is the Main View window showing the curisatus of the system. This gives

the user the most important information of the entistatus. The System Status can be

in following mode: Standby, Activated or Stabiliret. In case of fault, the Active Fault

mode changes to YES. In Standby mode the press@febar. In case of fire the user

can easily switch to Section Release window, palgg )2ushing the Section Release

button.
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System Status: Standby

Active Faults: No

System Pressure: 25 bar

Section
Release

Main view

Main View

Event Log

System
Status

Configuration

Figure 9. Main view

Page 2, Section Release window from where the maghsections can be released. As

seen in the picture, the active areas are brighétrthe not active ones. This gives the

user a quick look which section is released andatkvig not. The Automatic Release

ON/OFF makes it possible for the user to choosigeifHI-FOG system is automatically

released. It is recommended that the ON modeusén The OFF mode can be in use

during system maintenance. Manual release is alpagsible. In Automatic Release

ON mode, the panel will automatically switch tosta@te mode (2), and the section

where the fire is located starts to flash. Alsalopv frame tells that the automatic

release has detected the fire. If no action has taen in 20 seconds after the fire

detection system has given the release comman#iltR©G system will release

automatically.
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Section Release

Main VYiew

Panel Status: Standby

M1 4 Automatic
MAIN EMERGENCY Release
ENGINE PS GENERATOR

M2 M5
MAIN AUX
ENGINE SP ENGINE

ON/OFF

. -
DIESEL
GENERATOR
System pressure: 25bar
Pump Unit: Standby
Automatic Release Requet: ON

Figure 9+1. Section Release view

Page 3, Alarms that are active is shown. The cdRad and Yellow tells the user which
kind of alarm is active. The Green colour means tHeFOG is normal. The Red colour
means that the alarm is critical, for example HIG-Bctivated. Yellow colour means
that there is a fault in the system, for exampledP&ault, but it will not prevent the HI-
FOG system for be released. By selecting the aatasen and pressing the Help button
further instructions are given how has to fix tmelgpem. Help view is on page 6.

Active alarms
20101023, 13:18 Panel Fault Main View
20101023, 13:18 Hi-Fog Activatd

2010-10-23, 13:18 Control System ON

Scroll down

Figure 9+2. Alarm view
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Page 4, Event log shows the old alarms that haee &etivated. In the current release
no event log is available. The error log helpsubker to locate the error and fix it. An
explanation can be viewed on page 6, by seledtiegtror from the log and pushing

Help. The log can be downloaded to a USB devicesamtl to Marioff service engineer

for further action, see Figure 9+4.

Event log

2010-10.23, 13:18 Hi-Fog Activated Rl ee

2010-10-23, 13:18 Out Of Water

2010-10-23, 13:18 Fire Detection System ON (FDS) SE

Transfer to

Figure 9+3. Event view

When the history log is transferring to USB, wiltell the user when it is ready and

Transfer log to USB

Transfering log to USB, please wait!

how much has been downloaded.

Transfer progress:

33% Completed

Cancel

Figure 9+4. Transfer view
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If the help button is pressed, the user panel aysplthe Help window. The help window
is for the user to know what kind of actions cardbae if something goes wrong or if
the user is unsure of what to do.

Out Of Water Main View

Pump Unit is out of water. Make sure that the feed water valve
is completely open and reset the alarm if still active.

If alarm doesn’t disappear even if the valve seems to be
completely open, the failure is in ball valve limit switch or its
control circuit. Contact Marioff after sales for further help.
Please notice that only certified electrician or Marioff service
engineer is allowed to inspect electrical circuits.

Page down

aftersales@marioff.fi Tel. +358 9 1234456

Figure 9+5. Help view

Page 7, system Status shows the whole HI-FOG syamtelmvhat is connected to the
ring network. If a serial connection between theicks has lost the connection or the
connection has been damaged, the cable will stdntirik yellow. This will not stop the
system to communicate, thanks to the 2way commtiaical he device will stop
responding if both cables to the device loose cotmme Standby is always show as

System status
Communication: Ok Main WView
Ring Hetwork: Fault

Release Panel

Standby

Green.

Mimic Panel Release Panel 2

Standby Standby

Fault

Pump Unit

Activated

Fault

Qut O Water

Figure 9+6. System view
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The System configuration window shows the user Wwhgrsion of the software is
running on the release panel. If there is a newesion available, it can be downloaded
by pressing the RPC configuration button. Alsodloek can be adjusted from here.

System configuration

Main View

RPC software version: 987654 A

RPC software version: 654398768

RPC configuration ID: 32987C

RPC
Configuration

Figure 9+7. Configuration view

System clock

Set clock: HH: MM

Set date: DD:MM:YYYY

Decrease

Figure 9+8. Clock view
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RPC configuration

¥You are about to download new
configuration to the Release Panel.
Please insert your USB device.

Warning!

This operation will disable fire fighting until
it’s finished. Are you sure?

Figure 9+9. Release Panel Configuration view 1

RPC configuration validation

Validating configuration file. Do not remove
USB device!

Please perform power reset when
configuration is ready.

Figure 9+10. Release Panel Configuration view 2

6.3 PLC (Programmable Logic Controller)

For the second option | have chosen the PLC systemPLC has almost the same
features as the embedded system, but is a comingrataict. The good thing is that
the PLC already has most of the approvals tha¢ésled in marine, so no separate test
procedures are needed. When sections are lesé@h#me PLC works also with the
same 24VDC that is taken form the pump unit. Winemeg are more than 10 sections a
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battery backup is installed. The PLC system is nmaimwith the same principle as the
embedded system.

For the SV-cards the PLC has its own expansionsdidt increase the number of
inputs and outputs. For this option Mitsubishi's MBEC QO03-series and MELSEC
FX3U-series are compared. The reason for choositguMshi Q-series is for the size
and the multiple processor capacity. Mitsubishi BXsries is larger than the Q03
when the number of sections exceeds, and the gtaffind a solution for a smaller
release panel. The FX3U has not as good proceapacity as the Q03-series, and
could in some cases limit the expanding of theesysiThe Q03 & FX3U have the
following certification for marine applications:

LR, GL, ABS, RINA, KR, NKK and DNV

In attachment 6 & 7 Q03 & FX3U-signals, the tallle\ss which signal is connected to

which module.

6.3.1 Mitsubishi Q03

Mitsubishi Q03 is a similar option compared to émebedded system. The Q03 consists
of a Base Board, CPU and expansion cards, likerttieedded system. As the
embedded system the Q03 is small and possibleitadismall places. As described
earlier in the text, the release panel signalsiaided into:

1. Common signals

2. Signals from pump unit

3. Section signals

From 1-2 the Q03 is equipped with follow modules:

Table 4. Common signals (MELSEC Q Technical Cataddg

Mitsubishi Q03-Series
Amount | Type
1 Q38DB High speed base unit, with 8 1/O slots, supply slot,
install up to 4 CPUs
1 Q63P Power supply, in 24 VDC, out 5 VDC/6 A
1 QO3UDE-CPU CPU module, 4096 I/0, 30 K program steps,
USB/Ethernet port, max. 64 1/0 modules
2 QX80 Input module, 24 V DC, 16 inputs
1 QY80 Output mod., 12/24 V DC, 16 transistor outputs, 0,5
Aloutput,
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| 1 |Q64AD | Analog input module, 4 channels, voltage/current |

As in the embedded system, the Q03 series usesgrpaards to expand the number
of sections.

Table 5. Section signals

Mitsubishi Q03-Series

Amount | Type
1 QY80 Output mod., 12/24 V DC, 16 transistor outputs, 0,5
Aloutput,
1 QX80 Input module, 24 V DC, 16 inputs

In case the number of section exceeds that muchhidase Unit runs out of I/O slots,

the expansion bases can be installed easily.

Table 6. Expansion bases

Mitsubishi Q03-Series
Amount | Type

1 Q55B Extension base unit with 5 1/O slots
1 QC05B Connection cable for extension base unit

6.3.2 Mitsubishi FX3U

In FX3U PLC-system there is no separate Main Baeger Unit or CPU. Everything
is integrated in the FX3U-Base Unit.

Table 7. Common signals (FX Family Catalogue)

Mitsubishi FX3U-Series

Amount | Type
1 FX3U-48MR-DS Base Unit, 24 VDC, 24inputs/24outputs, relay
Analog module, 2 inputs, 1 output, 0-10VDC, 4-
1 FX3U-3A-ADP 20mA
1 FX3U-ENET Ethernet module for FX3G/ U, TCP/IP,UDP,1xRJ45

As in the embedded system, the FX3U series useansiqn cards to expand the
number of sections.

Table 8. Section signals

Mitsubishi FX3U-Series
Amount | Type
1 | FX2N-16EX-ES/UL | Extension unit, 16 digital inputs, 24 VDC
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FX2N-16EYR-
1| ES/UL Extension unit, 16 relay outputs, max. 2A

7 Cost estimation, old and new design

To be able to see the differences between the BledEmbedded and the Current
Release Panel, a price graph, Figure 10, below slestimated prices how much
differences these options have. This price includdsnet, external components, user
panel and the actual product (Embedded, PLC). deeastimation is done for one year

and the cost calculation is done with the samenaeltor each product.

100 % ‘

90 % 1 y

80 % //

|

70 % /ﬁ»
o 60% | / — Embedded
£ som L~ —PLC Q-Series
2 // PLC FX-Series
O 40 % - Current Release Panel

30 % — =

20 %

10 %

0% ‘ T T !
0 5 10 15 20 25 30
Amount of section

Figure 10. Additional cost per section

7.1 Current Release Panel vs. Embedded system

The first concept for the modular release pan#iesembedded system. As seen in
Figure 10, the current release panel (turquoisgibaheaper compared to the
embedded system (blue bar) when the number obseds around 10. When there are
more than10 sections, the release panel is dividedelease panel and machinery
control cabinet (MCC) and a big difference can éensat the price. The base cost of the
embedded system with less than 10 sections isBiédhd User Panel. After 10
sections a battery backup is installed becauspuhg unit will no longer be able to
provide enough power. This can be seen as a smeadldse in the price. All in all, the
embedded price stays relatively the same all the wa

36



7.2 Current Release Panel vs. PLC system

The second concept for the modular release patied iBLC system. As seen in Figure
10, the PLC system (purple and yellow bar) hasse lsast that is much higher that the
current Release Panel. When exceeding more sethienmice is almost the same as

the current release panel. The price stays relgtiveearly the whole way.

7.3 Embedded system vs. PLC system

As seen in the Figure 10 the embedded system i& cheaper than the PLC-system,

all way from the beginning to the end.

7.4 Selection of manufacturer for embedded system

In the option where embedded system is used td thel release panel, a specialized
electronic planning company is needed to make ldr@npg and the design. To find the
designer, 4 specialized companies are intervieWeed.choice of the designer is done
on the base of:

- How much experience the company has

- What is the capacity (employees)

- In which schedule the company can proceed

- Which kind of tools they have

- The price, project & end product

The impression that the company gives is also détlgeamost important factors.

In case two companies are equal, two prototypéiseoEV-card can be made and based

on those, one designer, company chosen.

7.5 Product development process

When a new product developing process is startéesito go in a certain order so
nothing will be forgotten. This process is calleddrict Developing Process. The
product developing process is a guideline to syateally go through every phase, and
to know in which order it should be done. Mariofbguct developing process is

divided in 6 different phases.
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Phase 0: Program feasibility

Phase 1: Planning and requirements definition
Phase 2: Design & development

Phase 3: Release Preparation

Phase 4: Custom pilot

Phase 5: Full release of product

In this degree thesis, phase 0 is gone through.

8 Result

The result for the two options that | have been ganmg was both expected and
surprising. The expected part was that the embedpon would suit Marioff better
than the PLC option, because the functions of #reepare specified only for Marioff
purposes. The surprising part was that the costdeeloping the embedded system is
higher than | thought. Also the whole process hi#at to be gone through before a final

product is ready was over my expectations.

The lifecycle management in the PLC is not as gisooh the embedded system. If the
manufacturing of the used PLC will stop or chanean in worst case mean that the
whole release panel has to be redesigned agaircoghdor the PLC is much higher
than expected. This is because of the high base for the PLC, where many
unnecessary functions are included. The PLC prodiemtlopment is not as time
consuming and expensive as in the embedded sysemause the part can be directly
ordered and a smaller amount of software has ttelkeloped. The production time for
the PLC is estimated to be a little longer thantfierembedded system, because the
PLC-system includes more wiring. The reliabilityestimated to be the same as for the
embedded system. Because both PLC and embeddechsystks with a software
program, service is not as easy as in the curededse panel. Compared to the current
release panel, the new design brings several npikcapons that could not be done

with the current release panel, such as a histayy |

The concept that has been chosen for further dpwvejas the embedded system. The

reason for choosing embedded system instead éfltlesystem is the final price for
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the product. If the developing part is ignored, ¢éngbedded system is already from the
start much cheaper than the PLC-system, as sdégure 10. When the number of
sections increases the more the price startsédarshe PLC system, when the price

for the embedded system stays quite the same.

The functions for the embedded system are spediirgdist Marioff's need. With a

PLC, several extra functions are included that inngtt be used, and costs extra.

8.1 Savings with embedded system

To get a look on how much cheaper the embeddedmyistthan the current release
panel, cost estimation is done for one year andoheme is estimated to be the same as
in Figure 10. As seen in Figure 11, the blue bamshthe price for current release panel
in one year and the purple bar for the embeddagsydVhen comparing the price to
the embedded system it can be seen that the sasandgse up to 40% in one year with
the new modular embedded system.

Costs for one year

120 %

100 % -

80 %

@ Current Release Panel
B Embedded System

60 %

Price in %

40 % -

20 %

0%

Figure 11. Cost differences in a year

The developing costs must also be taken into adcand calculate how long it will
take to break even. The purple bar shows the saicegs in Figure 11. As seen in
Figure 12, the beige bar shows the costs for dpwedmt for the embedded system in a
year. The costs for the developing are estimatdx t67% of the cost price for the
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embedded system in a year. This means that to leresakit would take up to 8 months,
and all after that is profit. The volumes are eated to be the same as in Figure 11.

Costs for development

120 %

100 %

80 %

B Embedded System
0O Developing

60 % -

Price in %

40 %

20 %

0%

Figure 12. Development costs for a year

9 Discussion

The intention of this degree thesis was to expdoralternative concept for a release
panel, how to make it more modular so it would beitter for Marioff needs. The
criteria for the new concept were that it shouldsb®ller and more modular than the
old one and on the basis of this make the desiguiyation line and installation faster.
Because no actual product is built, the conclugdrased of theoretical calculation and
from my own view they seem to be quite true.

Comparing to the old release panel, it seems thieallg possible that the new concept
is going to be smaller. This is possible thankhéomodular SV-cards that will save a
lot of space, especially in bigger panels with maegtions to protect. Because the
panel will be constructed by standardized parts) Hie production line and installation

is going to be faster than before.

In the future for Land applications, the new moduédease panel seems to be a better
choice that the currently used Siemens XC-10. Ealpethe possibility to connect
several section valve releases than in the SiedX€nr%0, where just one section valve

can be used.
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