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On the effective training method for machinery space simulator

Byung-Gun Jung* - Peter Niekamp** - Jae-Shik Park***

Abstract

This paper suggests a method to perform effective education and training for pc-based
machinery space simulator. The method includes sequence, procedure, exercise and evaluation. The
sequence and procedure present explanation for the machinery and guide trainee to the competent
level. The exercise enhances understanding for efficient engine management and enable user to
perform research for the machinery. The evaluation shows exercise results and feedbacks instructor
how to guide the under-performed trainee.
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Table 1 Specification of the model plant
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Ship model
Class: UMS with Lloyds

Bulk carrier; Deadweight: 120,000 ton, Service speed: 16.8 knot
Length: 230 m, Breadth: 46 m, Loaded draught 13.7 m

Main Engine

7 cylinders, single acting, two stroke, umﬂow scavenged,
turbocharged, crosshead type engine;

Stroke: 200 cm, Cyl. bore: 80 cm,

Service power: 16.5 MW at 105 rpm

Boiler

Two-burner oil fired water tube D-type boiler without
superheater operating at 1.57 MPa and producing 4 tons/h

Turbo Generator

Steam driven turbo-generator; 760 kW at 1800 rpm

Diesel Generator

Two Diesel Generators; 620 kW each at 720 rpm

Economiser

Dual pressure exhaust gas economiser

Air compressor

Two starting air compressors,
One service air compressor, One emergency air compressor

Others

three cargo oil pump turbines(COPT)
two FO purifiers, one LO purifier, one DO purifier

Propeller

Reversible engine fixed pitch propeller arrangement or
Uni-directional engine changeable pitch propeller arrangement

Control mode

Bridge control, Engine control room control,
and Machinery space control
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from Cold Ship

Operate emergency air compressor
- Charging start air receiver, control air receiver
< Refer to procedure: 1-1 Operate starting air for DG >

Operate starting air system for D/G
* Supply starting air [ > 1.IMPa] and control air [ > 0.6MPa]

Operate diesel generator
- Start D/G at 'local' and connect ACB
< Refer to procedure: 1-2 Start No.I DG >

Operate cooling sca water system for D/G
- High sea chest, D/G JW cooler
+ SW TCV — ‘auto’, SW pump 'start

Operate start air and service air system
- CW valve, start air & service air compressor

< Refer to procedure: 1-3 Check SW & start air compressor >

Change D/G to parallel from single running
» Start D/G at 'C/R' and connect ACB
- Auto load sharing
< Refer to procedure: 1-4 Start No.2 DG from CR >

Operate auxiliary boiler
< Refer to procedure: 1-5 Fire up boiler >

Prepare to light-up the boiler
- ACC, FWR, flame-eye, economizer by-pass, air-vent, DO
- FDF, FO buming pump, Aux. feed_water pump

Purge and light-up the boiler
- Damper open for full draft, pre-purge, #1 bumer — ‘on’

Raise the steam pressure to normal pressure
- Steam drum pressure [ > 0.3 MPa]

- Air vent, FO heater, DO — FO [ > 90T]

- Steam drum pressure [ > 0.6 MPa]
- Change atomizing tip to 'NOR' tip, assist steam — ‘on’

+ Steam drum pressure [ > 1.7 MPa]
- ACC, FWR, bumer control — 'auto’

Operate turbo generator
< Refer to procedure: 1-6 Start turbo generator >

-

Prepare to start generator turbine
- LO, SW, steam and drain
- Condensate pump, vacuum pump

Start generator turbine
- T/G [ ~1800rpm], check voltage, frequency

Set 3 generators in parallel operation
- Synchronizing, auto load sharing

Compare total electrical load

- If total output [ < 720 kW] — T/G single operation
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Heat FO tanks and operate transfer system
- FO settling & service tank, bunker tank
- Bolier FO settling tank
L *FO & DO transfer pump
< Refer to procedure: 1-7 Start fuel oil transfer system >

L_" Electrical & steam generating plant operational J|

Operate steering gear
L, Disengage turning gear

Operate control air supply to M/E
- 'local' — 'remote’, M/S — CR, [ > 0.65 MPa]
L < Refer to procedure: 2-10 Operate M'E control air supply >

Fig. 1 Cold startup and steaming up sequence

|r Prepare to leave port

Prepare to leave port (from power available)
- F/E — S/B (Sub-telegraph)
- Start both D/G and make them parallel running with T/G
L < Refer to procedure: 2-1 Prepare to leave port >

Check steam generating plant
- ACC, FWR — 'auto'
L,| - Boiler circulating pump 'start'

Operate M/E cooling fresh water system
- JW cooler, Heater, pump, TCV — 'auto’, [ > 55T]
L| < Refer to procedure: 2-2 Operate ME cooling FW system >

Operate ME LO system
- LO cooler, filter, pump, TCV - ‘auto, [ > 40C]
L,| < Refer to procedure; 2-3 Operate MIE LO system >

Operate M/E Cylinder Oil system
- CO manual feed (~1min.), CO feed rate control — ‘'high'
L,| < Refer to procedure: 2-4 Operate M'E CO system >

Operate HFO purification system
- Water tank, heater, manual start, bowl & seal
- Qil in valve, operate in ‘auto’
L| < Refer to procedure: 2-5 Start FO purifier >

Prime M/E fuel system with DO
- Heater, strainer, booster pump
- FO line priming [04 — 1.0 — 0.4 MPa]
L < Refer to procedure: 2-6 Prime ME with DO >

Operate starting air supply to M/E
- Interim valve, control valve
L,| < Refer to procedure: 2-11 Operate ME starting air supply >

Check maneuvering system
- C/R, Stop, '0' governor control, DO supply, aux. blower,
- Turning gear 'disengage’
L - Standby condition ready

Air run and try engine from CR
- Telegraph and camshaft matching
+ Air run
- Try M/E running (M/E govemor, T/C rpm)
< Refer to procedure: 2-12 Air run and try MEE >

-

LJI Propulsion unit ready for FPP or CPP operation "

Fig. 2 For stand-by engine sequence

Telegraph: Maneuvering order
- Select one of M/E control mode from 'E/R’, 'C/R!, and "W/H'
- Follows are in '"C/R' control mode,
- For 'W/H' and 'E/R' control mode refer to ‘Procedures’ of MSS
< Refer to procedure: 3-1 Leave port (CR, E/R or W/H) >

Leave Port
- Maneuvering ME to W/H telegraph order
- Water wash turbocharger
< Refer to procedure: 3-2 Water wash turbo-charger >

[_J Increase the M/E power to 50% load ( ~84rpm) I

After receiving 'Navigational full' order, preheat FO
and change over from DO to HFO
+ FO TC setting value( > 85C), FO heater
- FO temperature increase rate (10°C/Smin), ( ~100C)
< Refer to procedure: 3-3 Change M/E to FO >

—

Supply sca water to M/E coolers
- JW cooler, LO cooler, #1 & 2 air cooler
L,| < Refer to procedure: 2-7 Operate SW to MIE coolers >

Change sea chest
- Change sea chest ‘high' to 'low
L| < Refer to procedure: 3-4 Change sea chest >

Operate LO purification system
- Water tank, heater, manual start, bowl & seal
- Oil in valve, operate in 'auto’
L} < Refer to procedure: 2-8 Start LO purifier >

Operate and check stem tube LO system

LI Increase the M/E power to 75% load ( ~96rpm) J

L»l Increase the M/E power to 90% load ( ~102rpm) |

Ensure all safety alarms are operational

L Air run order
< Refer to procedure: 2-9 Prepare air run >
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- Confirm preheater - Soot blow
L,| < Refer to procedure: 3-5 Operate exhaust gas economizer >
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Stop auxiliary boiler Cargo oil pump turbine
- Stop procedure for aux. boiler - Confirm normal aux. boiler operation
L,| < Refer to procedure: 3-6 Stop awsiliary boiler > L < Refer to procedure: COPT operation >
fresh t Prepare for COPT operation
- Supply M/E JWO‘,’ngtstes water generalor (1) Steam supply valve to main feed water pump turbine - ‘open’

(2) Start the FWPT

< : 3-7 Operate FWG > :
LL< Refer to procedure, perate (3) For warming up the COPTs, open COPT steam supply valves

—

Change generator to T/G single running te No.l COPT
from 3 sets in parallel operation . Start No.1 COPT Operate No.1 €O

-+ Disconnect ACB for #1 & 2 D/G from bus - Slowly increase the speed control set value ( ~ 80, Smin.)

- Stop #1 & 2 D/G and 'ready to start L|-N i level k i
L Rer 10 rocedurer 3-8 Operoto TG > ote Aux. boiler steam drum level, smoke density ( <2.0)

Operate No.2 COPT

Perform function checks - After confirming the normal operation of No.l COPT,

L,| - Draw PV diagram & performance start No.2 COPT

L - Slowly increase the speed control set value ( ~ 80, 5min.)
- Note Aux. boiler steam drum level, smoke density ( <2.0)

Propulsion unit fully operational condition
Ll < Refer 1o procedure: 3-9 Full away > Operate No.3 COPT
- After confirming the normal operation of No.l & No.2 COPT,

; _ i _. start No.3 COPT
Fig. 3 Stand by engine to full away sequence L + Slowly increase the speed control set value ( ~ 80, Smin.)

- Note Aux. boiler steam drum level, smoke density ( <2.0)

Stop COPTs

Telegraph: Stand-by order (from full away condition) L,| - After crude oil discharge operation, stop the COPTs sequentially

- Select one of M/E control mode from 'E/R', 'C/R’, and 'W/H'
- Follows are in 'C/R' control mode
- For 'W/H' and 'E/R' control mode refer to 'Procedures’ of MSS Stop FWPT
< Refer to procedure: 4-1 Enter harbour > - To keep normal alongside condition,
L,| stop the main feed water pump and start aux. feed water pump

Prepare for entering harbour
- FWG 'stop’, change sea chest to ‘high', steering gear (2sets) Alongside conditions
-F/A — $/B, UMS — Manned L}l - Confirm normal operation of aux. boiler, and keep watch
L| - CO feed rate control — 'High'

Fig. 5 Cargo oil pump turbine operation sequence

Change generators to 3 sets in parallel
from T/G single running _
L| - Stat D/G (No.1 & 2) and connect ACB to bus 2.2 TRANX

. Busker cange FO —~ DO g Ao WA SINYL WA Urhe 5
- Start bunker change-over procedure -
, 2EAS Agdle 71 7AW AF 717

%82 47 WEo) 717 Zato] Anste

2 2

I_J Change over to aux. boiler from exh. gas economizer |

S 7000 A9} G WA AN B0 AR

L] - End bunker change-over procedure =R T8 W&ol g olsfirt 8 A
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Fig. 4 Full-away to finished with engine sequence  S1A ¥t}
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# Procedure Definition File

Procedurelnformation

{ Description = 1.1 Operate Starting Air System of D/G
DataFile = .\\1- 1 Operate Starting Air For DG.mss
DebugDataFile = .\\1- 1 Operate Starting Air For DG.mss }

Step

{ Description = Start Emergency Air Compressor
Description = Will produce enough compressed air
Description = to start the D/G.
Condition = @PD2510
Destination = EngineSpace\ \ CompressedAir?@2510 }

Step

{ Description = Wait For Start Air Pressure > 1.3 MPa
Description = Will take about 40 minutes to charge
Description = the Start Air Receiver Tank.
Condition = (@PD2500 > 1.3)
Destination = EngineSpace\ \ CompressedAir?@2500 }

Fig. 6 Example code of procedure 1-1
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Open Proueds

®} 1~ 2 Stat No1 DG.pcf
B (- 3 Start No2 DG from CR.pef
# - 4 Check SW & Start Compressor.pct

B 1~ 5 Fire Up Boller.pct i
{8 1- 6 Start Turbo Generator, pet i
$8{1- 7 Start Fuel Ol Transfer System.pct i

[w@ |

2 - Re TOVE

{1-'1 Operate Starting Air For DG. pcf s
i R e {Procadura Fiias = ey i

Fig. 7 Open procedure 1-1

Procedutes ‘

1.1 Operate Starting Air System of DJG

1. Start Emergency Air Compressor
Wil produce enough compressed ak to start the D/G.

Fig. 9 Guidance from simulator for procedure 1-1
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# Exercise Definition File

ExerciseInformation

{ Description = 6. Admiralty Coefficient
DataFile = .Exercises\\6. Admiralty Coefficient.mss
DebugDataFile = .. Exercises\\6. Admiralty Coefficient.mss }

Pane Theory { }

Step
{ Description = The power required to propel a vessel
Description = can be estimated by using the Admiralty
Coefficient
Description = for that particular vessel.
Image = Admiralty Coefficient.png @ 30,100 }

Pane Task 1 {
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Pane Task 3 { }

Step

{ Description = Run the simulated plant with vessel speeds of 14 kn,
Description = 12 kn, and 10 kn in the fully loaded condition
Description = and determine the Power (kW) required.
Description = Compare this with the power estimated in Task 2.
Answer = Text }

Fig. 10 Example code of exercise 6

1, Familiafisation. ect

} 1, Introduction. act

2. Familiarisation.ecl

2a. Cold Ship Startup (a).ect
Cold Ship Startup (b).ecf

T
gt 6. ME Power vs RPM Analysis (a).ecf

% 6, ME Power vs RPM Analysis (b).ect
§@ 7. Fuel Consumption Analysis.ect
80 Fuel Coefficient.ect

9. CPP v APM Combination. ect
2 Introduction.ecl
23 Questionnaire, vcf

Cold Ship Startup (c).ecf
3. Test Main Engine Controls.ect
3a, Cotd Ship Startup (a} ecf

Cold Ship Startup (b),ecf

3c. Cold Ship Startup (c).ect

4. Changa ME from MDO to HFO.ect
‘est Main Engine Controls.ect
hange ME from MDO 1o HFO. ect
ME Power vs RPM Analysis () ect

{6, Admiraly Cosficlent ect
{Exercise Files

Eigl
TN eD:

Fig. 11 Open exercise 6

2 ]
§ 6. Admirahty Coetficient =Y
% | Tha power required 10 propal a vassel can he astimated by using the Admiratty
% | Coetécrent for that paricular vesssl
; The Relatienship is given by
= u3 3
o A7 XV
# Power=
o 4
: Where

A = Displacement(tonne)
V= Ship Speed(imots)
C 4 = Admiralty Coefficient

Hence

Roady

Fig. 12 Execution of exercise 6
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