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Abstract

As the regulation of exhaust gas emitted from ships has been strengthened and maritime autonomous
surface ship has become a global issue, electrical propulsion ships that use high voltage and are easy to
maintain are in the spotlight. In addition, according to the Eco-Friendly Vessel Act, new government-run
ships will be built with electrical propulsion system. Because this system is unfamiliar to the existing
seamen, ship managers, and those related to autonomous ships, it is essential to develop a training course.
Since the AC drive(power conversion device) is the most important device, the contents of training model
should focus on the operation and maintenance of this device. For this, first we review domestic and
foreign laws, regulations including the STCW convention, IMO model course and manufacturer's training
course. Finally, in this paper, we propose a AC drive training model and contents for high voltage

electrical propulsion ships.

Key words : AC drive, Electrical propulsion, IMO model course, STCW convention, Training model
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<Table 1> Knowledge, Understanding and Proficiency of Competency according to electric propulsion

system on STCW

Table Competency Knowledge, Understanding and Proficiency
Theoretical knowledge
Manage operation of 1. Marine electrotechnology, electronics, power electronics, automatic
electrical and electronic control engineering and safety devices
control equipment 2. Design features and system configurations of operational control
equipment for electrical motors
A-11172 -
Manage trouble-shooting,
restoration of electrical  ppy fical knowledge
and electronic control .
. . 3. Software version control
equipment to operating
condition
Operate and @amtam Theoretical knowledge
POWer SYSEems n excess 4 giecqrical propulsion of the ships, electrical motors and control systems
A6 of 1,000volts

Operate computers and
computer networks on
ships

Understanding of:
5. Construction and

use of computer networks on ships

source: STCW convention part A, Table A-111/2, A-III/6
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<Table 2> Hours and required performance of IMO model course for Electrical propulsion system

K UP. Required performance Total hour
1 - Electronics, power electronics 30
- Three phase AC motros 6
- Three phase synchronous motors 4
- Effect of varying frequency and voltage of AC motors 4
g - Motor control and protection 3
- IGBT motor speed control 4
- Motor speed control by thyristor 2
3 - Microcontrollers 6
4 - Electrical propulsion of the ships, electrical motors and control systems 15
5 - Construction and use of computer networks on ships 30

source: IMO model course 7.02, 7.08

<Table 3> Required performance of Electrical propulsion of the ships, electrical motors and control systems
according to IMO model course 7.08

Required performance Contents of training

= Describes advantages of ship electrical propulsion
= Presents configurations of electrical propulsion:
- Electrical Propulsion Systems with classic shaft lines, Podded Propulsion Systems
* Draws up general block diagram of electrical propulsion system with all main components
= States high voltage supply and power range of electrical propulsion systems used on ships
= Describes main features of electrical motors used in main propulsion systems:
- Types of electrical motor, mechanical construction, excitation, motor cooling
= Describes propulsion supply equipment:
- Transformer with protection, Slip rings with arc monitoring circuit
= Names types of frequency drives used in main propulsion systems, draws up their
block diagrams and explains main features:
- Frequency converter(with CSI and VSI), cyclo-conveter
* Names methods of electrical motor control used in propulsion drives, draws up their

Electrical propulsion
of the ships, electrical
motors and control
systems

block diagrams and explains main features: Vector control, direct torque control
= describes remote control system of podded propulsion:
- rpm control, steering angle control, combined rpm and steering angle control during
ship manoeuvring
- Describes the harmonic distortion related to power electronic systems and use of
harmonic filters

source: IMO model course 7.08
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AT
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= A7h dubHeln® Sfelld skl gl (practice) by the trainees guide by the trainer
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<Table 5> Course timetable and syllabus of ABB
Day Contents of training
- Introduction
- Product overview
Day 1

- Line supply unit
Capacitor bank unit

Inverter unit
Day 2 - Excitation unit
- Water cooling unit

Terminal and control unit
Application software
Day 3 - Operation of drive

- Drive  Windows
hands-on experience

introduction  and

Schematic and hardware drawing
Troubleshooting hands-on experience

Day 4 - Inverter module replacement hands-on
experience
Day 5 - Propulsion control overview

(specialist - Main equipment
topics in - Protections
optional - Algorithms
Sday course) - Logics

source: H864-ACS6000 AD/SD marine drive,
new.abb.com
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<Table 6> The proposed syllabus of Electrical
Propulsion System on Ships

0|2%

Day Contents of training

o4

41014 Hol= FE AErle) 7x9 de, A
71 A7 el v e

- Electrical propulsion system overview

- Construction of HV Switchboard

- Construction of HV AC DRIVE

- Transformer including phase-shifting TRs

Day 1

- DFE including multi-pulse rectifier
- Inverter(3 ¢ inverter, 2~3 level inverter,
PWM modulation methods)
Day 2 - Electrical Motor
- Control methods of electic motor
- Function of Electrical propulsion system
mode and crash astern

- Cooling Unit overview and replenish
cooling water and pressurize air tank
hands-on experience

Day 3 _ Analyze electrical diagram
- Understanding  hardware  configuration
and network
- I/O module replacement/setting and

Dirve controller communication hands -
on experience
Day 4 - VCB(Vacuum Circuit Breaker) racking in/out
and earthing switch apply hands-on
experience
- Overview AC drive interlock system

- Procedure of HV AC drive door
open/close, earthing for safety hands-on
experience

Day 5 - Hands-on training item
- Diode/IGBT continuity test
- IGBT pulse test
- Replacement of IGBT/diode

O

29 A= A HSEA Y] JEH e adehe A
71k QIHe]  disf  wsdth ARV
AFE(Active Front End)®2¥} DFE(Diode Front
End)'32lo] glom 1ghs ARg-ah= AubelA =
[Fig. 2]9} #& DFES F2 AFEsIE R o] o
3] Awslty DFE ARgCo® <Qlal] st HE
o] wxstel] ek AZehA s [Fig. 3)°)
Ebd QIWE o] WS Egheith EEsh ([Fig

(b) AC drive

(c) Transformer
[Fig. 1] Main components of AC drive.

- 1354 -



[Fig. 4] Propulsion motor.
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T e
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[Fig. 6] Communication between computer and AC drive.
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2 70-%] /\] oL 93 += EHo]; »5]._4 xl-gj 7(—];‘(].

9} [Fig. 713 #°] AC DRIVEY Zo(Door)s 4

Agah

71 $1%F Qe Z(Interlock) 4=

[Fig. 7] Door interlock of AC drive.
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(Diode stack), IGBT(Insulated polar Transistor)
28 55 At Liﬂ;a’}f ’é%% sttt [Fig.
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A<50]al, [Fig. 9= IGBT
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[Fig. 9] IGBT pulse test.
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