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This study was done for ABB Oy Marine and Ports, which develops electrification and auto-
mation solutions for the marine industry. The main objective of this thesis work was to de-
velop a virtual testing simulator and an acceptance test (IAT) for internal testing purposes of
the ABB Azipod X AlU (Azipod Interface Unit) product during the production phase. The ABB
AC800M PLC is responsible for the internal logic operations of the Azipod X AlU. Using
WinMOD software as the platform for the simulator environment was one of the key require-
ments of the study.

The WinMOD virtualization environment was used to develop the simulator and to perform
the acceptance test for the PLC. Communication between the simulator and the program-
mable logic was performed using the OPC DA protocol. The testing program was based on
the FAT/HAT testing procedures already in use, the most important sections of which were
translated into WinMOD Scripts. These scripts could be executed in real time in the WinMOD
simulator both manually and automatically.

As a result of the thesis work, a simulator platform was created for testing the AlU X product.
This platform includes a WinMOD simulator as well as an internal acceptance test, both of
which are easy to modify and expand. The thesis work proved the feasibility of WinMOD-
based virtual testing concept, which can be further developed to meet different testing needs
and procedures.

Keywords WinMOD, HIL, PLC, Azipod, simulation, test
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Tiivistelméa

Tekija Markus Laitinen

Otsikko Virtuaalisen testausympariston kehitys ABB Azipod rajapinta
yksikolle

Sivumaara 31 sivua + 2 liitetta

Aika 01.4.2020

Tutkinto insinddri (AMK)

Tutkinto-ohjelma sahko- ja automaatiotekniikka

Ammatillinen paaaine automaatiotekniikka

Ohjaajat projektipaalikké Antti Paukkio
lehtori Timo Kasurinen

Insin6orityd tehtiin ABB Oy Marine and Ports -yksikdlle, joka kehittaa sahkoistys- ja auto-
maatioratkaisuja meriteollisuudelle. Ty6n tavoitteena oli kehittda virtuaalinen testaus simu-
laattori seké hyvaksyttamistesti (IAT) kaytettavaksi yrityksen sisaisesti ABB Azipod X AlU -
tuotteen testauksessa tuotannon aikana. Azipod X AIU toiminnasta vastaa ABB AC800M
PLC. WinMOD-ohjelmiston kaytté simulaattorin pohjana oli yksi tydn vaatimuksista.

Tybssa kaytettiin WinMOD-virtualisointiymparistdd simulaattorin rakentamiseen seka hy-
vaksyttamistestin suorittamiseen. Simulaattorin ja ohjelmoitavan logiikan valinen kommuni-
kointi toteutettiin OPC DA -protokollaa kayttéaen. Simulaattorilla suoritettava testausohjelma
pohjautui jo kdytéssa oleviin FAT/HAT-testausmenetelmiin, joista tarkeimmat kohdat kaan-
nettiin WinMOD Script -komentosarjoiksi. Naitd komentosarjoja pystyttiin suorittamaan re-
aaliajassa WinMOD-simulaattorissa sek& manuaalisesti ettd automaattisesti.

Insinddritydn tuloksena syntyi simulaattorikokonaisuus AlU X -tuotteen testausta varten.
Tama kokonaisuus pitda sisalladn WinMOD-simulaattorin sekd hyvaksyttamistestin, jotka
molemmat ovat helposti muokattavissa seka laajennettavissa. Tyd osoitti WinMOD-pohjai-
sen virtuaalisen testauksen toteuttamiskelpoiseksi. Tyon pohjalta syntynyttd menetelmaa
voidaan jatkokehittaa vastamaan erilaisia testaustarpeita.

Avainsanat WinMOD, HIL, PLC, Azipod, simulaatio, testaus
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1 Introduction

In this thesis work, a virtual test environment and internal acceptance testing procedure
was developed for AlU (Azipod Interface Unit). This thesis work was done for ABB Oy

Marine & Ports Finland.

Currently ABB Oy Marine & Ports Azipod AlU product is not officially tested during the
engineering phase, which gives the opportunity to develop the process cycle and quality
control. Internal AlU testing with current method is done manually and requires the AlU
cabinet to be fully installed in the ship’s engine room in order to test the control software.
This adds to project quality costs due to engineering being done during the ships com-

missioning phase.

With help of the HIL simulator and testing programs, AlU testing can be executed at an
earlier stage and faster than the current testing procedure is capable. The AlU testing
program can be executed manually or automatically via the simulator before the final
installation of the AlU control unit on board, thus saving time and resources, which ulti-
mately will lead to decreased total cost associated to the AlU product. Using the simula-
tor as a testing platform enables standardized testing practice and expedites products

lead time.

1.1 Research Objectives

The objective of this thesis work was to develop a HIL-simulator to execute internal test-
ing procedures for the AlU. Simulator must be able to simulate AlU auxiliary devices,
Azipod internal operations and signal handling with capability to execute acceptance
tests for AlU under office conditions. The purpose of the IAT testing is to verify the func-
tional requirements set for the system are met and to ensure that the system functions
as expected in case of failure. The IAT should include relevant points of the FAT/HAT
tests and the test should be configurable with option to be expanded for other Azipod
AlIU products. The emphasis in the testing program will be on AlU auxiliaries and related

functions.

Windows based WinMOD - program was chosen as simulator platform because of its

traits being light to operate and promising specification. WinMOD is new tool in the
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company, meaning that this thesis work is one of the first pilot projects where it is being
utilized. One task of the thesis work was evaluate the suitability of the WinMOD as a

standard testing tool and to map its scalability and adaptability to other Azipod products.

2 Use of Hardware-in-the-loop Simulation, HIL

Hardware-in-the-loop (HIL or HWIL) is a real-time simulation technique where real sig-
nals from a controller are connected to a virtual real-time implementation of physical
components. Controller interacts with the simulator via chosen fieldbus and the simula-
tion creates environment to test embedded systems software. This type of testing tech-
nigue is widely utilized in the development and testing of complex control and monitoring
systems in various industries. HIL simulation can be used to validate control procedures
and behavior of target control system without physical process hardware as the simula-
tion shows how the controller responds in real time to realistic virtual environment. In this
virtual environment it is possible to model all the complex scenarios and related dynamic
systems to validate the plant model and behavior of the controller. Virtual environment
can simulate physical system in real-life situations or in extreme environmental condi-
tions to test how controller responds to unusual events or abnormal process scenarios.
This allows testing that could normally damage target system or otherwise jeopardize
industrial safety without exposing hardware any real risks to the hardware. In a compe-
tent HIL testing the control and monitoring systems are unable to distinguish difference

between the real process and the simulated one. [1;2;3.]
Typical applications for HIL simulation include:

1. Prototyping of machinery and automation systems
Prototyping systems with HIL simulation can be more economical and more practical
than conventional prototyping as there are no need to invest in real hardware at the
beginning of the product development. Simulator can be also substantially faster to im-
plement, modify and replace than the actual hardware. In other cases, it is possible to

utilize the simulator as a substitute of unavailable parts of the real system. [4;5.]

2. Software development
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Simulation can be performed early in the development cycle to identify weak points and
to develop solutions for found problems. Initial designs can be improved, and alternative
plant models can be explored. Design changes and modifications to the simulator are
likely less costly to implement than real prototype and there is more time to redesign
process in early stage which can cut engineering costs down in later stages of produc-
tion. [3;6.]

3. Validation of the software through simulation

Validation of the control software can be achieved without exposing hardware or equip-
ment to danger while testing control algorithms and the validations can be done without
expensive downtime of the physical system [4]. Testing and validating can be performed
without first-hand knowledge of the internal structures of the control system as in HIL
testing the control system is viewed as a black box which means that no source code is
exposed during the testing. As a result of this method HIL testing is relevant in every
level of software testing. Test cases for the target system are developed based on func-
tional descriptions, user manuals, class rules and regulations, and industry standards.
These testing cases can cover fail-safe testing, auxiliary systems testing, parameter

sweep testing, system proofing etc. [7.]

4. Operational and maintenance training with simulated components

Well-designed graphical simulator can be used as training tool for operators and engi-
neers in a risk-free environment e,g. simulators for aerospace industries and critical sys-
tems such as a nuclear power plants. Some plant operations or systems can be complex
and delicate which could make training with the real equipment impractical or could
cause resources and business loss. With the training simulator the operators are famil-

iarized with the plant operation without effecting the production flow. [5.]

2.1 Use of HIL Simulation

HIL simulation is utilized in the automotive, aerospace, defence and industrial automa-
tion to test control systems and products as the physics models and simulations can

provide very reliable results between simulated and real-world phenomena. Reduced
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development costs and increased functionalities are the main selling points for various

industries. [2.]

The EPC Power Corp utilized HIL simulator to develop battery storage inverter control
software due to increased demands of the testing procedures. Conventional testing in a
testing laboratory has its limitations and testing larger systems by conventional means
requires more space and power. HIL simulator was used to execute preliminary system
testing and later to run PVT (Performance Verification Test) for inverter control software.
Using simulator decreased testing times of the control software significantly, according
to their studies they were able to perform software-hardware integration for 500-kW in-
verter in one day instead of six weeks using HIL simulation. [8.]

In 1998 the Sandia National Laboratories created WinMOD casting simulator for the
FASTCAST consortium. Objective of the work was to create tool to support the decision-
making, visualize the parts and cooling process, in order to identify problems in casting
process, eliminate possible casting defects and to provide aid for optimal placement of
process elements. Heuristic WinMOD simulation and visualization of relative solidifica-
tion process were utilized in several casting applications resulting slightly lower material

losses in the metal casting processes. [9.]

In [10] ABB’s Marine industries has built Integrated Marine Systems (IMS) laboratory
utilizing HIL simulation technology. This IMS platform contains the key components of
ABB’s marine technologies, dynamic characteristics of the electrical power systems, low
level power electronics controllers and protection devices together with real logic-con-
taining controllers i.e., all the critical equipment and connections as in the actual vessel.
Using IMS Test platform enables ABB to perform testing and to improve overall system
efficiency and quality of these marine systems in a controlled environment before actual
delivery on board. System can be tested in normal and fault situations on variety of sce-
narios and sea conditions. IMS test platform is utilized in the development of new tech-

nologies as well.

2.2  Summary

HIL Simulation is industry standard for testing and validating control system software due

benefits in costs and practicality. Advantages of using simulator for testing purposes:
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. Enhances Quality and Safety:

1. Tests can be performed without risk to people, equipment or
environment

2. Increased test coverages due no real-world limitations

3. Standardizes test procedures

4. Eliminates critical errors affecting to real processes.
o Saves Time and Money:

1. Faster to build than fully physical prototype

2. Shortens testing times

3. Reduces the troubleshooting process

4. Easier software modifications

5. Low cost implementation.
° Automates Testing:

1. Automatic test procedures

2. Automated environments

3. Removes human factors.

HIL simulation shows advantages of using real-time models all kinds of use cases, from
simple signal simulations to complex scenarios. Low cost implementation of sophisti-
cated virtual models and comprehensive testing are revolutionizing the future of produc-

tion of embedded systems. [5; 11.]

3 WinMOD

WinMOD is a Microsoft Windows based simulation platform developed by Mewes & Part-
ner GmbH. It is capable of virtualizing single components in addition to complex auto-
mation systems in real time including wide range of communication protocols needed to
connect to the real control systems or other engineering tools. WinMOD is a visual pro-
gramming environment which uses functional block diagram and simple scripting lan-
guage. WinMOD real-time simulation platform enables transparent monitoring and im-
mediate interaction between operator, simulation and automation system. Virtualized
systems can be used to completely replace their real-world counterparts, or they can be
used in conjunction with existing automation systems to form fully operational automation
process (Figure 1). These hardware-in-the-loop simulation capabilities enables the
WinMOD to be utilized in the development, testing and the virtual commissioning of the

automation systems. In this thesis WinMOD was used to create virtualized test

metropolia.fi/en Metropolia

University of Applied Sciences



environment for AlU X controller and to execute testing procedure for it. WinMOD was
chosen as simulation platform because of portability and promising potential as it allows

engineering, real-time simulation and monitoring done in one program. [12; 13.]

HMI/ SCADA HMI / SCADA

I * I I * I Peripheral modules are
SPS SPS | replaced by WinMOD
IPC IPC
8 PLC g PLC
B .

The simulated process field

YYyy
actuators SENSors

i SR

process field
action reaction

Figure 1. WinMOD simulates real process field [18].

Relevant features of the WinMOD System Software for this thesis work:

o Comprehensive simulation elements from simple logic to advanced formu-
las

° Simple macro creation

° Ability to model virtual machines and plants

. OPC connectivity (Figure 2)

. High-performance online visualization, online forcing and parameterization

° Ability to run simulation parallel to the real system in real time.

For this thesis ability to model AlU auxiliary devices and connect to the AIU PLC were
the most important points. Macro creating was utilized in testing phase along with the

visualization abilities. [14;15.]
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Il WinMOD Periphery Driver = |D|5’

Available Drivers

Beckhoff TwinCAT PLC 1200
InterBus 510

ModBus over TCP/AP X63
MadBus XE2

MPLS7 A7T

OPC Client Y500

PLCSIm &nschaltung 475
Profibus 474

Profibus 476

SIMBapro A72

SIMBApro A78
Speicherkoppler 2

— Driver Information
Driver File: C:\Program Files\Wint0OD 5\SystermhaDS_1200.wrmd

Description: WinMOD ADS 1200
File Version: 5.00.0.19
Product Wersion: 5.00
Manufacturer: Mewes & Partner GmbH
Language : Deutsch [Deutschland)

Mews Driver Bemove Driver | | 0K I

Figure 2. WIinMOD Connectivity Drivers. OPC Client Y500 was used in this thesis work.

Recommended system requirements for WinMOD:

. Microsoft Windows from Windows XP 32-bit (from SP3) to Windows 10 64-
bit

° standard PC with Intel Core i7 of the current generation from 3.5GHz base
clock

o at least 8GB of RAM

. at least 2GB of hard disk space

o One free USB port for licence dongle.

Laptop used in this thesis work meets all other requirements except the recommended
processor, Intel Core i7. Performance was relevant question because system running
WinMOD had Intel i5 with base clock of 1.9 GHz. According to [16] it was about 57%
slower than the recommended i7 processor. However, during the implementation phase,

it was found out that performance of the system was not an issue. [17.]

Interactive graphical interface with element library (Figure 3) is used to create virtual
machines and systems by utilizing WinMOD simulation elements. These elements can

be used to build virtualized binary and analog signals and their behaviour. Simulating
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drives, measuring systems, signal devices or other process signals can be achieved by
linking these simulation elements together. Graphical interface allows graphical design,
observation and forcing of the signals and elements in real time. Depth and complexity

of simulation is determined by requirements of the target system.

% WinMOD40 [Win™MOD project] - [simulation 1 <EDIT>] =l8ix
%7 Fiey Edt View Coofigwation Start/Step Sgret Window 2 =181
D-\EH@E L 0|2 42 SrAmPEE RoF MaCm N | ;- W@ [ YT A& som|
A5 %y#n % Bactveleyer
=4 element library

SGdh Boossive layer

=1 adive elements
2% ADI_01 - (Active Image (anakg))
A ADT_01 - (Active Text (analog))
TOOI B ar @ aFa_01 - (addtion and Subtraction
F AFF_01 - (Formida)
APM_D1 - Multipication and Divisor)
% 4F5_01 - (5¢aing Modue)
AGD_01 - (D Element)
AGI_01 - ([ Element)
at AGL_O1 - (Runtime Elenant)
AGP_D1 - (PTr Eleenent)
Mal n Men u % BDI_D1 - (Active Image (binary))
B BOT_01 - (Active Text iinary))
Ant BER_O1 - (Timing Generator)
- (0 Flpflop)
RS B5%_01 - RS Fipflop) A
oo mened - LAYEr Manager <Window —
R BTN_01 - (Window Layout .
21 BYO_01 - {Binary OR) Sp“t>
& BVWU_01 - (Binary AND)
T 8% _01 - (Slope
. . - CAC_O1 - {Analog Binary Converter
WinMOD Project 3 C20 1 - {Aclog Demkplere)
3 ad cam_o1 - (Analog Multpiexer)
< > +4 CBC_O1 - (Binary Analog Corverter)
W|nd0W F4 LF CED_O0! - (Binary Demutiplexer)
2 CBM_01 - Binary Mukilexer)
CBR_01 - (Relay)
£ CBZ_01 - (Turn OnfTur OFf Delay)
$I- 0as_o1 - Bidrectional Orive - adpusting)
El +15 ves_o1 - (actuator 01)
[oopopet | Q 01 - (umnated
Opdcbal cperands JF HIM_01 - (Manual Signd M)

s cerhery drive HIS_01 - (Swich)
PP v HIZ_01 - (Mumeric Selection SN

b

= Op gkbal cperands
¥ analog PLC nputs
¥ analog PLC outputs

a7 sration 1 s
Y binary PLC inpets 2 sewdston HOS_01 - (7-5egment Display)
¥ binary PLC outputs i MBG_O1 - (Limit Swihch)
¥ corstants 4 vee_o1 - (Poskion Swich)
[BS perichery driver &' 5AM_01 - {Analog Signal)
= @3 simulston 1 e S?G_UX-IBMY Signa) Element
(g local operands £ SCR_01 - (Force Machine) :
= ® ssive elements
B o Library <F5>
active layer @
passive layer -] macros
R external Fies w1 layer

Status Bar
J ] o }
WNIOD Version 4.0 C—————3 o%fb=100ms &=279ns

Figure 3. WinMOD main window and element library [18].

3.1 WinMOD Script Syntax

WinMOD Scripts are a domain-specific scripting language which allows time-defined
control of WinMOD elements. These script files can be identified from header line in the
text file. Script Recording function in WinMOD allows recording operating processes on
WIinMOD elements as scripts sequentially. WinMOD scripts can be also created and
edited in any text editor using the syntax presented in Listing 1. Force Machine simulation

element can be used to execute these scripts in Run mode. [18, 89-93.]
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Command name Parameterl|[ Parameter2[... Parameter n]]

Listing 1. WinMOD Script Syntax.

Each script command must be in a separate line as the script is interpreted line by line.
Script files can contain comments and following commands: WAIT, CMD, INCLUDE,
TEXT. Example of a basic WinMOD Script is presented in Listing 2. [18, 93-95.]

#WinMOD-Script V1.0 ;Header

; Initialization, activate operand forcing

cmd "SBM 01 1" F=1 V=0 ;activate forcing and set signal value 0
cmd "SAM 01 1" F=1 Vv=0.0 ;activate forcing and set signal value 0.0
cmd "SDM 01 1" F=1 V=0 ;activate forcing and set signal value 0

; Setting value to operand

wait 1000 ;wait 1000ms

cmd "SBM 01 1" V=1 ;set signal value 1 ;Binary Signal
cmd "SAM 01 1" Vv=12.25 ;set signal value 12.25 ;Analog Signal
cmd "SDM 01 1" Vv=10 ;set signal value 10 ;Digital Signal

; Deactivate operand forcing

wait 5000 ;wait 5000ms

cmd "SBM 01 0" F=0 ;deactivate forcing
cmd "SBM 01 1" F=0 ;deactivate forcing
cmd "SAM 01 1" F=0 ;deactivate forcing
TEXT " NORMAL STATE" ; Text command

Listing 2. Example of WinMOD script.

3.2 Signals and Operands in WinMOD

WinMOD can handle three types of signals: binary signals, digital signals and analog
signals. AlU auxiliary signals were mainly analog 4—20 mA and digital 24V signals. Most
of the analog signals came from PT-100 temperature sensors. In order to handle signals
in WinMOD, they need to be transformed into the correct format. In Figure 4 conversion
table for the operands can be observed. In this case Al and AO operand types were used

for analog signals and respectively BI/BO for binary signals and DI/DO for digital signal.
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Operand When importing operand lists into the range of global or local operands, you must indicate the
Types operand type as type declaration.
Operand The following symbols are defined for the type declaration:
Type BI - AS binary input
Declaration BO - AS binary output

Al - AS analog input

AO - AS analog output

DI - AS digital input

DO - AS digital output

BC - binary constant

AC - analog constant

DC - digital constant

BM - binary process operand

AM - analog process operand

DM - digital process operand

Figure 4. WIinMOD Conversion table for automation system signals [18].

4 Presentation of the AIU X System

AlU X is part of Azipod X product delivery and is responsible for data handling of the
Azipod modules and control of the Azipod auxiliary devices. In Figure 5 basic arrange-
ment for Azipod X system can be seen. Typical Azipod X delivery consists of two main
modules, Steering and Propulsion, along with 11-15 auxiliary systems depending the
intended use of the ship and operating environment, (open water conditions or icy con-

ditions). In this chapter AIU X system and its functions are presented. [19.]

Steering Drives
(SD-1...4)

Azipod Interface

Unit (AIU) Shaft line Support

Unit (SSU)

Electric Steering

Control Unit (ESCU) Cooling Air Unit

(CAU)

Local Backup

Unit (LBU) Air Duct (out)

(AD-Out)

Air Duct (in)
; AD-I
Steering Module (bsin)

Slip Ring Unit
(SRU)

Propulsion Module

Figure 5. Azipod X modules and auxiliaries [19].
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4.1 AIU X System Delivery

Azipod Interface Unit (AlU) is essential system in Azipod X delivery. AlU system itself is
a 200 kg cabinet (Figure 6) which houses two ABB AC800M PLCs for redundancy, HMI
panel for monitoring and control of Azipod subsystems, ethernet switches, circuit break-
ers, power supply modules and data transmission modules. Total of two AIU units are
installed for each Azipod propulsion units in the Azipod room. These AlUs has different
roles and functions, where other is responsible for Azipod steering control and the other
is responsible for Azipod interface and auxiliary control [20]. In this thesis focus of the

work is the controller responsible for control of auxiliary devices.

B

e ' b

Figure 6. AIU X cabinet [21].

4.2 Functions of AlU X Programmable Logic

AlU in the propulsion control network controls the auxiliary systems and is the interface

between Azipod systems and the ship’s automation system. AlU PLC is responsible for:

. Handling data transmissions between Azipod modules
. Data delivery to PCS, MAS and VDR
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. Interface between external systems (bridge control and ship automation)

o Control of propulsion auxiliaries (pumps, fans, space heater, greasing
unit, valves.)

. Control of cooling air subsystem

o Group monitoring and alarms generation from Azipod propulsion mod-
ule and its auxiliaries

Control software holds functions for interlocks, start/stop control, auxiliary control,
duty/standby control, protection protocols, reaction to failures and blackout recovery.
Communication between AIU and ships automation system is routed through Modbus
RTU protocol or via TCP data communication. Communication is mainly handled by the
AIU OPC server. In Figure 7 layout of the interaction between Azipod modules and ship’s
machinery is shown. Auxiliary device control is handled by the AlU and executed by the
ship’s machinery and automation, more specifically by the motor control center (MCC).
Basic principle is that the AlU sends the control command, CMD 0 or CMD 1, to the MCC
which then starts or stops the auxiliary device. Some of these control commands can be
send using the HMI, but mainly the control is handled by the control software automati-
cally. In this thesis WinMOD is used to simulate behavior of the MCC in order to test the
AlU control software. [21.]

HMI in the AlU cabinet, Azipod local panel (ALP) is used to monitor and control the AlU

auxiliaries. ALP functions include:

o Controls for propeller shaft water seal system (operational mode, filling,
draining and parameters)

° Indication of seal tank level
° Indication of drainage levels

o Controls for the system (filling and draining)

. Indication of the bearing oil sumps levels

. Indication of the bearings and thrust pads temperatures

. Indication of the shaft seal and bearing oil systems

. Indication of the shaft line support unit’s (SSU) operating values

. Control of the shaft line support unit parameters
. Indication of the propulsion motor’'s temperatures

. Indication of the states of the shaft accessories
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. Indication and control of the cooling system parameters
. Control of several service/system maintenance functions

. Alarm listing of the Azipod sensors. [21.]
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(Azipod scope of delivery) | (Ship systems* scope)
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Figure 7. Layout of the interface between Azipod modules and ship’s automation systems [22].

Azipod AlU PLC contains the software for controlling the Azipod auxiliary equipment and
800xA libraries and graphics. The module also generates limitations for the PCU (Pro-
pulsion Control Unit) system according to the equipment status. The software consists
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of a set of different system libraries of which the main program is built. Some of the

modules controlled by the AlU are listed below.

. Pressurization system and air feeding
o Leakage Detection System

. Cooling unit

. Drainage water system

. Shaft Line Brake and Locking

. Slewing Bearing Oil Circulation System
. Slip ring unit fans

° Drainage pump

° Temperature and vibration sensors

. Bearing System magnetic coupling pumps
. Azipod Pit lights. [21.]

These modules includes motors for pumps and valves, sensors, heaters and fans. Ma-
jority of devices tested in this thesis were motors and different sensors. Mainly the sen-
sors and signals tested were PT-100 temperature sensors from different auxiliary sys-

tems.

5 Building the AIU Simulation Platform

In chapter 4 hardware, operation principles and environment of the AlU X was presented.
This chapter deals with definition, design and implementation of the AlU X Simulator.
The initiation phase defines what kind of functionalities and features would be required
from the simulator and what its intended use would be. In the planning phase simulation
software were designed according to the definition to provide required functionalities for
the simulator. The implementation phase describes how the simulator was built on the
WinMOD environment and the testing procedures are discussed at the end of the chap-

ter.

5.1 Initiation Phase

The objective of this thesis work was to create testing tool to shorten the testing time of

the AIU X product and to improve quality by unifying the testing procedures. This testing
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tool, WinMOD simulator, was designed to be a separate system which connects to the
AlU controller via OPC server. This software-based simulator enables the testing of con-
troller 10 without access to the controller’s source code or use of the developer software.
The WIinMOD software was chosen as simulator platform, because of its promising fea-
tures as a testing tool. WinMOD can be installed on a regular laptop, which is beneficial
in many phases in the production cycle of the AlU X product. In this thesis work WinMOD

is used to execute acceptance tests for ABB’s internal use.

Benefits of using simulator in general was discussed in chapter 2. One the main motiva-
tion in this case is easing and shortening time spent on testing the AlU X product. Basic
Azipod delivery consists of two main modules, propulsion and steering, and eleven to
fifteen auxiliary modules which are separately build and separately installed onboard by
the shipyard [20]. AIU unit is one of these auxiliary modules. Being separately installed
systems, AlU cannot be fully tested before the environment is fully built and everything
is connected. Simulator, WinMOD based simulator, virtualizes the this fully built environ-
ment and devices needed to execute acceptance tests for AlU controller before final
installation of the AlU unit.

Initiation phase started by defining desired functionalities and features for the simulator
along with the example use cases. The purpose of the simulator and the project objective
/ problem statement were quite clear so the scope of the work could be determined with
fair accuracy. Main objective was to create testing platform for AlU X product using
WinMOD software. With this WinMOD simulator virtual AlU X auxiliary devices could be
connected to the AIU X controller and the behaviour of the control software could be

tested.

The simulator was supposed to be light, portable and easily customizable. Based on
previous tests done by ABB, the WinMOD software was chosen as the platform for the
AlIU simulator. WinMOD uses relatively low amount of system resources of the computer
where it is running, so it can be utilized effectively on a regular laptop with Windows OS.
Use of WIinMOD ensured portability and easily configurable test environment for wide
range of testing. In addition to the implementation of the simulator, the functionality and

applicability of the WinMOD software as a testing tool would also be studied.
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5.2 Planning Phase

Planning started with developing solution for stated problem further in finer details. Sim-
ulator had to be simple enough to use without WinMOD training and design of the user
interface had to be clear. Test programs had to be easy to select and modify if needed.
Few functionalities were added to the plan, most important being automatic testing ca-
pability.

The following key features were planned for the simulator:

. Ability to test real ABB AC800 PLC and software PLC of same variant
° Ability to simulate auxiliary devices and systems of the AlU module

° Ability to test all relevant 10 signals

° Ability to test all functions of the AlU X control software

o Ability to execute tests automatically

In order to test AlU control software AlU auxiliary systems and devices had to be virtual-
ized in WinMOD along with corresponding functionalities and 10 signals. These auxiliary
systems included motor pumps, valves, heaters and wide range of different sensors. The

IO signals were mainly analog and digital boolean values.

The functions of the virtualized components had to be equivalent to those of the physical
counterparts and had to be equivalent to the physical devices from the point of view of
the AIU control software to eliminate unnecessary alerts caused by misbehaving virtual

devices during the testing and to ensure quality of the testing procedure.

WinMOD is used to simulate 10 signals and run the test procedure for the AlU. Laptop
with WinMOD simulator connects to the AIU PLC using ethernet connection and data
exchange is done via OPC server as an OPC client. WinMOD Configurations Y500 pe-
riphery driver enables connection between WinMOD simulation and real automation sys-
tem for real-time simulation and allows WinMOD to read/write from/to OPC items if cor-
responding rights has been granted by OPC server. AlU AC800 PLC uses OPC DA (Data
Access) protocol in OPC server communications [23]. Base for the simulator was Intel i5

powered laptop with WinMOD System Software V7.2
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5.3 Implementation Phase

Work began by conducting a background study for AIU X auxiliary devices and 800xA
control software. Functional descriptions of the individual modules along with the 800xA
AlU X Library was main source of information for the research. Functional descriptions
contained module’s intended capabilities, functionalities, alarms, devices, signal lists,
appearances, and interactions with control system and/or users. The code in 800xA AlU
X library specified the information, most significant refinement being amount and data
type of IO along with the functionalities. These sources served as guideline and refer-
ence point as the implantation of the simulator progressed.

Next step was to study how WIinMOD operates and handles the data. Preconstructed
examples from WinMOD OCA libraries along with WinMOD manual were great pool of
information that helped to smooth the learning curve of the software. Towards the end,
the OCA library turned out to be a better source of information because the WinMOD
manual was somewhat lacking on the technical side due to errors in translation from

German into English.

All essential 10 were imported from the 800xA AIU X library into Excel file where they
were transformed into a form and operand type that WinMOD requires using Excel for-
mula (Figure 8). In the process they were provided with an identification tag to facilitate
later processing in the WinMOD environment. WinMOD supports up to a five user de-
fined tags three of which were utilized to sort and filter 10-signals in WinMOD global
operand list. Imported 800xA 10 signals contained following information: Name, Address
(OPC), Data Type, Attributes, Initial Value, ISP Value and Description. Excel formula
was created to automate data type conversion, because a manual conversion would
have been too time consuming. Converted signal list was then imported to WinMOD as

a comma-separated values (CSV) file.
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D2 fe | =@IFS(C2="AlarmGroupStateData";"DI";C2="dint";"DI";C2="bool";'DI";C2="real";"Al";C2="AnalogInputDataType";"Al";C2="DigitallnputDataType";"DI";C2="Reall0"; "AI",C2
A B c D E F. G H 1 J K
1 |Symbol{Name) Address Data Type Data type Attributes Initia ISP Valu Description Tagl Tag2
2 |u1seatoil Applications.PS_XAUa.vi0.5ys330_ShaftwaterSeal.DOW.L1SealOil Reallo  [Al Iretain IN (): Seal oil tank level L1 ShaftsealoOOW 10
3 |L25ealoil Applications.PS_XAUa.vi0.5ys330_ShaftWaterSeal.DOW.L25ealOil Reall0 Al retain IN (): Seal oil tank level L2 ShaftSealoOW 10
4 |M1ActualRPM Applications.PS_XAUa.vi0.5ys330_ShaftWaterSeal.DOW.M1ActualRPM Reall0 Al retain IN (): Actual RPM speed from ACS (%) ShaftsealoOW 10
5 |MIFault Applications.PS_XAUa.vl0.5ys330_ShaftWaterSeal.OOW.M1Fault BoollD Bl retain IN (): Drive tripped ShaftSealoOW 10
6 MilReference Applications.PS_XAUa.vi0.Sys330_ShaftWaterSeal.DOW.M1Reference Real0  AO retain OUT (): Reference RPM speed for ACS (%)  ShaftSealoOW 10
7 |MiStart Applications.PS_XAUa.vi0.5ys330_ShaftWaterSeal.OOW.M1Start BoollD  BO retain OUT (): Start/Stop for ACS ShaftSealoOW 10
8 |M2Start Applications.PS_XAUa.vi0.Sys330_ShaftWaterSeal.DOW.M25tart Booll0  BO retain OUT (): Start/Stop for M2 in MCC (option)  ShaftSealoOW 10
9 PIChamberl Applications.PS_XAUa.vI0.5ys330_ShaftWaterSeal.DOW.P1Chamberl Reall0 Al retain IN (): P1 Sea water pressure, chamber 1 ShaftSeal0OW 10
10 P2Chamber2 Applications.PS_XAUa.vi0.Sys330_ShaftWaterSeal.DOW.P2Chamber2 Reall0 Al retain IN (): P2 Oil pressure, chamber 2 Shaftsealoow 10
11 T11Chamber3 Applications.PS_XAUa.vI0.5ys330_ShaftWaterSeal.DOW.T11Chamber3 ReallD Al retain IN (): Ol temperature T1.1in chamber 3 ShaftSeal0OW 10
12 [T12Chamber3 Applications.PS_XAUa.vI0.Sys330_ShaftWaterSeal.0OW.T12Chamber3 Reallo Al retain IN (): Oil temperature T1.2 in chamber 3 ShaftSeal0OW 10
13 V10QilTankDraining Applications.PS_XAUa.vI0.5ys330_ShaftWaterSeal.OOW.V10ilTankDraining BoollO Bl retain IN (): Draining valve V1 for oil tank ShaftSealoOW 10

Figure 8. Excel I/O list and conversion sheet.

Core components and essential functionalities were modelled into the simulator software
and analog signals were assigned their corresponding variables, i.e. temperature, pres-
sure, flow. Some functionalities required interaction between devices (pumps, valves,
sensors) and 10 signals. One of these was oil tank simulation element in one subsystem
where the level of the tank surface had to vary according to the operation of the pump
and the valve. WinMOD macro named Analog Signal Simulation was created for this
case. This macro consists of five inputs, two outputs and mathematical function which
calculates changes in the analog signal. In this Oil Tank Simulation operand macro is
used to simulate level of the oil in the tank in real time to verify control functions of pump
motor and valve of the oil tank. WinMOD monitors alarms and command orders sent
from the AlU to MCC, which is in this case simulated with WinMOD. Basic function prin-
ciples of Azipod X were discussed in chapter 4. For simpler signal changes, one function

block with simple math function was enough.
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Figure 9. WIinMOD Internal Analog Format -window.

Design of the user interface and user experience was kept simple and intuitive through
implementation of the simulator. Main objective was to keep all relevant data visible at a
glance and to keep layout of the simulation pages similar or the same as another. Being
graphical interface, user experience needed to be practical, efficient and easy. In princi-
ple, only object user needs to operate is the Force Machine element, so it was made
distinguishable large and placed at the same location in every testing page. Automatic

testing and testing by steps are possible with these blocks (Figure 10).

Limit values for analog signals, alarm triggers and alarm signals were imported from
800xA AIU X library to the simulator in order to execute perform testing. To monitor trig-
gered AlU alarms during testing, Alarm Detector macro was built. This macro consists of
set/reset operands which are connected to AIU alarm signals. Like the other WinMOD
macraos, this can be copied and used in many different scenarios. Other options for mon-
itoring test results with more advanced data logging capabilities were explored for this
but weren’t feasible due to additional licence requirements as WinMOD Logger is needed
in order to export any data out of WinMOD software. For this thesis work Alarm Detector

macro was competent enough.
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5.4 Testing and Closing Phase

Executing testing scripts in WinMOD is done by utilizing SCR_01 — Force Machine (Fig-
ure 10) which allows the manipulation of WinMOD elements in the Run mode based on

previously recorded or manually generated WinMOD script files.

Symbol
SCR_011

— Start
— Stop h‘ll‘ .‘Run —

— Pause H-,I 1 ‘1.1 Exec |—
\; I"'—St-:np
Pause
Play

Figure 10. WinMOD Force Machine SCR_01 [18].

WinMOD script files can be executed in automatic mode or in the step-mode where script
command WAIT serves as break point for the force machine. WinMOD script syntax is

quite simple and scripts files can be edited in any text editor.

Few different test cases were selected from ABB PCU Software FAT (Factory Ac-
ceptance Test) and Dock Trial procedures and were converted into WinMOD script.
These tests contained three typical test cases which could later be used to build larger
testing script that covers the entire FAT. Similar test items can be found at SAT program

and Internal AlU Testing programs.
Test included following items:
. Auxiliary Devices Duty/Standby Functionality

. Start interlocks: Oil level interlock simulations

. Power-limitations: Simulated temperatures
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Auxiliary Devices Duty/Standby -test verifies duty/standby functionality of the auxiliary
devices using HMI inputs given by operator. In this case it was specifically selected to
study if WinMOD was able to act as virtual HMI (Human-Machine Interface) and virtual
operator. These inputs were digital signals which WinMOD was able to simulate without
difficulties. Other tests included digital and analog signals of which an example test pro-
cedure is shown in the chapter 6.4. WinMOD handled these two other tests without diffi-

culties as well.

Simulator was able to run these FAT items and proof of concept for the WinMOD based
testing simulator was verified. AlU can be tested with AlU simulator and FAT/SAT pro-
grams can be executed with the WinMOD. Regular laptop is powerful enough to run
WinMOD and simulations in real-time as there were no performance issues detected
during the testing. However, there were communication problems between the OPC
server and the simulator during testing due to OPC server instability. OPC server kept
crashing and terminating all connections after a few pull/push actions, which could be
caused by incorrect settings or some other fault in the system. After investigating the
problem more specifically by adjusting scan/update rates and other server/client settings,
the most likely cause for crashing was some sort of memory leak in the OPC server.
OPC server was running in the software PLC in the virtual (Windows 10) machine and
the simulator software was running in the physical machine, which in its entirety were
probably the root cause for problem. VMware Workstation 14 Player was used for virtu-
alization. Communication issues between AlU OPC server and WinMOD needs to be
addressed in the future development of the simulator if this is intended to be used as a

testing tool.

6 Structure of the AIU Simulator

Simulator consists of two different page types, individual system pages and testing
pages. Purpose of individual system pages is to present all available 10 and functions of
the system. Testing pages are used to construct test procedure and execute the test
scripts. All the pages can be run individually or in group. For this thesis work all the
testing pages were created in the same simulation file in order to simplify the process. In
this chapter structure and layout of the simulator is presented. In this chapter structure

of the simulator is presented.
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6.1 Main Testing Pages

For this thesis three different test procedures (Figures 11-13) were modelled in the sim-
ulator using WinMOD script and force machine as were discussed in chapter 5. Basic
principle of the pages is the same, all relevant data are shown in the page and the test
procedures can be executed in STEP or AUTO mode. Variables for test procedures and
individual simulation elements can be modified if needed. Test script is embedded in
Macro block and it can be edited in the WinMOD using force machine editor or externally
using any text editor.

In Figure 11 Drive-End Bearing test from Dock Trial Procedure — test document has been
modelled in WinMOD. Force Machine for test script execution can be found in upper right
corner and the AlarmDetector macro is located under them. Test IO and variables are
located at the left side of the page. Test procedure verifies the functions of the drive-end
(DE) bearing lubrication system by simulating oil temperatures, oil pressures, oil levels

and behaviour of the oil pumps.

| Drive-End Bearing Dock Trial test, 3AFV6104173 S696 Dock Trial Procedure Rev F p.44

WiStart Drive-End Bearing System Test STEP
|Applications PS_XAUa.vO 5y5320. o sen
Bearing pump motor M1 start HW ¢ . > II . ||
M2Start — Pause Exec —
PS_XAUa.viO.Sys320
Bearing pump motor M2 start HW c..
AGP_013 0,01°C
0,00°C ]
T ] 11
Drive-End B System Test AUTO
= Applications. PS_XAUa.vIO Sys320. (vend beann En e
DE Bearing Terperaure T1.1 i Start
ks oo > N B fun -
L Il — Pause Exec
T1_2
AGP_013 |Applications.PS_XAUa.vIO.Sys320
6.00°C DE Bearing Temperature 12
C ] f 144,48 'C
[ —]
8
PS_XAUa.viO 5y5320
AGL012 ‘ OIL CONDITION: T8 Oil temperatur. AlarmDetector
0,00 1,00 bar DE bearing temp low 26¢—{ IN ouT |-
Z — Jz‘ S DE bearing temp high 70c— IN #2 ouT#2 |-
= o1 il supply pressure low—] IN #3 b ] ouUT#3 |—
(Appiicaions P5_XAUA VIO 875320 Oil supply pressure low low both pumps—{ IN #4 ouT# |—
Ol Supply pressure for the bearing DE bearing oil low level— IN #5 ouT#5 |—
DE bearing oil low low level—| IN #6 ouT#6 |—
DE bearing oil highlevel—{ IN #7 ouTt# |-
—{ N8 out#s |—
I P2 F3 — IN#2 ouUT#9 —
PS_XAUa.vI0.5ys320. i PS_XAUa.viO 5ys320 —| RESET
Oil pre-filter pressure difference Oil main fiter pressure difference, N
50,00 % 50,00 %
9| >
N=— =
€| €
L1 L2
PS_XAUa vI0.5ys320 PS_XAUa.viO.Sys320
NDE bearing Oil Level L1 NDE bearing Oil Level L2

Figure 11. Drive-End Bearing test from Dock Trial test procedure.

Layout for the Temperature based protections test (Figure 12) for propulsion system is
same as the previous test page with an exception of reduced functionalities and simpler

simulation for analog signals. Test procedure verifies the system protections for
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temperature-based events such as temperature rising to the critical level or alarm level.
These system protections include alarms, power limitations, override functions and sys-

tem interlocks which the AlarmDetector macro monitors during the testing.

[ 3AFV51431000594 S.709 AidaxXL2 PCU SW FAT procedure, Temperature based protections

50,00 C 50,00°C [s0.00°C 50.00°C Temperature based protections test STEP.
e ][ 1| ][ ] e
ST stiuz stut seu2 ¢ som A |
[Appications PS_XAUavIO Sys350._ [Applications PS_XAUa vO.Sys350__ | PS_XAU=.vI0 5y5350___|Applications PS_XAUa vI0.5ys350
|For propuision |For automation |For propuisian |For automation — Pause Exec [—
50,00 °C 50,00 °C 50,00 °C 50,00 °C
] [ ][ ][ ]
SV Snv2 SV SRv2 T based prolections. test AUTO
Applications.PS_XAUa.viO Sys350... |Applications PS_XAUa viO.Sys350...|Applications. PS_XAUa.vIO.5ys350.. | Applications PS_XAUa viO.Sys350... i ey
For propulsion For automation For propulsion For automation
— Stop Run |—
50,00 °C 50,00 °C 50,00 °C 50,00 °C —| pauss E |
[ [ 1| J|E== ]
SHW1 SwW2 SEW1 SRW2
Appicalions.PS_XAUa.vIO Sys350... |Applications PS_XAUa vO.Sys350...|Appiicalions.PS_XAUa.vIO.Sys350.. | Applications PS_XAUa vIO.Sys350...
For propulsion For automation For propulsion For automation
50,00 C 50,00 C 50,00 C
EME EME m:| AlarmDetector
X X X ’
Appiications PS_XAUavIO.Sys350.. Applicalions PS_XAUavIO Sys350. Applicaiions PS_XAUaviO Sysasn.| | Topulsionban A8 winding HIGH HIGH HIGH—IN ol —
T ——— T — . Propulsion transformer A/B winding HIGH HIGH— IN #2 ouT#2 —
50,00 °C 50.00 °C NDE thrust bearing HIGH—{ IN #3 = ouT#s —
[ oo BN S— e ourae [
Excau2 Excavz Propulsion motor winding, statar A/B HIGH HIGH—{ IN#5 ouT#s |
[Applications PS_XAUa.vIO Sys350 [Applications PS_XAUa.vIO Sys350 |Applications PS_XAUavIO Sys350 Propulsion motor winding, stator AB HIGH— IN #6 ouUT#E [—
For propulsion For propulsion [For propuision Propulsion molor exciter uvw HIGH HIGH HIGH—| IN#7 ouT#? (—
Propulsion motor exciter uvw HIGH HIGH— IN #8 ouTHEs [—
0.01°C 50,00 C 50.00°C DE propeller bearing HIGH— IN#8 ouT#e |
[ — [ — L neser
Ti_1 T2_1 Ti_1
Appications PS_XAUavIO Sys320 Appications PS_XAUavIO Sys310 Appiications PS_XAUavIO Sys310
[DE Bearing Temperature T1.1 [FWD Thrust Bearing Temperature T INDE Radial Bearing Temperature T
0,01 °C 150,00 “C 150,00 “C
T2 T2 2 T2
Appications.PS_XAUavIO Sys320.. Applicalions.PS_XAUavIO Sys310. Appiications.PS_XAUavIO Sys310.
DE Bearing Temperature T12 [FWD Thrust Bearing Temperature T NDE Radial Bearing Temperature T

Figure 12. Temperature based protections test from PCU SW FAT procedure.

Auxiliary Devices duty/standby test (Figure 13) verifies the software for duty/standby
control of the fans in the propulsion module. Objective is to test fan control for redun-
dancy and changeover on device failure or process condition which in this case are au-
tomatic fan selection based on system parameters and user input (HMI). AlU is respon-
sible for alarms, fan motor controls and master changeover in a fault situation (fan trips
or is stopped). Purpose of this test was to study if WinMOD could replicate human inputs
through HMI. In this case these HMI inputs were routed via OPC server which enabled
simulating those using WinMOD.
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| 3AFV51431000594 S.709 AidaXL2 PCU SW FAT procedure, Auxiliary Devices duty/standby test |

1 Auxiliary Devices duty/standby test (Propulsion Transformer) STEP
Start

= rEE -

Pause E:

Auxiliary Davices duty/standby test (Propulsion Transformer) AUTO
Start

Pause Exec | —

PreferredFan
HMI

L L
I
L L
I

AuxRunGrder
|[Applications. PS_XAlUa Main pData
|AuxR unOrder

DiFault AlarmDetector
|Applications. PS_XAlUayDala Sys600_CoolingSystemCD 1 Faull Fan 1 rip alarm—| IN ouT
Drive 1Faull Fan 2 stopped alam— IN#2 ouT#2
— N#3 i1 oUT#3
N #4 cuT#

IN #5 ouT#s
IN#6 ouT#
IN #7 ouT#T
IN #8 ouTEs
— IN#S ouT#e —
— RESET

Figure 13. Auxiliary Devices duty/standby from test PCU SW FAT procedure.

6.2 Observing Test Results

AlarmDetector macro is used to monitor triggered AlU alarms. Indicator of the alarm tags
changes color according to the status of alarm, where grey indicates untriggered alarm
and blue indicates triggered alarm. Example of untriggered and triggered alarms can be
seen in Figure 14.

AlarmDetector

DE bearing temp low 25c— IN OouUT |—
DE bearing temp high 70c—{ IN #2 OQUT#2 —
Qil supply pressure low—{ IN #3 i | QUT#3 —
Qil supply pressure low low both pumps—{ IN #4 ouT#4 —
DE bearing oil low level— IN #5 OUT #5 —
DE bearing oil low low level—{ IN #6 QUT#6 —
DE bearing oil high level— IN #7 OUT#7 —
—{ IN#8 OUT#8 —
— IN#9 OUT#9 —

— RESET

Figure 14. Untriggered and triggered alarms in AlarmDetector macro.

6.3 Examples of Individual System Pages

Total of ten individual system simulation pages were created for the simulator. Some of

the systems were more complex than others, as an example the Sys330 Shaft Water
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Seal OAW module (Figure 15). Some systems had less functionalities resulting a simpler
simulation as can been seen in Figure 16 of Sys310 Non-Drive-End Bearing system.
Some of the system functionalities required some specific signal processing such as
impulse, ramp or step functions which were implemented by using corresponding simu-
lation elements from WinMOD library. For functionalities which required even more com-

plex behavior Analog Signal Simulation -macro was used as were discussed in Chapter

30-T1.1 Chamber Il femperalure 30-M1 Water seal circulation pump Chamber Ill Temperature Test
69,18 C Mistart— C_ON R_ON —4 Start
e
- -
[ichanbers fomeators Ao “ so - (Il | |
IN (ZMUT, A12) Oltemperature T1_ | aterence-@)G.n —| Pawse Exes [—
30-T1.2 Chamber Il emperaiure A
69,18 °C R
[ I ]
T12Chamberd  |Applications Appl.
IN (ZMU2, A12) Oil temperature T1
[Tan| Chamber |l Temperature — @Reset
5910-C TG0
T
—_——
I M1_Speed
T11Chamber _ |Applications Appl. M1_Speed
Seal Oil Tank L1/L2 Simulation Seal oil tank level measurement 302 Water seal ol filing pump ] 30-V1 Ol draining valve |
71,0 % FillOiTank—{ C_ON R_ON | —30-Ma[m#inGiTank—{ C_ON R_ON [—30-V1_OPEN
30-M2_ON—] N 3 r ] R reached |—
u L1SealOil |Applications. Appl. !l VIEmpyOilTank—| G2_ON 3 -
30-v1_OPEN—| 1SealOil [IN (ZMU1,A6) Seal oil tank level L1 n @0 _pos
5% >Sn (- >$pos (#-
LiSealOi—]| —L2SealOil [ T i @ -®#
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Figure 15. Analog Signal Simulation -macro is utilized as oil tank simulation in Propeller Shaft
Seal page.

For simpler simulations basic elements were competent enough as they enabled signal
forcing which was the only requirement for most of the functions. All the necessary signal
types were easily forcible using the signal element itself. In Figure 16 three different types
of signal elements (analog, binary and digital) were able to simulate the Non-Drive-End)
Bearing System module as the module consisted only of these signals and required no
other functionalities. Signal element was forcible through the user interface and WinMOD
script.
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Non-Drive-End Bearing System
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Figure 16. NDE (Non-Drive-End) Bearing System page.

6.4 WinMOD Scripts as a Test Procedure

| n: Particle counter value fr.

[NonMetalScan : Particle counter val .|

WinMOD Simulator runs the testing script for AIU and returns it to a normal state after

the test is done. Testing program consists of control commands and scripts which are

delivered to the AIU in predefined order. Scripts consist of forcing commands, value

changes and step comments. Total of three test scripts were written for this thesis work,

Drive-End Bearing Dock Trial test procedure are presented in Listing 3. In this test the

Azipod Drive-End Bearing system is tested by simulating changes in oil temperatures,

oil pressures and oil levels in the bearing module. Script uses basic WinMOD script com-

mands to force values for the signals and to print current step as text in the Force Ma-

chine. Scripts for the Temperature Based Protections test and Auxiliary Devices

Duty/Standby test can be found in the Appendixes 1-2.

#WinMOD-Script V1.0
text "Starting DE Bearing oil lubrication"

cmd "MlStart" F=1
cmd "M2Start" F=1
cmd "MlStart" V=1
cmd "M2Start" V=1
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wait 2000

text "DE bearing temperature low (Tl < 25 °C)"
cmd "T1 1F" F=1

cmd "T1 2F" F=1

cmd "T1 1F" V=25

cmd "T1 2F" V=25

wait 20000

text "DE bearing temperature high (T1 > 70 °C)"
cmd "T1 1F" V=70

cmd "T1 2F" V=70

wait 20000

text "Oil supply pressure low (< 0.7 Bar)"

cmd "P1"™ Vv=0.70

wait 2000

text "Oil supply pressure low low (< 0.25 Bar)"
cmd "P1" V=0.25

wait 2000

text "Oil supply pressure normal (1 Bar)"

cmd "P1" V=1.0

wait 2000

text "DE bearing oil low level (< 29%)"

cmd "L1" V=29

cmd  "L2" V=29

wait 2000

text "DE bearing o0il low low level (< 26%)"

cmd "L1" V=26

wait 2000

text "DE bearing oil high level (> 75%)"

cmd "L1" V=75

wait 2000

text "DE bearing normal level (50%)"

cmd "L1" V=50

cmd "L2" V=50

wait 2000

text "Normal mode"

cmd "MlStart"
cmd  "M2Start"
cmd "M2Start"
cmd "MlStart"

'T.I’TJﬁ<l

[eNeNeNe]

Listing 3. Drive-End Bearing Dock Trial Test Procedure script in WinMOD.

6.5 Macros

In Figure 17 operation of Analog Signal Simulation macro is shown. Macro element con-
sists of few essential mathematical functions and three boolean operators for added
functionality of the macro element. State of the boolean operators Pump and Valve in
Figure 17 activates and deactivates the circuit while the output S_ON indicates the state
of the simulation. Simulation speed and scale can be adjusted using operators Simula-
tionSpeed and DeltaA which both affects to different factors in the AFF_015 function

block which houses the mathematical function responsible for signal simulation.
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Figure 17. Analog Signal Simulation as Oil Tank simulation macro element.

Alarm Detector Macro element in Figure 18 is responsible of monitoring the AlU signals.
In Figure 18 the principle of the macro element is shown. Monitoring is based on SET/RE-
SET functions which are triggered instantly if the monitored signal activates. Single
macro element is able to monitor nine different signals. In cases where more signals

need to be monitored, multiple macro elements can be used.

IN BSR_011 BouT
IN s RS ouT
R Q

IN #2 BSR_011 OouUT #2
IN #2 S RS QUT #2
R Q I
IN #3 BSR_011 hOUT#S

IN #3 s RS OUT #3
R Q
- NEZ BSR_011 OUT #4
IN #4 S RS oUT#4
R Q '
IN #5 BSR_011 ioums
IN #5 S RS OUT #5
R Q
IN #6 BSR_011 IOUT#G
IN #6 S RS ouT#6
R Q

IN #7 BSR_011 OUT#7
IN #7 S RS OUT #7
R Q l
IN #8 BSR_011 OuUT#8
IN #8 s RS OUT #8

R Q l

IN #9 BSR_011 iom #9
IN#9 S RS OUT #9
R Q

Figure 18. Alarm Detector macro.
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7 Conclusion

Objective of this thesis work was to build simulation platform for ABB AlU X product and
to study suitability of WinMOD software as an internal testing tool for ABB Marine &
Ports. As a result of the thesis work, ABB has now the option to use WinMOD simulation
testing environment to perform a configurable IAT for Azipod X AIU at any location and
at any instant of time. Test and simulator can be configured without deeper knowledge
of the programs code and there is possibility to extend the IAT to include other Azipod
products. The constraints imposed by the software and hardware have been recognized
and simulation platform has been built within these limits. The suitability of the WinMOD
for ABB’s testing purposes has been evaluated and the concept of AlU virtual testing has
been studied.

8 Summary

In this thesis AIU X hardware-in-the-loop simulator were built to streamline the testing
procedure of AU X product. As a result, it is now possible to use this simulator as a
testing tool for the ABB AlU X product. Thesis work successfully completed the proof of
concept, which included the study of WinMODs suitability as a testing tool and mapping
of the simulator capabilities. Focus of the simulator was to verify AlU auxiliary control
software by executing key points from FAT and SAT test procedures which was major
part of the proof of concept. Simulator scalability and adaptability were studied and the

objectives for the thesis work were achieved.

Total of three different test procedures were created for the simulator to demonstrate the
capabilities of the simulator. These test procedures can be easily broadened to include
more test items from any test procedures. It is also possible to develop the WinMOD
simulator concept further to include other Azipod products. Simulator at its current state
can be used as preliminary testing tool but using it as standardized and reliable testing

tool it needs further development due to challenges in OPC communication.
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Appendix 1

1(4)
AlUX _PCU_SW_FAT TemperatureBasedProtections Test Script
#WinMOD-Script V1.0
Text "Propulsion transformer A/B, Winding temperature"
cmd "Stliul" F=1
cmd "stliu2" F=1
cmd  "St2U01" F=1
cmd "st2u2" F=1
wait 200
Text "Temperature High 130C"
cmd "Stliul" V=130
cmd "stliu2z" V=130
cmd  "St2U01" V=130
cmd "st2u2" V=130
wait 10000
Text "Temperature Power limit 135C"
cmd "Stlul" V=135
cmd  "sStlu2" V=135
cmd  "St2U01" V=135
cmd  "St2Uu2" V=135
wait 10000
Text "Temperature High High 130C"
cmd "Stlul" V=140
cmd  "sStlu2" V=140
cmd  "St2Ul" V=140
cmd "St2u2" V=140
wait 10000
Text "Temperature trip 145C"
cmd  "Stlul" V=145
cmd "Stliu2" V=145
cmd  "St2Ul" V=145
cmd  "St2u2" V=145
wait 10000
Text "Temperature reset"
cmd  "Stlul" V=50
cmd  "sStlu2" V=50
cmd "St2ul" V=50
cmd  "St2U2" V=50
wait 10000
Text "Force reset"
cmd "sSt1lul" F=0
cmd "Stliu2z2" F=0
cmd "St2ul" F=0
cmd "St2u2" F=0
wait 200
Text "Propulsion motor winding, stator A/B"
cmd  "Stlvli" F=1
cmd  "sStlv2" F=1
cmd "St2vi" F=1
cmd  "St2va" F=1
wait 200
Text "Temperature High 140C"
cmd "Stlvl" V=140
cmd "Stlva" V=140
cmd  "St2vl" V=140
cmd "St2va" V=140
wait 10000
Text "Temperature Power limit 145C"
cmd "Stlvl" V=145
cmd "Stlva" V=145
cmd  "St2vl" V=145
cmd "st2va" V=145

L]
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2(4)
wait 10000
Text "Temperature High High 150C"
cmd "Stlvl" V=150
cmd  "Stlva" V=150
cmd "St2vl" V=150
cmd  "St2va" V=150
wait 10000
Text "Temperature trip 155C"
cmd "Stlvl" V=155
cmd  "Stlva" V=155
cmd "St2vl" V=155
cmd  "St2va2" V=155
wait 10000
Text "Temperature Reset"
cmd "Stlvl" v=50
cmd  "Stlva" V=50
cmd  "St2vl" v=50
cmd  "St2va2" V=50
wait 10000
Text "Force Reset"
cmd "Stlvl" F=0
cmd  "Stlva" F=0
cmd  "St2vl" F=0
cmd  "St2va" F=0
wait 200
Text "Propulsion motor winding A/B"
cmd  "Stlwl" F=1
cmd  "Stlw2" F=1
cmd  "St2wWl" F=1
cmd  "St2wW2" F=1
wait 200
Text "Temperature High 140C"
cmd  "Stlwl" V=140
cmd "Stlw2" V=140
cmd  "St2wl" V=140
cmd  "St2w2" V=140
wait 10000
Text "Temperature Power limit 145C"
cmd  "Stlwl" V=145
cmd "Stlw2" V=145
cmd  "St2wl" V=145
cmd "St2w2" V=145
wait 10000
Text "Temperature High High 150C"
cmd  "Stlwl" V=150
cmd "Stlw2" v=150
cmd  "St2wl" V=150
cmd  "St2w2" v=150
wait 10000
Text "Temperature trip 155C"
cmd  "Stlwl" V=155
cmd "Stlw2" V=155
cmd  "St2wl" V=155
cmd  "St2w2" V=155
wait 10000
Text "Temperature Reset"
cmd "Stlwl" V=50
cmd "Stlw2" V=50
cmd  "St2wWl" V=50
cmd  "St2w2" V=50
wait 10000
Text "Force Reset"
cmd  "Stlwl" F=0
cmd "Stlw2" F=0
cmd  "St2wl" F=0
L]
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3(4)
cmd  "St2wW2" F=0
wait 200
Text "Propulsion motor exciter"
cmd "Exc3Ul" F=1
cmd "Exc3V1l" F=1
cmd "Exc3Wl" F=1
wait 200
Text "Temperature High 140C"
cmd  "Exc3Ul" V=140
cmd "Exc3v1l" V=140
cmd  "Exc3Wl" V=140
wait 10000
Text "Temperature Power limit 145C"
cmd "Exc3Ul" V=145
cmd "Exc3V1l" V=145
cmd "Exc3Wl" V=145
wait 10000
Text "Temperature High High 150C"
cmd "Exc3Ul1l" V=150
cmd "Exc3V1l" V=150
cmd "Exc3W1" V=150
wait 10000
Text "Temperature trip 155C"
cmd "Exc3Ul" V=155
cmd "Exc3V1" V=155
cmd "Exc3Wl" V=155
wait 10000
Text "Temperature Reset"
cmd "Exc3Ul" V=50
cmd "Exc3V1" V=50
cmd "Exc3Wl" V=50
wait 10000
Text "Force Reset"
cmd "Exc3Ul1l" F=0
cmd "Exc3v1l" F=0
cmd "Exc3W1" F=0
wait 200
Text "DE (Propeller) Bearing"
cmd "T1 _1F" F=1
cmd "T1 2F" F=1
wait 200
Text "Temperature High 70C"
cmd "T1 _1F" V=70
cmd "T1 2F" v=70
wait 10000
Text "Temperature Power limit 80C"
cmd "T1 1F" V=80
cmd "T1 2F" V=80
wait 10000
Text "Temperature High High 90C"
cmd "T1 1F" V=90
cmd "T1 2F" V=90
wait 10000
Text "Temperature trip 100C"
cmd "T1 1F" V=100
cmd "T1 2F" v=100
wait 10000
Text "Temperature Reset"
cmd "T1 1F" V=50
cmd "T1 2F" V=50
wait 10000
Text "Force Reset"
cmd "T1 1F" F=0
cmd "T1 2F" F=0
wait 200
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4 (4)
Text "NDE (Thrust) Bearing"
cmd "T2 1" F=1
cmd "T2 2" F=1
wait 200
Text "Temperature High 80C"
cmd "T2 1" V=80
cmd "T2 2" V=80
wait 10000
Text "Temperature Power limit 90C"
cmd "T2 1" V=90
cmd "T2 2" v=90
wait 10000
Text "Temperature High High 95C"
cmd "T2 1" V=95
cmd "T2 2" v=95
wait 10000
Text "Temperature trip 100C"
cmd "T2 1" V=100
cmd "T2 2" v=100
wait 10000
Text "Temperature Reset"
cmd "T2 1" V=50
cmd "T2 2" V=50
wait 10000
Text "Force Reset"
cmd "T2 1" F=0
cmd "T2 2" F=0
wait 200
Text "NDE (Radial) Bearing"
cmd "T1 1R" F=1
cmd "T1 2R" F=1
wait 200
Text "Temperature High 70C"
cmd "T1 1R" v=70
cmd "T1 2R" V=70
wait 10000
Text "Temperature Power limit 80C"
cmd "T1 1R" V=80
cmd "T1 2R" V=80
wait 10000
Text "Temperature High High 90C"
cmd "T1 1R" V=90
cmd "T1 2R" V=90
wait 10000
Text "Temperature trip 100C"
cmd "T1 1R" v=100
cmd "T1 2R" V=100
wait 10000
Text "Temperature Reset"
cmd "T1 1R" V=50
cmd "T1 2R" V=50
wait 10000
Text "Force Reset"
cmd "T1 1R" F=0
cmd "T1l 2R" F=0
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Appendix 2

1(2)
Auxiliary Devices Duty/Standby Test Script
#WinMOD-Script V1.0
text "Selecting Fan 1 as a master"
cmd "PreferredFan" F=1
cmd "PreferredFan" V=1
wait 5000
text "Starting Aux"
cmd  "AuxRunOrder" F=1
cmd "AuxRunOrder" v=1
wait 5000
text "Stopping Aux"
cmd "PreferredFan" F=0
cmd  "AuxRunOrder" V=0
wait 5000
text "Starting Aux, Fan 2 should start."
cmd  "AuxRunOrder" v=1
wait 5000
text "Selecting Fan 1 as a master"
cmd "PreferredFan" F=1
cmd "PreferredFan" V=1
wait 5000
text "Tripping of Fan 1"
cmd "DlFault" F=1
cmd "DlFault" V=1
wait 5000
text "Recovering Fan 1"
cmd "DlFault" V=0
cmd "DlFault" F=0
wait 5000
text "Selecting Fan 2 as a master"
cmd "PreferredFan" V=2
wait 5000
text "Simulating stopping Fan 2"
cmd "CD2.Running" F=1
cmd "CD2.Running" v=0
wait 5000
text "Reset Fan 2 state"
cmd "CD2.Running" F=0
wait 5000
text "Reset test"
cmd "PreferredFan" F=0
cmd  "AuxRunOrder" F=0
L]
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