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ABSTRACT

“This body of initial

testing of  unique piece of instrumentation. This instrumentation package atempts (o
‘measure & number of parameters elated 10 the field of azimuthing podded propulsion, a

type of marine propulsion for vessels.

During the course of the design process, as many measurement capabiliies as possible
were included in the same setup, in addition 10 providing the ability to casily allow

scometry changes.

The measurement capabilitis include: propeller torgue and. thrust measurcd at the
propeller hub, propeller thrust measured at the pod intrior end of the propeler shafl,
pressure between the opposing faces of the propeller hub and pod shell cnd at five
diffrent radius values, the potential to measure blade angle position, outer pod shape
drag force, and global

The geometry change capabiliis include: propeller and propeller hub taper ange, pod

Jeted,

calibrated and tested for the first time 10 assess its abliy (0 measure the parameters it

was designed o measure.
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CHAPTER 1 — PODDED PROPULSION HISTORY & PROJECT
GOALS

INTRODUCTION
Podded propulsion is the fing of & propeller 0 3 motor that i supported on a siut
outside thehull of  sip. This propellcr and motor arangementcan otte through 360°
of continaous motion o provide boih  trustforce for the i as wellas scering. This
stup simltancously erass the e for  trditional rdder setup and propeler shaft,
and lends el well 1o revoluionary. layouts of new ships for machinery,

accommodations and cargo spaces.

Podded propulsion has anly been around for 4 lile over 20 years, and first gained
popularity in the mid 1990's. The following sections briefly outline some of the history

1.1 History of Podded Propulsion
Podded propulsion developed from the ned for ice breaking vessels (0 be able 1o break.

propulsion system be able to direct thrust i any direction. This dea became a reality

the late 1980's when, as a resul of a research & development project, the Finnish
Maritime Administration owned vessel, Sei, was converted to the world's first podded
propulsion system. The power output of ths fistsystem was 1.5 MW and continues

operate today without faul



Over the next several years Kvacrer Masa-Yards and ABB, both of Finland, sgreed to

Acipod. As atesult of the

partnership, several other ships were converted 1o this type of propulsion. The power

output at this point in time increased to 1.4 MW.

In 1995 C: Lines of The pod propulsion unit for
itstwo ships Elaron and Paradise. These ships were fited with two 14 MW units cach.

“This choice of

Such an example of a modem cruise liner fitted with podded propulsion is the Queen
Mary 2, shown in figure 1.1 [2]. This vessel is equipped with 4 Rolls-Royce Mermaid

units. All four depicted in igure 1.2 3],

the aft units are able 10 rotae, or azimuih, allowing the ship 10 be steered. A close-up
View of this propulsion device i shown in figure 1.3 (4], whie a cutaway view appears in

fgure 1.4 5],

With the rapid advancements and use of podded propulsion sysiems have come several

prob

s, briely outlined in the following section. These problems have caused severe
failures while in service, resuling in the loss of confdence in this ype of propulsion
system in addition o the loss o revenue and customer base for companies owning ships

fited with podded propulsion (6.



Figure 1.1 - The Queen Mary 2, an example of & modem day ship fited
with podded propulsors.

Figure 12~ The Rolls-Royce Mermaid propulsion uits s instaled
on the Queen Mary 2.



e 14 A cut-away view of the pod unit.

1.2 Problems & Advancements with Podded Propulsion

I gencral, problems with podded propulsion can be described 35 those relted to the

reliabilty of the system and those relted 10 the hydrodynamic performance.  The



reliability problems stem from those tha can be categorized as electrical and mechanical
in nature. - Hydrodynamic performance issues are those resulting from hul, stu, pod

bousing and propeller interactons in water flow,

One of the larger electrical problems associated with pod systems i the transmiting of
power across slip rings tha allow azimuthing.  Components in the power transmission

across rotatng joints have 10 be subjected (o rigorous maintenance schedules to ensure

Jble fee operation and maximum cnergy teanser 1o the pod motor [7].  Another
lccrical issue i the energy density of the motor. This governsthe physiel iz of the
pod and thus has a diee efect on s hydrodynamic performance [8], In recent years
here have been ongoing research and development actvitis towards producng high
\emperature super-conducting motors. This will both decrease the pod size and icresse
pover ouput 9,

As pod urits grow in rated capacity, the issue of effiiently and safely controlling the

propulsion energy will dictate advances in motor control technology. Pod motors are

driven d thus e controled vary the output
requency 1o control the specd. In recent years advances i semiconductor technology

have allowed 0 « higher power handling for

podded propulsion applications. An example is the drive technology developed by
ASIRobican, uilzed by the Royal Dutch Navy vessel Johan De Wi, which i fited with

podsdevcloped by Schoriel [10],




Mechanical problems with pods include bearing and seal failurs, as well as vibrations.

Due to the nature of the molor arangement, high gyroscopic forces are generated even
during normal use. This can lead 1o bearing and seal damage. Such damage is
compounded by the fact that debris and water in the lubrication il s circulated after

1 " well

h

a5 the one developed by ABB, which can continuously monitor the lubricaton ol for

signs of watercontamination 11}

Issues related to hydrodynamic performance include propele, st and pod housing
design and use, all of whih to some degree are influcnced by the motor design and size
a5 wel as the manner i which the pod operats. The propelle on a pod unit ofen s
exposed 1o flow angles up 10 90° 1o s axs of rotton, causing vibrations during

maneuvering.  Such susained flows

not usualy the case for conventionsl
arrangerments. Of aditional importance i the disuibution of pressures that leave the
propele and continue on i the wake fiekd nd impinge upon the it These presure
pules can lead to damaging vbrations, especally when the pod s used in rator or
puling e, whercby the propelie s sitstd ahead of the pod i as it propes the
hip. I i important therfore 1o understand isues eltd to geometry hence the resson

This now




1.3 roject Information & Goals
T project is entd “Systematic Investgaion of Arimuthing Podded Propllr
Performance”, and i a Natral Scinces and Engincerin Rescarch Counil (NSERC)
funded projec. The applicant i Dr. Brian Veith, 3 pofssor of Naval Archicctural

Engincering at Memorial University of Newfoundland,

“There are four partners in this project. They ae:

1. Memorial University of Newfoundland (MUN)
y

4. Thordon Bearings Limited

The goulsset
10 include the following:
Developmer

1
2. Developmen of new et of srurenaon esign
3. Integrate industry with research insitations
4
s

Carrying out a systematic study of pod and propelle rlated geometries with the
ewly designed instrumentation

6.

Because instrumentation and cquipment for use in scale medel tests of ships fited with

podded propulsors is sl under development, advances in instrumentation design must




“The author became involved with the project through working with Oceanic Consulting
Corporation, a company that provides marine evaluation services. He was listed as one
of the design engineers for the project. As soon as it became apparent tht th level of

involvement would be quite extensive, the author decided (o make it the topic of this

His previous a
work in the field of corrosion greatly influenced the design tasks carried out for this

thesis

1.4 Scope of Work

The author's scope of work was 10 design the instrumentation, oversee it manufacture,

cheek its measuring
abilty. The scope of work also included the delegation of tasks o several work term and

raduate students throughout the project

The intent of this work was 1o create a facility that could measure both Io

and global
Toads. Local loads are generated in the pod whereas global Toads result from the pod
actng on the ship. Tn model tesing, differences exist hetween these loads because of

factors such as friction. The instrumentation designed in this project measured local

Toads using load cels,pressure transducers and torgue stain gauges, whereas the global

Toads were measured using a dynamometer connected 10 the pod. A dynamometer is a

‘s load sensor that when calibrated can measure Toads at spe

ocations for

comparison 1o loads measured locally.  For example, thrust ocal Toad has two



components: one i the thrst gnerated by the propellr and the othe s the drag load
seneratd by the flow of water around the pod shell. This fcility was designed 1o
messure these loads separcly. 1 wasalo deigoed 0 allow quick changes 0 pod and
propeler geometry 1o see how they inflcnced the local and.glbal loads.  Fgure 1.5

Shows the final instrumentation design and where the loads are referenced.

Figure 1.5

‘Sehemaic of final instrumentation design
1.5 Project Personnel

“This project was very much  team effort. From cach of the partners mentioned in 1.3,

the project

“The discussion now tms to theliteratue review.



GHAPTER 2 - LITERATURE REVIEW
INTRODUCTION

Designing and manufacturing the insirumentation that enables scale model testing of
porkded propulsors and model fitted with podded propulsors is s complicated task. The
level of knowledge and effort required, as wel as the cost (0 develop these deviees is
quite high. Because of the uniqueness of each aspect of the overal problem, most
institutions and companies that undertake this work are reluctant (0 release the details of
Such designs or indeed any resuls that may diminish any advanced ailities over theie

‘compettors. Thus, much of the information remains proprictary.

1.1 Project Information Sources
During the design phase of this project, ncarly allthe criical design goals came about as
4 result of a relatively small number of sources of information. The Propulsion
Committee’s final report and recommendations o the 23 Intemational Towing Tank
Conference (ITTC) [12] is one source tha served as a summary of issues in regards o
testing with model pods. In section 4 of this repor, the issues of bow 10 predict the
performance of ships fitted with azimuthing thrusters and how (o conduct the model
testing required to obtain the data for predicting fll scale performance is outlined. Two
parameters discussed are that of the gap that exists between the siut housing and unit
dynamometer, and the gap between the roating propeller hub and the end of ~pod
housing. The resultof this work s an interim procedure entiled Podded Propulsor Tests

and Extrapolation [13), paricularly in which recommended procedures are outined on



how 1o set up and conduct model experiments with insirumented podded propulsors.
“This procedure is recognized as one that will evolve over time as procedures become.

more defined forthese ypes of experiments.

In aditio to the informaton rom ITTC publications, th author relid vry mich s0.on
personal conversations fo the eview of the stteof-he-at on model poddd propulsion
unis. Converstions with Dr. Bian Veitch [14] and Dr. Neil Bose (15] of Memorial
University of Newfoundiand, 1. John's Newfoundland, made the author awre of many
ofthe currentaras o focus i regards o experimental esing with nsiumented podded
propulions. Conversations with Veitch and Bose i the framework for_the

understanding required (o start the design tasks.

In Apel 2002, the author was very fortunate 0 travel o Furope with Dr. Ve

and converse with two leading world experts i podded propulsion. testing.
Conversations with M. Friedrich Mewis [16] of Hamburgische-Versuchanstal (HSVA),

Hamburg, Germany and Mr. Jan Holuop [17] of the Maritime Rescarch Tnsitte

Netherlands (MARIN), Wageningen, Netherlands were extremely. important o the

author's understanding of test parameters such as propeller thrust and torgque, and the

effect that measurement posiion has on each. Gap pressure and its effect on measured
thrust, in additon 1o unit thust and shell drag were also discussed in deph. These

convensations were key in guiding the author in his design of the insirun

measurement systems,




After the desi W

author atiended a conference, entitled “T-POD, First_ International Conference. on
Technological Advances in Podded Propulsion”, at the University of Newcastle in
Neweastle, UK between April 14-16, 2004. The topics of the conference were widely

ied and “The author

presented a paper on the design of the instrumentation used in this project and was the

The relatively short nature of this ltrature review reflecs the fact that there was lile
available information on podded propulsor instrumentation design a the time the design
phase of this project was carried out. The discussion now shifs o the detaled design

Stages of the instrumentation used in this projec, presented in Chapter 3 following.




CHAPTER 3 - INSTRUMENTATION DESIGN

INTRODUCTION

i have on podded

propulsors. Thus stated, the design tasks became threefold in order 1o accomplish this

overall goal. First was the task of designing a system that allowed such geometry

chunges 1o be accomplished in a short period of time. Very ofen, experimental
procedures e prone 10 time delays caused by changing cerin parameters o the
intoduction of crors while changing paramcters that are mechanically difficlt 1
awempt. Easily changing geometry. allows the colketion of lrge amounis of
experimental data i a relatively short peiod of time. The second task was 1o desgn
instrumentron to messure a mumber of parametes as hey changd (or o) with &

change in geomey. For example, torque and unit thust are ypical

in many commercial model test programs employing podded propulsion.  The
instumentation had 10 register these parameters i u minimum, Thirdly, the techniques

used in the design of the insirun

on syst

were implemented a5 an atlempt at

forthe study of During the

auhor's p p

Can shell drag force be measured?

How difrnt s e messured peoele el depen

fore senso 1 ocatd themechnll

Doss e et of e ronle el 1 e pod v a et on
st andlor the pressure developed in the gap between these

o mors o e b ol

upon where the




“These questions led direetly to the development of the measurement techniques in the

nstrumentation systems for this project

3.1 The Design Process.
The desizn process was completed by jointly considering cach of the three major design
tasks while taking into account the general practcalites of designing, manufaciuring and

assembling an instrumentation package of this complexity.

3.1.1 Project Design Criteria
The design critria for this project were numerous and a challenge o implement in one.

Juckage. Figure 3.1 shows the design criteia requitements tha served as inputs o the.

lesien process.
1ot 10 the design process. Each item listed had 10 be considered and resulied in
weres of design tasks. These are lisied in figures 3.2, 33 and 34, The consiraints on

(e parameters e lsed in igure 3.5,



GEOMETRY REQUIREMENT INPUTS

QUTER POD SHELL CHANGES
1m0 S (v

INSTRUMENTATION REQUIREMENT INPUTS

& RTAMENTATION PACKAGE LN GLOBAL
FORCE DYAAUORETER

APPARATUS INPUT

FEATURES NEGESSARY TO AUN EXPERIMENTS
SRR ST T FAUTATE ceoveTY ot

Ao EWLOP FOR ALL INSTROMENTATION SYSTENS

Figore 3.1 — Geometry, Instrument
Requirement Inputs tothe design

aion & Experietal Apparus
proces



GEOMETRY DESIGN TASK OUTPUTS

b 1 TAPERLANGLLS T00E MOUNTED.
Pt e
DISTANGE ADJUSTER MECHANISM.

ENDDESIGN (0P LERS)
 SPuT SHELL DESIGN
ST e e T oo

5 WA AP PLLERADNSTOR DESIGNON L USED I
T AMENTATION COMMASNNG

Figure 3.2 - Geometry design task outputs generated.



INSTRUMENTATION DESIGN TASK OUTPUTS

~PROPELLER TORQUE & THAUST
1 DESIGN PROPELLER ST WITH STRAN CAUGES.
258 NG cOMECTION

5 DESINELECTEAL CALE W ALLATION FEATUES

oo sy
+semmrocas oo b oo s
(BRI

oA preSsURE
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IOCAT ESSURE TSRS AT b ekt s vaes
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5 OO A RDOTES A VATERPHOORG OF LOAD GELL

£ DESon COMFONENTS 10 CONECT 00 UNT 10 OYMANOMETER
£ CONIBERWING ROUTES FOR ALL SETEMS.

Figure 3.3~ Instumentation design task outputs generated.




EXPERIMENTAL APPARATUS DESIGN TASK OUTPUTS

S . AND D SEALIG METHOOS

Figure 3.4 - Experimental Apparatus design task outputs generated.
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SR RGBT o AT o)
A CAIAKAL SHELL DR - 224 501
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Figure 35 Consaints.
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