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Introduction

Throughout this report, we’ll be demonstrating the competence in the application of
the suitable software package which is Design Studio. We'll be using this to
investigate the engineering structural and the fluid issues, along with the cognitive
skills, in the formulation of a problem with the chosen engineering specialism.
Through the course studies, we’ve been discussing optimisation techniques that can
be used within FEA. In this assignment, we will look at building on this and showing
the knowledge we’ve gained throughout. The skills which will be show are
optimisation, use of Design Studio and furthering knowledge by researching on
optimisation.
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2.0 FEA optimisation techniques

Throughout this section, we’ll be discussing FEA optimisation techniques and
reference them from appropriate sources. We’'ll also be presenting how they’ve
developed historically and discussing how they may be developing in the future
paths. We'll also discuss at a point of how they improve the design processes.

Optimisation is an engineering design methodology which uses a mathematical
formula of a design issue to support selection of an optimal design with many
alternatives. This is the “greatest degree or best results obtained or obtainable
under specific conditions” (K, Lake., 2022).

A FEA optimisation technique is the GTAM/GSAM ANYSYS Optimisation Software.
This is a topology optimisation software with a GTAM and ANSYS structural
optimisation that has GSAM. These are “Two fully integrated ACT extensions
enhancing ANSYS Workbench with the advanced structural and topology
optimisation capabilities of OmniQuest Genesis” (Advanced Engineering., 2022). This
software allows the users to access the entire suite of optimisation capabilities
within the market today. This allows users to look at new designs, identify issues and
resolve them and reduces the mass and costs of material of designs that already
exist. This then guides any engineers to the most structurally effectual use of
materials. A programme version of the genesis which has far more capabilities for
optimisation is Genesis Design Studio. This software allows the user to display FEA
(Finite Element Analysis) models and allows them to create GENEDIS data designs.
This also allows the user to display analysis and optimisation results. This software is
easy and fast to create Genesis datas, fast to post processes and helps create reports
and presentations for the user to evaluate. Optimisation has a fundamental
improvement on design processes. IT can give you clarity on designs and you can
comply with the laws and regulations throughout. It can also optimise the way you
use CAD. For example, when design specific parts on CAD you can then optimise the
part to make sure it will function correctly and not fail within an assembly.

GTAM offers exportations to VR&D which is the Vanderplaats Research &
Development, Inc, the leading global provider for the optimisation technologies and
services. They specialise in varieties of engineering optimisation software to solve
complex client’s problems by providing solutions. This then enables the ANYSYS
users to access extended optimisation techniques which include Topometry,
Topography, Shape and Sizing methods and techniques. Furthermore, below are the
different optimisation techniques and how they improve the design process:

e Topology Optimisation is a method that spatially optimises the distribution
of a material with a method of constraints which are established by
minimising a predefined cost function.
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e Topography Optimisation is an optimisation capability which allows the user
to find the shape and location of the beaded patterns to allow the panels to
be stiffened.

e Shape Optimisation finds the best possible way of looking at the geometry of
the structure, such that the desired behaviour if improved while the
constraints are considered.

e Sizing Optimisation is an optimisation capability which permits the user to
look for the best dimensions of a designable elements for example like
composites, bars, and shells. This is typically per group of elements. Sizing
optimisation was developed in the 1980’s.

e Freeform Optimisation is a new type of optimisation that allows the user to
look at the best location and shape of the patterns that would stiffen the
structures. This type can also find the best location of the grid for any type of
optimisation.

e Topometry Optimisation is an exclusive optimisation capability which allows
the user to find the ‘optimal distribution’ if the sizing dimensions which rules
over the structure. The thickness of each material is a design variable. This is
like topology as it can be found to look for the most optimal spaces. Then the
differences it has to topology is that this optimisation technique allows the
user to find the best places to insert the additional materials. This is a new
optimisation process.

What backs up the historical development is the ‘Advances in computing power and
in computer-aided engineering (CAE) software now make it possible to create virtual
prototypes of potential designs prior to building and testing expensive physical
prototypes’ (R, Averill., 2011). Previously, the history of optimisation is that it was
only successful due to it being relied heavily on limitations of a human’s intuition and
their experience. Therefore, the users would need to have incredibly good
knowledge on the systems as it’s not as straight forward as tutorials/training would
be in the present day.

Looking into the future for optimisation, its inevitable that someday there will be a
hybridization of optimization tools. Over the last decade or so, problems have
become even more increasingly complex so there been more time needed to solve
these issues. Therefore, there are some solutions that may be taken into
consideration in the future such as a “fully integrated optimization solver that
smoothly hybridizes the main optimization technologies: constraint

programming (CP), Boolean satisfiability (SAT), mixed integer programming (MIP),
mixed integer non-linear programming (MINLP), local search (LS), and dynamic
programming (DP)” et al MG de la Banda.
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3.0 Creating a model in Design Studio

In this section, a model will be crested of the blade with the correct material properties in
Design Studio. This is to be layed up with 25 plys of the UD.

To align the material properties, we need to assume the force to enable us to optimise the
structure on Design Studio. The force in which | will be using is:

L=CLxDxV~2/2xA
Lift = lift coe x density x velocity of water x propeller area
Lift = 0.75 x 1026 kg/m3 x 35.62 m/s x 8.4m"2

For the lift coefficient, assume the angle of attack is 30 from reference (X, Yang., 2019)
therefore being 0.75. This angle of attack had the lowest experimental error, therefore it’s a
more reliable source.

The velocity of water is from assignment 1 and the wing propeller area was calculated from
the solid works model from the first assignment.

Therefore, the above calculation results are;
Lift = 4100.58 KN

To conclude the equation lift is equal opposite to force and the propeller is submerged in
the water. Even though the conditions are different, we’re only looking at the ratio of
pressure distributions on the blade.

Below, 3 loads have been added to the propeller blade. These are the forces in each area.
These forces have been worked out to be 33% in each section and then to be multiplied by
the ratios.

Absalute Pressire Distribution on forward side of propeller blades (left) and aft side (right)

Figure 1 (B, Stockdill., 2012)
1224 is the number of grids in each section multiplied by the ratios as per above figure 1.
Green area = 1224 x0.75 =918 KNs

Yellow area =1224 x 101 = 1346.4 KNs
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Red area =1224 x 1.5 = 1836 KNs
For the grids;

Force/Nodes x 1000 for Newtons;
1836/1656 = 1108

1346.4/1430 =941

918/1865 = 492

Below is an example of how | applied the loads via analysis.
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Below is the material properties aligned correctly as per assignment.
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Assumption, the section of blade above is not fixed and it’s passed the fillet/weld beam.

Haking New Data
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The Theta vectors have now been selected above.
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H P Type here to search
Then, the Plys have been applied to the blade. Each ply is 0.1mm.

Totaltickness
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4.0 Optimising the structure

In this section, the optimisation of thr structure to minimise the mass of the plate when
meeting the displacement will occur. The variables that’ll be selected are the number of plys
in each orientation. Below is the start of the optimisation process.

95 File Edt Color Genesis Models Help Design Stucio TSRDURCHNUBINNY: &.ciine.dsg) - x
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H P Type here to search ) N X £ dx ENG

Above is the propeller blade before the optimisation takes place.

<5 A S HAn A Lk X Ik d DG &

View Coord, Sys. Basic Choose elements from the viewpart o by ID
Importing C:\Users\2014479\CneDrive - University of Wales Trinity Saint David\Kelvins Essignment Pics\Composite Baseline dsqUU.op2.gz as output2 post-processing file

For 4848 selected elements:
Volume Sum = 0.0209959, Min = 4.18351e-07, Max = 5.16541e-06, Bvg = 4.33082e-06
Mass Sum = 32.3337, Min = 0.000644260, Max = 0.0125747, Avg = 0.0066€84%




Page |11

The mass of the blade is 32kg.
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The upper bound has been set to 100mm as per the assignment brief.
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H R Type here to search

We used the same design variables for all the plys selected for each layer. A minimum of
0.5mm for the 5 plys was needed.
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The sizing has now been implemented on all the different layers along with the orientation.
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Above are the new constraints for the 5-ply thickness. This is to allow for thicker plys.
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After applying a few constraints, this is correctly optimised within constraint violations at
0.2 plys.

05 File Edt Color Genesis Models Help Design Studio for Ger SSRNEBNORGHRONOONN, o tc dsg] (modified) - & x

EVeohan BE

Display  Analysis  Topology ~Design Post  Plugins

A DetormesnCobr iesh o
Defomiesn

© statc () Oscllte () Ramp
Cyc § 1 1 DISP [optinised_composive_dsg0S.0p2.gz]
Cyc € LC 1 DISP [optimised composive_dsg0é.op2.oz]
Cyc 7 1 1 DISP [optimised_composive_dsg07.0p2.0z]
Cyc & 1 1 DISP [optinised_composive_dsg0s.op2.gz]
Cyc § LC 1 DISP [optimised composive_dsg0s.op2.oz]
Cyc 10 1C 1 DISP [optimised_composite_dsgl0.0p2.gz]
Cyc 11 1C 1 DISP [optimised_composite_dsgll.op2.gz
Cyc 12 1€ 1 DISP [optinised_composite_dsgl2.op2.gz]
Cyc 13 1C 1 DISP [optimised_composite_dsgl3.op2.gz]
Cyc 14 1€ 1 DISP [oprinised_composice_dsgld.op2.9z]
Cyc 15 1C 1 DISP [optimised_composite_dsgls.op2.
< Cyc 16 1C 1 DISP [optimised_composite_dsglé.op2.gz]
,,,,, Cyc 17 1C 1 DISP [oprinised_composice_dsgl7.0p2.9z]

: Cyc 18 IC 1 DISP [optimised_composite_dsgls.op2.gz]
Cyc 19 1C 1 DISP [optimised_composite_dsgls.op2.gz]
Cyc 20 1C 1 DISP [optinised_composice_dsg20.0p2.92]
Cyc 21 1C 1 DISP [optimised_composite_dsg2l.0p2.gz]
Cyc 22 1C 1 DISP [optimised_composite_dsg22.0p2.9z]

Cye 23 1C 1 DISP [optinised_composice_dsg23.0p2.9z]
P Type here o ter st

Optors. Save Anmaton Cear
Color esn

© Fled Elements ) Filed Contours
Cyc 21 1C 1 Composite Strain (optimised_composive_dsgal.op2.gz]
Cyc 21 1€ 1 ESE [oprinised_composive_dsg2l.0p2.gz]
Cyc 22 1C 1 DISP [optimised_composite_dsg22.0p2.9z]
Cyc 22 IC 1 Composite Stress (optimised_composite_dsg22.0p2.gz]
Cyc 22 1C 1 Composite Strain [optinised_composite dsg22.0p2.92]

op2.02]
“ep2.02]
SSHELL Tnickness (oprimised conposite_dsgOROSTON.cp2.gz]
0 (optinised_corposite_dsgOROSTOn. op2.qz]
Cye 0 BCONP Ply 2 Thickness (optimised_corposite_dsgOPOSTOU.cp2.g2]
Cye 0 BCOMP Bly 3 Thickness [sprimissd_composite dsgOEOSTO0.op2.32]
Cyc 0 BCOMP Bly 4 Thicknsss [oprimissd_composite dsgOROSTOD.op2.gz]
Cye 0 BCOMP Bly § Thickness (optimised_corposite_dsgOPOSTON.op2.g]
4 Cye 0 BCOMP Bly L Angle [oprimissd composive dsgOOSTO0.0p2.32)
Cycle 23 Loodcose 1 Displacement XYZ Mognitude | Deform Scale o Cyc 0 BCOMP Bly 2 Angle [optinissd_composite dsgOFOSTO0.0p2.95]
<> (iR ME Lo Rl LE N IS ke OO & Find] Type here fofiter lst
View Coord.Sys. Basic Choose grids/elements from the viewport Optons. XvZusgntuce v Cear
Tporting Ci\Users\2014476\0neDrive - Univeraity of Wales Trinity Saint Rasigument Composice {_composite_dsg0POST20.0p2.97 as cutpuZ £l
Isporting Ci\Users\2014475\0neDrive - University of Wales Trinity Saint Asasgusent. composice {composite_dsgoFoST2L as cutpuz fie ] ik By Featurebounded Surface
Isporting C:\Users\2014475\0neDrive - University of Wales Trinity saint Assigument. composice {_conposite_dsg0RoST. as outpuz2 cile =T
Irporting C:\Usezs\2014479\0neDrive - Univeraiy of Wales Trinicy Sainc Assiganen composice { conpasive_dsg0roST: os cupucz £ RRAR

H P Type here to search

This image is showing the maximum deformation seen is 99.99mm or 0.099m shown in
above screenshot.
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(&) Design History Plot 1 Ao ¢ - x

—e— DV 1 L1THS
—— He

H P Type here to search

This is a graph to show the design history. As you can see, the design variables started at 0.

Now, we need to get the results of the stiffness which is the force/deflection. The results are
below:

135 DESIGN CYCLE # 23, CBJECTIVE = 2.064667E+03, MAXTMUM VICLATICN = 0.0%.
140 DESIGN VARILBLE # 1 = 5.00967TE-04 L1THK

141 DESIGN VARIABLE # 2 = 5.045052E-04 L2THK

Lzt DESIGN VARIAEBLE # 3 = 1.568583E-01 L3THE

143 DESIGN VARILBLE # 4 = 1,.272453E-03 L4THE

144 DESIGN VARIABLE # 5 = 5.012530E-04 LSTHK

ILghs CCMPLETICH CCDE: 1 254 a

MNormal text file length: 8,749 lines: 146 Ln:144 Col:56 Pos:8711 Windows

So, the mass = 2064.6kg

For thickness, there is 0.5 + 0.5 + 156.85 + 1.272 + 0.5. So, therefore the thickness of the
propeller blade is 159.622mm.

PIPSEY FEFIRRIFRETC I PR PRI P S P Y Lnce s zazn

127 DESIGN CYCLE # 21, OBJECTIVE = 2.066T7e%E+03, MAXIMUM VIOLATION = 0.0%.

128 DESIGH VARIABLE # 3 = 1.565000E-01 L3THE
129 DESIGH VARIABLE # 4 = 1.800000E-03 L4THE
130 DESIGN VARILELE # 5 5.000000E-04 L5STHE
DESIGN VARILELE # 6 = 5.000000E-04 LI1THE
DESIGN VARIABLE # 7 = 5.000000E-04 L2THE |
CCMPLETICHN CCDE: 1 256 a
Mormal text file length: 8,023 lines: 134 Ln:132 Col:536 Pos: 7,983

T e Ve T

The objective has increased to 2066.7KG and the plys are suggested to be laid out as
follows:

-90 degrees =0.5mm = 5plys
-45 degrees = 0.5mm =5 plys

0 degrees = 156.5mm = 1565 plys
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45 degrees = 1.8mm = 18 plys
90 degrees = 0.5mm =5 plys

Total = 1598 plys
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Above is the steel mass and deflection calculated.
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To summarise, below is the table of results that has been able to be generated from the
ongoing results that’ve been calculated via Design Studio optimisation results.

Run Material |Thickness |Deflection |Mass Load Stiffness Stiff/Weight
Composite Basline Composite [2.5mm 199405mm |32.33kg | 4100.58|20.56 n/mm2 |0.064 kg
Optomised Composite  |Composite |159.622mm |99.9mm 2064.6kg | 4100.58|41046.8 n/mm?2 [2.02 kg
Descrete Composite Composite [159.8mm 100mm 2066.7kg | 4100.58|41046.8 n/mm?2 (2.026 kg
Run Steel Composite Steel 10mm 223000mm |646.6kg | 4100.58(18.38 n/mm2 |2.9x 10-3 kg

The steel to the composite base line is similar, but the composite materials have a better
stiffness but a similar deflection.
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5.0 Development of the component

In this section, we’ll be discussing how we think a test should be carried out to understand
the deformation of the propeller blade when subject to forces. Also, it needs to correlate to
the simulation carried out in the previous task. Propellers are regularly tested in ‘open
water tests’ to determine the wake and relative rotative efficiency. The way that we would
test the propeller is in a confined environment, so we can understand its thrust, torque, and
its performance characteristics. Open water tests are preformed in an ideal flow condition
to get these design parameters, and this is done by having two possibilities. These two are a
‘Towing Tank’ and a ‘Cavitation Tunnel’ and each facility has its own limitations. The towing
tank is a long thin swimming pool where we can control all parameters and we can tow
propellers down there to show their performance. The cavitation tunnel is effectively like a
wind tunnel with a circle of water where we can push it around at different speeds. When
the propeller is then subject to the water, we can determine its performance characteristics.
The most fundamental form of a cavitation number is defined as the cavitation number =
static pressure head / dynamic pressure head.

Inverter Motor I |

FLOW Direction

<=

Wire-Mesh Screen

Figure 2 (K, Kimura., 2018)

Wake generater

Figure 3 (F, Salvatore., 2006)
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For this experiment, we will choose the cavitation tunnel. So, to conduct this experiment the
propeller is mounted in the centre of the cavitation tunnels measuring section as seen in
figure 3. This is then driven by a shaft from upstream. For the start of the test, it’s been said
by UKEssays. (November 2018) that “The cavitation number and the velocity of the incoming
fluid are set before the test”. A non-rotational smooth transition from the upstream shaft
and propeller hub is settled. At the open water test, we measure the thrust and torque at a
range of different advance numbers (which is measured in Joules) and the cavitation
numbers (in omega) by differentiating the shafts speed and the tunnels pressure at constant
velocity. Cavitation tunnels are “equipped with stroboscopic lights that illuminate the
propeller intermittently such that propeller blades are always seen at the same position” (V,
Bertram., 2012). There may be some limitations in the test, which include the measuring
system requiring a lower velocity. What we can obtain from the tests is any combination of
ahead or astern conditions with either a positive or negative thrust/torque can be found.
For example, this can be tested in all for quadrants of the blades to get an average answer.
For the controlled pitch propeller, the procedure for this is repeated for different pitch
settings. The different water velocities are used to investigate the effect of the Reynolds
Number. We measure the thrust, torque, and rotations per second by using an instrument
called a dynameter. The dynameter Is run with a dummy hub to back out the non-blade
related thrust and torque. When the test is running, as the speed increases, the torque and
thrust created by the propeller will decrease. In the test, you’ll be able to see the rotational
speed of the propeller is varied during the until the cavitation can be seen visually on the
face and the back of the propeller.

Cavitation

Water Flow
Direction

A test of observing propeller cavitation in a large cavitation
tunnel.({Installation condition : model ship +propeller +rudder)

Picture to show the propeller blade being set up in a real-life cavitation test to back up the
experiment considered above for our open water test.

Figure 4 (Digital Buyers Guide., 2016)
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The results of the test are then presented in a diagram showing the non-dimensional thrust
and the torque coefficients, the symbols are KT and KQ. For the open water efficiency, its
known as n0O which is a function of the advance number J which symbolises the cavitation
numbers and pitch settings. Once the test has been complete and we evaluate, we can then
determine the “influence of the limited size of the cross section on the flow velocity or the
thrust and torque of the propeller” (SVA., 2015).

Sheet side-entrant jet

Propeller-hull vortex cavitation Cloud cavitation

Sheet cavitation

Sheet re-entrant jet

Tip-vortex cavitation

Bubble cavitation ‘ - Hub-vortex cavitation
Blade-root cavitation '

|- Leading-edge vortex cavitation

This is a diagram to show the illustration of the cavitation patterns on the ships propeller
when being tested in the cavitation test.

Figure 6 (J, Bosschers., 2018)

Below, is a graph of results to show the results of a cavitation test that has previously taken
place with joules v omega (cavitation number). This test was run via SVA in Germany. This
gives us a real-life visual conception.
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Figure 7 (SVA., 2011)
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6.0 Relating the Design

Now the tests on Design Studio and suggestions for real life testing have been determined,
we can now relate the design to technical literature and standards which cover the
component.

To relate to industry standards, we will investigate ships and marine technology. What
relates to the analysis we’ve conducted; we can investigate the propeller shaft revolution
indicators. This ISO standard is “ISO 22554:2015 Ships and marine technology — Propeller
shaft revolution indicators — Electric type and electronic type”. This investigates the
construction, performance requirements and methods of testing. This standard defines the
propeller shaft revolutions, which is what we researched in relation to the cavitation testing.
Throughout the cavitation test, this ISO standard would need to be taken into consideration
to make sure the propeller is achieving the correct number of revolutions. Today, marine
propellers remain the propulsion mechanism standard for underwater vehicles of surface
ships. As Prof. A. H. Techet., 2005 says “We still need propellers to generate adequate thrust
to propel a vessel at some design”. There are multiple standards that relate to our design.
These include some standards researched bullet pointed below:

e [SO 3715:1978 Shipbuilding — ship screw propellers. This gives us the correspondent
in several languages which relates to the ship’s propellers.

e SO 22555:2002 Ships and marine technology — Propeller pitch indicators. This
investigates the construction and performance methods. It also includes the tests
which are required for testing the pitch propeller indicators.

e SO 484-1:2015 Shipbuilding-ship screw propellers-Manufacturing tolerances. Part 1:
Propellers of a diameter greater than 2.5m. This determines the deviations of
tolerances that are permitted in some cases subject to discretion of customers.

e [SO 1303-218:2004 Industrial automation systems and integration- Product data
representations and exchanges. Part 218: Application protocols: Ship Structures. This
standard specifies the use od integrated sources for the scope of requirements of
the product. This gives us the information of a ships structural systems.

Looking into the material selections of a propeller, composite propellers are the preferred
material for ship propellers. They are usually made from a fibre composite which acts like
glass or carbon fibres infused with high strength resins like polyimide or epoxy. As
researched, Y. Hong., 2019 technical literature paper on the composite characteristic’s
states “the rich material and flexible moulding provide a good foundation for the
diversification of composite propeller structures”. As tested in task 3.0, its evident that the
composite material preforms better than the steel baseline. So, as proven, we can rate to
the statement above by Y. Hong. Investigating how we would change our design; composite
skins could have a band of metal around the edge to stop them being able to delaminating.
This could then mean that the X grams are added to the weight of the blade and will have
FEA complications.
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When we’ve been optimising the blade in Design Studio, there is papers to relate to how
we’ve conducted the results. Engineering Design Optimisation (EDO) is the product that’s
created to achieve the best solutions. To back this up we relate to R, Roy., 2008 stating “A
classification of the EDO problem is necessary to select the right approach for a given
problem”. As we look to review optimisation, it’s evident that its “revolutionary in that it
aids both the efficiency and creativity of a designer, improving the quality of a design itself”
(H, Kim., 2002). We can agree with this statement as the introduction of having computer
packages has developed, the design analysis process has simplified due to the power of
processing. Because of this, the influence of engineering designing has and will continue to
expand as we’ve experienced throughout this assignment.
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7.0 Conclusion

To conclude this report, it’s evident throughout the optimisation task that the steel to the
composite base line is similar, but the composite materials have a better stiffness but a
similar deflection. We’ve consolidated the optimisation techniques by in depth researching
and using technical skills to overcome the task assigned in Design Studio. We successfully
designed the lay-up of the composite material and applied the correct forces through
calculation and application. We made sure we used as little material as possible, so the
weight of the propeller was reduced. Demonstration of competence in applicating the
suitable software package so that we investigated engineering structural and fluid issues
was addressed and the cognitive skills. If we were to optimise a structure again in design
studio, we would use a range of materials to get an even better end analysis so we could get
a better range of results.
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