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Abstract

This project thesis is developedn collaboration with the mechanical de@rtment
at University of Skovde, andit is focused in the determination of different loading
cases and the application of their results to the optimization of two parts of a
washing machine.

The first step in this report is to obtain a numerical model of a washing machine.
It includes the asembly in a mechanical software program (Abaqus), and the
assignment of the specific boundary conditions and material properties for the
problem. Simulation parameters such as meslsize; types of elements, and

number of iterations used in the calculationswill also be decided.

A study of the different loading cases is carried out with the intention of having a
general view of the problem and selecting four specific cases for its application to
the reconstruction of the aimed parts (tripod and front cover). This study
includes the calculation of the worst relative angle between the tripod and the
resultant force for two opposite loads inside the drumThis angle results to be
35° between the arm and the direction of the resultant force.

Through the applicaion of these different loading conditions to this model, the
mechanicalbehaviour of the parts will be obtained and this information will be

used in the reconstruction.By mechanicalbehaviour it is meant to know the

maximum level of stress(tension, compression and shear), and deformation
(displacement and strain).

Once it is well known which are thanost suffering points of the tripodand in the
front cover, several dfferent new shapes are created. The parameters
considered in this reconstruction were he decrease of volume, the reduction of
the level of stress and the deformationsTwo of these shapes are chosen and
tested in the numerical model, as a checkout.

Finally all theseresults are presented tothe University of Skévde for possible
future use.
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1. Introduction

Washing machines are commonly used in almost every home worldwide. These
appliances make it easyo clean clothing; a process that time ago was heavy and
unpleasant. The performance of these machines is based on the rotation of the
clothes inside a cylinder while they are mixed with water and some kind of
cleaning powder or soap.

It is not hard to imagine that the load of these clothesvhen they are soakedn
water can create big reaction forces in the cylinder when they are rotating. This
situation makes it very important to calculate accurately and forsafety side the
mechanical characteristics ofthe cylinder mentioned and the tripod that
transmits the turning forces to the cylinder.

The University of Skévdehas created this bachelor thesis project where it is
intended to determine the critical load and position in which the reaction forces
applied to these partsare maximal, in order to avoid malfunctioning in working
washing machines. The possibility of creating new shapes for thatripod and
front cover is also studied, so that the reaction forces have a better distribution
and the risk of damag to the partsis smaller.

A group of students from the University of Skévde with the aim of creating
successful results that can be used in future designs carries out the project

1.1. Purpose with the thesis

The main objective with this projectis to perform a research on the loading cases
applied to a washing machine ando optimize the tripod and the front cover.

tripod

rear cover

cylinder e
y front cover

\— paddle

Figure 1.1. Main omponents in the assembly

X

V\Lz
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In figure 1.1 it is shown the main components of the washing machine. From
these parts we havechosen the tripod (figure 1.3) and the front cover (figure
1.2) to be studied and redesigned as it was suggested by ASKO due to the recent
modification of the cylinder.

Figure 1.2 Original front cover that will be reconstructed

A

Figure 1.3 Originaltripod that will be reconstructed

Different approximations to the problem will be considered in order to create
solutions that can be compared ad judged to establish whichis the best

In addition, new solutions will be suggested These solutions mightsolve an
existing problem or might just work fine for future developmentsof washing
machines.

The conclusions of this workare presented inthis report.

1.2. General research in washing machines

In this chapter a brief review on the historical background ofvashing machines
is performed. This will include the history of this device, the process it follows in
its functioning, how it is produced and how it evolved through time.

12



1.2.1. History

In ancient times people had to takea pack and carry their clothes overto the
creek and hit them against rocks to get rid of the stains and filth. But with the
advancements in technology, washing machines have now made this
cumbersome chore a simple task, which can be done at the touch of a buttdhe
washing machine has beame more of a necessity than a luxury.

In the late 1800s, ompanies started producing handoperated machines that
used paddles or dollies. Therthe revolving drum came, which was shortly
followed by a revolving drum with reversing action. In the earlyl900s, with the
advent of small electric motors, the washing mzhine entered the electric age.

Washing machines nowadays have advard to such a level that theyasically
do everything themselves. All the operator has to do is put the clothes in the
washer, select the temperature and wash settings and go about their business.
Contemporary washing machines are available in two main configuratian top-
loaded and frontloaded:

1 The top loadeddesign places the clothes in a vertically mounted cylinder,
with an agitator in the centre of the bottom of the cylinder. Clothes are loaded
through the top of the machine, which is covered with a hinged door.

1 The front loaded designinstead mounts the cylinder horizontally. Loading
is done through a glass door at thdront of the machine. Agitation is supplied by
the backand-forth rotation of the cylinder, and by gravity. The clothes are lifted
up by paddles in the drum and then dropped.

All washing machines use three different sources of energy, mechanical, thermal
and chemical energy. Thus, mechanical energy is imparted to the clothes load by
the rotation of the agitator in the top loaders, or by the tumbling action of the
drum, in the front loaders. The temperature of the wash bath supplies thermal
energy, while thedetergent and other laundry chemicals supply chemical action.

1.2.2. Washing process

Washing machines get clothing clean by plunging the clothes through the water
and detergent mixture. It is the motion tat really helps to loosen dirt. The
washing is done by rotation of the drum causng the mixture of laundry and
detergent. The movement of the drum is caused by an electric motor.

The timer controls each and every part of the washing cycle. The timer controls
various other switches in order to control sever& other functions. This is also
the one that decides on the correct amount of electricity to be sent to each
section of the machine at the right time.

The operation of a washing machine is mainhsplit into four steps: 1. Re-
washing, 2. Washing andin sing, and 3. $inning.

13



1. The prewashing operation, like the washing, is a collection of water and
detergent, a cyclical movement of the drum with successive investments
of rotation, and a simultaneous warming of the water.

2. The washing process consists ofugcessive rinses provoked by cyclic
rotation investments. Each of these cycles ends with emptying the
machine. The spin is to draw the water from the clothes washed, so
during this time the machine will also be an emptied. The washer has two
tubs, the inng tub with hundreds of holes in it and the outer tub which
holds the water. Once the washing is done, the machine automatically
switches to the spin mode, depending on what program that the user has
set.

3. During the spin cycle the inner tub spins, forcing the water out through
the holes to the stationary outer tub. When the clothes are clean the drum
spins at thousands of RPMs using centrifugal force to squeeze water out
of the fabric. When the machine hasun through its cycle the clothes are
left clean and just a bit damp (instead of soaking wet).

1.2.3. Fabrication process

Many parts of a washing machine are manufactured from sheet steel, usually
coated with zinc to improve corrosion resistance The spin tub is made of
stainlesssteel.

Most sheet metal parts are formed by a machinthat presses a piece of sheet
metal between two halves of a mold (die)Because metal in parts shaped bgnly
one steptends to wrinkle, crack, or tear, multiple stepsare generally used to
form eachcomponent.

The tub subassembly is manufactured automatically. After being rolled into a
drum shape, the side is welded. The weld is then smoothed out and the drum is
placed onan expander, which stretches the tulapplying high pressureinto its
final shape.

1.2.4. Latest improvements

The current improvement is the tendency of going in the way of removing noisy
and vibrating parts such as tle belts. To achieve this motorsire improved and a
new transmission system called directdrive is implemented in most new models.

European Union environmental requirements force the manufacturers to
increase their production of front-loaded washing machines against tofoaded
washing machines. This is because fronbaded washing machines regire less
water than top-loaded ones for a similar performance. Most of the energy use of
a washing machine is for the heating of watem a deposit with an electrical
resistancebefore it goes into the cylinder. These frortoaded washing machines
can al® perform higher spin speeds, what makes them more efficient, because it
reduces the energy needed in the drying processlhere are more ways of
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improving the efficiency of a washing machine but in this thesis only the
advantage of the high spinning speedill be studied.

Due to all this it is necessary to research stresses to make it possible to use
higher spin speeds in orér to reduce energy consumption as explained in the
previous paragraph.

1.3. Reconstruction

It is necessary for the better understanding of this thesis to get a general
knowledge of the process followed in the reconstruction of the two parts that are
an objective. This reconstruction will be carried out once the mechanical
behaviour of each part is known, so we can solve the problems in the current
models and create better ones.

In this section, the process followed to complete the reconstruction of the two
parts considered in this project will be explained. Concepts such as design
mechanical engineering or the stages in a redesign will be profoundly reviewed.

Several different design factors are considered in this reonstruction, as will be
explained later. A research over joints is performed and it is concluded that they
will not be changed, s@ superficial explanation of most common joint unions
will be explained here, while the rest of the design concepts will be reviewed
during its modification.

1.3.1.Design concept

Mechanical design is the design of objects and systems of megital nature,
such as parts, stratures, mechanisms, machines, devices, atabls. Most of the
time mechanical design uses mathematics, material sciencand mechanical
science applied to engineeringMechanical design requires big amplitude study
that includes all disciplines in engineering, including thermal and fluid sciense

In this case, material science, mechanical science and the finite element method
will be used in the reconstruction of the parts.

1.3.1.1. Design stages

Oftenthe total design process is dscribedfrom start to finish. It starts with the
identification of a need andthe definition of the problem, followed by decision
on a design process. Then the design is tested for evaluation and presentation.

Identification of need and problem definition

Often, but not alwaysthe design starts when an engineer realizes that something
needs to be fixed and decides to do something about it. Generally that need is not
something evident; it requires a deep study to find the failure.

Oncethe problem is defined anda group of specificationsis obtained, the next
step in the design processs the synthesis of an optimal solution. This synthesis
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will not be possible to determine if it will fit the specifications kefore analysis
and optimization. This analwis could revea that the system is not optimal. If
design does not fulfill the specificationsin one of the tryouts or in both, the
synthesis procedure should start again.

Evaluation and presentation

Evaluation is a significant phase ofthe total design process, because it is a
definite demonstration that a design is correct and generally includes
experiments with a model in the laboratory.This is the pointwhen the designer
observes if the design actually satisfies the needs.

Communicationto other people about the design is the final and vital step in the

design process. Making other people understand the idea and its realization is a
key point, since it usually leads to the physical realization of the parts, the

structure or the system.

1.3.1.2. Camsiderations or design factors

Sometimes, the strength of an element is very important to determine the
geometric configurations and dimensions that this element will have. In that case
it can be said thatstrength is an important design factor.

The expression design factor signifies any characteristic or consideration that
influences the design of some element or, maybe, the whole system. Generally
several factors have to be taken into account in case of a determined desi@m
some other occasions one ahese factors will be critical and, ifits conditions are
satisfying, it will not be necessary to consider the rest of the factors. In this thesis
project the following will be taken into account:

Strength
Shape
Size
Flexibility
Stiffness
Joints

= =4 =4 -4 -8 19
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Strength Shape

Stiffness Design Factors Flexibility

Joints Size

Figure 1.4. Design factors

Research on joints

Two steel elements come together to work togethegnd they are connectedvith
each other, with one or more of the four joining methods: rivets, bolts, welds or
pins.

For many years the riveted joints were the generally accepted methotbr
conneding steel parts However, rivets have been replaced by welding and by
high strength bolts, because these elements achieve the same stiffnassivets,
but at lower costs andwith shorter installation times.

Materials

Nowadays there are a great manymaterials each one with its own
characteristics, applications, advantages and limitations. The following a list of
the general kind of materials used now in the manufacture eitér individually or
combined. These are four kinds. First, there are ferrous materials, likeacbon
steel, alloys, stainless steel, and machinery ste@econdly Hoys and nonferrous
materials are duminum, magnesium, copper, nickel, titanium,super alloys,
refractory materials, beryllium, and zirconium. Thirdly among ceramics it is
possible to findglass, graphite, and diamond Finally, composite materials
are reinforced plastics, composites wh metallic or ceramic matrix.

Design with new materials
Materials reinforced with carbon and glass fibers are commonly used in civil and

marine constructions,as well as insports goods. Plastic materials are considered
in this thesis project in the redesign of theripod .
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1.3.2.Criteria for the parts redesign

Befare starting with the redesign ofthe tripod and the front cover, the criteria
that will be used to estimate the validity of a solution must be established.

Step Objectives Variables
—
L N

— of St
—
—

Figure 1.5. Redesign methodology tree

1.3.2.1. Costs

Costs are one of the main objectives that thigroject must cover, due to the fact
that this is one of the most important factors that condition a plan for a factory.
In case of decisioncosts will have the largest influence over the rest othe
options. But, how is it possible to reduce costs?

Costreduction can be made in the choice of materials usede&earch over the
most important materials available must be done in order toensure that both
aluminium and stainless steel isthe best option for these parts as it is currently
used.

By reducing thevolume of material used an improvement in costs can be found.
Not always will reducing the volume of material mean a lossof mechanical
properties.

Manufacturing processescan also reduce costs. \fery different material requires

a different process, so ot only the price of the raw material has to be considered.
For instance,to study if a solution using steel and sand casting can be suitable.
Manufacturing costs can be split into casting, machining, fabrication, welding,
bolting and gluing.
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However, themechanicalbehaviour has to be considered because a really cheap
and suitable material cannot satisfy the mechanical requirements or it is possible
that the mechanical properties obtained from the manufacturing process do not
achieve thenecessary minimum.

1.3.2.2. Mechanical behavior improvement

Other important objectives to cover can be improving boththe tripod and the
front cover in order to avoid possible mechanical failures. Studying the actual
load and stress distribution and trying to reduce the maximum Jaes or to
include stressreducing features in the models can achieve this objectiveA
profound research in what kind of stresses and the maximum values of them has
to be performed.

The deformation canalso be considered taking into account the maximumalue
and try to reduce it increasing the rigidity of the assembly or whatever method
used.

Not only thetripod or the front cover can be improved with these modifications,
but the stress distribution in the cylinder canalso be modified. In fact, a better
solution for it can be found.

1.3.2.3. Environmentally friendly solution

By using recyclable materials, by choosing the least energy waster process, or by
reducing the waste of water during the washing process, a better solution for the
environment can be found.For instance, in the case of reducing the energy used
in the manufacturing process, the blect costs are also decreasing.

1.3.3.Criterion for failure estimation

The criterion that will be used for the estimation of the scalar value of an
Al AT AT 08 O ravid Behiite ®on idds Bduivalent Stress. It is one of the
best criteria to predict the failure for ductile materials due to the fact that it uses
the distortion energy as a criterion. This means that the value of one of the
principal components can reachthe yielding strength and the material is no
plasticizing. Moreover, this criterion predicts the failure under pure shear for
T ™ X,xand the reality shows that it is produced fort 1™ X [10], so itis a
good criterion.

The mathematical expression for this criterion can be obtained bgqualling the
distortion energy to the energy necessary to yield a test tube. In this case it is
expressed in principal components.
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2. Implementation

In this chapter most of the technical aspects of the parts and materials used in
this thesis, and the basic settings used on the simulations will be described.
Firstly, a review on the Finite Element Method (FEM) will be performedo that
the process followed in every simulation can be explained.

2.1. Working with FEM

This section will explain in a brief way what the process to follow is when
working with FEM method, as it is the case for this project.

2.1.1.History

The origin of the finite element method (FEM) is the needto solve complex
elasticity and to make a structural analysis in mechanical engineering.The
development can be seback in the 1940s when first approaches to the idea
were started. Although the approaches of the pioneers were different, they
shared one characteristic:the mesh of a continuous domain into smaller sub
domains called elements. These elements were joined together in points called
nodes.

2.1.2. Applications

Almost all applications in the field of mechanical engineering discipline use FEM
in the development and design of their products. FEM is a great tool when
producing stiffness and strength visualizations and also when optimizing weight,
materials and costs.

FEM allows the visialization of structures submitted to loads and shows stresses
and their distribution. Many different settings can be modified in FEM software
in order to obtain the most realistic models. Theuser, who can manage both
computational time and accuracy requied depending on the application,

chooses the level of detail

The biggest inconveniece of this method is the blind faith in the results
provided by the software. Since it is the ugethat sets the configuration, it is
necessary to be critical with the reults and make an intensive discussion before
acceptingthem as valid. The conclusion ithat FEM is a powerful tool that should
be used by trained professionals.

FEM has improved the design and thedesign methodology in many industrial
applications, and has reduced the time from idea to production line.
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2.1.3. Working flow with FEM

The flow of work used in each simulationcan beseen infigure 2.1. The steps are
the following:

1. Creation (reception) of 3D model

2. Preparation of the model before taking it into FEM software such as
elimination of bad geometry, simplification of unnecessary parts and
improvement of contact regions

3. Basic inputs in Abaqus. Tis information will allow the model to work
properly during simulation and will define the behavior of the parts during the
analysis

4, FEM inputs. These parameters will control the computational time and
the accuracy of results in the simulation. A special analysis of factors is
performed in order to define them.

5. Simulation is carried out by the software

6. Results obtained need to be evaluated and judged as good or bad before
presenting them in the report.

22



3D model(received
from ASKO)

Model
preparation

Abaqus
Material
Boundary conditions
Sections

FEM inputs

Mesh and convergence
study

Steps (attempts)
Job

Loading case

Simulation

Analysis of results

Figure 2.1. Workflow when working with FEM
It is important to be very accurate andmethodical during the inputs phases, both

those affecting the model and the calculation method. These decisions will define
the validity of the result and its possible utilty in real production.
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2.2. Assembly in Abaqus

2.2.1.Preparation of the model

The first stageof this thesis project is toprepare the numerical model that will
be tested using the software program Abaqus. This assembly was received
directly from the ASKOAppliance as a CAD model that was later modified in
order to meet the requirementsthat Abaqussetsto work properly.

It was found that the best way to import files from other programs into Abaqus
was using the file extensiorStandard ACIS Textsat).

In this first version all the parts were solid, but in order to obtain manageable
computational times and to avoid problems in the mesitreating algorithm some
parts such as the front cover, the rear cover, and the cylinder are assigned to be
shells. These parts can be simplified as shells because one dimensigpecifically
thickness,is considerably smaller than the others two.Also, these parts contain
small features i.e. the holes in the cylinder that make it impossible to create a
solid mesh with a reaonable mesh size and with manageable computational
times.

The next step is to create the modeh Abaqus that will simulate the real working
washing machine, always remembering the limitations of the FEM method. This
model will be assigned certain parts, materials, boundary conditions, analysis
configuration and interaction between its parts, in oreér to make it work as it is
intended.

2.2.2.Simulation process in Abaqus

In this section every one of the actionsvill be explained step by step and with a
high level of detail made in Abagusfrom the beginning to the start of the
simulation. With this the intention is to clarify every aspect of the simulation, so
the results can be interpreted in the correct way.

2.2.2.1. Part

This model is composed of 1 different parts: 3 screws, 3paddles 1 cylinder
with a 0.48 m. diameter 1 rear coverwith the same diameter asthe cylinder, 1
front cover with an outer diameter of 0.48 m and an inner diameter of 0.2m1
tripod with an outer diameter of 0.45 m.and 1 axle. These 11 parts are
assembled together to create the model that will later be worked in Abaqus.

The screwsare not mounted in the final model because they are substituted by

their effect, i.e. the elimination of the relative displacement between the regions
AEEAAOAA AU OEAI 8 4EEO EO AAEEAOAA AU
connection.
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Tripod

In this chapter thepart tripod will be analysed, focusing on the geometry, the
material used and its manufacturing processThe main task of this tripod is to
connect the shaft with the cylinder, and to transmit the torque between them, so
this is one of the mat important structural components of a washing machine.
To understand how the tripod is loaded and how the stresses change depending
on the loads applied will show possible solutions for the future reshaping.

Current design

The tripod consists of 3 arms 3 connections with the cylinder, and 1 connection
with the shaft. These regions can be appreciated in figu22 and they will focus
the attention of this redesign.

Connection with

i the shaft

Connection with the
cylinder

Connections with the !
cylinder )

Figure 2.2. Current design of the tripod

These regions have differentharacteristics, geometries, and functions.

- The connection with the shaft is a robust cylinder with stiffeners to keep
its relative position with the rest of the part.

- The main characteristic of the arm is its section, due to the fact that it
must be chsen depending on the kind of stresses that appear under
working conditions explained before.

- The connections with the cylinder have two main features, the first one is
the surface in contact with the cylinder, and the second one is the mass
where the screwwill be placed.
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Material and manufacturing process

The material used for the production of this part isaluminium whose properties
have been described in the materials chapter. Despite the fact that this material
is lighter than steel, the manufacturing and production costs combined with the
level of stresses in this part make it possible to think about other materia such
as steel or plastics. In figur@.3it is possible to realize the differences in costs
between the different materials.
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Figure 2.3. StrengthCost of different materials[8]

The vdume of the actual model is 34800 mm3 and weighs 0.95kg, so it is
possible to obtain a cost per unit taking into account only the raw material. The
cod per kg for the aluminiumis 2620h O1 OEA At QO8PAO OT EO EO

The manufacturing process for thealuminium requires a huge volume of
production in order to obtain good rates of benefit. This process is called die
casting and consists of the injection, under high pressure and with high velocity,
of molten metal into a split metal dieAluminum EO 1 1 1 GAld-A EEA T AM OB 8
The main advantage of this process is the high rate of production that can be
achieved, and the high accuracy both for the smooth surfaces and the details. The
main inconvenient is the complicated and expensive die that it is necessary to
use and usually it is better to use cheaper dies and to finish the surfaces by
tooling. The rate of production where tooling can be justified corresponds to the
interval of 5000 to 10000 pieces, but for a large amount of parts the die casting
process is definitely the least expensive.

Moreover, the diecasting can only be used when the mechanical properties are
required to be the greatest. Diecasting can be compared with another similar
process used in iron casting, sand casting. Sandsting is cheaper irsmall sized
batches because of its low setup costs, but when the batch is large,-dasting is
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much cheaper because of its running costs. The production of parts is faster in
die-casting because sandasting requires a complicated process of preparation
of the sand and manipulation of models.

The relation between sand casting and die casting processes and their prices per
unit can be seen in Figure.4.

Sand-casting // Die -casting costs

10000
E 1000 -
>
g
- e Sand-Casting
o
&) 100 e===Dje-casting
10 . .

100 1000 10000 100000 1000000
Batch elements

Figure 2.4. Comparison between sand casting and deasting [4]

Since these considerations areaken into account, the design of the new parts is
limited so that they can be manufactured in accordance to the processes
mentioned. These limiations affect parameters such as radius, thickness and
angles at draftg[4].

Front cover

In front-loaded washing machines, the cylinder is arranged horizontally and it is
open from one of its bases, which connects to the door. The open base of the
cylinder, called front cover, is designed with a large hole to allow entry and exit
of laundry in the washer. The matgal used in its manufacture is stainless steel,
and its functions are:

1 To enable input and output of clothing, connecting the cylinder to the
outer casing of the machine where the door is.

1 To form a container where the clothes are placed.
1 To prevent clothes from falling out from the cylinder. The cylinder, the
rubber and the door make it possible to create a closed container when the

machine is working.

Specifically, the design of this part is a metal ring that connects its outer edge
with the cylinder through bending, and the inner edge is free (see shape shown
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in Figure 2.5) to make it easier to close the container with the door and the
rubber. The rubber goes between the external drum and the door and allows the
drum to bounce around without any clothesescaping.

Figure 2.5. Inner cylinder, front cover and rubber{11]

To consider a redesign of this piece, the first step is to study the stresses, which it
is subjected to, and the strains that they cause, as explained@sults chapter.

The redesign is based primarily on the improvement of this situation, i.e. to
decrease stress and reducdisplacementon the piece. But also, the volume or
size of the piece is taken into account in order to reduce the amount of material
used in the manufacture, which will lead to economical savings and which should
always be present in any study.

The actual design has a volume @0400 mm3.
Material and Manufacturing Process

The design of a manufactured part is heavily dependent on éhmaterial and
process by which it is made. For example, aaluminium die cast part and a steel
sheet metal part would be designed entirely differently even though they both
serve an identical function.

The front cover is made of stainless steel 18:9 (1% chromium and 9 % nickel),
as mentioned inmaterial’s chapter, whereits properties are shown.

There are many types of stainless steel in accordance with the characteristics
that are wanted to get into the steel. Stainlessteel resistance to corrosion ad
staining, low maintenance, and familiar appearancenake it an ideal material for
many applications.

Stainless steel is used where both the properties of steel and resistance to
corrosion are required. Stainless steel differs from carbon steel by tremount of
chromium present. Unprotected carbon steel corrodeseadily when exposed to
air and moisture. This iron oxide film (the corrosion is active and accelerates
corrosion by forming more iron oxide. Stainlesssteels contain sufficient
chromium to form a passive film of chromium oxide, which prevents further
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surface corrosion and blocks corrosion from spreading into the metal's internal
structure.

The chromium forms apassivation layer of chromium oxide when exposed to
oxygen. The layer is too thind be visible, and the metal remains lustrous. The
layer is impervious to water and air, protecting the metal beneath. Also, this
layer quickly reforms when the surface is scratched. This phenomenon is called
passivation and is seen in other metals, such asluminium and titanium.
Passivationonly occurs if the proportion of chromium is high enough.

Furthermore, stainless steel is 100% recyclable. An average stainless steel object
is composed of about 60% recycled matesi of which approximately 40%
originates from end-of-life products and about 60% comes from manufacturing
processeq12].

For all these reasons, stainless steel is used in the cylinders of washing machines
and offers numerous advantages to its users; begd the high resistance to water,
soaps, detergents, etc., stainless steel ensures a surface smooth and free of
lashings and cutting, avoiding the deterioration of the clothes in the washing
process, caused by irregular surfaces. It also prevents damage zips, coins,
buttons, keys and objects such as these, at high speed on the machine, and would
be fatal in the cylinders made of coated materials.

Despite all this, in the next chapter will be discussed the possibility of changing
the material for anotherwith better properties, better results or cheaper.

The manufacture of stainless steel involves a series of processes shown in figure
2.6. To make stainless steel, the raw materials iron ore, chromium, silicon, nickel,
etc., are melted together in an electt furnace. This step usually involves 8 to 12
hours of intense heat. When the melting is finished, the molten steel is cast into
semi-finished forms. These include blooms (rectangular shapes), billetsqund

or square shapes o83.8 centimeters in thicknes), slabs, rods, and tube rounds.
Then it is cast into solid form. After various forming steps, the steel is heat
treated and then cleaned and polished to give it the desired finish. Next, it is
packaged and sent to manufacturers, who weld and join the gkto produce the
desired shapes.
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Figure 2.6. Manufacturing processof stainless steel

2.2.2.2. Material

The materials used in this assembly will be obtained both fromthe
www.asko.com [1] webpage and from the inscriptions in the casting process or
injected modelling in the parts. Every material in this project is considered to be
homogeneous and isotropic.

Stainless Steel 18:9

Stainless Steel 18:3 used in the shell pars which arethe cylinder, the frontand
OEA OAAO AT OAO AT A EOO DPOI PAOOEAO AOA
American standard AISI 302.

Aluminium 380

The properties consideed for the tripod would be those corresponding to
aluminium melted and shaped indie-casting. This special alloy 380 is based on
aluminium with 9% of silicon and 3% of copperand it is the most common and
often recommendedalloy used in diecasting.

PP20T

For the paddles, Polypropylene Homopolymer with Talc Filler, 20%will be used.
Injected modeling ® OT AOAAO OEEO bils imechahicabpiopeRids O O

z ~ N 2 A

cylinder in the area where they are assembled.
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AISI 4340

The shaft is suposed to be produced in standard FSl 4340 special steel for
axles.

Table2.1.Properties of materials used in the assemblf2]

Mass density Yield strength  Ultimate tensile strength
Material E(Gpa) W (gricm?) (MPa) (MPa)
AlSI 4340 210 0,31 7,85 689 1227
Stainless stee
18:9 210 0,31 7,85 520 860
Aluminum

380 65 0,345 2,7 160 320
PP20T 130 0,35 0,9 43 80

Despite the fact that the cylinder has been previously deformed during its
production and it contains residual stresses, perfect elastidbehaviour is
considered in all the parts. The yield stress limit is 520 MPa for stainless steel
18:9, and 689 MPa for AISI 4340.

Plastic behaviour is going to be avoided in this project because it makes
necessary a complex study of eformations in certain parts. The yielding
strength will be used as a limit of maximum stresses.

One consideration must be taken into account due to this assumption about the
perfectly elastic behaviour: there are no limits for the stress. Real materialare
characterized by theiryield strength, Youn@ fodulus, and fracture energy. The
linear relation between the stress and the strain is only valid for the elastic
region of their characteristic stressstrain graph [10]. To sum up, it isassumed
that there is no limit for the strain and consequently, it ispossible to obtain
values over the yield strength of the steel in the nunreal model if the loads are
high enough. The values that overcome the yield strength camot be considered
asreal.

In every figure showing stresses the maximum vale for the scale Wl be set to
the yield strength limit, it is: 160 MPa for the aluminium, and 520 MPa for the
stainless steel.

2.2.2.3. Interaction

Interaction is crucial in the correct design of the simulation, since all the parts

are definedaccording to how they interact, and this will determine whether the

result isgoodornot.! 11 OEA OTEITO AOA AT 1 OEAAOAA OI
tripod is assembled to the cylinder by 3 constraints, simulating the effect of the

screws using an area equivalento that created by a pressurized screwThe

paddles are assigned to have tie connections with the cylinder, this situation

prevents the part from moving relatively between them, which is not completely

true but saves a lot of computational time, the strgses generated are slightly

higher and it does not affect the parts which are an objective in this thesishe
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rear cover is assembled 3 constraints simulating the effect of the screws as the
tripod, plus 1 constraint simulating the folded edge. The frontover is assembled
using one single tie constraint simulating the folded edge, between the cylinder
and the front cover,asshown in figures 2.7 to 2.10.

Figure 2.7. Cylinder with highlighted constraints showing rear cover and front
cover unions.

Figure 2.8. Tripod with highlighted constraints

Figure 2.9 Interaction applied to the paddle
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Figure 2.10. Front cover constrained

2.2.2.4. Analysis

The loading process can be considered as static in spite of the fact that the
cylinder is rotating because the loadsire assumednot to vary with time neither
in value nor in direction.

2.2.2.5. Boundary conditions

The boundary conditions used here are those coesponding to adouble-pinned
axle. The model is prevented from translation and from rotation in all directions.
It can be observed in figure2.11.

Figure 2.11. Boundary conditions in axle

2.3. Mesh

As usual when working with FEM, it was necessary in this thesisproject to
determine the mesh size that will produce the best balance between
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computational time and accuracy in order to ensurdhat the results provided by
the program are similar to reality. To obtain this equilibrium point a
convergence study had to be done. It consisted in running the model under a
fixed load, and without modifying any other parameters, change repeatedly the
mesh size.

2.3.1.Tetrahedrical elements

For the solid parts which are the shaft, the tripod and the paddlegl-node linear
tetrahedron elementswith one integration point are used. These elements have
3 degreesof freedom in each of the nodesBy using this type of elerents it is
possible to create the mesh of complex and irregular shapes as the case is here
But the use of these elementswith a single integration point have some
limitations such as the unrealistic results in the case of bending and when they
are applied to small thickness.An example of a tetrahedron withits degrees of
freedom, and its integration point can be seen on figur@.12.

> 2

integration point

Figure 2.12. Tetrahedron with degrees of freedom and integration point
indicated [3]

By using one single integration point results are clearer to obtain the stress state
of a point andconsequently the simulation process is faster.

Here are shown the meshed parts that are considered solid and therefore
assigned tetrahedrical elements in Abaqus. Figuresi&to 2.15.
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Figure 213. Mesh for the axle12800tetrahedrical elements.

Figure 214. Mesh for one othe paddles. 11700tetrahedrical elements

-~
-«

s

Figure 2.15. Mesh for the tripod 52000tetrahedrical elements.
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2.3.2.Shell elements

For the front cover, the rear cover and the cylinder,shell elements are used.
When working with FEM, shell elements are assigned a certain number of
integration points; in this very specific case the number of integration points is 5.
While performing this convergence study, two results were plotted for thevon
Mises stress. These two results corresponded to integratio® | E Tnribed 1
and 5, corresponding to the outer and inner surface of the element according to
its thickness. @ily the highestvalue was used in the calculation, becausé is the
most critical state and closer to mechanical failureShell elements have 6
degrees of freedom per nodeHow integration points and degrees of freedonare
arranged in the element can be observenh figure 2.16.

Integratlon 4

7? 1 pomts
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Figure 2.16. Degreesof freedom for a shell elemenand integration points

The three parts assigned to have shell elements aghown in the following
figures 2.17 to 2.19. The finer mesh is assigned to the frorgover, as it will later
be explained in section 2.3.3The thickness for all the shell parts in this model is
assigned to be 0.6 mm.

Figure 2.17. Mesh for the cylinder 30900shell elements
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Figure 2.18. Mesh for the rear cover1880shell elements

<

Figure 2.19 Mesh for the front cover 8350shell elements.

2.3.3.Resultsfor the study of convergence

A study of convergence, whicltonsists of the calculation of theoptimal number

of elements in order to obtain accurate resultshas been carried out forthe front
cover and the tripod These two parts are the main objective of study in this
project. The study is considered to be complete when the results of the
calculations seem to converge to a certain value. In this case the curve maximum
von Mises stresg number of elements is plotted

Below this paragraph both studies can be seen totfeer with an explanation of
them.
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Convergence study
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Figure 2.20. Convergence study for theripod usingvon Mises stress

As it can be appreciated in figure.20, results getbetter as the number of
elementsis increased, having a fall down when they get to more tha 55000 due
to the existence okelements smallerthan the mesh seed sizeélaking into account
that the best results areconsidered to be those that will lead to a model that will
show relatively higher stresses,with the objective of using the safest results
within the range. These areachieved ketween 50000 and 55000 elements and
therefore it is decided to use a mesh with a seed siz& 65 mm that creates
52000 elements for thetripod. It is also necesary to maintain a mediumhigh
level of elements because for the student version of Abaqusimulations are
limited to 100000 elements. Altogether, it is considered to be a good choice that
satisfies a good balance between computational time and accuraoythe results.

Convergence study
Front cover
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Figure 2.21. Convergence study for theripod usingvon Misesstress

As can be observed in figure2.21, aconvergence study was also carried out for
the front cover. For the same reasonssexplained beforewhen talking about the
tripod, the best results(the results that plot a higher value for the stressesare
achieved in the middle of the diagram, before the small geometry starts to be
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bigger than the seed size. A seed size ofin is chosen, creating a total of 8350
elements for thefront cover.

2.4. Loading cases

This section has as a purpost create a series of loading cases representative
for the real working of a washing machinelt is assumed that some of these cases
are not possible to carry out in a real washing machine, but their results can
contribute to get an understanding of the behavior of the washing machine.

2.4.1.Parameters

It is crucial to define the most important parameters that affect the model in
order to modify them and be able to obtain the worst loading case. It should be
studied not only as a numerical model but also as a real object and the process
must include trying to understand the washing process. The &mls applied
correspond numerically to anamount of wet clothes pressedgainst the cylinder
wall. These clothes are placed in their natural positiomandomly.

2.4.1.1. Rotational speed andunbalance

The rotational speed factormust be considered as one of the mosmportant
parameters due to the fact that the faster the cylinder spins the larger the
pressure geerated by the loads is. tl is also important to realize that the
difference between the maximum rotational speed and the minimum is not
relevant for this study compared to thebig differences obtained by creating a
minimum unbalance.Figure 2.22 shows the effect of rotation in the model

The rotational speed considered in each simulation is always the greatest but
the time varies dependng on the balance of the loadn the cylinder. Therefore,

the rotational speedis 1735 rpm during 90 secondsif the cylinder is loaded
evenlyor it is 1690 rpm during 60 secondsf the cylinder is unbalanced[9].

Figure 2.22. Cylinder submitted to rotational speed
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2.4.1.2. Load

Another important factor in the calculation of the stresses generated in the
cylinder is the load.A wide rangeof load valueswill be applied to the model with
variations in position and area where they are applied. This will lead to series
of results that can be studied and compared in order to find the worst possibility
for the model.

The loads considered in each simulatioare two:

1. The load due to centrifugal force that appears when the cylinder is
rotating.
2. The load due to the mass of clothes and water when they are rotating.

This load is calculated using the following equation:

1 a is the mass of tle clothes and water in kilograms

1 1 is the speed at which the cylinder rotates in radians per second
1 Ois the radius of the cylinder in meters

1 0 is the area where the load is applied in square millimeters

1 0 is the applied pressurein MPa

The total maximum massis found as thesum of 7 kg of dry clothes plus 40% of
water consideredin the samej.e.9.8kag.

The mass considered in each simulation is a percentage of the total mass. Thus,
when a single region is loaded in the cylinder, the mag®nsidered is 30% of the
total mass (2.94 kg); in the case of two loaded regions, the ngas 50% of the
total mass (49 kg); and when the three regions of the cylinder are loaded the
mass considered is 100% (9.8 kg).

2.4.1.3. Number of loads

The number of loadsor regions, has a direct influenceon the rotational speed.
Neither a single load nor a double load applied in a big region can be balanced.
There will be three cases in this project: load applied in one region, load applied
in two regions or load appliedin three regions. These regions are delimited by
the position of the paddles.

If there is only one region loaded in the cylinder it will always be unbalanced. If
there are two loads the cylinder will be balanced if the masses are equal and
these masses i@ faced.If there are three loads the cylinder will be balanced if

the masses are the same and they are equally distributed following a
symmetrical pattern.
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Figure 223, 2.24 and 2.5 show sketches of how loads can be distributed
through the cylinder, d@ther in one region, in two or in three regions.

Figure 2.25. Model loaded in 3 regions

2.4.1.4. Area

How this load is applied will determine the stress distribution throughthe model,
for instance, a single load applied in a small region will create huge stresses in
this area and not so bad irthe rest of the model In order to simplify calculations
and the understanding of the loading process, only two sizes of area will bsed:
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one of 61600 mmz2occupying the whole region between paddlesand another of
18400 mmz2including just a part of that free space.

The big area is the maximum possible region between paddles without
interacting directly the holes close to the paddles. Ae small region is just one of
the multiple options.

2.4.2.Chace of simulations

Considering all the variables explained in the previous section, 13 possible
loading cases came to surface, where only three were not applicalddecause the
rotational speed ofthe washing machine is limited by a maximum unbalance of
0.3 kg, and that will not allow the spin of the cylinderin table 2.2 the cases
considered can easily beseen. From these options three were chosen with the
idea of submitting them to a deeper study including maximum stress, stress
gradient and influence of loads, areas and speed.

Table2.2. Loading cases and possible simulations

Number | Load per Rotational
ad p Speed | Area (mnf) Number |Pressure (MPa
of loads | region (kg)
(rad/s)
61600 Simulation 1 0.4
1 3.27 177 18400 | Simulation 2 1.34
2.452.45 182 18400 | Simulation 3| 1.05/1.05
61600 Simulation 4|  0.31/0.29
2 2.532.38 177 18400 | Simulation 5| 1.03/0.97
2.452.45 18400 | Simulation 6 1.0/1.0
3.27-3.2F 182 61600 | Simulation 7| 0.42/0.42/0.42
3 3.27 18400 | Simulation 8| 1.41/1.41/1.41
61600 | Simulation 9| 0.38/0.4/0.42
3.153.263.4 177 18400 |Simulation 1¢ 1.29/1.33/1.39

The two speeds used in the creation of the loading cases are those corresponding
to the maximum speed wherthe cylinder is balanced (182 rad/s) and the speed
at which the cylinder rotates when the unbalance is the maximum allowed (0.3
kg.). From that unbalance on, the cylinder would not rotatat high speed.

From these 10 possible simulations3 were choseto be performed in Abaqus,
and studied indepth. The idea is to have one with a single regidoaded; one
with two regions loaded and a third one were clothes are spread all aroundhé
cylinder. This is due to the fact that the number of loads is one dfig most
important parameters that affect the loading cases and it is necessary to
establish a comparison between all the situations because they are very different
to each other According to table2.2 simulations 1, 5 and 9 are chosen.

Simulation 1 isnot possible in real life but it will be used as a reference.
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3. Results

In this chapter the three previously chosen simulations will be performed and
their results will be explained using figures and numbersin case of simulation 3

a deeper study of front cover and tripod will be carried out in order to obtain
data that will later be used in the reconstruction of these two parts. Also, a study
of rigidity will be performed in the two parts mentioned. These simulations are
performed following the steps desribed in chapter 3 and with the settings
explained in chapter 5 for boundary conditions, elements, mesh, and interactions.

3.1. Simulation 1. Single load

In simulation 1, a single load is applied in a big region of the cylindexs shown in
figure 3.1 It is necessary to simulate the washing machine in one of the most
dangerous situations, rotating at high speed, with a completely unbalanced load.

Figure 3.1.Explicative sketch for simulation 1

It will be assumed that the machine is not fully loaded because it is not possible
to concentrate all the pressure due to the loads in a simple region. Thpod is
supposed to suffer the maximum levels of stress due to the fact that it will not
work as it is designed for. In real life the machine will avoid rotating at high
speed with this kind of load This simulation is then used as a reference tona
extreme case, but it is known that it is not a real case and will not be possible to
perform it in a real working washing machine.

The stress distribution of the cylinder shows several areas where thgielding
stressis achieved, in greyin figure 3.2. Not only in the area where the pressure is
applied but the area affected by the boundary conditions imposey the screw.

It can be seen in this figure that the pressure because of the paddles is not
relevant but the stiffness in thisarea is much bigger thanin the rest of the
cylinder. The following figures 3.2 and 3.4 show better the stress distribution
using a different scale for thevon Mises stress. The maximum value fdhe scale

in figure 3.2 is set to 520MPa, andthe stress generated by the screws and the
stress generated in theripod can be shown more accurately.
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Figure 3.2. von Mises average stress in theytinder with applied loads
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Figure 3.3. Cylinder displacementin mm

In figure 3.3, the absolute displacementd plotted and, as canbe seen, the
maximum displacement of the front cover is bigger than 20 mm. The
deformation of the diameter of this part is representative and it would probably
invalidate the design if the machine worksunder theseloading conditions.
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Figure 3.4. Tripod von Misesstress distribution
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The stress distribution in thetripod is shown in figure3.4. The maximumstress
corresponds with the connection with theshaft (more than 900Mpa) this stress
is possible only when working with a numerical model The yield stress is
reached in most of the regions of théripod . For this figure, theYielding Strength
of the aluminium is usedas maximum value for the scalel60 MPa).

3.2. Simulation 2. Cylinder loaded wih two opposite loads

Smulation 2 (figure 3.5) represents the case where clothes are pladan small
areas @posite to eachother. The load is 50% of the maximuntoad allowed and
there exists an unbalance betweerthe loads. This unbalanced load force the
cylinder to spin at a speed smaller thathe maximum, in this case 17 rad/s. It is
considered to be an inteesting case because the cylinder iwadedin a way that
creates big deformations

Figure 3.5. Explicative figure for simulation 2

In figure 3.6 it can be observed how the cylinder expands the direction of the
opposite loads, creating a deformation in the cylinder. It can also be observed
that only in those regions affected by the presence of load tensions get to a
point over 520 MPa, while in the rest of the cylinder these tensions kgea much
smaller range.
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Figure 3.6. von Misesstress inthe inner side of the cylinder, paddle, front and
rear covers.

Figure 3.6 shows the inner side of the cylinder together with one of the paddles.
Again it is observed thatvon Mises stresses are kept low in the front and rear
cover, so it is possible to affirm that tis loading situation affects mainly the
areas where clothes are plaat while the rest of the assembly receives a small
percentage of the total amount of stress.

The front coveris one of thestudy targets. Figure 3.6 displays the colour scale
for von Mises stress distribution. This part is required in a higher degreand

therefore it createsa patternin the front cover that can be observedn figure 3.7.

There are four regions indicated in red,which means that in those place

tensions are near the limit for the scale, which is setto 520MPa. This stress
distribution can be interesting in order to optimize the part. The maximumvon

Misesstress in the front coveris 330 MPa

The second study target of this thesis projectis the tripod (figure 3.7); this part

is under 50 MPa in most of its surfacewhich indicates that this loading case is
not one of the most demanding scenarios for this part of the assembly. The
highest stresses are reached in those points where thepod is attached to the
cylinder by screws andat a lower level, in the region where e tripod meets the
shaft. The maximum von Mises equivalentstress in thetripod is 100 MPa.The
maximum value in the scale is set to the yielding strength for the aluminium (160
MPa).
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Figure 3.7. von Mises stressdistribution in the tripod .
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3.3. Simulation 3. Cylinder loaded in 3 regions

In simulation 3, the load due to the clothes and water is designed with the three
regions ofthe cylinder loadednon-uniformly. The area occupied by these loads is
the same in al three regions, and it is 61600mm2. The masses that get the
unbalance in tre cylinder are 3.15kg, 3.26kg and 3.4 kg leading to stressesf
0.38 MPa 0.39MPaand 041 MPa, respectively.n this case the unbalance will
not be the maximum allowed by the machin€0.3kg) and therefore it will be a
valid comparison against those cases in which the loads are completely
unbalanced.Figure 3.8 shows a sketch of this simulation.

@ Y

Figure 3.8. Simulation 3 explaining sketch

This simulation was chosen because of its greater similarity to reality to consider
that the masses are different in each region of the cylinder causing the instability
of this, and considering that the loaded area iall the area available between the
paddles. In reality, the area occupied by the clothing in the cylinder is usually
very large because the clothes are not concentrated in one place. And also, it is
impossible to have a balanced load in a washing machine in reality; load varies
from one point to another within the cylinder.

In the tripod, the maximumestressis at the junction with screws and corresponds
to a value 0f59.1 MPa,and alsoan affectedarea on thetripod is at the junction of
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it with the shaft. In figure 3.9 can be seen the representation of stresses in the
tripod. The scale is set to 160 MPa
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Figure 3.9. Tripod with von Mises stress distribution

The front cover suffers more in the area of contact with the cylinder and the
intermediate zone in the free zone ofcontact. Six areas of greatest tension
around the front cover can be distinguished to match the three blades and the
central area ofapplication of the three loads.
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Figure 3.10. Front cover averagedstressesaccording tovon Mises law

The maximumvalue is on the verge of joining theyinder and has a value of 210
MPa. Figure3.10 shows a picture of the stress statef the front cover. The scale
is set to 520MPa.The point of maximum tension is in the cylinder wall at half
height of it and in theboundary zone between the area occupied by@addle and
paddle-free area.
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Figure 3.11. von Mises average stress in theytinder viewed from its outer side.

In figure 3.11 the scale is set to 520MPa and it can be seen how the model is
subjected to stresses over this value only in the regions affected by the loads and
between the paddles.The most critical part is the cylinder and the most critical
areas are those closest to the paddle®Vhile les critical parts are the shaft and
the tripod .

3.3.1. Mechanical behaviour of the tripod

The mechanicalbehaviour of the tripod under the loads specified in the section
3.3 will be studied. Simulation 3 from chapter 3 is considered one of the most
realistic loading cases, with three unbalanced loads in big region¥he stress
distribution of the part, the maximum levels of stress, and the deformation will
be analysedin order to identify what kind of forces are acting on the element.

Firstly, it is important to introduce the elements that interact with this part. The
tripod is placed in the rear part of the cylinder, connected on its extremes to the
cylinder and in the centre of its geometiy to the shatft. It is important to consider
this because it is not possible to change this configuration for the design. The
main loads considered are the effects of the clothes rotating at high speed. The
boundary conditions of the mechanism are placed ithe bearings of the shaft, so
the tripod is placed in the middle of the mechanism and must be rigid enough to
suffer the transition of these forces to their boundary conditions.

It is possible to obtain an approximation of the real problem by using théheory

of the static equivalence of forces. Firstly, the unbalanced load can be summed
into one single and equivalent load. Then, this load might be translated to the
connections with the tripod by using a force and a moment that appear due to
the distancebetween the plane of the resultant force, and the tripod. That can be
observed in figure 3.15 where the resultant force is sketched on its plane at a
distance h of the plane of the tripod. That distance h can be assumed as one half
of the depth of the cylnder.
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Figure 3.12. Equivalent force due to the unbalance and its effect over one arm of

the tripod.

This is a complex model, with several momentsension and shear; the values of
these stresses cannot be caltated by a simplecalculation due to its gemetry.
The deformation will not be symmetric, so no simplifications are allowed, and a
computer model must be used. The results from the numerical model will be
discussed later in order to obtain what is most dangerous for this part, for
instance, if thestresses are concentrated in a certain region.

Moreover, it is important establish differences between the arms of the tripod.
The total effect of the different kind of efforts that appear can be simplified by
superposition. Every single effort can be sitlied separately and the total effect
will be the sum of the effect410].

Finally, how these effects are combined in everarm and the stresses they

produce can be explained using the software. Analytically it is impossible to
calculate the values of thestresses. It will be important to look at the stresses in

the connections with other elements.
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Table3.1. Effects on the arm

Stress

Figure

Description

Bending

The bending is one
of the effects that
produce more
deformation,
especially if the arm
is facing the load, or
if the load has the
same direction as
the arm.

Torsion
v
T - W
0

The torsion is one
of the worst effects
that affect an open
section like this
case of study. It
should be avoided
in open sections.

- = =< =

Theshear stress
follows a
distribution
according to
Coulignon
Jourawski

Tension/Compression
"W

” 7 6

1L

Tensionand
compression
generate a constant
stress in their
direction on the
entire section

3.3.1.1.Connection withthe cylinder

The first region to consider is the connection with the cylinder, the region
affected by the screw. As can be seen in figuB13 in this region the highest
values of the equivalentvon Mises stress are found, not only in the connection
with the screw but in the intersection between this region and the section of the
arm. The intersection is influenced by the connection with the cylinder and the
connection with the arm. The size of the mesis very important for this region
because by using diner mesh the problems with huge gradients of stress are

avoided, because huge gradients between two consecutive elements show that
the mesh size is not suitable.

The maximum value for thevon Mises equivalent stress is 59.MPa and this
value representsthe 37% of the yield strength, and the safety factor is 2.7.
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Figure 3.13. von Misesequivalent stress in the connection with the cylinder

The values plotted of the stresses figure 3.13 are the highestand it is possible
to evaluate the accuracy of the results based on ttsress distribution and the
meshrefinement. Due the fact that the University Edition of Abaqus isriiited to
100,000 nodes, the meslereated shows that it must be finer because thdresses
change from 25 MPa to 50 MPa in two consecutive nodes.

3.3.1.2.Connectionwith the shaft

The second region considered is the connection with the shaft; the value of the
maximum von Mises equivalent stress is not so high. It is possible to redgsi
this feature in order to use less material in this region. The connection between
this feature and the arms represents the most stressed region, so to increase the
surface of the connection, and to increase the radius could be concepts in the
redesign.
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Figure 3.14. von Mises average stress inannection with the shaft of the tripod
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3.3.1.3.Arm A

As explained in figure 3.2 this is the arm as its relative angle with the resultant
force is the biggest. The section of the arm represents the relation between these
regions, and its main task is to transmit the reaction forces between them. By
looking at the worst arm in the tripod, it is possible to determine that the kinds
of stresses that this section supports are bending. As shown in figuB15 the
stress gradient between the outer surface of the section and the middle suggests
the effect of bending.
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Figure 3.15. Bending ofthe arm.von Misesstress distribution

The effect of the bending is definitely identified looking at the stresses in the
direction of the arm, as can be seen in figurg.16. Looking at the values of the
stresses the effect of theension can be identified. The bending produces an
equal stress distribution, but combined withtension this equality disappears. In
the upper region of the arm, where there isension due to the bending and there
is tension due to the axial force, the maximum level of stress cdre found.For
instance, n this case the higher surface is in tensioand it reaches 20 MR and in
the lower surface is in compression and it reachesl9 MPa,in spite of the fact
that the value of thetension is lower than 1MPa this verifies the effect btension
combined with the bending
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Figure 3.16. Combination of bending andension

In figures 3.16 and 317 the deformation scale factor has been exaggerated in
order to make it clear how the arms of the tripod deform when submitted to the
specified loads.

Moreover, taking a look at the displacement, it can be apprete that the
bending through the longitudinal axis of the arm Afrom figure 3.17 represents
one of the most important tasksThe maximumdisplacementfor this case is 0.43
mm. Figure3.17 showsthe deformation in the tripod in mm.
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Figure 3.17. Deformation due to the bending
3.3.1.4.Arms B andC

In the other arms, the torsiondominates over the bending. But the results show
that the maximum von Mises equivalent stress due to this effort is not relevant.
In figure 3.18 the effect of the torsion and the shear stress in the arn3,and C
shown in figure 3.15 can beassessed Themaximum value for thescale is set to
10 MPa so that the differences between the different regions of thtepod, and
the effect of the shear stresgan beassessedThe shear stress is higher in the
lower part as was expeted from the theory of CollignonJourawski [10]. The
torsion can be appreciated by a look at the deformation of the section around its
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axis. The deformation scale factor is severely increased so that the effect of the
torsion can be appreciated.Ilt must be taken into account that the coordinate
system used is the global one.

5, 523
+2.434e401 Max: +2.434e+001
+1.000e+01
+7.050e+00
+4.100e+00
+1.150e+00
-1.800e+00
-4.750e+00
-7.700e+00
-1.065e+01
-1.360e+01
-1.655e+01
-1.950e+01
-2.245e+01
-2.540e+01

Max: +2.434e+01
Elem: ENSAMBLAJETODO-10-1.31947
MNode: 12169

adb  Absqux/Slandaid £.3-2  Fii May 20 14: 28: 26 W. Ewaps Daylgnl Time 2011

Figure 3.18. General view of torsion, shear and bending in thteépod

The bending produced in arm A, seems to be the main task of this redesign due
to the fact that the torsion combined with the shear stress does not reach a
significant von Mises Equivalent Stress.

To sum up, an optimal design can be performed. The principariteria of the
reconstruction are the following; the stress in the connecting regions cannot
reach the yield strength divided by the safety factor, and at the same time as the
volume is reduced, the section must be optimized so that the deformation vau
is lower.

3.3.2. Mechanical behaviour of the front cover

The mechanicalbehaviour of the front cover under the loads specifiedwill be
studied. The stress distribution through the part, the maximum levels of stress,
and the deformation will be analysedin order to identify what kind of forcesact
on the elenment. Simulation 3 from chapter 33 is considered one of the most
realistic loading cases, with three unbalanced loads in big regions.

The front cover is placed in the front of the cylinder. It is joined tthe cylinder by

its outer edge. It 8 made by two concentricdiameters in between which the
material is placed. The central circumference is hollowed and is used as a loading
hole for the washing machine

The main loads considered are the effect of the clothes rotating at high speed.

The front cover is joined to the cylinder and therefore all the forces that affect
the cylinder will be transmitted in a higher or lower level to the front cover. It is
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important that the front cover can assimilate these forces without suffering any

catastrophic failure.

The front cover suffersmany different forces and stresses such asnsion, shear
and bending. This affects the part in a way that cannot be calculated usingple
static calculation and as a consequence, a numerical model must be used. With
this calculation stresses and deformations will be obtained and results will be
discussed in order to improve the part.

The total effect of the different kind of efforts that appear can be simplified by
superposition. Every single effort can be studied separately and the total effect
will be the sum of the effects.

Table 3.2. Effectson the front cover

Stress

Figure

Description

Bending

The bendingaffects
the front cover and
produces a
deformation,
especially in the inner
edge that is not joined
to any other part

Shear stress appears
as a consequence of
the difference of
joining between the
inner and outer edge.

Tension/Compression
"W

1’7 6

=

The whole part is
submitted to tension
and compression,
depending on the
loading conditions

The combination of these efforts is not possible to be calculated by hand and
therefore they must be calculated using softwareResults will show where the
part is mostly stressedand will allow thinking about possible new solutions.

3.3.2.1.Connection with the cylinder

The front cover is joined with the cylinder by a simple bending around the outer
edge as mentioned before. Sthis connection is uniform around the external
diameter and consequently there are no specific points where the stresses are
higher. The whole area around the external edge is most stressed and the size of
the mesh hasgreat importance in this region. Usig a finer mesh the big and
irrational difference in the value of the stress between two consecutive elements
is avoided. In this way the results can be obtained with a better accuracy, not
forgetting that the University Edition of Abaqus is limited to 100000 nodes.
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The maximum value for thevon Mises equivalent stress is 303VIPa andthis
value represents the 5& % of the yield strergth, and the safety factor is Z.1.
The redesign in this region will be focuse@n decreasing the stresses.

S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
+2.588e+02
+2.373¢+02
+2.159+02
+1.945+02
+1.730e+02
+1.5166+02
+1.301e+02

+1,474e+00
Max: +2.588e+02
Elem: ENSAMBLAJETODO-9-1.56850
Node: 6672

Figure 3.19. von Mises average sesses in the connection with the cylinder

3.3.2.2.Section curvature

As the current front cover is designed, big stresses appear in the region where
curvature changes from outer to inner diameters. There exists a region where
the flat outer surface changes to meet the inner edge that s a different plane.
This region tends to have big stresses with a different pattern depending on the
loading condition applied. An example of this can be se@mfigure 3.20.

S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
+3.028e+02
+2.777e+02
+2.526e+02
+2.274e+02
+2.023e+02
+1.772e4+02
+1.520e+02
+1.269e4+02
+1.017e+02
+7.661e+01
+5.148e+01
+2.634e+01
+1.206e+00

Figure 3.20. von Mises average sesses in curvature change

3.3.3. Study of stiffness
The study of stiffnessis a bast engineering tool[5] to determine the viability of

a change in thematerial of a part andto find out the relations established
between two parts depending on the stiffress of one of themThe material
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properties used for this study are not those correspnding to any real material
but they represent extreme unrealistic cases that provide useful data.
Stiffnessis the ability of a solid object or structural element to support efforts
without acquiring large deformations or displacements. The stiffness ofan
element is modified if any of the following characteristics changes:

1. The coss section of the element. Thgreater thickness of the section, the
stiffer the part is.

2. The material with which the element is manufactured, i.e., Young's modulus. If
two elements of identical geometrical dimensions are considered, but one of
them is manufactured of steel and the other of plastic, the first is more rigid

because the material has higher Young's modulus.

3. The length of the element. The deformations ian element are proportional to
the forces acting on it and to its geometric dimensions. Between two elements
with the same cross section and manufactured of the same material, the greater
element will suffer longer displacements and elongations, and therefe it will
show less resistance to changes in absolute dimensions.

Therefore, Young's modulus is a measure of th&iffness of an elastic material
and is a quantity used to characterig materials. To study the materiabehaviour

T Ax OEiI Ol AGETT1 O AOA AAOOEAA 100 xEOE
the following two new models of material were determinedas.

a) Material with very low Young's modulus, value 1 GPaNot rigid or
deformable behaviour, it deforms considerably when it is subjected to a stress
state, i.e.the stressstrain graph would have a less steep slope

b) Material with very high Young's modulus, value 10GPa Rigidbehaviour,

it deforms slightly when it is subjected to a stress state, andhie stressstrain

graph has a steepslope. These material properties are not realistic or
corresponding any known material.

Once these simulations areperformed, the range of stiffnesswill be known
where the part can work beter, i.e. if the maximum value of the von Mises
equivalent stress is reduced significantly by an extreme decrement of the
91 01T ¢80 11T ADOI 66h A AEATCA T &£ | AGAOEAI
between the elements of the mechanism can be clarifiede. it is possible to
observe the relation between the bending of the tripod and the displacement of
the cylinder.

3.3.3.1. Study of rigidity for the tripod
Simulation 1. Decreasing Youfd@odulus to 1GPa

The stress distribution does not vary by chaging the Youngd @odulus of the
tripod. The stress in thetripod is reduced but, in contrast, really huge
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http://en.wikipedia.org/wiki/Stiffness

deformations are experienced By using thistripod the entire mechanism rotates
and the deformation cannot be allowed in terms of design.

Simulation 2. Increasing Young @odulus to 10 GPa

The results of this simulation show that the stress turns to be concentrated in
certain regions instead of distributed through the entire part. These regions are
the connection with the cylinder and the connection with the shaft. In this case,
as expectedthe deformation of thetripod is very small.

The maximum value of the equivalentvon Mises stress i%5270 MPa.Despite the
fact that in real life this value of thevon Mises equivalent stress is impogble
because the material would yield in Abaqus it 8 completely possible as it was
mentioned before.No limits for the stress are being considered and the materials
are supposed to be perfectly elasticFigure 3.21 shows that incrementing the
stiffness of the tripod changes completely the stress distribubin through it.

S, Mises

(Avg: 75%)
+6.274e+03
+1.600e+02
+1.467e+02

+1.334e+02
+1.201e+02
+1.068e+02
+3.353e+01
+8.024e+01
+6.695e+01
+5.365e+01
+4.036e+01
+2.707e+01
+1.378e+01
+4.823e-01

Max: +6.274e+03
Elem: ENSAMBLAJETODO-10-1.23993
Node: 4595

Max: +6.274e+003

Figure 3.21. von Mises averagestresses in the connectioriripod -cylinder

To sum up, the results and a comparison is shown in thHeelow table 3.3. It is
possible to justify that by changing significantly the rigidity of this part no big
changes in the stress distribution in the cylinder are expected, so the -re
construction must be focusedon the geometry of this part.If it is intended to
modify the stress distribution changes mustbe applied to the connection with
the cylinder. By reducing the ¥ungd @odulus the maximum value of thevon
Mises equivalent stress is also reduced but the deformations will invalidate this
possible solution.

59



Table 3.3. Explicative chart for the sudy of rigidity

v 2+ x| 40EDIT 4 #UI ET A
. . 4 O0EDPT A6 C #ULELA maximum maximum
Simulation o stress . )
distribution distribution von Mises von Mises
(MPa) (MPa)
. Maximum in
Maximum levels
Normal of stress in the the areas
(Aluminum region in contact between the 591 520
alloy 380) g tripod and the
with the screws
paddles
) Stress better
Flexible distributed No changes 39.7 520
Stress
. concentrated in
Rigid the contact with No changes 6270 520
the screws

Moreover, it is important to realize that when thestiffness of the part is higher,
the stresses are concentrated in the region of the screw, so it will be necessary to
find an agreement between the deformation and the stress in this regiodhe
yield strength of the aluminium is very low. By improving the stiffness of this
part in order to reduce the deformations, it is possible that there will be
problems in the area mentioned.

3.3.3.2. Study of rigidity for the front cover
Simulation 1.Decreasing Youn Modulus to 1 Ba

In simulation 2, although thevalue of the stresses decreases significantlyhe
value of the deformation exceeds 70 mm. This is the typical case where the
stresses decrease, in exchange for a large increase in the deformatidh€an be
noticed that the stress distribution does notvary through changing Young's
modulus of the front cover, as shown in figur&.21.
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S, Mises
SNEG, (fraction = -1.0)
(AvQ: 7

SAMELAETO0O-7-1.30218
Noge: 2516

Figure 3.22. von Mises average stress inrdnt cover and cylinderin simulation 1

Although the deformation in figure 3.2 seems to have a big deformation scale
factor, it is actually plotted with the samedeformation value than the rest of the
figures in this report. It happens because deformation in the front cover in this
simulation is really big. This can be appreciatedyocomparing the deformation of
the cylinder in figures 3.2 and 3.23.

By the use of this front cover the deformation cannot be allowed in terms of
design requirements. Below this value of Young's modulus, the simulations are
not feasible and to consider lie fully plastic behaviour of the material does not
make sense.

Simulation 2. Increasing Your@g@odulus to 10 GPa

In simulation 3, as expected, the deformation of the front cover is very small, as
can be seen in figure8.22 and the stress distribution does not vary so much, but
new stresses appear around the inner edge, which is not relaxed now. The
maximum value for the von Mises stress is very high, 9700 MPa, and the
maximum displacementis 0.2 mm.
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S, Mises

SMEG, (fraction = -1.0)

(Avg: 75%)
+1.971e+04
+5.200e+02
+4.767e+02
+4.333e+02
+3.900e+02
+3.467e+02
+3.033e+02
+2.600e+02
+2.167e+02
+1.733e+02
+1.300e+02
+8.667e+01
+4.334e+01
+2.637e-03

Max: +1.971e+04
Elemn: ENSAMBLAJETODO-9-1.33
Mode: 550

Figure 3.23. von Mises average stress inrbnt cover and cylinder in simulation 2.

Table 3.4. Explicative chat for the study of stiffness of the front cover.

=

91 OT ¢ &O1 10 A Appearance of
) . maximum von .
Simulation modulus ; maximum
(GPa) Mises stress stress
(MPa)
Normal In the middle of
(steel 18:9) 193 210 the section
In the outer
. edge that is
Flexible 1 232 joined to the
cylinder
Rigid 107 19700 In the inner free
edge

The most interesting point of this table3.4is that the location of maximum stress
varies from the outer edge when the material is very flexible to the inside edge
when the material is very rigid. This is because the inner edge is free while the

outside is attached to the cylinder
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4, Tripod reconstruction

The first of the reconstructed parts in this thesis project will be the tripod that
connects the shaft and the cylinder. This part is important since it provokes the
rotation of the cylinder and it is submitted to a lot of stresses and strain. Ithe
following chapter the whole process followed in its reconstruction will be
detailed. Then, the design process followed will determine the main functions of
this part and the possible ways of reshaping. This process will create several
solutions for this problem. Finally, the solutions for this problem will be tested
and optimized numerically.

4.1. Generatingconcepts

This step involves an important part of the process of design. After having
acquired more information related to materials, manufacturing processes and
other solutions from other manufacturers it is time to discuss and to decide what
the main goals are going to béor this re-construction.

Firstly, a synthesis of the main functions of these parts will be performedsing
the data obtained from the study of the current design. This tripod can be
divided into two functions. The first one is the function of connecting two parts
of the mechanism, the cylinder and the shaft, and the second one is the function
of transmitting the reaction forces keeping its position and shape providing the
mechanism has the necessary stiffness

In figure 4.1 the main functions of the different parts are sketched so that it can
be easily undersbod. The connectionfunctions are referring to the connections
with other elements. This contact creates a stress distribution. In the case of the
screws the figureshows the stress distribution in the regions in contact with the
screw.Area moment ofinertia is the characteristic of thearms of the tipod.

connections 1

stiffeners

Figure 4.1. Main functions of the part
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Since these requirements are already met in the current model, the main
objective of this optimization isto reduce the price of this part, i.eto reduce the
volume of material creating a more efficient design based on the previous
knowledge from the simulations.

So, the main objeaves of the redesign can be as se@mtable 4.1.

Table 4.1. Main objectives of tharipodd O OAAAOECI

Objectives of the redesign
Reduce the volume of material
Meet the requirements in stresses
Meet the requirements in deformation

The main objective as it has been mentioned beforewill be to reduce the cost of
this part in order to save money for the production line. Moreover, the
requirements in stresses and deformation must benet also.

The deformation requirements will be that the maximum deformation of the new
part must be thesame or less than the current model. It is very important that
the deformation in thetripod is low because the relative angle between the shaft
and the cylinder depends on that and a little variation in the tripodd O
displacement can produce a large didpcement of the farthest point in the
cylinder and the cylinder rotates inside a cover with limited space.

The requirements in stresses will be different; a safety factor will be established
based on the information about material, manufacturing process ral other
aspects of the design. As was agreed, fatigue will not be taken into account for
the safety factor. To reduce the volume of the part does not mean to increase the
stresses because a much more efficient design can be found to resist properly
this kind of stresses.

4.1.1. Safety factor

The safety factor for the stresses ithis design will be m = 1.5. Tis value can be
low due to the fact that the material properties considered are the lowest
possible and the manufacturing process for this part achieves high accuracy and
quality. So, the maximumnmvon Mises guivalent stress allowed in the new design
will be 107 MPafor aluminium. In the case that stainless steel is used, it will be
explained in the corresponding section.The von Mises criteria will be used in
order to identify the stress state of the element due to the fact that it isne ofthe
bestmethod to estimate the yielding in ductile materials.

4.1.2. Main concepts
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The main objective of this phase is to establisfby using design method¥ what
the concepts forthis re-construction are going to be. The methods used are
brainstorming, the analysisof extreme solutions such as the study of rigidityand
the analysis of the informdion on processes and materials. In tabld.2 are set all
the options considered for the redesign.

Table4.2. Concepts in the Redesign

Concept

Main objective

Changematerial. Steel

Reduce costs

Change material. Plastics

Reduce costs. Addecyclability

Create rew design Aluminum

Reduce costs

Change connection with cylinder

Reduce stresses

Change connection with shaft

Reduce stresses

Change stiffness/deformation.Tripod

Reduce stresses in the cylinder

Change design. Plate

Reduce stresses

Change design. Increase spokes

Reduce stresses

Change assembly.

Reduce costs. Standardize components

Change section.-kection

Reduce costs. Increase efficiendyending

Changesection. Closed section

Reduce costs. Increase efficiendprsion

4.1.3. Combining and evaluating concepts

Once these concepts are evaluated, it is possible to create combinations in order
to generate real geometries. The result othese combinations and ideas

sketching can be seeim table 4.3.

Table4.3. Solutions generation

Main
Concept
T —
Change )

B -

Design. w7 N
Plate d—’{;‘é‘* —

Setof Rear| |
Cover
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Change
Design.
Plate
Set of
Solutions
increasing
Stiffness

Change
Connection
with shaft

Change
Section

Change

Design.

Increase
Elements

Change
Connection.
Cylinder




Change
assembly

From all these concepts, many new parts are generated. Some of them are
commented explaining which are the benefits and the problems. Most tiife

times the new parts must be submitted to the FEM analysis in order to be able to
validate their mechanical behaviour, and to be able to determine if they are
better than the current part.

- Change the material. Steel

The model is produced in aluminium, which is more expensive, the
manufacturing process involves huge rates of production in order to be effmnt
and the strengthis worse than steel. Moreover, the union betweeraluminium
and steel generates problems with galvanic corrosion.

- Change the madrial. Plastics

There are several polymers for this especially mechanical task but the tensile
strength of these materials shows that, for this part especially, they cannot
replace the aluminium. The price of these materials, as can be seen in the
materials chapter is high, and their strengttvary depending on the temperature.

Plastics are widely used in togoaded washing machines, but the mechanical
requirements for this kind of machine are definitely lower than the requirements
for a front-loaded one[6]. The spin speed is lower, around 1000 rpm and the
influence of this value over the force generated is quadratic. 1kg of clothes
rotating at 1800 rpm generates 3.24 times more force than 1kg rotating at 1000
rpom in the same cylinder. Moreover, togoaded washing machines have less
capacity than front-loaded ones.

- Create new design ialuminium

This option can be performed in two ways, both reducing the material used in
the current design as well as creating a new design, which is more efficient
against bending. From theory, it is well known that several sections provide

better behaviour against bendingthan other sections

- Change he connectiorto the cylinder

Bolts are cheap and easy to assemblgnd a folded union with the rear cover
already closes thecylinder, so it is not a good idea to change how the tripod is
connected to the cylinder. The welding process produces residual stresses and
requires good agreements between the materials to weld.
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It can be important to determine if 3 bolts is the best dation for this design,
other options such as 6 bolts or other configurations must be taken into account.

- Change the connection with the shaft

The size of this feature can be reduced in order to reduce costs. It is possible to
reduce the thickness of ths feature and include ribs to keep the relative angle
between each arm and the shaftMoreover, this is a region where many feates
meet and for diecasting purmposes it is necessary to keep constant the thickness
of the part. These ribs can fix this prollem of keeping the thickness constanas
shown in figure 4.2.

Figure 42. Concept 1

- Change design to a plate

This solution involves combining the rear cover and the tripod into one single
part, and creating a single part that covers their functionshoth structural and
closing the cylinder. It will be necessary to study the deformatio®m and the
variation of the displacementfor this solution or the variation of the relative
angle between the shaft and cylinder axis.

A plate does not behave well undebending and the connection with the shaft
can be risky, including several ribs and creating dangerous points. Furthermore,
the volume of this part will increase severely by changing minimgt the
thickness.
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Figure 43. Concept 2

In figure 43 one of thesolutions simulated in Abaqus for the concept of using a
plate can be appreciated This solution does not fix the requirements in
displacement due to huge differences in stiffness between the central part and
the rest of the part.

Figure 44. Concept 3

In this case (figure 44) the size of the stiffeners were increased in order to
reduce the deformation of the plate under bending but new problems arose, the
effective volume for clothes in the cylinder is severely reduced with this new

design.
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Figure4.5. Concept 4

- Change the number of spokes

This solution means increasing the number of ars from 3 to 6 or another
number. The volume of this part can also be unnecessarily increased.

xEAT OEA AOIi
reduced so severely that they can be threated as stiffener§hey assume the

same function This part is more expensive than the current model, if only the

volume of material used is considered, but other factors have anfluence.

- Change assembly

By changing the way of assembling the part, the entire process of production is
modified. This part can be created as a solid block, as a welded structure, as a
machined block or a forged part with secondary operations. It is @l known that
one of the main objectives of every optimization must be to reduce the number
of elements of a component. So, to change the manufacturipgpcess will not be
considered in this specific case.

- Change the section tedection

It is well known that I-sections work better against bendinghan other sections
i.e. boxsections, L-sections with the same material the section has more inertia,
and, as a result, the deformation due to the bending is less. The -gisting
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process will require complexcores due to the fact that it is impossible to produce
an I-section with two dies, and be able to remove the part from the dies.

The current section is improved in figure 47 by creating two new webs and a
new flange The increment inthe area moment ofinertia experienced is not so
relevant so the change to a new section must be considered if the cost reduction
is needed to be significat.

Figure 47. Concept 6

- Change the section to closed section

As has been discussed in the study of the behaviour dfe tripod, torsion
appears in the arms closer to the direction of application of the resultant. So, one
way of optimizing the section of the arms could be to choose a classection. It

is known that closed sections suffer less shear stress and the defwation is
smaller than open sections.

After several discussions, evaluating the concepts and the options presented
before, the optimization will be focused on the current design. To modify the
entire geometry in order to reduce the volume and to obtain anore efficient
section for the arm is an objective. So, the main functions and appearance will be
similar.

4.2. Optimization of solution 1

Solution 1 is focusedon the optimization of the current model that ASKQuse in
their washing machines based on the results from themulations, and the study
of behaviour. Several new ideas to redesigthe tripod arose from those results.

It has been intended to use the same material and manufacturing process as it is

used in the current model in order to simplify the change between them and
make comparisons simpler and more accurate.

71



The first idea and one of the most significantis the change of section due to the
fact that the current section is not optmized to work under bending. Anl-section
is chosen, with several ribs in the direction of insertion of the cores in the die
casting as shown in figure4.8. By using this new section, the weight of the part is
reduced and the deformation is less due tostbiggerarea moment ofinertia.

Figure 4.8. Solution 1

The second feature modified has been the connection with the shgRigure 4.9),
where the small regions with huge stresses have been avoidethe stresses in
this region are higher due to the icrement of stiffness of the new part.

Figure 4.9. Connection with the shaft of Solution 1
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The connection with the cylinder (Figure4.10) is similar to the old one.lt is
mandatory to know the quality of the screws used in order to redesign since this
is not known the region is let as it was originally.Several changes did not
improve the mechanicalbehaviour.

Figure 4.10. Connection with the cylinder of Solutionl

4.2.1. Boundary conditions and mesh for solution 1

The boundary conditions for this new part are the same that those applied to the
original, so no new considerations have to be considered for this solution.

The new pat mesh is as shown in figure 4.1.

Figure 4.11. Mesh for solution 1 intripod reconstruction. 52200tetrahedrical
elements
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4.3. Optimization of solution 2

The solution 2 (figure 4.12) is totally different from solution 1 and the current
model in use. This solution combines the concepts of using a plate with the
change of the connection beveen the part and the cylinder, and solves the
inconvenient of the previous conceptsin this casethe rear cover and a plate
made in Stainless Steel with reinforcements substitutes the tripgc&and 6 screws
instead of 3 execute the connection with the cylinder

Figure 4.12. General view of Solution 2

The reinforcements or stiffeners(figure 4.13) are design following symmetric
patterns in order to avoid the huge deformations that the bending produces.
Using a plate cannot restrict those deformations.




Figure 4.13. Reinforcements and connection with the shaft of Solution 2

The connections with te cylinder are made with screws and nuts and the use of
washers is highly recommended due to the high stresses that appear.

Figure 4.14. Connections with the cylinder of Solution 2

4.3.1. Boundary conditions and mesh for solution 2

The boundary conditions for this new part change from those corresponding to
the original tripod and the first solution. As it can be observed in figure 48Lthis
new part has 6 connection points with the cylinder instead of threeThe folded
edge between the cylinderand the tripod in maintained as in the previous
models

Figure 4.15. Interactions for solution 2 in the tripod reconstruction
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The new partmesh is as shown in figure 4.6.

L

.,

Figure 4.16. Mesh for solution 1 intripod reconstruction 54800 tetrahedrical
elements

Tetrahedrical elements are used because the thickness is not constant in the
entire model and a radius makes certain some connections.
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5. Front cover re -construction

The second part redesigned in this thesis project is the front cover of the cylinder.
This part is much simpler than the previous one thetripod, and it is subjectedto
less stress but it hasits importance as afundamental part of the cylinder of a
washing machineasexplained below.

5.1. Generatingconcepts

This section sets out ideas on changes to make in the piece to achieve an
improvement in it and the feasibility of these ideas inalysed The current part
performs perfectly the functions for which it was designed. Therefore, the
objective is:

1) To design a cheaper piece that maintains or enhances the distribution of
stresses and deformations, or

2) To design a piece that improves stress distribution and / or deformation,
allowing greater speed & rotation in the machine and therefore more energy and
cost savings for the user, without increasing the cost of production of it.

To achieve the objective three different possibilities can be distinguished:

1. To change the type of material
2. To modfy the geometry
3. To change the type of union between front cover and cylinder.

A safety factor is determined to ensure a correct reesign in terms of stress is
concerned.

5.1.1. Safety factor

Appropriate design factors are based on several consideratis, such as the
accuracy of predictions on the imposed loads, strength, wear estimates, and the
environmental effects to which the product will be exposed in service; the
consequences of engineering failure,and the cost of overengineering the
componentto achieve that factor of safety.

This part does not have an important role within the cylinder,and does not
expect great changes in loadsts replacement is not very difficult and expensive,
so the safety factor considered in the new design has a valogl.2.

5.1.2. Study dimensions
The most relevant dimensions in this piece are the inner diameteand the outer

diameter. The ouer diameter is determined by the diaméer of the cylinder and
the inner is influenced by the diameter of the door.
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The thickness of the front cover is determined by its minimum so as not to
increase the volume of the machine, but enough to create an outer edge where
the rubber and the door contact.

The redesign of this piece must be done taking into account that the dim&ons
of the same cannot be changed notablfjReducing the internal diameter means
limiting the space available for input and output of clothing and it cannot be
allowed and changing the outer diameter means changing the diameter of the
cylinder and conseqently the size of many other pieces.

5.1.3. Main Concepts

The principal objective in this section is to determinate the concepts in which the
reconstruction of the front cover is basedThe methods used are brainstorming,

the analysis of extreme solutios such as the study of rigidityand the analysis of

the information on processes and materials.

The following table shows a collection of the various ways that attempt to
improve the front cover.

Table5.1. Redesign concepts for the front cover

Concept Main objective

Change material. Plastics Reduce costs

Change design. Make holes Reduce stresses & material
Change design. Increase thickness Reduce stresses & deformation
Change design. Add elements Reduce stresses & deformation
Change unionwith cylinder Reduce stresses

Change stiffness/deformation Reduce stresses

Change section Reduce stresses

From all these concepts, many new parts are generated and simulated in order to
find a best solution of the current modelThenthese newparts are discussed
indicating their advantagesand disadvantages.

- Change material. Plastics

Some plastics such as highdensity polyethylene, have been considered as a
possible option because of its good mechanical properties, it is lighter and
cheaperthan the current stainless steel But there is always the same problem
with plastics; the working temperature is nothigh enough.

- Change design. Making holes
The idea is to remove some material that is not subject to high stresses as long as
the new redistributions of stresses and straindo not get worse.Figures 5.1 show

a concept of the old front cover with holes on itThe holes should be distributed
uniformly and they will be of greater diameter in the less stressed aredscated
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next to the inner edgeand they will have smaller diameter in the area around the
outer edge that is the most stressed areas shown in figure 5.2

Figure 5.2. Concept 2

- Change design. Increase thickness

It tries to improve the distribution of stresses and strains by increasing the
thickness of the part up to 0.9 mm, only in those areas most stressee. the area
around the outer edge that is attached to the cylinder

- Change design. Add elements

In this case the front cover is reinforced wih severaltransverse tubes tubes
with arc shaped or with concentric circlesshape,over the entire outer surface of
the piece that is in contact with the rubber.Unlike the outer surface, he inner
surface is in contact with clothing and for this reasontsould be as soft, smooth,
without irregularities as possible, so that the clothes will not be damaged by
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friction when the machine is running.The problem is also the volume increase of
material. Figure 5.3 shows a concept front cover with reinforcements.

Figure 5.3. Concept 3

- Change union with cylinder

The union with the cylinder is simpke and cheapgdone by folding. Therefore the
part can be easilyyemoved and replacel by a new one if it is necessarylo unite
the two sides with rivets, it would prevent easy removal of parts. Thinking about
welding, it causes surface tension and it isnore expensive than the current
union. About the joint with screws would involve increasing the number of
elements and not followng the recommendeddesign for manugcturability and
assembly DFMA).

- Change stiffness

When the front cover is simulated as a very rigid body, the maximum stress is in
the inner edge, but when it is simulated as a very flexible body, the maximum
stress is in the outer edge. So the idea is look for a material a bit more rigid
that the current one, trying to get the maximum stress nearest to the inner edge
where the distribution of stresses is the best.

- Change section

This solution means to modify or to create a new crossectional profile of the
piece. The new section should better withstand forces and loads to which the
front cover is subjected or, without increasing these forces, simplify the design of
the piece. By simplifying the design, it probably involves a reduction of the
volume of material needed for the manufacturing processkigure 5.4 that was
ruled out because of its sharp inner edgeand figure 5.5 show conceptual new
sections for the front cover.
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Figure 5.4. Concept 4

Figure 5.5. Concept 5
5.1.4. Combining and Evaluating Concepts

After the evaluation of the concepts above, it is necessary to consider the
possible combination of them to improve the result of a real redesign. The result
of these combinations and idea sketching can be appreciated in tabke2
containing solutions.

Table5.2. Solutions generation

Main
Concept

Change
Design.
Making
holes

Change
design.
Increase
thickness
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