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Abstract. This paper aims to study the concept of maintainability in preparation of projects and their consequences
when they are not done efficiently. The study was prepared by using the search field and references. The subject
studied was the device of the kind of Close coupled cistern type flushing toilet. This case study was chosen because of
being a mechanical project that exists in almost all houses in the country, besides being a very important device for
the population. In this paper, were investigated two different models of flush toilet trying to find possible failures of
project and maintainability, comparing them at the end in order to seek the best solutions to the problems studied.
With these defects in hand, two were selected according to criteria of frequency and criticality. These two defects
were assessed qualitatively and quantitatively using a series of indicators that formed the basis for measuring the
maintainability. Through this system it was observed that the discharge of DECA has superior maintainability to
discharges of Celite.
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1.INTRODUCTION

The proposed work aims to study the designs of two systems of domestic-type basin discharges coupled with the
objective to compare them as it relates to its maintainability. This type of basin was chosen because it is currently the
most widely used by Brazilian population, mainly in construction of low income. The brands were selected to Deca, a
national brand, and Incepa, a Spanish brand. The criterion of choice was based on the fact that these two brands
dominate much of the market and have similar prices, so given the same social group.

The study of maintainability starts with the identification of the types of defects are more common and more critical.
Thereafter it is intended to qualify and quantify the resources needed for its repair and also identify possible design
flaws that can be considered as a source of problems.

This work can also understand the role of the engineer in finding the well being of society. Through research like
this that the machines that serve the population is improved by improving the quality of life and decreasing the costs
related to repairs made. These costs, if considered individually may seem negligible, but at national level, reach huge
amounts, often of the order of millions of U.S. dollars.

1.1-Description of Equipment

The toilet is one of the most important equipment in a residence, it is responsible for transporting the waste to the
sewerage network. Every house has at least one of these devices and, in most cases your users do not know how your
operation.

The sanitary disposal system consists basically of two components: the watershed health and water-discharge device
(DECA-2005).

1.1.1-Basin Health

The pond health is developed to allow the removal of liquid and solid wastes by transporting them to the main
collection system, leaving the inner surface clean after the process of unloading (DECA-2005).

There are two types of operation of sanitary basins: the traditional system or with siphon and drag system, used in
some models of watershed health (INCEPA/CELITE-2004).



1.1.2-HYDRAULICS OF DISCHARGE

The function of the flushing cistern is to storetevato dump it quickly into the basin health whdartng the
process of unloading. This consists of various gseof machinery which can be seen in the figureovel
According to the manual Incepa / CELITE the boxHarge consists of two groups of mechanisms: méstmarof exit
and water entry of water.

There are currently marketing three basic typdsoaks of discharge: watershed health, and addgutidven box.

Table 1: Characterization of different types offling cistern

Tipo de Caixa de
Descarga Caracteristicas
This type of box sets of discharge as the mairufeab obtai
Watershed health with|instantaneous flow necessary for cleaning the baeath, and tH
wastegate or conventionatime of use is determined by the time the usewvatds tle valve
basin (Deca).
This model presents as main characteristic, thelsaof the
discharge box in the upper back of the pond healthplifying it
Basin sanitary coupled|installation and maintenance. Compared to the pusvimode

with box being more ®posed to external environment, is more br
components.
Basin sanitary This model presents a box suspended above theadigetoilet

suspended with box |The drive is conducted by a cord.

1.2.2-CHOOSE THE TYPE OF DISCHARGE HYDRAULICS

For this work was chosen to discharge the hydraddivice coupled with box, because this model jidaéng the
other, due to the advantages listed below:
e There is greater ease of access to their constituiagilitating the maintenance of this model.
e There is a greater guarantee of saving water shiisanodel the height of the water column is retpdaand is
independent of the pressure of the water at (EoduRers);
» The potential for local installation are higher, dan install the toilet anywhere in the bathroontqE
Producers);
» This system is quieter on the wastegate (Eco Peydjc
» The cost of installation of this model is lower quared to the model with wastegate (Eco Producers);
e This model is more elegant when compared to thehdige suspended.

2. MAINTENANCE PROCESS

The maintenance of sanitary discharges, and thetemgince of the vast majority of machines (readective
maintenance), the process can be modeled withva dlart that includes: service request, diagnobith® problem,
budget, authorization of service, application atgadisassembly, intervention, test, assemblydstigdery.

Request Service

Diagnostic

Budget



2.1-TYPES OF DEFECTS

The maintenance of sanitary discharges in gensrabsy solution. The dismantling of the equipmengimple,
requires few tools for the execution of work and ginciple of operation is simple, so a profesaianthout extensive
training can perform the maintenance. Most problessociated with bathroom fittings coupled refergrioblems of
sealing the basin health. However, were analyzeatktail only the problems associated with the uditog of the box
attached. The only problems related to watershattthelespite the high frequency, not part of epg of this work.

The main failure modes of existing sanitary disgha are displayed in the table below. This tabds wrepared
based on information from the manuals of the relead catalogs of the manufacturers, in additiothoinformation
collected with professionals in the area, especigllumbers and freelance professionals, technicsistance

authorized.

Mode of failure

Constant flow of water
box to basin

Authorization
of service?

Request for parts

Disassembl

Intervention

Assembly an delivery

il

| Maintenance interrupted I

Figure 1: Flowchart of maintenance

Table 2: modes of failure

Possible Cause
Poor sealing of the valve

Problem in the float (buoy)

Float at the top level product
extravasor

Broken latch element of the head

Wear rubber diaphragm
Current drive very stretched

Possible Solution
Shutter replacement

Adjust or replace the float

Your relationship the level of the float

Review installation and replace all of

the entry tower
Replacing the diaphragm

Adjust the length of the current

Leaks between basin ang
cash

Screws for fixing poorly installeq

Review installation

Insufficient amount
water box
Insufficient amount
water box

Lack of pressure

Problem in the float (buoy)

Tower of entry clogged

Review installation
Adjust or replace the float

Clear entry




Slow filling of the box Low pressure Review installation

Registered partially closed Releasing the record
Excessive noise High pressure in the network Review installation
Need to keep the button presg Current drive weak Adjust the length of the current

to be operation

Given the impossibility of analyzing in depth a&lkisting defects, the two problems were selectedafanore
thorough examination. This choice was not randoime Triterion for selecting the defects for analysias the
criticality, frequency and appropriateness of theppsed focus of this work. The problems choserdaestly related
to the design and maintainability of the machinevhjch in fact is referring to this work is propdseAccording to
Pareto's law "20% of the causes create 80% of dhsefjuences," which confirms the choice of targetyg in their
study to only two problems.

The problems chosen are located in the tower léahtry and are related to the same mode of filoonstant
flow of water to the basin of the box.

(1) Wear the rubber diaphragm

Criticality Frequency
Low High

Flgure 2 Overwew of the external head Figure 3: View inside the head: the diaphragm
ﬁ

The diaphragm is the element that controls theyesutid exit of water in the housing coupled throdlgé tower
entrance. He is inside the head and is composeddafe pin and a rubber. What happens is thattaldlee force that
water rises through the tower of entry than the pausity of the water (highly chlorinated water ashebris), the rubber
diaphragm has a premature wear and function ofrgbimput / output of water is compromised. Thisaicommon
problem, but low criticality, since the repair &sg and cheap.

o
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(1) Breaking of structural elements of the head lock

Criticality Frequency
Low High

Figure 4: Head open Figure 5: Stiwral Elements
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The head is fixed to the tower of entry through sheictural elements of lock. What happens is bemiause the
force of water over years of use of the dischatigis,element has broken, preventing the corretingedf the head in
the entrance tower, which ends up compromisingrthet / output of water in the box attached. Thisiproblem of
low frequency, but with high criticality. While th@roblem of wear of the rubber trade is only theptiragm (keeping
the tower of entry), this problem requires the exae of the whole tower of entry (most expensivemonent of the
discharge).

2.2-Time and Cost of Maintenance Steps

Although the maintenance of sanitary dischargessisewhat simplified, of course it demands time ewst for full
implementation. Unlike other equipment in which tieer brings his own equipment for technical aasi=t in the case
of discharges that is completely unworkable. Indeth@ technical systems in health or the plumbeesdthe
maintenance on site, or the customer's home.

On reaching the place, the plumber makes a diggraosl then the budget. If the customer does nat the
approval for the intervention, the maintenanceissahtinued, but is charged $ 20.00 for U.S. \{isitst of trip). If you
give the approval for the intervention, the cosaofess and payments and is to recover the céebaf in the amount
of $ 35.00. Regardless of the complexity of thebprm, the value of the cost of labor is fixed.Héte is a need for
replacement of any component, will also be the obgarts. Thus, the cost of maintenance is givemfthe following
equation:

CMS=CL + COM

Where:

CMS = Cost of maintenance service

CL = Cost of labor

CPM = Cost of spare parts and materials

In the table below, in addition to quantifying tb@st of maintenance, there is also the time byestdignaintenance.
It is emphasized that these values of time areathf@rage values of estimated time informed by th#egsionals
consulted during the search.

Table 3: Times and maintenance costs

e Rubber Diaphragm Broken Parts of the Head

Time (min) Percentage of time Time (min) Percentage of time
Diagnosis 3 15,00% 3 8,11%
Budget 2 10,00% 2 5,41%
Disassembly 1 5,00% 1 2,70%
Intervention 10 50,00% 25 67,57%
Test 1 5,00% 3 8,11%
Assembly and Delivery 3 15,00% 3 8,11%

Total Time 20 100% 37 100%

Cost of labor 35 35
Cost of spares 15 65
Cost of maintenance (R$) 50 100

In both problems the time of disassembly is orty &f total time. That why, unlike other faciliti®ghere there are
complex elements of sealing and fastening, disehdigassembly health boils down to close the reocbwdater and lift
the lid of the box attached.

Another aspect that can be observed is that tisemedifference in the time step "test" for the tpmblems. The
problem of wear of the rubber diaphragm, remainttiveer entry and return only the diaphragm (henbyg the cost of
having a spare U.S. $ 15.00). Now the problem okén parts of the head, the whole tower of entgukhbe replaced
(hence why the cost of spare U.S. $ 65.00). Thiacement of the entire tower, to be the most alittme, requires the
making testing more time to evaluate, for examjjl¢he flow and pressure of water at the entrantéhe box are
suitable for full operation of the discharge. Thiicality of the intervention in the problem ofdken pieces of head
justifies the defendant more time to intervenehis problem than the problem of wear of the rubber.



3. ASSESSMENT MAINTAINABILITY

Two brands of sanitary discharges were comparedalX Celite. In fact the comparison of this wodeg beyond

the comparison of pure and exclusive brands. & @mparison between a structure with attached (Daca) and a
structure to float (Celite).

3.1-Evaluation Criteria

In assessing the maintainability prioritize somehaf secondary indicators applicable to the sibmasitudied, since
they all have some relationship to cost and tinmm@ry indicators). For each indicator a weight wesed, which
represents the degree of importance of this indidatrelation to maintainability.

Table 4: Weighting of indicators

Indicator Weighting

Accessibility 4
Knowledge of maintainer 1
Diagnostic Facility 1
Mean time between failure of parts 2

3.2-Search Field

The field research was conducted with the purposanalyze in a comparative way the maintainabdityhe two
brands studied. To achieve success in this analyas a qualitative survey followed by a quantv@&turvey.

Qualitative survey

Initially a survey was made of qualitative indime, through research with two plumbers and adresd technical
assistance authorized representative of each bydacadministered a questionnaire in which the msifmals should
evaluate the marks for each indicator, as very ggodd, fair or poor. Each of these concepts hawhtzh in color.

Table 5: Representation of qualitative indicators

Concept
Very good
Good

Regular
Low

According to this approach, the final assessmetti@problems was:

Representation

Table 6: Qualitative assessment of wear of theeubaphragm

Problem 1: Wear the rubber diaphragm
Indicator
Accessibility

Knowledge of maintainer
Diagnostic Facility
Mean time between failure of pa

Table 7: Qualitative assessment of the loss otttral elements of the head

Problem 2: Shortage of structural components of théatch head
Indicator Deca Celite

Accessibility

Knowledge of maintainer
Diagnostic Facility




Mean time between failure of part_:l

Quantitative evaluation

Although the qualitative representation have giegortance in this analysis, we need a more taagibrameters
to compare the two brands. For that, there wasraletion table for each numerical concept qualiedy. At this time,
it emphasized that the notes are assigned on d¢bardte fact that the note 10 is linked to theasgt very well, does
not show the perfection of a particular brand it thdicator. Note 10 shows that in the spectrurexidting brands, the
brand has received notice that 10 has comparatsegdgrior quality.

After the scores assigned to each indicator waavanage, taking into account the balance that Wasated for
each indicator. (Weighted Average)

Table 8: Equity qualitative / quantitative

Concept Grade
Very good 8,5-10
Good 7-85
Regular 5-7
Low 0-4

According to this approach for the evaluation wasbfem 1:

Table 9: Quantitative assessment of wear of thbeuliaphragm

Problem 1: Wear the rubber diaphragm

I ndicator Weighting Deca Cdlite
Accessibility 4 1 6]
Knowledge of maintainer 1 8 8
Diagnostic Facility il 8 10
Mean time between failure of pafts 2 1 8
Nota global 9,50 7,25

For the problem 2, the evaluation was:

Table 10: Quantitative assessment of the losgoétstral elements

Problem 2: Shortage of structural components of théatch head

Indicator Weighting Deca Cdlite
Accessibility 4 b
Knowledge of maintainer 1 8 8
Diagnostic Facility il 140
Mean time between failure of parts 2 10 8
Nota global 8,50 7,25

3.3-Analysis of Data

The result of the analysis of problems shows thageéneral all the two have a good maintainabiltmost all
indicators of the two brands were assessed asgoarg or good, except the indicator accessibilitiiclv is a priority
indicator in the maintenance and where there abestantial differences in the two brands. Despite #pparent
equilibrium, the model of coupled discharge of Degasonably obtained a superior performance irmtiaysis of two
problems.

3.3.1-Analysis of data for the problem of wear oftte rubber diaphragm

Accessibility, as already mentioned, is a priofitythe maintenance of sanitary discharges. Thectstrel of the
discharge of Deca is the float attached to the tafientry, with the float rod and lifting of thaiby, which ultimately
save reasonable space in the box attached, alloyvgrefer mobility of the maintainer in the box. Taet of having a
more compact structure is a determining factorafiress to components of the discharge. While yga hacess to the



head, the mark must be Celite Unscrew the sterheflbat in the fall, as these elements are alreadjaged is not
necessary, facilitating the maintenance and reglirgs time for intervention. For this reason De@ea given to a note
rather than the Celite.

Figure 6: Discharge DECA Figure 7:dbarge CELITE

The knowledge of the maintainer is not a main faatathe differentiation of the maintainability tfie marks. A
maintainer of discharges experienced in maintairtiraglitional (Celite) with little effort be able tmaintain in
discharges of Deca. Although there is a slightedéhce in that indicator of brands to avoid disargpesults with
reality, notes were taken identical for the tworlgis

If on the one hand, the fact of the discharge efdbupled Deca helps accessibility, the other legsetiated its
ease of diagnosis. The fact of the discharge Cheditee their isolated components facilitates thealidentification of
where the problem is. For this reason has beemgigtice over Celite.

The TMEF of parts is a factor that differentiathe brand. Celite while in the water enters the ilicee, Deca in
there at the beginning of the entrance tower dbwa feducer and a filter. The flow just enough ¢duce the force that
promotes the water on its components, reducing .wiea filter prevents some particles of impuritg aaken by the
water and come into contact with the componentiygimg wear. Thus, even if made of similar materitthe average
time between failures (TMEF) of parts of the Dezgrieater than the Celite, or the durability of plaets is greater than
the Deca Celite.

Figure 8: Filter entry in the region of the gtiie 9: Region of entry into the tower
tower of Deca. of Celite.

3.3.1-Analysis of data for the problem of loss otigictural components of the head

The problem 1 and problem 2 are closely linkedstHiecause of being located at the head of thertemteance.
Second because they are problems related to the gaestion: Force of water and wear due to thedarity of the
water (chlorine + waste). Thus, almost all indicatbad the same assessment for both the problesmdlthe problem
2, except accessibility.

Accessibility, as already mentioned is a primagjidator in the evaluation of maintainability. Wheppens is that
while the problem 1, only part of the tower of gnmtieeded to be changed (head of the diaphragm)oaratry out this
intervention there differences in the accessib{litye needed Unscrew the stem of the float, theratbt) to problem 2,
both for Deca Celite as for the whole tower of grsinould be changed. Despite the accessibilityefdbe greater, as
this issue, regardless of brand, the whole towemtdy should be changed, the comparative advamfBeca front of
Celite decreases, but still was given a note diidtigher than Deca.



4. PROPOSAL FOR IMPROVEMENT

The diaphragm is located at the top of the towegnify, especially in the head. He is the elemieait ¢ontrols the
entry and exit of water in the box attached. Thema the rubber diaphragm, and was reviewed pusWois due to
the force that promotes water on the diaphragnadifition to the low quality of water that is chimated and has too
many debris, which eventually causing prematurerwéthe rubber.

The morphology of the rubber in this applicatiors lzgeat influence on the premature wear. Cantosq® live
known as the effect of stress concentration, whitimately nuclear and cracks propagate, leading¢ar / fracture
(William Callisto, 2001). Therefore, this problerarcbe alleviated by changing the geometry of thdbeu to replace
the songs live for curved corners. Thus, resistdaodeacture / wear would be greater, which extéreluseful life of
rubber.

Current: Diaphragm with straight edges

Figure 10: Perspective of diaphragm with live sohgsFigure 11: orthographic view of the diaphragm wliitie
songs

Suggestion for improvement Diaphragm with curved corners

Figure 12: Perspective of the diaphragm with curnvedrigure 13: orthographic view of the diaphragm with
corners curved corners

5. BRAZIL COST

Failures of equipment when they are critical, nekinmediate repair, because the products arelenaltarry out
their duties properly. The cost of interventionsiociety entails a social cost that depends diremilyhe frequency of
occurrence and the cost specific repair.

According to the IBGE, Brazil has a populationapiproximately 182 million people. Each family isngmosed on
average by 3.2 people (IBGE). Thus, in Brazil theme about 50 million households. Data show th&b T®pulation
has sanitation service for waste (IBGE), or 39iomllhouseholds have this feature. According tonttamufacturers of
Deca and Celite discharges, discharges of sartitpeycoupled representing about 40% of dischanggalied, totaling
15.6 million discharges of the type attached.

The breach or failure of the elements of the hisaually once every six years and should be ceglammediately
because it is a defect of high criticality, thiades to the repair of 2.6 million pieces per yeavuiYrepair cost between
forty dollars (play in a cheaper and the servicdgomed by the owner of the discharge) and one fedhdollars (in the
most expensive piece, sixty dollars, and servicdopmed by specialized technical assistance, foegis). Used to
calculate the average of seventy dollars, can shgrithat the annual cost of repair in Brazil iswtl&82 million reais.



The defect of the diaphragm occurs on average eneg/ two years, totaling 7.8 million annual repail he repair
costs between fifteen real (part cheaper labor, thedactual owner of the discharge) and fifty-fidellars (most
expensive piece and labor-specialized). Use theageeof thirty real. The total annual cost is 23Hion reais.

The two defects in Brazil cost about 400 millieais a year. This social cost is not much studiethé country,
because people are concerned only in the individalaies of each repair, without having an ideahefamount spent
by the whole society with these problems. Howewdth small changes in design, they may reasonadlly thus
providing an economy in which money could be regted in other key issues for society such as haaltheducation.

6. CONCLUSION

At the end of this study it is clear that both theca on Celite has good maintainability, with adage for Deca.
However we must strengthen the inherent limitatitmshis study. In this work, the project was ewdhd under the
focus of the machinery of maintainability. Ther&fpit is considered wrong, hasty and superficiabaclusion on the
functionality, operability and constructed of diaches, since these were not the focus of this work.

It is suggested as a possible approach to maattaity in industrial equipment. Thus, in addititm providing the
development of work skills discussed previouslyyiit allow a view of maintainability in an indusat situation, which
is of fundamental importance for the mechanicaireagy.
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