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USING THE PARETO DIAGRAM AND FMEA (FAILURE MODE AND EFFECTS ANALYSIS)
TO IDENTIFY KEY DEFECTS IN A PRODUCT

Michat ZASADZIEN
Silesian University of Technology

Abstract:

The article presents the results of studies conducted in a company manufacturing aluminium forgings for the automotive
industry. The aim of the research was to identify the defects which form during the production process as well as the
locations and causes of their occurrence. Selected quality management tools were used in the process. Based on the
FMEA and the costs generated by the identified defects, a hierarchy of them was created for the company along with a
proposal of improvements in case of the most significant ones in order to reduce their number and increase the detec-

tion efficiency.
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INTRODUCTION

The situation of the automotive branch, as reported by
various sources, is getting worse with each passing year [1].
A decrease in the number of produced cars forces compa-
nies specialising in this field to fight for a good position on
the market and customer’s trust. That is why, in order to
stay on the market, companies which manufacture cars and
car parts have to increase the quality of their products by
constantly improving the production processes in both the
technical and organisational aspects [2]. Every return or
detected defect can pose a threat to the existence of the
company later on.

Defects of any type have an impact on the quality of the
product and, as a result, on the success and way of realising
the production objectives. The defects which form at all
stages of the production process, unfortunately, cannot be
completely eliminated, but we can try to reduce their num-
ber to a minimum. It forces the companies to implement all
sorts of improvements in a form of: methods, tools and
additional monitoring systems, which are aimed to increase
the quality of the production cycle as well as the final prod-
uct. The improvements apply not only to the functioning of
machines and devices, but also to the way of managing and
organising the production [3].

The process of increasing the quality of the products
and improving the production process is arduous, long and
requires the involvement of both the managing staff and
the machine operators. To successfully reduce the level of
product defectiveness, we first need to identify all the de-
fects that can be formed in the production process as well
as the places where they are generated. The next stage
should be a thorough and objective analysis of the causes
of their occurrence, which will, in turn, result in properly
formulated improvement measures. Those measures
should be, first of all, focused on reducing the number of
defects being formed, but also increasing the detection

efficiency [4]. Countless tools and methods of quality man-
agement can be helpful in this process [5]. Three of them
were used in the description provided in this article: the
Pareto-Lorenz diagram, the Ishikawa diagram and the
FMEA.

The analysis of product defectiveness was conducted in
a company manufacturing aluminium forgings for the auto-
motive industry.

THE PARETO ANALYSIS

Conducting an analysis requires that we identify what
kind of defects the company is dealing with and what the
scale of the problem is in the studied period of time. The
Pareto-Lorenz analysis is a very useful tool for this purpose,
presenting visually and in a clear way the results of the
studies.

The most common identified defects in the examined
factory are:

— damage to the surface of the forging — the surface is
considered damaged the moment an employee no-
tices a flaw, a deep crack or a discolouration visible.

— cracks of the forging — occur when there is a visible
discontinuity in the material, usually in the form of a
chink.

— exceeding the diameter tolerance — identified by
checking the dimensions of a given item with a calli-
per and comparing it with the established require-
ments.

— dents — appear as a result of the material collapsing
inwards due to a hit or unsafe practices and during
the transportation, storing and packaging of the ma-
terial.

— improper hardness — identified through laboratory
tests using a hardness tester.

— fractures — characterised by a complete discontinui-
ty of the material.
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— skews — identifying them consists in measuring the
degree of deflection of the forging’s surface against
a benchmark.

In the Pareto analysis were used the number of defects
occurring and their unit cost, which allowed determining
the total costs the company has to bear due to the occur-
rence of these defects. The costs include: the cost of re-
moving the defect, the cost of scraping a faulty element
and potential additional costs, e.g. the cost of transporting
the faulty elements to the customer, etc. [6].

Based on the data, a Pareto-Lorenz diagram, presented
in Figure 1, has been drawn. The cost incurred by the com-
pany due to the defects forming as well as the cumulative
percentage of the cost of these defects have been marked
on the ordinate axis.

The diagram indicates that the most significant defects
in terms of costs to the company are (in descending order):

1. Exceeding the dimension tolerance,

Improper hardness,

Cracks of the forging,

Damage to the surface of the forging,
Fractures,

Skews,

7. Dents.

In the next stage, the defects were divided into 3
groups, according to the ABC principle [7]:

— group A — defects which generated 80% of the over-

all costs; the cumulative cost is less or equal to 80%
of the cumulative costs.

— group B — defects which, together with those from
group A, generated 95% of the overall costs; the
cumulative cost is less or equal to 95%.

— group C — defects whose combined and cumulative
costs amount to 5% of the whole, and have not been
assigned to groups A or B.
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The results of the Pareto analysis and ABC are present-
ed in Table 1.

According to the ABC principle, first 3 defects, which
generate 72% of all costs, have been placed in group A.
Removing or reducing the number of occurrences of those
defects should be of topmost priority to the company. The
result of the implemented changes should be a significant
reduction of costs the company bears due to faulty prod-
ucts. Two defects were placed in groups B and C.

Minimising the production costs is only one of the ele-
ments of the production process continuous improvement.
Other important aspects of defect formation include detec-
tion efficiency as well as defect’s significance and probabil-
ity of occurrence. Not taking these aspects into account
puts the company at risk of losing its reputation among the
customers, which can result in a decrease in the number of
purchase orders despite the constant reduction in produc-
tion costs. Apart from the price, customers also value the
quality of the product and, having accepted it, its stability.
To look closer into the significance of each defect, the first
part of the FMEA has to be carried out.

THE FMEA

Analysing the potential causes and effects of defects
requires a larger amount of resources than using simple
tools. The participation of experts who know the produc-
tion process and the manufactured product is necessary in
its preparation. Using the analysis, we can measurably
identify the causes of defect formation and evaluate three
most important parameters of the defect:

— the significance of the defect’s effects,
the probability of the defect occurrence,
the detectability of the defect.
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Table 1
Cost of the defects along with an ABC classification

Combined cost

Cumulative combined cost

Name Cost 1%] 1%] Group
Exceeding the dimension tolerance 7280 26 26 A
Improper hardness 6840 24 50 A
Cracks of the forging 6000 21 72 A
Damage to the surface of the forging 4640 16 88 B
Fractures 2000 7 95 B
Skews 720 3 98 C
Dents 650 2 100 C
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Table 2
Coefficients for the FMEA
Name Value Characteristics Description
of the coefficient P
1 none or very low The defect has no impact on the quality of the product.
R 2-3  low The defect is tolerated or its costs are low.
significance ofthe 4-6  average _The defect has an impact on the quality of the product, causes minor inconven-
defect’s effects ences.
7-8 important The product does not meet the requirements; the costs are high.
9-10 extremely important The defect threatens safety.

1 improbable

We can imagine the defect forming.

P 2-3 verylow The defect occurs rarely.
probability of the 4-6 low The defect occurs occasionally.
defect occurring 7-8 average The defect recurs periodically.
9-10 high The defect recurs very often.
1 high The control measures detect the defect.
N 2—-3 average High chance of detecting the defect.
detectability 4-6 low Detecting the defect is possible.
of the defect 7-8 verylow The verification measures will probably not detect the defect.
9-10 improbable The defect will not be detected by control measures.

By multiplying all of these coefficients, we obtain the
Risk Priority Number or RPN, which informs us about the
significance of the defect in the production process; it does
not, however, tell us about the cost of these defects’ occur-
rence [8]. The coefficients assumed in this analysis have
been presented in Table 2.

When proceeding to perform the FMEA, we identified
the key causes of defect formation using the Ishikawa dia-
gram. For each of the defects, a separate diagram was crea-
ted, containing the following potential causes: man, mate-
rial, machine and method. When creating the Ishikawa dia-
gram, we determined the major reason for the occurrence
of respective defects. These causes became the starting
point for the FMEA. Next, the coefficients R, P and N as well
as the RPN product were calculated for all the identified
defects, as presented in Table 3.

The analysis indicates that the defects of highest signifi-
cance, which affect the final effect substantially, are: No. 1 -
damage to the surface of the forging (RPM = 160) and No. 2
— dents (RPM = 140). The defects of lower significance inc-
lude: improper hardness, fractures, skews (RPM=120). De-
fects number 3 and 2 are the least significant.

Table 3
FMEA results
No. Defect R P M RPM
1 Damage to the surface of the forging 5 8 4 160
2 Cracks of the forging 10 3 1 30
3 Exceeding the dimension tolerance 10 3 2 60
4 Dents 5 4 7 140
5 Improper hardness 8 3 5 120
6 Fractures 10 6 2 120
7 Skews 10 4 3 120

DISCUSSION OF THE RESULTS

When collating the two methods, i.e. the Pareto-Lorenz
diagram and the FMEA, we can see that the significance of
the defects is not consistent. A comparison of the results
obtained by using both these tools has been presented in
Table 4.

The defects most important from the process point of
view do not correlate with the list of the most costly de-
fects (Tab. 4). The defect which generates the most losses,
i.e. exceeding the dimension tolerance, is in the last place
on the FMEA list while the defect with the least significance
in terms of costs is in the second place in the RPM ranking.

To look holistically at the issue of defects in the compa-
ny, from both the process and cost points of view, we need
to combine the results of the two analyses. This way, the
graph shown in Figure 2 has been created.

The graph (Fig. 2.) presents the percentage shares of all
defects, for both the Pareto analysis and the FMEA. The
same importance (50/50) has been assumed for both re-
sults. Depending on the needs, we can, of course, assign a
different level of significance to the costs and the RPM.

As can be seen, having combined the results of the two
analyses, we obtain an entirely new hierarchy of defects, as
illustrated in Table 5.

Improper hardness, damage to the surface of the forg-
ing and exceeding the dimension tolerance proved to be
the most significant in the broad approach. Less important
defects include: cracks, fractures, dents and skews of the
forgings.

Table 4
A comparison of the Pareto analysis and the FMEA results

Name of the defect

Ranking according to the FMEA

Ranking according to costs in the Pareto

analysis
Damage to the surface of the forging 1 4
Indentations 2 7
Improper hardness 3 2
Fractures 3 5
Skews 3 6
Exceeding the dimension tolerance 6 1
Cracks of the forging 7 3
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Fig. 2 A comparison of the Pareto analysis and the FMEA results

Table 5
The results of all analyses for the examined defects
Ranking
Total Ranking according
Name of the defect ranking accordingto  to costsin
the FMEA the Pareto
analysis
Improper hardness 1 3 2
Damage to the sur- 1 4
face of the forging
Excee.dmg the di- 3 6 1
mension tolerance
Cracks of the forging 4 7 3
Fractures 5 3 5
Dents 6 2 7
Skews 7 3 6
SUMMARY

The conducted analyses show that improper hardness of
the forging is the main problem the company is struggling
with and it should be eliminated in the first place. This de-
fect holds a key position in both analyses and, therefore,
has been recognised as the most significant one. In order to
reduce the number of faulty products, a change to the sys-
tem of component weighing has been proposed to minimal-
ize the mistakes on the staff’s part. The change proposed in
order to increase the detectability of this defect is to in-
crease the number of hardness measurements twofold by
moving the test station closer to the production line and, in
the case of finding a forging which does not meet the hard-
ness requirements, testing the entire batch in a laboratory.

With regard to cracks of the forging, the following pre-
ventive measures have been proposed in order to reduce
the number of defects occurring:

— increased caution when transporting and storing the

forgings,

— equipping the employees with anti-slip gloves,

— modifying the construction of the storehouse racks,

— modifying the forging cooling system,

— automated forging temperature measurement sys-

tem.

In order to increase the detectability of the defect, we
proposed increasing the frequency and accuracy of moni-
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toring by improving the lighting of the test stations and
equipping the operators with magnifying glasses.

ACKNOWLEDGEMENTS

This article was prepared within the statutory research ti-
tled “Management of innovation in the production and ser-
vices” work symbol BK-218/R0Z3/2014 performed at Sile-

sia University of Technology, Institute of Production Engi-

neering

REFERENCES

[1] Gtéwny Urzad Statystyczny. ,Tablice o krajach wedtug
tematéw - przemyst i budownictwo.” Internet: http://
old.stat.gov.pl/gus/5840_11289_PLK_HTML.htm [Apr.
21, 2014].

[2] K. Midor. ,,Metody zarzadzania jakoscig w systemie
WCM, studium przypadku” in Zarzgdzanie jakoscig
wybranych proceséw, no 1.. ). Zuchowski, Ed. Radom:
Wydawnictwo Naukowe Instytutu Technologii Eksploa-
tacji w Radomiu, 2010, pp. 116-136.

[3] B. Skotnicka-Zasadzien. , Application of quality engine-
ering elements for the improvement of production
processes - case study” in Proc. International Confe-
rence on Industrial Engineering and Management
Science. ICIEMS, 2013, pp. 362-368.

[4] M. Urbaniak. Zarzqdzanie jakosciq. Teoria i praktyka.
Warszawa: Wydawnictwo Difin, 2004.

[5] N.R. Tague. The Quality Toolbox: 2nd Edition. Milwau-
kee: ASQ Quality Pres, 2005.

[6] B. Solarska. ,Analiza wadliwosci wyrobu w przedsie-
biorstwie LEIBER POLAND.” M.A. thesis, Silesian
University of Technology, Zabrze, 2014.

[7]1 S. Borkowski, K. Knop. ,,An evaluation of validity of the
second Toyota’s management principle factors with
the use of the BOST research in chosen production
company.” Management Systems in Production Engi-
neering, no. 2(14), pp. 68-75, 2014. DOI 10.12914/
MSPE-04-02-2014.

[8] R. Wolniak, B. Skotnicka. Metody i narzedzia zarzqdza-
nia jakosciq. Teoria i praktyka. Gliwice: Wydawnictwo
Politechniki Slaskiej, 2011.

Artykut w polskiej wersji jezykowej dostepny na stronie
internetowej czasopisma.

The article in Polish language version available on the web-
site of the journal




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 540
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


