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Abstract. This paper presents reliability determination of ignition system using the reliability
block diagram and also, Failure Mode and Effect Analysis of ignition system is performed. This
system is based on PLC controller to control the sequence of operation and electrical devices have
a function to connect and disconnect the electrical circuit for supplying electric power for igniting
the rocket. According to the complexity system, sometimes found that out of function such as
misfire and hang fire. In this investigation, reliability block diagram of the ignition system include
mechanical and electrical mechanisms is determined. By considering reliability of each
component based on history of using, maintenance record, test report, and expert opinion and
using ignition system reliability block diagram, reliability of ignition system can is determined.
Moreover, since connector is the most important parts of ignition system by the highest RPN
number. Hence, these parts must have a high reliability and have to more preventive maintenance
and replace the new one after found the defect.
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1. Introduction

The ignition system is shown as Fig. 1 use for a rocket platform that is installed at Military
vehicle laboratory in The Defence Technology Institute (Thailand). The half-scale rocket platform
as shown in Fig. 2 consists of the turning mechanism, elevating mechanism, cradle, rocket pod,
aiming system, and ignition system. The half-scale rocket platform has developed in laboratory
and still improve the ignition system. The method have applied to develop the ignition system
using failure mode and effect analysis and reliability block diagram to determine reliability of the
ignition system.
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Fig. 1. Ignition system Fig. 2. Rocket platform

Failure Mode and Effect Analysis: FMEA has been applied to use in various processes such
as a product design process has been used this technique to design and develop the electric wire
[1]. The process of reducing waste used it in producing water piping of the radiator in the car [2]

© JVE INTERNATIONAL LTD. VIBROENGINEERING PROCEDIA. OCT 2015, VOLUME 6. ISSN 2345-0533 115



RELIABILITY DETERMINATION OF IGNITION SYSTEM OF ROCKET PLATFORM USING RELIABILITY BLOCK DIAGRAM AND FMEA ANALYSIS.
NARONGKORN DERNLUGKAM, PARKPOOM CHOKCHAIRUNGROJ

and some cases use it to produce parts of the pressure gage [3]. Moreover, this method can also
be applied to control the manufacturing process of the product to analyze and to control the metal
level in jewelry production [4] and to improve and monitor the quality of housing builder [5].
Security management also applied this idea in their task. Some also used to develop their security
system management in transportation of hazardous substance [6]. Project management also
applied this concept in their task such as to find the method of quality assurance for water plant
project [7]. FMEA itself has been developed this technique to have more accurate, precise and
reliability. Also this paper presents this method to determine the risk of the ignition system to
identify the risk and develop the ignition system for a half-scale platform of multi-launcher rocket
as shown in Fig. 2.

A reliability block diagram (RBD) is a diagrammatic method for showing how component
reliability contributes to the success or failure of a complex system. The reliability block diagram
is drawn as a series of blocks connected in parallel or series configuration. The ignition system
has developed by applying this method to determine the reliability block diagram base on the
block diagram of ignition system as shown in Fig. 3 and the schematic diagram of ignition system
as shown in Fig. 4.
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Fig. 4. Schematic diagram of ignition system
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2. FMEA analysis of the ignition system

A failure modes and effects analysis (FMEA) is a procedure in product development and
operations management for analysis of potential failure modes within a system for classification
by the severity and likelihood of the failures. This paper presents this method to determine the risk
of the ignition system. It is widely used in manufacturing industries in various phases of the
product life cycle and is now increasingly finding use in the service industry. Failure modes are
any errors or defects in a process, design, or item, especially those that affect the customer, and
can be potential or actual. Effects analysis refers to studying the consequences of those failures.

The risk priority number (RPN) [8] identifies the greatest areas of concern. It comprises the
assessment of the:

1) Severity rating,

2) Occurrence rating, and

3) Detection rating for a potential failure mode:

RPN = Severity Rating X Occurrence Rating x Detection Rating.

Table 1. The Failure mode and effect analysis
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The ignition system of the multi-launcher rocket system is consisted of battery, power supply,
PLC, selector switch, safety mechanism, relay, cable, connector, squib, and rocket. Then use
FMEA to analysis for all components as shown in Table 1 and calculate the RPN number follows
Eq. (2) for each item. According to the calculation of RPN number of ignition system found that
the connector, selector switch, relay, and squib have the highest RPN number respectively.
Consequently, more attention should be considered in their design and preventive maintenance
plan.

3. Reliability block diagram

A reliability block diagram (RBD) is a diagrammatic method for showing how component
reliability contributes to the success or failure of a complex system. The reliability block diagram
is drawn as a series of blocks connected in parallel or series configuration. Each block represents
a component of the system with a failure rate. Parallel paths are redundant, meaning that all of the
parallel paths must fail for the parallel network to fail. By contrast, any failure along a series path
causes the entire series path to fail [9].

Accordingly, reliability of a series network [8] shown as Fig. 5 could be calculated as follows:

R= ﬁRi. (2)

For reliability of a parallel network [8] shown as Fig. 6 could be calculated as follows:
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Fig. 5. Reliability calculation of a series network [8] Fig. 6. Reliability calculation of

a parallel network [8]
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Fig. 7. Reliability block diagram of ignition system
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The ignition system is consisted of electrical component and mechanical components such as
battery, power supply, PLC, selector switch, safety mechanism, relay, cable, connector, and squib.
Also the reliability block diagram of the ignition system could be performed as shown in Fig. 7.
In this diagram, it is obvious that those components which are series in the block diagram should
have higher reliability, because failure of them causes failure of the whole process. This reliability
block diagram can be used to determine reliability of the ignition system.

4. Numerical analysis

In order to determine reliability of the ignition system, its reliability block diagram is used.
The reliability of all components is determined based on history of using, maintenance record, test
report, and expert opinion and are shown in Table 2.

Reliability of the ignition system can be calculated as follows:

Rignitionsystem = RbatterprowersupplyRplcRselectorswitchRsafetymechanism '
4 4
' RrelayRcable [1 - (1 - Rconnector)4]Rcable [1 - (1 - quuib) ] [1 - (1 - quuib) ] (4)
= 87.436 %.

Thus it can be seen in Eg. (4), reliability of the ignition system is 87.436 %.

Table 2. Reliability of ignition system components

Component Reliability (%)
Battery 98.5
Power supply 98
PLC 98.5
Selector switch 98
Safety mechanism 99.7
Rely 98
Cable 98
Connector 97
Squib 99.1
Rocket 99.5

5. Conclusions

The reliability determination of ignition system using the reliability block diagram and also,
failure mode and effect analysis of ignition system is performed. The reliability of all components
is determined. In this investigation, reliability block diagram of the ignition system include
mechanical and electrical mechanisms is determined. By considering reliability of each
component based on history of using, maintenance record, test report, and expert opinion and
using ignition system reliability block diagram, reliability of ignition system can is determined.
Moreover, since connector is the most important parts of ignition system by the highest RPN
number. Hence, these parts must have a high reliability and have to more preventive maintenance
and replace the new one after found the defect.

References

[1] Chawanapronee Nipon The Application of FMEA and FTA in Product Design of An Electric Wire.
Dissertation, Chulalongkorn University, 1971.

[2] Buaklum Nattapon The Analysis and Reduction of Waste in the Manufacturing Process of Piping in
the Radiator by Using FMEA. Dissertation, Chulalongkorn University, 2006.

[31 Manyanong Surakit The Application of FMEA to Reduce Waste in Pressure Gage Manufacturing.
Dissertation, Chulalongkorn University, 2007.

© JVE INTERNATIONAL LTD. VIBROENGINEERING PROCEDIA. OCT 2015, VOLUME 6. ISSN 2345-0533 119



RELIABILITY DETERMINATION OF IGNITION SYSTEM OF ROCKET PLATFORM USING RELIABILITY BLOCK DIAGRAM AND FMEA ANALYSIS.

[4]
[5]
[6]
(7]
(8]

91

120

NARONGKORN DERNLUGKAM, PARKPOOM CHOKCHAIRUNGROJ

Lowakit Piyaporn A Study of Analysis and Control Precious Metal Level in the Process of Jewelry
Production by Using FMEA. Dissertation, Chulalongkorn University, 2007.

Sangunsai Hatairat Development and Monitoring the Quality of Home Builder Process by Appplying
QFD and FMEA. Dissertation, Chulalongkorn University, 2007.

Buddhapornmongkol Kitipong Security Management System for Hazardous Material
Transportation by Risk Analysis. Dissertation, Chulalongkorn University, 2005.

Navalumlerd Thawatchai The Quality Assurance for Project Management of Water Plant.
Dissertation, Chulalongkorn University, 1999.

Gorgin Rahim, Ali Farsi Mohammad Reliability determination of a sounding rocket separation
system using its reliability block diagram and FMEA analysis of its spring system. The Proceedings
of 2nd Iranian Conference on Reliability Engineering, Reli, 2011.

Wang W., Loman J. M. Reliability block diagram simulation techniques applied to the IEEE Std. 493
standard network. IEEE Transaction on Industry Applications, Vol. 40, Issue 3, 2004.

© JVE INTERNATIONAL LTD. VIBROENGINEERING PROCEDIA. OCT 2015, VOLUME 6. ISSN 2345-0533




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /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 (None)
  /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


