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Abstract - Experimental studies have been done to examine the aging characteristics by regulator dia-
phragms of gas pressure, governor room of city gas. Various testing samples with different service periods
were manufactured. The results of SEM observation indicated that the surface and thickness of the samples
tested were slightly sensitive to the service periods. It was found that as the service periods increased, the ten-
sile strength of diaphragm samples decreased. For samples over 25 years of service, the strength decreased to
approximately 60 % of that of new diaphragms. It was also found that as the service periods increased, the elon-
gation increased.
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Fig. 1. A diagram of gas regulator [11].
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Fig. 3. Manufactured test specimen.
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Table 1. Annual distribution of diaphragm sam-
ples used in this study

Symbol | Sample number | Installed date Used years
D I-1 2017-01-01
D New — 20170101 New product
D 5-1 2011-12-27
D 52 2011-12-01
D5 D 53 2011-11-30 5
D 54 2011-11-29
D 5-5 2011-08-25
D 10-1 2006-12-01
D 102 2006-11-01
D 10 D 103 2006-10-20 10
D 104 2006-06-26
D 10-5 2006-02-28
D 15-1 2002-01-21
D 152 2001-11-01
D 15 D 153 2001-07-25 15
D 154 2001-05-24
D 155 2001-01-15
D 20-1 1996-12-01
D 202 1996-08-20
D 20 D 20-3 1996-05-01 20
D 204 1996-01-01
D 20-5 1996-01-01
D 25-1 1991-12-01
D 252 1991-11-10
D 25 D 253 1991-11-01 25
D 254 1991-10-28
D 25-5 1991-07-02
D 30-1 1986-12-15
D 30-2 1986-07-01
D 30 D 30-3 1986-05-21 30
D 304 1986-04-15
D 30-5 1986-03-10
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Fig. 4. SEM micrographs of diaphragm samples
with a magnification of 500 x.

Fig. 5. SEM images of both D new and D 25
samples with a magnification of 250 x.
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. Changes of stress by strain percentage for
different service periods of diaphragms.
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Fig. 7. Reduction percentage in tensile streng-
th according to the service periods of
diaphragms.
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Fig. 8. Elongation percentage according to
the service periods of diaphragms.

B 1704 AdAste] Yerli ek Fig. 7 A9
*P%ﬂ 1 AlEE] H S 7ugﬂ LHe}
401“% Fig. 60l Hojx|= Hlel Zho], A& A9
acu o WEg oF 125 %) A oF 29 Mpa 5o
A .L]—EPo]- 31, A13%(D New)Z} 5 A3t AJgd#
(D 5)& §ARE AFE WAk 54 ol4e] AFH
HE 28o] Zaste AL Holthrt 25W(D 25)
2 30E(D 30) A& H A ¢F 18 MPa(D 25) W 11
MPa(D 30)& 43| ztastedch
Fig. 73} o], AlZtn] ALg7 |78 AlgHe] X
Q1A 7F A0l WEE Aty H W, 5E oA 209
7HR 9] A @ Ho| A= ekrre] HaFrF 9 A|vE ¢F 20 %
W - 2], 259 o]l Al oA = Aol oF 60
%3 Ubebitth. Fig. 82 AW o] AL87|7Hd @4l
& 3= LPE}‘H Zlojtt. 59 AHEE *lﬁ‘ﬁ" oF
48 %2 AALS B, 10904 204 A FH
A oF 50 % H 9], 2509 W 3092 °F 60 % H
£ 7ML Aol SUIske Aer uERylth
AA AZE Aol AAE A7
tholojz=d A== HA ¥ 7hs 710 A
Hog ztolE Holz AY7| FaHsH&EH3sh
S| wef thojoj = FELF STt Fef ot
010143“4 AeHsrt TS =, o= thol
olmyo| W g oA 4= Utk
EAZKS ) celojgel mAlerle
5] AXE AR Ao TE Q%
aHe Zo] oyt FEHs H%%#ﬂ) E4E &
Al aefsh= Zlo] Bas| Helth ofF flsiA= o
SEELEIGEE 45}
A A0t & Aol ol &
o] AU

n{o



ol

v. 2 &

B Aol A 00 A4 EAZkA HAAoA
AEE RS gV E TRsto] o
olojzale] Auws B4 xAelch chekat
thojoj sl AP H(XE, 54, 109, 154, 204, 25
d, 309 ALg7Iz] ATE AE)S Az,
7 gl ga) EW, B, AHE D ANE
ABE s
2t Aol e mRwste AxEAEe A
gato] SRl A, ALE|7ko] ATe4S ww
wHFo] AXL o i
A1, AET} 254 tholof o] AFHAAE 7]
wsl7l QA 7|7bel ula) 1 e A ke
Ao oA} WaEe] B Qgse Wl
A AET 59 ALEE tholoj el AFHE GA}
3 A ZPAT, 259 9 309 AR T4 oF 18
MPa 2 11 MPaz 223 7Haskgich A&y
AHE7I70E AlFEe] Aol

25 o] ARl AP Hof| A= 2F 60 %9
Akt AAE&R] FS, 1094 200 AFH
A= 2F50 % W, 25 9 302 ¢F 60 % HHE
7EA L AAlgo] Skele AR YRyt

B A1E 53 Ao 2LEL FF ZAVMA
U718 dHFxA7] tolojz o] wAFV|E A
sk o] 7| 2ARRE E43 4= gloyzt whdE
th 2y B Ao 9, B, A3 E 9
AAlE Algolnt 3tstgl 7o FF AR
FHs B4 &, WiaAd Y, 7tAREIAE 5
o] A& iyt dasith Ed, B ALofA]
A3 AHE4= NBR A Z2] JB9] zlo]7} 9]
Aoz AEY A RALS] H]FIHE o]of Tt
F& 1A Bkl &3 oo tigt &7}
3l AN QT

i Fo

X of e >

A =

EES FAA] ARl A RS
F2£77) troloj L o] ALg7|Tke] npE Eejx
<]
o

REFERENCES

[1] Korea Gas Safety Corporation, “2016 Year-
book of Gas Accident”, pp. 32~118, (2017)

KIGAS Vol. 22, No. 6, December, 2018

49 -

wrg )

[2] Lee, S. W., “A study on the Gas-Proof Fea-

tures of Diaphragm of the Gas Pressure Re-

gulator”, Master thesis, Seoul National Uni-

versity of Technology, Seoul, pp. 37~38, (2007)

Kim, Y. G,, and Kwon, J. R., “Aging Charac-

teristics of Low Pressure LPG Regulators for

Domestic Use”, KIGAS, 3(1), 58~63, (1999)

Kim, Y. G,, Cho, S. B. and Kim, P. J., “Eva-

luation of Performance and Service Life of

Low Pressure LPG Regulators for Home

Use”, Energy Engineering, 15(1), 23~27, (2006)

Shin, Y. 1., Park, H. W,, Lee, Y. J., Kim, G.

B., Song, J. H., Chang, Y. J., and Jeon, C. H,,

“An Experimental Study on the Diaphragm

Deflection Characteristic of a Hydrogen Dia-

phragm Compressor”, Trans. of the Korean

Hydrogen and New Energy Society, 20(4), 274-282,

(2009)

Moon, H. 1., “A Study on Permanent Deforma-

tion and Endurance Life of Rubber Compo-

nents”, PhD thesis, Kangwon National Uni-

versity, Kangwon, 163-169, (2011)

Meera, A. P, Said, S., Grohens, Y., Luyt, A.

S., and Thomas, S., “Tensile Stress Relaxa-

tion Studies of TiO2 and Nanosilica Filled

Natural Rubber Composites”, Industrial & En-

gineering Chemistry Research, 48(7), 3410-3416,

(2009)

Oman, S., and Nagode, M., “Observation of

the Relation Between Uniaxial Creep and

Stress Relaxation of Filled Rubber”, Materials

and Design, 60, 451-457, (2014)

Yang, Y. L, Qiao, L., Wang, C,, Lu, F., and

Kang, X. H., “Effect Analysis, of Tempera-

ture on the Rubber Material Stress-strain

Relationship”, Advanced Materials Research,

977, 116-119, (2014)

[10] Woo C. S, Park, H. S,, Yang, S. C,, Jang, S.
Y., and Kim, E. “Lifetime Prediction of
Rubber Pad for High Speed Railway Vehi-
cle”, Trans. of Korean Society of Mechanical
Engineers A, 33(8), 739-744, (2009)

[11] Https://www.elster-americanmeter.com

[12] Korean Agency for Technology and Stan-
dards, “KS M 6518, Vulcanized rubber phy-
sical test method”, 4~5, (2016)

(8]

[l

- 108 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


