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Ipu sxcnayamayuu mexHono2UYeckux mpybonpogooos u 000py008anus, MpaHCROPMUPYIOWUX U nepepadamol-
BAIOWUX CPEDY, COOEPIACAUYIO ACPECCUBHbIE KOMNOHEHNMbL, MaKue, HAnpumep, KaK ceposooopood, pacmEOPEHHbll
8 NIACMOBOU 800€, HEPEOKO GOZHUKAIOM NOBPENCOCHUS, GbI3bIEAIOWUE 3HAUUMENbHbIE NPODIEMbl MAMEPUATLHO2O
Xapaxmepa, makue KaK cepo8o0opOOHOe pacmpecKusanue, 6000pOOHOe OXPYRUUBAHUE, PACCIOCHUS, 36bl, NUMMUHSU
u Op. Ilpuyem nooobuwvie nospedcoeHUss MO2ym HAOIIOOAMBCS He MOAbKO HA OCHOBHOM, HO U HA BCNOMO2AMENbHOM
U KOHMpoOAUpyrowem 06opyo0osanuu, 6b1xo0 KOMOpo2o U3 CIMposi MOdCem NPUBECmu K CyuwecmeeHHbIM NOMepiM Kax
MAmMepuanbHO20, Max u IKOA02UYECK020 Xapakmepd. B uacmuocmu 6 0anHOU cmambve paccmampusarmcst OCHOGHbLE
NPUYUHBL PA3PYUEHUS MAHOMEMPULECKOU NPYICUHB, NPUBOOSIYUE K 8bIXO0Y U3 CMPOS MAHOMEMPA, KOHMPOIUPYIO-
we2o0 MexXHONOSUUeCKUll npoyecc nooayu yenes000poOHO20 Cbipbsa HA MEXHOI02UYecKomM mpybonposode. Ilpusedenul
Pe3YIbmamsl UCCIeO08AHUU NOBPENCOCHUL MPYOUAMOL MAHOMEMPUUECKOU NPYIUCUHBL C YETbIO ONpedeneHUs NPUYUH
ee paspyuieHus. B ces3u ¢ smum npoeedenvl credyiowue Meponpusimusl: GU3YalbHO-UMEPUMENbHbIN KOHMPOLb
(BUK), ¢paxmoscpaguueckue u memannoepaghuueckue uccie008anus, usmepenue MUuKpomeepoocmu Mmemaiia npy-
JICUHBL, A MAKICE CNEKMPATbHBIN AHANU3 XUMUYECKO20 COCMABA Memanid MAHoMempuyeckol npyosicunvl. Ilposeden-
Hble UCCIe008ANUST NO3BONUNU CHOPMYIUPOBAMb OCHOBHBIE Gbl8OObI O NPUYUHAX DA3PYULEHUST MAHOMEMPUYECKOU
HPYIHCUHDBL, UMEIOujell NIOCKOOBAbHOE CedeHue: G0-NePEblX, XUMUYECKUL COCMAE MAMEPUAios8 NPYiCUHbL U 0epIca-
meJiss MAHOMEmpPa NOJTHOCMbIO COOMBENCMEYEN! 3AsA8NIEHHbIM NPEONpUsmuem, IKCHIYAmupyiouum e20, 60-6Mopbuix,
MUKPOMBEPOOCmb MAMeEPUala Camou npyxcunvl He coomeemcmeyem mpebosanusm cmanoapma NACE MRO175;
U, 6-Mpembux, UCX005 U3 NEePEbIX O8YX GbIBOO0E U PYKOBOOCMBYICHh Pe3VabMamam (paKmozpapuueckux uccieoosa-
HULL, MOJICHO YMBEPIHCOamb, Mo NPUYUHOU PAPYUEHUS UCCLe0YeMOll MAHOMEMPUHECKOU NPYICUHBL AGTAIOMCSL KOH-
YeHmpamopsl HANPSICEHUl, d UMEHHO KOPPO3UOHHbIE 536bl, KOMOPble NpU IKCHIYamayuu MaHoMempuyeckol npy-
JHCUHBL 8 YCIOBUSX CILONCHO20 HANPANCEHHO20 COCMOSHUS U 8030€lCmBUsL cepo8000poIcodepicauleli pabouetl cpeovl
HPUBOOSIM K 3APOACOCHUIO MUKPOMPEUUH U CEPOBOOOPOOHOMY PACMPECKUBAHUIO MEMALIA MAHOMEMPUYECKOU npy-
JICUHDBL, UMEIOUE20 NOBLIUEHHYIO MBEPOOCTb U YYECEUMENbHOCHb K KOHYESHMPAYUU HANPANCEHULL.

KaioueBsie ciioBa: Bu3yanbHO-u3MepHTeNbHbIi KoHTpOub (BUK), paspymenue, ¢ppakrorpaduueckie ncciaeqoBaHus,

CHeKTpaHI)HI)Iﬁ aHaJIu3, TPCIIUHBI, MUTTUHTH, KOPPO3UOHHLIC SA3BbI.

Beenenne JTUpYIONIUE naBiieHHe B TpyOompoBome [1-5].

IpoLecce JKCIUIyaTallud TEXHOJIOIHYe-

CKOTO 000pyAOBaHUS NMEPHOAUYECKH BO3-

HUKalOT OPOOJIEMBI C HCIOJIB30BAHUEM
BCIIOMOT'aTEIbHOIO M KOHTPOJHUPYIOIIEro 000py-
JOBaHMA TOJ BO3JEHCTBHEM (AKTOPOB arpeccuB-
HOH cpenbl, KOTOPhIE MOTYT NPUBOAUTH K 3HAUYU-
TENbHBIM INpPOOJIEMaM MaTepHalbHOIO XapakTepa
JUISL OKCIUTYaTHPYIOIUX OpPTraHU3aluid U HAHOCUTh
CEPbE3HBII HKOJOTHYECKHU YIIepO OKpysKaromien
cpene. OIHUM U3 BHUIOB NMOAOOHOTO 00OPYIOBa-
HHUSI, DJIIEMEHTbl KOTOPOrO IOJBEPKEHbI HETaTHB-
HOMY BO3ACHCTBUIO TPAHCIOPTHPYEMBIX B TpyOO-
MPOBOJAX CpeA, ABIAIOTCS MAaHOMETPBI, KOHTpO-

HaunbGonee pacmpocTpaHeHHBIM BHIOM MaHOMET-
POB, MPUMEHSEMBIX Ha TPYOONPOBOJAX, SBISETCS
Manometp tuna MIT-AK.

CoriacHO TEXHHYECKOMY OIMCAHWIO MAHOMETPHI
tuna MII-AK xmumaruyeckoro ucnonnenus Y XJI1
TIpeHa3HAYEHBI [T M3MEPEeHUs] N30BITOYHOTO JaB-
JICHWSl YTJIEBOJIOPOAHOTO Ta3a M BOAOTAa30HE(TSTHOM
3MYJIBCHUU C COJIEPKAHUEM CEPOBOAOPOIA U YIIIEKH-
cioro rasza 70 25 % 00. KaKA0ro U3 MepeuncIeHHBIX
BEIIECTB, HEOPraHWMYECKHX colieil u mapaduHa 10
JIECSTH BECOBBIX MPOLEHTOB. MaHOMETPHI BBIIEP-
JKUBAIOT KpaTKOBpeMeHHbIe neperpy3ku a0 200 %
OT BEPXHET0 3HAYCHNUS TMara30Ha MOKa3aHuH.
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ManomeTpsl UMEIOT cTeneHb 3amutsl P65
U KJ1acC TOYHOCTH 1,5. MOryT sKCITyaTUpOBaThLCs PU
TemmepaType okpyxaromei cpeast —70...+60 °C.
Temneparypa uzMepsieMoil cpeapl MOXKET JeKaTb
B mpeaenax —50...+100 °C (momyckaercs Tmpume-
HEHHEe TMPHOOPOB JJIsl U3MEpPEHHs HABJICHUS Cpell
¢ remneparypoilt 1o +200 °C, npu 3TOM peKOMeH-
JIOBaHO MPUMEHEHNE OXJIAXKTAIOINX YCTPONUCTB).

TeM He MeHee Ha OJHOM M3 HUTOK TEXHOJOTHU-
YECKOTO MPOAYKTOIPOBOJA UMENT MECTO HHIUICHT,
CBSI3aHHBIA C BBIXOZOM M3 CTPOS MaHOMETpa JaH-
HOM KOHCTPYKIIUHM, HO TpPEIOXPAaHUTENbHAsS aBTO-
MaTuKa cpaboTajia MTaTHO, B PE3yJIbTATE HE IMPO-
M30IIUI0 3HAYUTEIBHBIX BPEIHBIX BHIOPOCOB B OK-
PY’KaIOIIYIO Cpeny.

ITocne otkirodeHus nedeKTHOro ydactka OBUIO
MPOU3BEJIEHO CcTpaBiuBaHue napienus a0 0 Mlla,
BbIMIOJIHEHA 3aMeHa MmaHoMeTpa MII-AK coBMecTHO
C BEHTWJIbHBIM OJIOKOM, IMPOW3BEJeHa OMPECCOBKA
Ha pabouee NaBICHHE, MOCJIC Yero ObLia BOCCTA-
HOBJIEHA T0J1a4a He(PTEra3oBOro ChIPhS M0 MPOAYK-
TornpoBoy. O4eBHIHO, YTO JaXKe BBIXOJ M3 CTPOS
BCIIOMOTaTeIHHOTO 00OPYIOBaHUAS MOXKET MPHUBEC-
TH K IIPOCTOSIM, KOTOPBIE IPHHOCST CYIIECTBEHHBIE
SKOHOMHUYECKHE H3JICPKKH JUIsl TPAHCIIOPTHUPYIO-
el opranuzanuu [6-9].

[ToBpexaeHHBI MaHOMETP OBUT TOCTABICH IS
HCCIIEZIOBaHUIN B HE3aBUCHUMYIO DKCIIEPTHYIO Opra-
Huzauio. [locne pa3bopku MaHoMeTpa CTajo oue-
BHIHO, YTO TPWYMHA OTKa3a mpubopa — paszpyle-
HHE MaHOMETPUUECKOHN MPYKUHBI 110]] BO3JEHCTBU-
€M arpeccUBHOM KOppo3uoHHOM cpeabl [10—-13].

Lenbio maHHOW CTAaThU SABISETCS ONpEAEICHIE
NPUYUH TOBPEKACHUS MAHOMETPA, YCTAaHOBIEHHO-
r'0 Ha TEXHOJOTHYECKOM TPyOOINpOBOIE, TPaHCIIOP-
TUPYIOLIEM CEPOBOIOPOICOAEPKALIIHIA ra3.

HccnenoBanusi pa3pyniuBiieicss MaHOMETpUYe-
CKO# TPY>KWHBI TIPOBOIMIINCEH CIETYIOIIUMH METO-
JIAMH:

e BUK Tpy0OuaToii MaHOMETPUIECKON MPY>KUHBI
npoBoaunu cornacHo PJI 03-606-03;

e (hpakTorpaduyeckie MCCIEAOBAHUS H3JIOMA
TpyOUaTOii MaHOMETPHUYECKON NMPY>KUHBI BU3Yallb-
HbIM U BU3YQJIbHO-ONTHYECKAM METOJOM Ha MHUK-
pockonne MBC-1 B cOOTBETCTBHHM C METOIUKAMH
u pekomeHaauusmu [14, 15];

e MeTaiiorpa)UIecKre HCCIEeNOBaHUA MaTe-
puasia TpyO4aToil MaHOMETPUYESCKOW MPYKUHBI HA
mukpockore Nikon Epiphot 200;

e CIICKTPATBHBIA aHAIN3 XUMHYECKOTO COCTaBa
MeTaura TpyO4JaTol MaHOMETPHYECKOW IPY>KUHBI
Ha cnektpomerpe PMI-MASTER 13L0059 B coot-
BerctBuM ¢ ['OCT 18895-97 «Crams. Meton ¢oto-
ANIEKTPUIECKOTO CIIEKTPATBHOTO aHATN3ay,;

e OTIpeJieNIeHe MUKPOTBEPIOCTH MeTalia TpyO-
4aTOH MaHOMETPUYECKOW MPYKUHBI HAa MHKpPO-
1tBepaomepe [IMT-3 cornacHo TpeboBanusim ['OCT
9450-76 «M3mMepeHne MUKpPOTBEPAOCTH B/ABIUBA-
HUEM aJTMa3HBIX HAKOHEYHHUKOBY.

PaccmarpuBaemblii MAaHOMETP IKCILTYaTUPOBAI-
cs B pabouell HeTerazoBoil cpese, nelCTByOMICH
BHYTpHU TpyOUaToil mpy>KWHBI MAaHOMETPA U COJIEP-
xarmeit 1o 2,19 % CO, u mo 5,64 % H,S mipu pabo-
uem masieHnn 90 Kkre/cm’.

Pe3ysnbTaThl Hcciief0BaHuil U MX 00CYKIeHUE

I[Ipu BUK Tpyb6uaToii MaHoMeTpuueckoil mpy-
*UHBI (puc. 1, a—c) MONydYeHBI CIEAYIOUINE HaH-
Hble. J[maMeTp MUIMHAPUIECKON JacTH TpyOUaToi
MaHOMETPHUECKOU MPYKUHBI 5,8...6,0 MM; TOJIITH-
Ha ctenku 0,65...0,75 mMM; pa3smepbl 4acTd MaHO-
METPUYECKOW TIPYKUHBI TLIOCKOOBAIBHOTO Cede-
HUs: mUpuHA 6,8 MM, BBICOTa 3,8 MM, TOJIIMHA
crenku 0,5...0,7 MM.

Ha moBepxHOCTH dYacTH MaHOMETPHUYECKOM
MIPYXHUHBI TJIOCKOOBAIFHOTO CEYEHHs, MpaKTHIe-
CKU TIOCEpPEAMHE JUIMHBI MPYXHUHBI, UMCIOTCS IBE
MTPOTUBOIIOJIOKHO PACIOJIOKCHHBIC Ha OBAJILHBIX
MTOBEPXHOCTAX CKBO3HBIE TPEUIUHBI (PHC. 2, a—C).

Tpemuna co cropoHsl nupepdIaTa MaHOMETpPA
nMmeer anuHy 19 MM u packpeitue go 0,15 mm
(cMm. puc. 2, a), TpemuHa co CTOPOHBI 33HEH CTEH-
KM MaHOMETpa UMeeT IIuHYy 12,5 MM U pacKphITHE
10 0,10 mm (cMm. puc. 2, b, ¢). Ha BHemnHe# noBepx-
HOCTH MaHOMETPHUYECKON TMPY>KUHBI ILIOCKOOBAIIb-
HOTO CEYEHHSI KOPPO3MOHHBIE MOPAXKESHHUS MeTala
He 00Hapy>KEHBI.

Ha BHyTpeHHEN IOBEPXHOCTH MAHOMETPUYECKON
MIPY>KUHBI TUIOCKOOBAJIBHOTO CEUeHHsI 0OHApYKEHBI
KOPPO3HUOHHEIE OTIIOXKEHHS (CM. puc. 3, a—d) u Kop-
PO3HOHHBIC TOBPEXKIEHUS METala — MHTTUHTH
U KOPPO3HOHHBIE $53BBl AuameTpoM 1o 0,25 mm
u rmyouHoi 1o 0,11 mMm (eMm. puc. 4, a—f). TommuHa
CTCHKH MaHOMETPHUYECKOW TPY>KUHBI TUIOCKOOBAh-
HOro cedeHus B uzjome tperums 0,55...0,65 Mm.

IIpu dpakTorpa@udeckux HCCICTOBAHUAX II0
penbedy claenoB MOBEPXHOCTEH H3JIOMa YCTaHOB-
JICHO, YTO W3JIOM TpyO4aToii MaHOMETPUYECKOU
MIPYHUHBI TUIOCKOOBAIBHOTO CEYEHHUS MMEET MHO-
rooJaroBblii xapakrep (cMm. puc. 5, a—f). CormacHo
pe3yabTaTaM MeTautorpad)uuecKux HcCciel0BaHui
MUKPOTPEIIUHBI 3apOXKIAAIUCh B MECTaX PacIoiio-
JKEHUSI KOPPO3WOHHEIX 3B (cM. puc. 4, 5). Xapak-
Tep W3IIoMa B OONACTH OYaroB pa3pylleHHs —
XPYNKUA W KBAa3UXPYNKUM Ha ydyacTKax pacrpo-
CTpaHEHMsI TPEUIUHBI, YTO XapaKTePHO M pa3py-
IIeHUS CTaJbHOTO W3NS, HKCIUTyaTHPyEeMOTo
B YCIIOBHSIX TIOBBIIIEHHBIX HAIPSDKEHUH W BO3AEH-
CTBHSI CEpOBOOPOICOAEPKAIIUX CPEI.



MamuHOCTpOeHre U MAalIMHOBeAeHUe 65

Puc. 1. IcnOTHUTENBHBIN MEXaHU3M MaHOMETPA: a, b — MEXaHU3M B cOope;
¢ — MaHOMCTPHUYCCKaAs IPYyKHNHA IIJIOCKOOBAJILHOT'O CEYCHUS C TpeHIHHOﬁ

Fig. 1. Actuating mechanism of the pressure gauge: a, b - the mechanism assembly;
¢ - the manometric spring of the plane oval section with a crack

L

Puc. 2. TpemuHbl Ha OOKOBBIX ITOBEPXHOCTAX MAaHOMETPUIECKON MPY KUHBI IIIOCKOOBAIEHOTO CEYEHHSI MAaHOMETpa:
a — TpeIINHa CO CTOPOHBI Lu(epbIaTa MaHOMETPA; b, ¢ — TPEIMHA CO CTOPOHBI 3a/IHEil CTEHKM MaHOMETpa

Fig. 2. Cracks on the side surfaces of the pressure gauge spring of the plane-oval section of the pressure gauge:
a - is a crack on the side of the dial of the pressure gauge; b, ¢ - is a crack on the side of the back wall of the pressure gauge
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Puc. 3. Koppo3noHHBIE OTJIOKEHHS BHYTPU MaHOMETPHUUYECKON TPY>KUHBI INTIOCKOOBAIBHOTO cedeHms Mmanomerpa MIT-AK:

a — BHYTPEHHSISI TOBEPXHOCTh MaHOMETPHUYECKOH MPY)XKUHBI Ha Ae(EKTHOM ydacTke; b—d — KOPPO3HOHHBIE OTIIOKEHUSI Ha BHYT-
PEeHHEH TOBEPXHOCTH

Fig. 3. Corrosion deposits inside the pressure gauge spring of the flat-oval section of the MP-AK pressure gauge: a- the
inner surface of the pressure gauge spring in the defective area; b-d- corrosion deposits on the inner surface

Puc. 4. Koppo3noHHbIe TOBPEKICHUS BHYTPU MAaHOMETPHUECKON TPY>KUHBI IIJIOCKOOBAJIBHOTO CEYEHUSI MAaHOMETpa
MIT-AK: ¢—d — KoppO3HOHHBIE SI3BbI ¥ TUTTHHIY HA BHYTPEHHEN IOBEPXHOCTH

Fig. 4. Corrosion damage inside the pressure gauge spring of the flat-oval section of the MP-AK pressure gauge:
a-d- corrosive ulcers and pitting on the inner surface
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Puc. 4 (oxonuanue, nauano na c. 66): e—f — KOPPO3MOHHBIE A3BBI ¥ TUTTHHIY HA BHYTPEHHEN IOBEPXHOCTH

Fig. 4 (continued from p. 66): e-f - corrosive ulcers and pitting on the inner surface

Puc. 5. I3n10M MaHOMETPUYECKON MPYKUHBI INIOCKOOBAJILHOTO ceueHus MaHoMmeTpa MIT-AK:
a, b — obmmit BUA U3110Ma; ¢—f — MOBEPXHOCTH YYaCTKOB U3JIOMa

Fig. 5. Fracture of the pressure gauge spring of the plane-oval section of the MP-AK pressure gauge:
a, b - general view of the fracture; c-f - surfaces of the fracture sites



68 ISSN 1813-7903. Bectuuk UkI'TY umenu M. T. Kanamnukosa. 2024. T. 27, Ne 1

IIpoBeneH cneKTpanbHBIN aHATN3 XUMHUYECKOTO
COCTaBa MaTepuaya, U3 KOTOPOI0 M3TOTOBJICHA
TpyOuarass MaHOMeTpHYecKas INpPYXKHHA, a TaKKe
nepxxarens maHomerpa MII-AK. Jlannple mo xu-
MHUYECKOMY COCTaBY IPHBEIEHBI B Ta0munax 1, 2.

CornacHo pe3ynbTaTaM CIEKTPaIbHOTO aHAIN3a
MaTepHai TpyOuaToil MAHOMETPHUUECKON MPYKUHEI
oBasibHOrO cedyeHuss maHoMerpa MII-AK cootser-
ctByer cramu tuna 06X12H3610T, BemonaIeMOit
10 TCXHUYCCKUM YCJIOBUSIM.

CornacHo pe3ysbTaraM CIEKTPaJIbHOIO aHalu3a
marepuan nepxkarenss maHometpa MII-Kc cootBer-
ctByer ctanmu 10X17H13M2T mo 'OCT 5632-2014.

CormacHo pe3yibTaTaM MeTaulorpaduuecKux
HCCIIEIOBAaHUN CTPYKTypa Marepuana TpyOodaToi
MaHOMETPHUYECKON MPYKHHBI ayCTEeHUTHO-OCHHNT-
Has (cM. puc. 6 a, 6). MUKpOTBEpAOCTh MeTallia
MaHOMETPUUYECKON TPYKHHBl IUIOCKOOBAJIBHOTO
cedeHus HaxomuTcs B penenax 404...441H,q0 (cM.
puc. 6 g, 2), uro coorsercrByeT 404...441 HV nmm
41,2...43,8 HRC u He cOOTBETCTBYET TPEOOBAHUIM
craggapra NACE MRO175.

Heo0x0auMo 0TMETUTD, YTO HAPAAY C IUKIHYC-
CKUMH pabouuMH HampsDKEHHSIMH B MeETajle Ma-

HOMETPUYECKOW MPYKHUHBI INIOCKOOBAJIBHOTO Ceve-
HUS BO3MOXKHO HAJIMYHE OCTATOYHBIX HANPSHKEHUH.
BO3HUKHOBEHHE OCTATOYHBIX HANPSKEHUA BEJIH-
anHo# 10 20 xre/mm’ (200 MITa) B TpyGuaThix Ma-
HOMETPHUYECKUX TPYXKUHAX OOYCIOBJICHO IIACTH-
YecKUMH JaedopManusaMu MeTajiia Tpu THOOUHOM
omepauuy B MPOLECCE HW3TOTOBJICHUS TPYKHUHBI
[16—18]. TexHONMOrHUA U3TOTOBJIECHUSI YYBCTBUTEIb-
HOTO DJIEMEHTa BKIIOYaeT TEPMUYECKHH OTKHAT
TpyOKH, 00ECICUNBAIOLIUI €€ MITKOE COCTOSHHE,
ee mpoduIMpoBaHue W M3rHO (MTOCIEAHUE OTepa-
MU MOTYT OBITH COBMEIICHBI) W O0SM3aTENBbHYIO
MOCTEAYIOUIYI0 TEMIIEPATypHYI0 HOpPMAaJIM3alHIo,
NpeJHa3HAYeHHYIO IJIsl CHATHUSI HAlpsDKeHUH mocie
MEXaHHUYECKHX AehopMaLuil.

KopposnoHHbIe MOBpEeXIEHHUsT MeTallla MaHo-
METPHUUECKON MPY>KUHBI TNIOCKOOBAIBHOTO CEUSHHS
SIBIITFOTCSL KOHIIEHTPATOpaMH HANpPSDKEHUH, 3HAYH-
TEJIbHO YBEIMYMBAIOIINX HANPSHKEHUS B JIOKAJTb-
HBIX 00BEMax MeTajula M MPUBOISAIINX K BO3HHK-
HOBEHHUIO MHKPOTPELINH, OCOOEHHO B YCIOBHSAX
BO3JIEMICTBHS CEPOBOJOPOJCOAEPKAMUX U JPYTHUX
KOPPO3HOHHO-aKTHBHBIX (HABOJOPOKEHHBIX) pabo-
yux cpex [19-25].

Tabnuya 1. XMMAYeCKHIl COCTAB MaTepHaia TPyOUaTOil MAHOMETPUYECKOI NPYKUHBI, Yo

Table 1. Chemical composition of the tubular gauge spring material, %

CpenHee U3 Tpex 3aMepoB

C Si Mn P S

Cr Ni Mo Al \ Ti

0,051 0,40 1,03 0,010 0,013

12,1

36,1 0,052 1,16 0,052 2,4

Tabnuya 2. XMMAYeCKHI COCTAB MaTepHaJia Iep:KaTejisa MaHOMeTpa, Y%

Table 2. Chemical composition of the pressure gauge holder material, %

Cpennee u3 3 3amMepoB

C Si Mn P S

Ni Mo Al \ Ti

0,08 0,46 1,49 0,023 0,018

16,1

12,56 0,07

I'OCT 5632-2014

<0,10 | <0,80 | <2,00 | <0,035 [ <0020 [ 16..18 [ 12..14 [ 2.3 ] - [ —

a

Puc. 6. MukpocTpykTypa MaTepraia i H3MEPEHHE MUKPOTBEPIOCTH MAHOMETPUUIECKOM MPYKHUHBI:
a, b — MUKpOCTPYKTypa MeTaJljla MaHOMETPUUECKOH NPy KUHBI

Fig. 6. The microstructure of the material and the measurement of the microhardness of the pressure gauge spring):
a, b - microstructure of the metal of the pressure gauge spring
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C

Puc. 6 (oxonuanue, nauano na c. 68): ¢, d — u3MepeHne MEUKPOTBEPIOCTH B PA3HBIX CEYEHUSX MAHOMETPUYECKOM MIPYKUHBI

Fig. 6 (continued from p. 68): c, d - measurement of microhardness in different sections of the pressure gauge spring

BoiBoabI

1. Xumuueckuii coctaB maTepuana TpyOdaroit
MaHOMETPHUYECKOW TPYKUHBI OBAIBHOTO CEUSHHS
cootBercTByeT cranu tuna 06X12H36I0T. Xumu-
YecKHil cocTaB MaTepHaia JAep)kKarels MaHOMeTpa
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Causes of Damage to the Pressure Gauge Installed on the Process Pipeline
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During the operation of technological pipelines and equipment the transporting and processing media contain ag-
gressive components, such as hydrogen sulfide dissolved in reservoir water, damage often occurs causing significant
material problems, such as hydrogen sulfide cracking, hydrogen embrittlement, delamination, ulcers, pitting and oth-
ers. Moreover, such damage can be observed not only on the main, but also on auxiliary and monitoring equipment,
which failure can lead to significant material and environmental consequences. In particular, this article discusses the
main causes of pressure gauge spring destruction, leading to failure of pressure gauge control the technological proc-
ess of supplying hydrocarbon raw materials on the process pipeline. The results of damage studies of a tubular pres-
sure gauge spring are presented in order to determine the causes of its destruction. To this end, the following meas-
ures were carried out: visual and measuring control (VIC), fractographic and metallographic studies, microhardness
measurement of the spring metal, as well as spectral analysis of the chemical composition of the manometric spring
metal. The conducted research allowed us to formulate the main conclusions about the destruction causes of a pres-
sure gauge spring having a plane-oval cross-section: firstly, the chemical composition of the spring and pressure
gauge holder materials fully comply with the declared by the enterprise operating it; secondly, the microhardness of
the spring material itself does not meet the requirements of the NACE MR0175 standard; and thirdly, based on the
first two conclusions and guided by the results of fractographic studies, it was found that stress concentrators are the
cause of the destruction of the manometric spring under study, namely corrosion ulcers, which, during operation of
the manometric spring in a complex stress state and exposure to hydrogen sulfide-containing working medium, led to
the nucleation of microcracks and hydrogen sulfide cracking of the manometric spring metal, which has increased
hardness and sensitivity to stress concentration.

Keywords: visual and measuring control, fracture, fractographic studies, spectral analysis, cracks, pittings, corrosion
ulcers.
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