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In this report writers esteem main constructions of the load cells for pumpjack dynamometer and
they make analysis their metrology and operating characteristics. Writers describe them construction of the
load cells and substantiate main constructional solutions.

K HacTosilemy BpeMeHW M3BEeCTEeH Lenbii psg CrnocobOB U CPeACTB M3MEPEHUs npuraraemMbix K
MONMMPOBaHHOMY LUTOKY YCWMMW ANS CUCTEM OUHaMOMETPUMPOBaHWUS LUTAHIOBbIX MYOMHHOHACOCHBIX
ycTtaHoBoKk (LUMH), pasnuualowmxcs no Tuny nepBMYHOro npeobpasoBaTtens, No MeCcTy YCTAHOBKM Ha
CTaHOK-Kayarky, no cnocoby nepefaym MexaHW4YecKoro HarnpsbkeHus nepsuyHOMY npeobpasoBaTento, no
TMNY BbIXOOHOTO curHana u ap. Bbibop Mecta pacnonoxeHus patyuka ycunusa (pucyHok 1)
obycnaBsnuBaeTcs, Kak NpaBuIio, XenaHueMm nony4ymTb HanbonbLIYy0 YYBCTBUTENBHOCTb ANSA KOHKPETHOro
TMNa gatyuka, TpeboBaHMAMM K MPOCTOTE ero KOHCTPYKLMM 1 yaobcTBOM MOHTaxa [1].

PasnuuatoT yeTblpe MecTa yCTaHOBKM AaTynkoB ycunus Ha LUMH:

1) Ha 6anaHcupe;

2) Ha LITOKE MEXay BEPXHEN TPaBEpPCON N OrpaHnYnTENEM;

3) Ha WTOKe MeXAy HWKHEWN N BEPXHEN TpaBepcamy;

4) Ha caMOM MONMPOBAHHOM LUTOKE.

Mpwn ycTtaHoBKke aatynka Ha 6anaHcmpe LWUMH ycunue Ha WITOK onpeaensieTcs nNo BenvynHe narnba
BGanaHcnpa OTHOCUTENBHO TOYKM ero onopkl. BenuumHa nsrmba, B CBOKO ovepenb, M3MEPSIETCH C MOMOLLbIO
JaTynka NUHENHbIX pa3MepoB, YCTaHaABNMBAEMOro CUMMETPUYHO OTHOCUTENBHO TOW XXEe TOYKM OMnopbl.
OueBMaHbIMM HefoCTaTKaMuM TakKMX AaTYMKOB SIBMSIIOTCA 3aBUCUMOCTb WX MOKA3aHUN OT KOHCTPYKLMU
GanaHcMpa, TOYHOCTM YCTaHOBKM 6a30BbIX TOYEK [aTyuka, CyLIEeCTBEHHOe BrusiHME TemnepaTtypbl
oKpyxatollen cpefbl. B nocneoHee Bpemsa NosiBANCA psg OaTyuMKoOB, YCTaAHaBMMBAKLLMXCA Ha cam
NOMNMPOBaHHBIN LUTOK, B KOTOPbIX BEMWYMHA YCUNUSA OLEHMBaETCsH Yepe3 NPOAONbHYH MMM MONEpeYHyto
Jedopmaumio  NONMPOBAHHOrO LWITOKA. Takve AuHamorpadbl MMEKT MNOTEeHUManbHO  MEHbLUYHO
YyBCTBUTENBHOCTb, MOCKOMbKY LUTOK W3rOTaBMNMBAETCs CO 3HAYMTENlbHbIM 3anacomM MPOYHOCTU W,
aHanorM4yHo ycTaHaBnMBaeMbiM Ha GanaHcup, MO3BONAT MONy4YyaTb MWWb OTHOCUTENbHbIE 3HAYEHUS
ycunus. TIOHATHO, YTO AN PacCMOTPEHHbIX Bbiwe AUHaMorpad)oB MONYYEHWs] 3HAYEeHWA ycunus B
abCconioTHbIX eAuHMLax BO3MOXHO TOMbKO B Cry4ae MNpOBeAeHWs KanubpoBKM AdaTyMka Ha Kaxgow
KOHKpeTHOoM ycTaHoBke LWIIMH, 4To Ha npakTuke HeocywwecTBMMO. HenocpeacTBEHHO BOCMPUHUMAOT
Harpysky AaTyuMK/ YCUNWs, B KOTOPbIX YyBCTBUTESIbHbIE 3fIEMEHTbI YCTaHaBMMBAKTCA MEXOY HWKHEN W
BEpXHen TpaBepcaMu Unu Mmexay BEpPXHEW TpaBepcon M orpaHvyutTenem. Y aTux OaTYMKOB MOSIBNSIOTCA
TakMe O4YeHb BaXKHble IKCMryaTauMOHHbIE CBOWCTBA Kak BO3MOXHOCTb KanvbpoBku B nabopaTopHbIX
YCNOBUSIX U B3aNMO3aMeEHSEMOCTb.
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PucyHok 1 — Cxema mecT ycTaHoBKM gatymkoB yeunus Ha LUMH: 1 — Ha 6anaHcupe; 2 — Ha wToke
MeXy BepXHen TpaBepCcon 1 orpaHuymTenemM; 3 — Ha LUTOKE MEXAY HUKHEN 1 BepXHen
TpaBepcamu; 4 — Ha «4EPHON» YacTu NONMPOBAHHOIO LUTOKA.
Figure 1 - Schema of installation of the load cells on the pumpjack: 1 — on the walking beam; 2 - on a
polished rod between a hanger bar and rod clamps; 3 - on a polished rod between the upper and lower
hanger bars; 4 - on “black” section of a polished rod.
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Jdatumkn ycunus, KOTopble YCTaHaBNMBAKOTCA MeXOy BepxXHEeW TpaBepcoW W OrpaHuynTernem
umetoT 6onee NPOCTYH KOHCTPYKLMIO KOpMnyca M MOSHOCTbI0 ObrerarT LTOK, OAHAKO AN MX YCTaHOBKM
TpebyeTca nonHasi pa3bopka nogBeckn TpaBepc, YTO SABNSAETCA AOCTAaTOMHO TPYAOEMKOW U OnacHoW
onepauuein. B atom nnaHe Gonee nNpegnoyTUTENbHbI MEXTpPaBEPCHbIE AAaTYMKM, KOTopble TpebyrT Ang
CBOEr0 MOHTaXa JUWb pas3rpy3kn TpaBepc, XOTHS M  UMEKT HECKONbKo 0onee  CrOXHYH
«MNoAKoBOOBpasHyto» hopmMy kopnyca.

[MprMepoM AaTymK yCUnnst MEXTPaBepCHOW YCTaHOBKM MOXET CMYXUTb OTHOCUTENbHO LLIMPOKO
pacnpocTpaHeHHas 1-o6pasHas KOHCTPYKLUMS yNpyroro anemeHTa [2, 3, 4], nsobpaxkeHHasi Ha pUCyHke 2.
YCTpONCTBO COOEPXUT ABa YyNpyrnx aneMmeHTa 1 n 2, »xecTko coeAUHEHHbIX Nepemblykon 3, ¢
o6pasoBaHuem N-06pa3Hon KOHCTpYKUMK. Harpyxatowas (4 u 7) n onopHas (5, 6, 8, 9)
CUMNOBOCNPUHMMALOLLME NNOLLAAKN KaXaoro U3 ynpyrux anemMeHToB pasBepHyThl Apyr OTHOCUTENbHO Apyra
Ha 180° 1 06pa3sytoT ABE TPEXTOUEYUHbIE CXEMbl HarpyXeHusi, obecneyrBaioLLe CaMoyCTaHOBKY AaTyuKa.
Pa3melleHHble Ha ynpyrnx anemeHTax TeH3opeauctopbl 10 n 11 cobpaHbl B TEH30METPUYECKUI NMOSTYMOCT.

PucyHok 2 - TeH30pe3nCTOPHbIA AaTynK cunbl, nateHT P® Ne 2145414
Figure 2 — Resistive-strain sensor load cell, Pat. RU Ne 2145414

MpuHUMN gencTBusa gaTymMka OCHOBaH Ha pacnpegeneHny CyMMapHOW Harpysku Mexay
YyBCTBUTENbHLIMU areMeHTamMmn 1 1 2. OgHako 04eBUOHO, YTO MU3-3a 3HAYUTENBHOW HEPOBHOCTU
NMOBEPXHOCTU TPaBEPC, KOTOPbIE U3rOTaBMNMBAKOTCA OBbIYHBLIM NUTLEM, HEMB3S CYNTaTb, YTO OHU
conpuKacarTCs C CUIOBOCNPYHUMAOLWLUMU MIIOLWAaAKaMM B TOYKaX, PAaCMONOXEHHbIX CTPOro Mo LEHTPY
nocnegHux. Kak nokasbiBaeT AeTanbHbIN aHanu3, OTKNOHEHWS YKa3aHHbIX TOYEK NPUNOXEHNs OT
LeHTparnbHbIX (MOKa3aHO XUPHLIMU CTPEnKamn Ha pUcyHKe 2, b) NpMBOAAT K 3HAYUTENBHBLIM U3MEHEHUSAM
3MopbI AedopmaLm No NOBEPXHOCTU KaXAoro YyBCTBUTENBHOMO anemeHTa. MiameHeHune antopbl
AedopmaLmmn B 30He HaKNemnkn TeH30pe3nCTOPOB HEM3BEXKHO BbI3bIBAET U3MEHEHNE NX AedopmaLn, YTo
COMPOBOXAaeTCs HeCTabMNbHOCTLIO MOKa3aHUs AaTymka yCunus B LIeNoM B 3aBMCUMOCTU OT MecTa ero
YCTaHOBKMW.

B HacTosilwem goknage aBTopbl NPeACTaBNAT pa3paboTaHHY0 MU KOHCTPYKLMIO
TEH30PE3MCTOPHOro AaTynka yCUnus, B KOTOPOW B 3HAYUTENbHOW CTEMEHW YCTPaHEHb!l ykadaHHbIe
HegocTaTKM (PUCYHOK 3).

PucyHok 3 — Pa3paboTaHHbIi aBTopaMu Aatyumk yeunmsi: 1 — kopnyc; 2 — YyBCTBUTEIbHbIE 3IEMEHTbI; 3 —
ckoba KpenneHusi; 4 — NONMPOBAHHBIV LUTOK.
Figure 3 — The load cell which one is designed by the writers: 1 — body; 2 — sensor; 3 — support bracket; 4 —
polished rod.

-2-



MexxayHapoaHas KoHdepeHumsa «[aTtunku n Cucremoi» 2002

Kak BMOHO M3 puCyHKa 3, YyBCTBUTESbHbIE 3MEeMeHTbI, NpeacTaBnsowme cobon LUMnuHApuYeckne
CTEPXHW, pasMeLLalnTCa B BEPLUMHAX PaBHOCTOPOHHErO TPeyrofibHWKa, YTO MO3BONSET KOMNEHCMpOoBaTb
HECMMMETPUYHOCTb pacnpeaeneHns obLien HarpyskM Mexgy HUMK, Hens3BexHO MNosBMsALasncs npu
YyCTaHOBKe AdaTumka mexay Tpasepcamu. Bmecte C TeM, CTEPXHWM YyBCTBUTENbHbLIX SMEMEHTOB UMEIT Mo
Topuam cdepunyeckyto NOBEPXHOCTb, 0becnevmBas TemMm camblM NOKanM3aumio TOYEK NPUIOXEHNS yeunms
no ocu uumnuHgpa. PasmelleHve 4yBCTBUTESNbHbIX 3MIEMEHTOB B Hanpasnsowmx konoguax obuiero
Koprnyca WCKNoYaeT BO3MOXHOCTb MOSBNEHUs u3rnbatrowmx ycunun. [peanpuHaTele MeponpuaTms
Nno3BOMAOT paccumTatb rabapuTHble pasmepbl YyBCTBUTEMbHBLIX 3NEMEHTOB UCXOOS W3 MONyYeHus
MakCUMarbHO JOonycTuMon pJdedopMauunm B 30HE HaKMEeWKM TEeH30pe3MCTOPOB W, criegoBaTenbHo,
MaKCUMaribHOW YyBCTBUTEMBLHOCTH.

B paccmaTtpuBaemoln KOHCTPYKLUMM AaTymKa KaxkAbIA YNpyruii dnemMeHT (PUCYHOK 4) coaepXuT no
ABa Harpy3o4HbIX 1 MO ABa KOMNEHCALMOHHBIX TEH30pe3ncTopa.
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PucyHoK 4 — Ynpyrun anemeHT ¢ TeH30pe3ncTopamm
Figure 4 — The elastic member with resistive-strain sensors

B npeacrtaBneHHOM AaTyuke TEH30PEe3UCTOPbl BCEX TPEX YYBCTBUTEMbHbLIX 3N1EMEHTOB COeAUHEHDI
cneuuanbHbIM 06pasoM B M3MEPUTENbHYI0 MOCTOBYKO CXeMy NPEACTaBMNEHHY Ha pucyHke 5, roe r° -
Harpy3odHble TEH30PE3NCTOPbl U I - KOMMEHCALMOHHbIE TEH30Pe3ncTopbl. MoXHO nokasaTb, YTO Mpw
TakoM BKIHOYEHNM TEH30PE3MCTOPOB OOLUMIA CuUrHam C U3MepuUTENbHOro MocTa He 6GypeT 3aBuceTb OT
HECUMMETPUYHOCTM  pacnpefernieHns  HarpyskMm Mexay UyBCTBUTENbHbIMK — 3fIEMEHTaMW U UX
TemnepaTypHon gedopmaumn.

Opyrum  cywecTBeHHbIM TpeboBaHMEM K [daTyMkaM [OUHAMOMETPUPOBAHWST LUMH  SBMSIETCS
HeobxoouMocCTb obecnevyeHnss BpeMEHHOM CTabuNbHOCTM NMOKa3aHU B LUMPOKOM AManal3oHe TemnepaTyp.
B aTtom nnaHe, B usmeputensHoMm npeobpasosarerne, npeanaraeMom aBTopamu, NPUMEHEHO UMMYMbCHOE
nMuTaHue WU3MepuUTENbHOW Lienu TEH30Pe3NCTOPOB C UCMONb30BaHWEM CreLumnanbHONn BEeCOBOW (DYHKLNN,
bnarogaps 4emy cBefeHbl K MUHUMYMY BRMsiHUE TemnepaTypHOro Apenda HanpsKeHus CMeLleHus
aKTMBHbIX 3neMeHToB npeobpasoBatens W nomexu nutatowen cetm 50 ry, obycnosneHHoON
pacrnonioXeHnem pgaTyMka B HenocpencTBEHHOM 6nmM3ocT OT noTpebuTenen MNpPOMbLILLNIEHHON CETWU.

Bmecte ¢ Tem, pgononHutenebHasa uudpoBas obpaboTka pesynbTaToB M3MEpeHus no3sonuna
CHU3UTb BIUSIHNE CINy4YaNHOW MOMEXN U HECTAOUITbHOCTU HanpshKeHNst NMTaHWs gaTymka.
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PucyHok 5 — Cxema pasmeLleHnst TEH30pe3MCTOPOB MO YNPYrum 3fieMeHTam
Figure 5 - The schema of allocation resistive-strain sensors on elastic members

B HacToAWMM MOMEHT AaT4MKM YCUIus NPeAcTaBNeHHOW KOHCTPYKLMM yKe YCMEeLHO
3KCNMyaTUpyloTCa B COCTaBe CUCTEM AMHAMOMETPUPOBaHUS ycTaHoBOK LLUMH uenbim psgom npegnpuatun
HepTerasopobbiBatoLLEN NPOMBbILLIIEHHOCTN Poccuu.
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