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TRANSFORMATOR TEBRANISH TEZLANISHI VA UNING QOLGAN
ISHLATISH MUDDATI O‘RTASIDAGI BO‘G'LIQLIKNING ILMIY
ASOSLASHTIRILISHI

==

I

Ataullayev N.O., Tog‘aymurodov S.Z.,
Navoiy davlat konchilik va Navoiy davlat konchilik va
texnologiyalar universiteti, PhD, texnologiyalar universitet,
dotsent doktorant

Annotatsiya. Maqola moyli kuch transformatoriarida ish jarayonida paydo boYladigan mexanik titrashning aslida ganchalik xavfli omil ekanini ilmiy jihatdan ochib
beradi. Titrash faqat “shovqin” yoki tashqi belgi emas — u sekin-asta uskuna mexanik resursini yemiradigan, xizmat muddatini qisqartiradigan jiddiy degradatsiya
manbai sifatida ko'riladi. Maqolada titrashning bosh sabablarini aniq sanab o'tiladi : vaqt bo'yicha beqaror elektromagnit maydon keltirib chigaradigan dinamik kuchlar,
qgisqa tutashuv paytidagi kuchli elektrodinamik zarbalar, uzoq ishlash davomida magnit o’zak va chulg'am bloklarida to‘planadigan siljish va bo'shashishlar,
shuningdek tashqi mexanik ta’sirlar —transport paytidagi zarbalar, yer silkinishi yoki yaqin atrofdagi tebranish manbalari. Tajribalarda titrash tezlanishi sinusoidal
model orqali ifodalangan va yuqori aniqlikdagi akselerometrlar bilan o‘lchangan. Shu asosda tezlanishning effektiv giymati hamda chastota spektri aniglangan. Mex-
anik kuchlanishlarni hisoblashda nur nazariyasi qo'llanib, chulg’am elementlarida eng yuqori normal va kesuvchi kuchlanishlar topilgan. Keyin bu kuchlanishlar char-
chash xatti-harakatini tavsiflovchi empirik bog‘lanishlar bilan bog'lanib, charchash sikllari soniga “aylantirilgan”. Umumiy zarar esa chiziqli zarar to'planishi qoidasi
orqali baholangan — ya’ni har bir yuklama hissasi jamlanib, eskirishning yig‘indi ta’siri ko'rsatilgan. Amaliy tomonda, 20 MVA quvvatli real transformator misolida turli
darajadagi titrash tezlanishlari (yengildan kuchligacha) uchun hisoblar bajarilgan. Natija ravshan: titrash kuchaygan sari mexanik kuchlanishlar keskin o'sadi, char-
chash chegarasi pasayadi va xizmat muddati sezilarli gisqaradi. Bu bog'liglik raqamli jadval va grafiklar bilan ishonchli tasdiglangan. Titrash hodisasi yakunda trans-
formatorning haqiqiy mexanik resursini “yeb boradigan” asosiy omillardan biri ekanligi aniglandi. Taklif etilgan matematik model va hisoblash metodikasi esa real vaqt
monitoringi, qoldiq xizmat muddatini oldindan baholash va profilaktik ta'mirlashni rejalash uchun qulay, ilmiy asoslangan diagnostik vosita sifatida tavsiya etiladi.

Kalit so‘zlar: moyli kuch transformatori, titrash (vibratsiya) diagnostikasi, mexanik barqarorlik, titrash tezlanishi, akselerometr o’lchovéri, sinusoidal tebranish,
mexanik kuchlanish, charchash jarayoni, kumulyativ zarar, real vaqt monitoringi

HAYYHOE OBOCHOBAHUE B3AMMOCBA3N MEXAY BUBPOYCKO-
PEHUEM TPAHC®OPMATOPA U ErO OCTATOYHbIM PECYPCOM
IKCMNIYATALUN

Artaynnaes H.O., Toraiimypogog C.3.

HaBouiickiit rocyAapCTBEHHbI FOPHO-TEXHOMOMMYECKUI YHBEpeuTeT, Pecnybnuka Y3bekuctaH

AHHOMayus. B cmambe ¢ Hay4HOU MOYKU 3PEHUs PacKpbiBaemcs, HacKobKo Ha caMom Oefle onacHbIM ¢hakmopom Sensemcs MexaHuyeckas eubpayus,
803HUKalWas 8 npouecce pabombi MacnsHbIX CUTOBbIX MpaHCGHhOPMamopos. cmamee C Hay4HoU MOYKU 3PeHUs packpbleaemcs, Hackobko Ha camom Oeste onac-
HbIM 87I9€MCA MexaHuJeckas subpayusi, 803HuUKalowas 8 npouecce pabomb| MacnsiHbIX CUMosbIX mpaHcgopmamopos. Bubpayus — amo He npocmo " wym " unu
8HEWHUL NPU3HaK-0Ha paccMampusaemcs Kak UCMOYHUK cepbe3Hol despadayuu, Komopas nocmeneHHo pasbedaem MexaHu4ecKull pecypc obopydosaHusi, COKpa-
was cpoK e20 cmyxbbl. B cmambe Yemko nepequciieHbl NPUYUHbI 803HUKHOBEHUS 8Ubpayuu 20108KuU: OUHaMUYEeCKUe 8030elicmeus, 8bI38aHHbIe HeCmaburbHbIM 80
8pEMEHU M1eKMPOMacHUMHbIM NOMEM, CUrbHbIe 3nekmpoduHamudeckue yoapbl NpU KOPOMKUX 3aMbiKaHUsIX, cO8U2U U penakcayusi, HakoneHHsle 8 MazHUmonpo-
800e U C8UHL08bIX br10Kkax npu AnumesnbHoOU 3KCnmyamayuu, a makke gHewHue MexaHuyeckue 8o30elicmgust — yoapbi Npu mpaHcnopmuposKe, COMPSICEHUU 2pyH-
ma unu nobau3ocmu. UCMOYHUKU 8UbpayuU.mamse YemKo NepeyucieHbl NPUYUHbI 803HUKHOBEHUS 8ubpayuu 20108Ku: duHamuyeckue 8030elicmeus, 8bI38aHHbIe
HecmaburbHbIM 80 8PEMEHU 311EKMPOMacHUMHbIM NOMEM, CUsTbHbIE 3nekmpoduHaMuyeckue ydapbl npu KOPOMKUX 3aMbIkaHUsIX, c0sUU U penakcayusi, HakonmeH-
Hble 8 MagHUMonpogode U C8UHL08bIX briokax npu OlUMenbHOU KCnmyamayuu, @ makxke 8HeWHuUe MexaHudeckue 8o3delicmgus — ydapbl Npu MpaHCcnopmuposKke,
compsceHuU epyHma unmu nobau3ocmu. UCMOYHUKU 8ubpayuu. B akcnepumeHmax yckopeHue 8ubpayuu 8bipaxanoch Yepes cuHycoudanbHylo Modesb U U3meps-
110Ck aKcenepoMempamu ¢ 8bICOKUM paspewieHuem. Vcxods us amozo, bbino onpedeneHo ghghekmusHoe 3Ha4eHuUe yYCKOPEHUs, @ makxe yacmomHsili cnekmp. [pu
pacdyeme MexaHUYeCKUX HanpsxeHull Gbina npUMeHeHa meopusi ceema, U CaMble 8bICOKUE HOpMarlbHble U PeXywjue HanpskeHus bbinu HaliOeHb! 8 d11eMeHmax
mpy6Ku.cxo0s U3 3moeo, bbino onpedeneHo ahhekmusHOe 3HaYeHUe YCKOPeHUs, a makxke YacmomHbIli cnekmp. [pu pacyeme MexaHU4eCcKUX HanpsxeHull bbina
npumeresno onpedeneHo 3(hheKmusHoe 3HaqyeHuUe yCKOPeHUs, a makxe YacmomHbili cnekmp. [Tpu pacdeme MexaHu4ecKux HanpskeHull bbina npuMeHeHa meopus
c8ema, U camble 8bICOKUE HOPMaITbHbIE U PEXYusue Hanpsxenus bbinu HaliOeHs! 8 anemeHmax mpyoKu. 3amem amu HanpsxeHus Obinu cea3aHbl 3MNUPUYECKUMU
C8A3SIMU, ONUChbIBAKOWUMU nosedeHue UCmoweHus, U ‘npeobpasogaHbl’8 Konudecmeo Lukinos ucmoweHus. C Opyeoli cmopoHbl, obwull yuepb oueHugarncs ¢
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NOMOWbI0 Npasusia HaKoNIeHUsT TUHEUHbIX NOmMepb, MO ecmb CyMMapHo20 aghghekma UsHoca, CyMMUPO8aHHO20 no kKaxdomy eknady Haepysku. C npakmudeckoli
CMOPOHbI Ha npumepe peanbHo2o mpaHcghopmamopa MowHocmbio 20 MBA 6binu 8bInonHEHbI pacyembl O pasiuyHbIX ypogHel yckopeHul eubpayuu (om
neekux 00 MOWHbIX). npakmuyeckol CMOPOHbI Ha npumepe peanbHo20 mpaHcgopmamopa MowHocmbio 20 MBA 6binu 8binomHeHb! pacyems! 011 Pas3uyHbIX
ypogHell yckopeHull gubpayuu (om neakux 9o MOwHbIX). Pesynbmam oyesudeH: no Mepe ysenuyeHus ubpayuu pe3ko eo3pacmalomoll CmopoHbI Ha npumepe
peanbHo20 mpaHcgopmamopa mowHocmbro 20 MBA 6binu 8binonHeHb! pacdemb! O pasnuyHbIX ypogHel yckopeHul subpayuu (om feskux 00 MOWHbIX). Pe-
3yribmam 04e8UOEH: NO Mepe yeenu4eHus ubpayuL pe3ko 8o3pacmarm MexaHUYecKue HanpsKeHUs!, CHUXaemces nopoe ycmanocmu, 3HayumenbHo cokpauya-
emcsi cpok cryx6bbl. Ima 3agucumocmb Ha0exHO nodmeepxdaemcs YucneHHbIMU mabnuyamu u epachukamu. B koHeyHOM umoze bb110 0bHapyxeHo, Ymo siene-
Hue subpayuu sieisemcs 00HUM U3 OCHOBHbIX (hakmopos, ‘chedarwjux” peasbHbil MexaHu4deckull pecypc mpaHcgopmamopa. C dpyeoli cmopoHbl, npednaeae-
Masi MameMamudeckas Modenb U Memod pacdema pekomeHOyromcsi 8 kadecmee yO0b6HO20 HayyHO 060CHO8aHHO20 OUAZHOCMUYECKO20 UHCMpymeHma 0nsi
MOHUMOPUH2a 8 pearnbHOM 8pemMeHU, npedeapumesibHOL OUEHKU 0CMamoyYH020 CPOoKa Cr1yxX6b! U NaHUpO8aHuUsi NPOUIaKmMUYecko20 peMoHma.

Knroyesue crosa: macnsHbil cunosoli mpaHcghopmamop, duacHocmuka subpayuu (ubpayuu), mexaHudeckas cmaburbHOCMb, yCKOpeHue eubpayuu,
u3mMepeHus akcenepomempa, CuHycoudasbHas 8ubpayusi, MexaHu4eckoe HanpsKeHUe, NPOUECC ycmanocmu KyMynsmueHbIe No8PeXAeHUs, NPO2HO3 CPOKA CTyX-
6bI, MOHUMOPUHE 8 PearnbHOM 8PEMeHU

SCIENTIFIC JUSTIFICATION OF THE RELATIONSHIP BETWEEN
TRANSFORMER VIBRATION ACCELERATION AND ITS REMAINING
USEFUL LIFE

Ataullayev N.O., Togaymurodov S.Z.
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Abstract. From a scientific point of view, the article reveals how dangerous the mechanical vibration that occurs during the operation of oil-fired power trans-
formers really is. From a scientific point of view, the article reveals how dangerous the mechanical vibration that occurs during the operation of oil-fired power trans-
formers really is. Vibration is not just a "noise" or an external sign - it is considered as a source of serious degradation, which gradually corrodes the mechanical
resource of the equipment, reducing its service life. The article clearly lists the causes of head vibration: dynamic impacts caused by a time—unstable electromagnet-
ic field, strong electrodynamic shocks during short circuits, shifts and relaxation accumulated in the magnetic circuit and lead blocks during prolonged operation, as
well as external mechanical impacts such as impacts during transportation, shaking of the ground or nearby. sources of vibration. Tatiana clearly lists the causes of
head vibration: dynamic impacts caused by a time-unstable electromagnetic field, strong electrodynamic shocks during short circuits, shifts and relaxation accumu-
lated in the magnetic circuit and lead blocks during prolonged operation, as well as external mechanical impacts such as impacts during transportation, shaking of
the ground or nearby. sources of vibration. In the experiments, vibration acceleration was expressed through a sinusoidal model and measured with high-resolution
accelerometers. Based on this, the effective acceleration value was determined, as well as the frequency spectrum. When calculating mechanical stresses, the
theory of light was applied, and the highest normal and cutting stresses were found in the tube elements.Based on this, the effective acceleration value was deter-
mined, as well as the frequency spectrum. When calculating mechanical stresses, the effective acceleration value was used, as well as the frequency spectrum.
When calculating mechanical stresses, the theory of light was applied, and the highest normal and cutting stresses were found in the tube elements. These stresses
were then linked by empirical links describing the depletion behavior, and ‘“transformed" into the number of depletion cycles. On the other hand, the total damage
was estimated using the linear loss accumulation rule, that is, the total wear effect summed up for each load contribution. On the practical side, using the example of
a real transformer with a capacity of 20 MVA, calculations were performed for various levels of vibration accelerations (from light to powerful). On the practical side,
using the example of a real transformer with a capacity of 20 MVA, calculations were performed for various levels of vibration accelerations (from light to powerful).
The result is obvious: as the vibration on the other side increases dramatically, calculations were performed for various levels of vibration accelerations (from light to
powerful) using the example of a real transformer with a capacity of 20 MVA. The result is obvious: as vibration increases, mechanical stresses increase dramatical-
ly, the fatigue threshold decreases, and the service life is significantly shortened. This dependence is reliably confirmed by numerical tables and graphs. In the end, it
was found that the phenomenon of vibration is one of the main factors that “eat up” the real mechanical life of the transformer. On the other hand, the proposed
mathematical model and calculation method are recommended as a convenient, scientifically based diagnostic tool for real-time monitoring, preliminary assessment
of the remaining service life and planning preventive repairs.

Keywords: oil power transformer, vibration diagnostics, mechanical stability, vibration acceleration, accelerometer measurements, sinusoidal vibration, me-
chanical stress, fatigue process, cumulative damage, service life forecast, real-time monitoring, transformer resource estimation

Kirish

Moyli transformatorlarni asosiy mexanik holati hagida xulosa
beruvchi eng birlamchi parametr uning titrash tezlanishining intensivligi
hisoblanadi. Titrash intensivligi gancha yuqori bo‘lsa ushbu trans-
formatorning magnit o'zaklari bilan bog'liq muammolami hamda
chulg‘amlaming tarangligi bilan bog'liq nugsonlar mavjudligini anglata-
di. Titrash tezlanishing real vagt rejimidagi aniq giymatini bilish yoki
monitoringi orqali kuzatish ushbu moyli transformatorning mexanik
holatini aniq tavsiflaydi. Simplice Akre hamda Issouf Fofana olib bor-
gan tadgiqotlari davomida optik sensorlardan  foydalanib
chulg‘amlaring titrash tezlanishini monitoring qilish bo‘yicha o'z izlan-
ishlarini olib borgan. Tadgiqot davomida fagatgina joriy zarar
aniglangan va kumulyatsiya ulushlari umumiy jamlash bo‘yicha izlan-
ishlar yetarlicha olib borilmagan. Titrash tezlanishing kumulyatsiyasi
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vaqt o'tishi davomida transformatoming xizmat muddatini aniq ka-
maytiradi va uning bargaror ishlashi ishonchliligini pasaytiradi.Shu
sababli ham kumulyatsiya ulushlari yigindisini aniq tavsiflash dolzarb
hisoblanadi.

Moyli transformatorlarning ishonchli va uzoq muddatli bargaror
ishlashi ularning mexanik, termik va elektr bargarorligiga bevosita
bog'liq hisoblanadi. Amaliyotda transformatorlarni turli tashqi va ichki
omillar ta'sirida titrash (vibratsiya) hodisasiga duch kelinadi va bu
titrash odatda salbiy yakunga yetmagunicha jiddiy e'tibor garatilmaydi.
Titrashlar odatda transformatorlaming elektromagnit kuchlarning
beqarorligi, gisqa tutashuv jarayonlari, magnit o'zakning mexanik
aksial va radial kuchlar ta’sirida siqilishi, shuningdek, o‘ramlarning
joyidan siljishi natijasida yuzaga keladigan o‘zgarishlarning natijasi
sifatida baholanadi. Bundan tashqari tashqi mexanik ta’sirlar natijasida
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o'rnatish jarayonlari paytidagi silkinish, o‘rnatishdagi noto‘g'ri
mahkamlash va biriktirish holatlari ham titrash intensivligiga sezilarli
ta’sir ko'rsatadi [1].

Titrash  tezlanishining intensivligi  ortishi hamda titrash
tezlanishining me'yoriy ko‘rsatkichlarida bo‘lmasligi transformatorning
mexanik qgismlarida qgo‘shimcha mexanik stresslarming paydo
bo'lishiga olib keladi. Natijada transformatorlarning ichki va tashqi
izolyatsiya tizimi tezroq yemirilishi va eskirishi, o‘'ramlarda
mikroyoriglar paydo bo'lishi, mexanik shikastlanishlami birin ketin
paydo bo'lishi va transformator moyning dielektrik xossalari ham sekin
asta yomonlashishi ayni titrash ta'sirida yuzaga keladi. Titrash
sabablari tufayli dielektrik moyning qovushqoqlik darajasi o‘zgarib
borishi natijasida transformatorning xizmat muddatini sezilarli
darajada qisqartiradi. Xizmat muddati gisqarishining yuzaga kelishi va
ogibatlarini baholash transformatorlarning texnik holatini real vaqt
rejimida monitoring gilishdagi muhim faktorlardan biri hisoblanadi [2].

Titrash tezlanishining intensivligini aniq ko‘rsatib beradigan trans-
formatorning sovutish tizimi ham eng muhim omillar qatoridan sana-

ladi.Sovutishning majburiy yoki tabiiy holatda bo ‘lishi ONAN va ONAF
yoki ON,AF ekanligidan xulosalanib moyli transformatorning titrashi
o'zgaradi. Tanlab olingan tadqiqot obyekti ONAF sovutish tizimida
ishlaganligi sababli ushbu transformatorda kuzatiladigan titrash inten-
sivligi odatdagidan ancha yuqori va baland.

Metodlar

Transformatorlarning titrashining xizmat qilish muddatiga ta’sirini
bir necha faktorlarga asoslanib xulosa gilish mumkin. Titrash na-
tijasida hosil bo‘ladigan titrash garmonikasi sinusoidal shaklda tebran-
ishini hisobga olinishiga asosiy omil, ushbu titrashni yuzaga keltiradi-
gan parametrlar sinus gonuni bo‘yicha tebranishidir. Aniglangan te-
zlanishning hagqiqiy ta’sir etuvchi giymatidan foydalanib transformator-
da hosil bo‘ladigan tezlanish unga qancha inersiya berishi va
ganchaga egiltira olishini ampletudaviy giymatlarini hisoblanadi. 1-
jadvalda quvvati 20MVA i transformatoming titrash intensivligi uning
ganday holatda ekanligini hamda titrash tezlanishlari transformator
uchun xavfli va xavfsiz ekanligi normalari ish jarayonidan kelib chigib
keltirilgan [3].

1- jadval
20MVA lik transformatorning titrash normalari
Holat ¢ (mmls) a (m/s?) a(g)
Nominal (magsad) 12 0.754 0.077
Past-normal 0.8 0.503 0.051
Yugori-ogohlantirish 1.8 1.131 0.115
Tekshiruv talab etiladi 225 =1.571 =(0.160

Yuqoridagi jadvalga asosan moyli transformatorning titrashida titrash tezlanishi natijasida yuzaga keladigan mexanik zo'rigishning miqdori
aniglash uchun tebranishdagi o‘ram va korpus orasidagi bo'shliq segment egilib, uning dinamik egilish kuchlanishi paydo bo'ladi. Shu maksimal
egilish kuchlanishini baholab olsak titrash natijasida yuzaga keladigan mexanik kuchlanish giymatini aniglashga erishamiz. Buni aniglashda Euler
Bernoullining titrash nazariyasi asosida aniglangan, titrashning tayanch yoki o'qqa beradigan mexanik kuchlanishini aniglash teoremasidan
foydalanildi. Transformator chulg‘amlarining har bir uzunligiga titrashning inersiya kuchi ta'sir ko'rsatganligi sababli transformatorning chizigli

massa zichligini aniglandi [4].
Natijalar va muhokama

Tirash natijasida yuzaga keladigan egilish momentining eng katta giymatini aniglash titrashning ampletuda giymati ganday mexanik
kuchlanish hosil bo'lishini anglatadi. Euler Bemoullining titrash nazariyasiga asoslanib titrashdan yuzaga keladigan eng katta moment

aniglandi [5].
2- jadval
20MVA transformatordan olingan titrash parameterlari
a (mis?) e (mmis) a(g) Fan/1t | Feny/sor | oWPaltt oo (Pal /3ot
1.70 2.7056 0.1733 1.70 51.00 0.0570 1.7000
1.90 3.0239 0.1939 1.90 57.00 0.0630 1.9000
2.00 3.1831 0.2039 2.00 60.00 0.0670 2.0000
210 3.3423 0.2143 2.10 63.00 0.0700 2.1000
2.20 3.5014 0.2244 220 66.00 0.0730 2.2000
2.30 3.6606 0.2347 2.30 69.00 0.0770 2.3000
240 3.8197 0.2449 240 72.00 0.0800 2.4000
2.50 3.9789 0.2550 2.50 75.00 0.0830 2.5000

2- jadvalda 20MVA i transformatordan olingan titrash natijalari
aks ettiralgan hamda bu tirashlarlar g va tezlik birliklarda ham
ifodalangan. Ushbu titrashning giymatlaridan kelib chigib mexanik
umrning barqarorligi ham o‘zgaradi [6].

1- rasmda transformatorda yuzaga keladigan ftitrash
tezlanishining garmonikasi tekshirilgan hamda u 0.2 vaqt oralig‘ida
anilanganligi uchun fagat shu vaqt oralig‘idagi mexanik kuchlanish va
tezlanish giymati ifodalangan. Umuman olganda transformatorlarda
titrash tezlanishining garmonikasi sinusoidal ekanliginini 1- rasmda
ko'rish  mumkin hamda titrash tezlanishing o‘zgarishi sinusoidal

zanjiming tegishli giymatlari o‘zgarishi bilan ortishi yoki kamayishi aniq
aks ettirilishi bilan aniglandi [7].

Keyingi gqadamda titrashdan keladigan zararning ulush migdorini
aniglab olinadi. Zarar, shikastlanish kabi kamayuvchi va vagt o'tishi
bilan eskirish darajasini aniglash ko‘p hollarda Miner gqonuniga asosan
amalga oshiriladi. Shunga asosan transformatorga titrash orgali

yetkaziladigan zararni hisoblashda Miner gonunidan foydalanildi [8].
k

n
D= k
ZN(Ga) "

i=0
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25 155 T |bu yerda: Ly - titrashdan keyin golgan resursning umri,
| 0.of villarda; Lo - dastlabgi resurning kafolatlangan umri,
2 2 yillarda; Dy(t) - titrashdan yuzaga keladigan kumulyativ

15 15 1 0.8| zararning ulush migdori.
Ishlab chigilgan 4 - formulaga asosan har bir titrash
1 | 1 7| tezlanishi qanchaga mexanik kuchlanish berishini aniglab
. 05 fos & { 0.6| chiqildi hamda aniglangan mexanik kuchlanishlarning har
‘E = biri mustahkamlik chegarasini bilan tagqoslanib yakunda
- 0 0 = 08 ularning nisbati gancha farq gilishidan kelib chiggan holda
® g5 05 CE o.4| har bir fitrash tezlanishi tomonidan yuzaga keladigan

kumulyativ zarar migdori 3 — jadvalga kiritildi.

- 1 0.3 3- jadvalga asosan xizmat muddatining gisqarishi,
15 15 0 oniy titrash tezlanishi natijasida yuzaga keladigan zarar
“|hamda titrash tezlanishi natijasida yuzaga keladigan
2r 2 0.1| mexanik kuchlanishning bog'liglik grafigi 2 — rasm orqali
25| 125 shakllantirildi. Grafikdan shuni ko‘ish mumkinki, titrash
o 0.05 o1 015 02 ® | tezlanishining ortishi transformatorga keladigan mexanik
ts kuchlanishning ortishiga sabab boladi va bu 0z navbatida
1-rasm. Tirash tezlanishi va shu titrash natijasida yuzaga keladigan mexanik kumulyativ zarar -miqdorini ~ortiirib - xizmat - muddatini

kuchlanishning bog‘lanishi

bu yerda: nk — transformatoming nominal holdagi titrashining sikllari
soni, ta; D titrash natijasida yuzaga keladigan kumulyativ zararmning
ulush migdori; transformatorning joriy holatdagi titrashi
natijasidagi sikllatigan]te-

Aniglangan 1 ifoda birlik sikl uchun bo'lib, kumulyativ zarar vaqt
o'tishi bilan o‘zgarishini hisobga oladigan bo‘lsak uning vagtga
bog'liglik integral ifodasi quyidagicha anniglandi:

n, (1)
D= gzv( 0

Hosil gilingan 2-formula t1 va t vagtlar oralig'ida yuzaga keladigan
kumulyativ ~ zarar  ulushlarini  hisoblaydi. ~Agar  bog'lanishni
tebranishning chastotasi va tebranish davri bilan ifodalaydigan bo‘lsak
charchash mustahkamlik koeffitsienti har bir sikl uchun inobatga olinib
titrash tezlanishi natijasida yuzaga keladigan kumulyativ zarar ulushini
aniglashning yakuniy ifodasi hosil gilinadi.
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Hosil bo'lgan ketma ketlik asosida shikastlanishdan keyingi qolgan
ummi quyidagicha hisoblandi:

kamayishiga sabab bo‘ladi.

Tadqigot obyekti sifatida tanlab olingan moyli transforma-

tor 2025- yil mobaynida kuzatilganida uning titrash inten-
sivligi chizigli tarzda o'sib borgani 3-jadvalda aniq keltirilgan. Eng katta
titrash tezlanishining giymati 2.5 m/s2 ekanligi va ushbu titrash tezlani-
shi yil davomida 2170 soat titragani aniglandi. Titrash tezlanishi bilan
kuzatilgan nonormallik va uning giymatini ortib borishi tadgiqot obyekti
sifatida tanlab olingan moyli transformatorda mexanik nugson borligi-
dan dalolat beradi va ushbu mexanik nugsonning zarar ulushini
aniglash uchun transformatorning xususiy parametrlaridan foydalanib
kumulyativ zarar ulushining har sikiga ganchadan mos kelishini aniq
hisoblab chigish kerak. 2- rasmda titrash tezlanishidan yuzaga kelgan
kumulyatsiya ulushlarini ta'sirida foydali xizmat muddati aniq
ganchaga kamayib borganligi aks ettiriigan. Tadgiqot obyekti sifatida
tanlab olingan transformator 2024- yilda yangi holatda o‘matilganiga
garamay, uning ta'minotida kuzatiladigan o‘chishlar va uzilishlar uning
mexanik holatida jiddiy ta’sir ko‘rsatgan. Mexanik mustahkamlikni
asosiy belgisi sanalgan chulg‘amlarning ulanishi va ularning taranglik
holati titrash tezlanishini ortib borishiga asos bo‘ldi. Miner gonuni
bo'yicha aniglab ishlab chigilgan (3) va (4) formulalar orgali moyli
transformatorning xizmat muddati umumiy hisobda 1.3% ga ka-
mayganligi aniglandi. Kelgusi yillarda ushbu ko'rsatkich chizigli tarzda
yana ham o'sib borishi va yakunda transformatorning mexanik mus-
tahkamligi bargaror bo‘lmay qolishi aniglandi. 3- jadvalga tayanib 2-
rasmda 1 yil davomida kuzatilgan 20 MVA li moyli transformatorning

L,=L,-(1-D,(2)) (4)  xizmat muddatini 0'zgarib borishi aniq keltirilgan.
3-jadval
Titrash natijalaridan olingan mexanik stress va xizmat umrining o‘zgarishi
Ne (‘s’zg:) a(mis) | o(MPa) '::f;ﬁ ‘(‘.,'/3 Unr (yil) D(t) Qisqarish (yil) | Umr (%)
1 250 1.70 1.70 2.85% 24.99 0.00037 0.009 0.037%
2 507 1.90 1.90 5.79 24.97 0.00075 0.019 0.075%
3 662 2.00 2.00 7.56 24.95 0.00098 0.025 0.098%
4 852 2.10 2.10 9.73 24.92 0.00126 0.032 0.126%
5 1122 2.20 2.20 12.81 24.87 0.00166 0.042 0.166%
6 1419 2.30 2.30 16.20 24.82 0.00210 0.053 0.210%
7 1778 240 240 20.3 24.75 0.00263 0.066 0.263%
8 2170 2.50 2.50 24.7 24.67 0.00321 0.080 0.321%
Jami 8760 0.013 0.33 1.3%
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2- rasm. Titrash tezlanishi natijasida mexanik umrming kamayishining ustunli diagrammasi

2 — rasm asosida xulosa qiladigan bo'lsak, titrash tezlanishi
gancha beqaror bo'lib giymati ortib borsa u transformatorning mexanik
umri shuncha kamayganligi anglatadi hamda bu oz navbatida
mexanik umr har bir sikldan keyin kamayayotganligini tushinish
mumkin. 3- rasmda bu yana ham batafsil ifodalangan. Mexanik
mustahkamlik vektor kattaliklar sinfiga kirganligi sababli hamda titrash
intensivligi bilan mexanik yuklanishning giymatlari to'g'ri bog‘langanligi
sababli giymat ortib borgan sari mexanik mustahkamlik kamayib

borishiga sabab bo‘ladi. Mustahkamlik chegarasining kamayib borishi
mexanik barqarorlikni chidash sikllari vaqgtini kamaytiradi. Har bir ti-
trash sikli chizigli tarzda foydali xizmat muddatini kamaytiradi. 3-
rasmda kumulyativ zarar ulushi va mexanik yuklanish orasidagi
munosabat keltirilgan. Kumulyatsiya ulushlari gancha katta bo‘lsa va
titrash tezlanishi ortsa foydali xizmat muddati bilan teskari
bog'langanligi sababli bevosita moyli transformatorning xizmat
muddatini kamayishiga olib keladi.
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3- rasm. Transformator resursining mexanik umrining o‘zgarishi
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Xulosalar

Tahlillar shuni ko‘rsatadiki, moyli kuch transformatorlaridagi titrash
(vibratsiya) hodisasi tasodifiy va e'tiborsiz omil emas, balki
agregatning haqigiy mexanik resursini bevosita yemiradigan asosiy
degradatsiya manbalaridan biridir. Moyli transformatorlarda titrash
hodisasining nonormalligi titrash tezlanishi 1.5 m/s2 dan ortganida va
2.5 m/s? oralig'ida bo‘lgan holatda quvvati 20 MVA i transformatorda
vibratsiya jarayoni o‘zgaruvchan hamda ushbu diapazondan ortgan
har ganday titrash qiymati transformator mexanik holati bilan
nugsonlar mavjudligini anglatadi. Vagqt o'tishi bilan ushbu titrash
tezlanishi agregatning termik, mexanik va elektr bargarorligini
pasaytiradi hamda real xizmat muddatini gisqartiradi. Ishlab chigilgan

matematik model titrashning fizik mexanizmini fagat sifat jihatdan
emas, balki aniq o‘lchovli parametrlar orgali baholash imkonini beradi.
Shu tariqa, titrashni doimiy monitoring gilish, uning spekirlari va
tezlanish ~ ampletudalarini  vaqt  bo‘yicha nazorat  qilish,
transformatorning texnik holatini real vaqt rejimida baholash,
charchashdan kelib chigadigan avariyaviy xavflami oldindan ko'rish va
profilaktik xizmat ko‘rsatish jadvalini optimallashtirish uchun majburiy
diagnostik mezon sifatida qaralishi kerak. Moyli transformatorlarda
titrash tezlanishini yil davomida kuzatib, titrash giymatlarining intensiv
o'sish chegarasidan ortib borishi va har ganday nobarqaror titrash
transformator uchun xavfli mexanik zarar kumulyatsiyasini yuzaga
keltiradi.
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