Priedai

A priedas. Eksperimentiniy tyrimy rezultatai

Siame priede pateikta papildomi matavimy rezultatai, kurie aptariami 3 dar-
bo dalyje.

Stendo lyno laikikliy, lyno ir nutriikusios vielos dominuojan¢iy dazniy
reik§més, suzadinus stova smiiginiu Zadinimu taskuose A, B, C ir iSmatavus lyno
laikikliy amplitudes x, y, z kryptimis, taip pat suzadinus jtempta lyng smiiginiu
zadinimu y kryptimi ir iSmatavus jtempto lyno ir nutriikusios vielos amplitudes z
kryptimi, pateiktos 1A paveiksle (Taskas A — stovas zadinimas x aSimi; Taskas
B — stovas zadinamas y aSimi; Taskas C — stovas zadinamas z aSimi; X1, Y1,
Z1 — koordinaciy aSimis kairiojo lyno laikiklio dominuojantys dazniai; Y2, Z2 —
koordinaciy aSimis desSiniojo lyno laikiklio dominuojantys dazniai; Z3, Z4 — ati-
tinkamai z koordinaciy asimi lyno ir nutriikusios vielos dominuojantys dazniai;
taskai reiSkia atitinkama kryptimi iSmatuoty dominuojanéiy dazniy reikSmés).
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1 A. pav. Stendo, lyno ir 10 mm ilgio vielos dominuojantys dazniai
Fig. 1 A. Dominant frequency of test rig body, wire rope and 10 mm long broken wire
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B priedas. Statinés lyno laikikliy virpesiy amplitudziy
skaitinés reikSmeés

Siame priede pateikta statinés i$matuoty stendo lyno laikikliy virpesiy amp-
lidudziy skaitinés reikSmés, suzadinus stova smiiginiu zadinimu taskuose A, B,
C ir iSmatavus lyno laikikliy amplitudes x, y, z kryptimis.

Statistinés iSmatuoty lyno laikikliy virpesiy amplitudziy skaitinés reikSmes,
gautos suzadinus stovg taske 4 dinaminiu plaktuku isilgine (x aSimi) stovo kryp-
timi, pateiktos 1B lentel¢je

1B lentelé. Statistinés lyno laikikliy virpesiy amplitudziy skaitinés reikSmés
Table 1B. Statistical characteristics of the rope support vibrations
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R
g . . ° ©
o — ! = o
o) 3 g
gl3_ 2|29 |2_ |2 |«
o | *E| 28| & 5E | BE | £
= 2 S v = B E = s E <
R=| I=HS B=| £ & s 7 S 5
> B oR e »n 3 g a8 n £ =
< D »n < = = = =] <
- L .2 o, < = = 8 s =
= EX| B x| = €E 8 = g = v,
= T 8 2 5.9 S S «
< «» A 4 = a
Lyno kairiojo laikiklio (Zadinamas A, stovas)
2 |4 i O I
= v - (=1
o [«)Y d‘ [~e] V2 o0 o~
v - N S [¥el =
G | v - i o "
o
s | 7 1 I O
E | w ® m = m m
— oo = =3 O [=)} 2
xn — o -~ N o
— © © | I3\ <
o
= [3a} | [Sa} [sa}
s | 7 | | |
S| m o m = m m
e - ~ [sa) Nel
E S < < < [Te} v
> v—i'\ v—i'\ l? ﬂ:‘ @'\




86 PRIEDAI

1B lentelés pabaiga

Statistiniai parametrai
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Statistinés iSmatuoty lyno laikikliy virpesiy amplitudziy skaitinés reikSmés,
gautos suzadinus stova taske B dinaminiu plaktuku skersine (y asimi) stovo
kryptimi, pateiktos 2B lenteléje.

2B lentelé. Statistinés lyno laikikliy virpesiy amplitudziy skaitinés reik§més
Table 2B. Statistical characteristics of the rope support vibrations

Statistiniai parametrai
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2B lentelés pabaiga
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Statistinés iSmatuoty lyno laikikliy virpesiy amplitudziy skaitinés reikSmés,
gautos suzadinus stova taske C dinaminiu plaktuku vertikalia (z asimi) stovo

kryptimi, pateiktos 3B lenteléje.
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3B lentelé. Statistinés lyno laikikliy virpesiy amplitudziy skaitinés reik§més

Table 3B. Statistical characteristics of the rope support vibrations
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1. Technikos sritis, kuriai skiriamas ifradimas

léradimas skirtas kélimo jrenginiy, pavyzdziui, funikulieriy, slidingjimo trasy keltuvy,
lifty ir panadiy jrenginiy lyny patikimumui diagnozuoti.

lradimo tikslas - sukurti nauja neardomosios plieniniy lyny kontrolés metods, skirtg
juy patikimumui nustatyti minéty jrenginiy cksploatacijos metu, ar ju patikrai ifmontavus lyna,

be to, §io metodo panaudojimui numatyti reikalinga papildoma (be standartings) jranga.

2. Technikos lygis

Lyny kokybeés diagnostikoje paplitg #inomi biidai:

& bendro lyno suplonéjimo eksploatacijos metu nustatymas,
« nutrikusiy viely, i§ kuriy suvytas lynas, iefkojimas.

Pirmuaju (i3 paminéty) buidy nustatytas suplonéjimas yra nepakankamas dingnostikos
rezultatas, nes juo nenustatoma, ar lyne néra nutritkusiy viely. Nutriikusios ir esanéios lyno
pavirsiuje vienas vielos galas tampa laisvas ir atsiskiria nuo lyno, o kitas lieka su juo susijgs,
bet maZina jo keliamaja galia. Neimontavus lyno ir jo neapzifiréjus, sunku spresti apie jo
keliamosios galios sumaZejima.

Del to lyno eksploatacijos metu jis gali pavojingai susilpnéti.

Finomi ir pladiai apradyti lyny kokybes kontrolés metodai, pagristi magnetiniy srauty
matavimais, pvz. JAV patentas 5804964, ar magnetinio jsotinimo matavimais, pvz. JAV
patentas 4827215 Sie metodal teoriskai apibendrinti ir pladiai apradyti, pvz. William Lord.
Electromagnetic Methods of Nondestructive Testing. Gordon and Breach Science Publishers,
1985, o praktiskai yra reglamentuojami standartais {JAV: IS 2266, 1S 1855, IS 1856 ir
ypatingai IS 2363, Europoje — EN 12385-5, 150 4344, DIN 15020).

Dar naudejami pavirgiaus jkaitinime dél trinties matavimai, apraivti pvz, JAV patente
391686, tatiau jie naudojami daugiau dél eksploatacijos teisingo reZimo pasirinkimo.

Artimiausias — §iuo ifradimu pateikiamam plieninio lyno kokybés diagnostikes bidui
ir jam realizuoti reikalingai jrangai yra apradytas ir aptinés Iyno pavirsiaus kontrolés badu, Zr.
Warren J. McGonnagle. International Advances in Non-destructive Testing: Taylor & Francis,
1990, reglamentuot] standartu ISBN 288124459, 9782881244452, 394p,

3. lsradimo esmé ir naujumas
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Pateikiama suvyto i plieniniy viely lyno kokybés diagnostikos biidas ir jam realizuoti
reikalinga jranga, paremti $io lyno pavirfivje esandiy nutrikusiy viely galy automatizuotu
suradimu. Silomas bidas leidZia paprastai, nenaudojant brangios ir sudétingos jrangos,
kontrolivoti viena i8 svarbiausiy lyno patikimumo rodikliy (nutrikusiy viely nebuvimg lyno
pavirdiuje) kaip lyng iSmontavus i8 atitinkamo jrenginio, taip ir jam esant Siame jrenginyje,
pavyzd#iui, su pakabintu ant jo lifiu.

Siilomasis biidas skiriasi tuo, kad atitrikusiy viely galai lyno pavirSivje ieSkomi ir
surandami statine jépa iStempta lyna sglyginiai padalinus | kontroliuojamasias atkarpas ir
atliekant kontrole paeilini kiekvienoje i jy. PradZfioje vienoje if atkarpy vibratoriumi
suZadinami lyno skersiniai — sukamieji rezonansiniai virpesiai, Tuo tikslu dvi lyno vietos,
nedaug nutolusios uf abiejy kontrolivojamosios atkarpos galy, specialiame jrenginyje
nejudamai sujungiamos su vibratoriaus korpusn. Tada vibratoriaus sukeliami lyno virpesiai
vyksta tik tarp sujungimy esanéioje jo dalyje, kurios didZiaja dalj sudaro kontroliuejamoji
atkarpa. Rezonansiniai minétosios lyno dalies virpesiai sukelia lyno pavirdivje esanéiy
atitriikusiy viely galy skersinius virpesius. Sie virpesiai registrunjami originaliu jutikliy bloku,
kuriy matucjamasis jautrusis pavirSius yra Zedo vidinie pavirSiaus pavidalo, Sis paviriius su
nedideliv radialiniu tarpeliu apjuosia kontroliucjamaji lyno pavirdiy. Perstumiant jutikliy
blokg isilgai iStemptos lyne kontroliuojamosios atkarpos simetrijos asies pro minétajj radialinj
tarpelj praeinantys nutrikusiy viely galai su?adina signalus jutikliy bloke. Atsiradus
minétiems signalams konstatuojama, kad kontroliuojamojoje lyno pavirfiaus vietoje yra
atitriikusiy nuo jo viely. Atlikus lyno kontrole vienoje i§ jo isskirty kontroliniy atkarpy,

pereinama prie analogiskos kitos atramos kontrolés.

4. Brékiniy apraiymas

Plieninio lyno kokybes diagnostikos bhdas ir jam realizuoti naudojama jranga
iliustruojama 1, 2 ir 3 figliromis.

Figiiroje 1 pavaizduota pasifilytoji diagnostikos realizavimo wvarianto schema, kai
kontrolivojamaogi 1yno atkarpa yra vertikalioje padétyje, o figroje 2 — horizontalioje padétyje.

Figtiroje 3 pavaizduota lyno nutrikusiy viely galy registravimui skirto jutikliy bloke
schema,

Figoroje | parodytos dalys:

I - kontroliucjamasis lynas; 2 -~ lyno 1 pradZios tvirtinimo atrama; 3 ~ lyno 1
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igilginiam istempimui skirtas svoris; 4 — standus rémas; 3 — prie rémo 4 prijungti du lyno
jspraudinio arba kitokio tipo uzspaudimo jtaisai |, nejudamai rémo 4 atZvilgiu uZspaudZiantys
ilgio H; lyno 1 atkarpos galus; 6 — nejudamai su rému 4 sujunglas tiesiacigiy harmoniniy
virpesiy vibratoriaus korpusas; 7 — besiremiantis | lyng 1 vibratoriaus antgalis; 8 — reme 4
esanéios kreipiandiosios; L, — kreipian&iujy 8 ilgis ir lyno 1 kontroliuojamosios atkarpos ilgis;
9 = lyno 1 nutritkusiy viely galy buvimo registracijos jutikliy blokas; 10 — jutikliy bloko 9
#iedo pavidalo jautrusis pavirdius; A — Ziedo pavidalo tarpelis tarp bloko 9 jautriojo pavirsiaus
10 ir lyno 1 paviréiaus; 11 — Iyno 1 atkarpos Hy simetrijos ais; 12 - jutikliy bloko 9 mazgas,
jungiantis jj su rému 4 ir leidZiantis jam atstumu L, slankioti kreipian&iosiomis 8 tiesizeigiu
judesiu Iyno simetrijos asies 11 ativilgiu; 13 - atitrikusi nuo Iyno 1 viela, kurios galas
nelietia jutikliy bloko 9 vidinio jautraus Ziedinie pavirtiaus 10; 14 — atitrikusi nuo lyno 1
viela, kurios galas liegia jutiklio bloko 9 vidinj jautry Ziedinj paviriy 10; 15 — jutiklio bloko @
maitinimo ir ju signaly apdorojimo blokas; 16 — nutrikusiy viely galy buvimo fiksavimo
blokas; K; — vibratoriaus antgalio 7 atstumas nuo lyno 1 uZspaudimo jtaiso 5.

Figiiros 2 parodytosios dalys, kurios skiriasi nuo figiroje 1 parodytujy daliy:

17 - pagrindas, ant kurio sumontuotas silllomasis jrenginys; 18, 19 — palintys suktis
apie asis O, ir O diskai, su pusapvalés formos jdubomis Zoninivose pavirsivose lyno 1
prigulimui ir prie jy pagerinti (jdubimy spinduliai atitinka lyno | skerspjiivie spi nduliams); 20
— disky 18 ir 19 sukimosi aiy O, O; atramos, nejudamai pritvirtintos prie pagrindo 17; 21,
22, 23, 24 — jtaiso lynui 1 prie disko 18 $oninio pavirSiaus prispausti dalys (21 - stabdZio
trinkelé; 22 — trinkelg 21 laikantis svertas, judamai sujungtas su pagrindu 17; 23 — trinkelg 21
prie lyno | spaudziantis kumstelis, galintis pasisukti apie a8 Og 24 — kumdielj 23 prie
pagrindo 17 tvirtinanti atrama), Hp - jtaisu 21 + 24 ufspaust ir svorio 3 jtempto lyno,
permesto per diska 19, atkarpa tarp disky 18, 19 sukimosi asiy Oy ir Op; 25 - lyno 1 ilgio H;
atkarpos simetrijos adis; Ly — kontrolivojamojo lyno atkarpos ilgis; 26 — prie pagrindo 17
nejudamai pritvirtintos kreipiamosios, prie kuriy prijungtas jutikliy blokas 9, galintis judeti
Somis kreipianéiosiomis atstumu Lz tik tiesialinijiniu judesiu Iygiagrediai lyno atkarpos Ha
simetrijos aiai 25; K; — atstumas nuo vibratoriaus antgalio 7 iki disko 18 sukimosi alies 0.

Figlroje 3 parodytosios dalys, kurios nepaZymetos figiirase 1 ir 2:

27 — radialiai lyno 1 skerspjivio ativilgiu isdéstyti induktyviniai jutikliai; 28 -
jutiklivs 27 laikanti apkaba; & — atstumai tarp jutikliy 27 jutikliy bloko 9 jautriajame
paviréiuje; 29 — jutiklio 27 matuojantysis pavirius.

5. liradimo realizavimo apraiymas
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5.1. Bendroji dalis

Pateikiamasis suvyto i8 plieniniy viely lyno kokybes neardomosios diagnostikos biidas
ir jj realizuojantis jrenginys remiasi vienu galu atitrokusiy nuo Sio lyno viely, esanéiy jo
pavirfiuje, autoratizuotu nustatyrmu.

Atitrakusiy viely galy ieskojimo paciliui atskirose atkarpose, | kurias salyvginial
padalinamas lynas. Kiekvienoje i§ tokiy atkarpy, uZspaudus lyng 3alia jos galu, vibratoriumi
suzadinami lyno skersiniai virpesiai, pereinantys | jo skersinius — sukamuosius virpesius ir
nutritkusiy viely galy skersinius virpesius. Virpesiy dafnis parenkamas taip, kad virpesiai
vykty uispausto lyno dalies vienoje i$ rezonansiniy zony, pavyzdziui, Zemiausioje sukamuyjy
virpesiy rezonansinéje zonoje. Tokie virpesiai sukelia intensyvius viely galy skersinius
virpesius, kurie registruojami specialiu jutikliy bloku. Siame bloke esantys jutikliy jautrieji
pavirsiai su nedideliu Ziediniu tarpu apgaubia jtempto Iyno iSorinj paviriiy kontroliuojamajoje
atkarpoje.

Perstumiant jutikliy bloks isilgai kontroliuojamosios jtemptos lyno dalies simetrijos
afies, registruojami nutrikusiy viely galy suZadinti jutikliy bloko signalai, po kuriy
apdorojimo randamos  atitrikusiy viely lyno pavirfivje vietos. Atitrikusiy viely galy
iefkojimo procesas kartojamas likusiose tikrinamojo lyno atkarpose per visg jo ilgj.

Siglomoje bado realizacijai reikalinga atitinkama jranga, tokia kaip vibratorius
skersiniy lyno virpesiy suZadinimui, jutikliy blokas nutrikusiy viely galy nustatymui,
nejudamai sujungty su vibratoriaus korpusu lyno atkarpos paly uZtvirtinimo jtaisai, jutiklio
bloko perstimimo mechanizmas ir kt. Sie mechanizmai ir jtaisai, jutikliai gali biiti jvairiai
technifkai i3spresti. Pateikiama keletas konkrediy ju ipildymo varianty. Pasitlytas originalus

jutikliy bloko techninio sprendimo variantas.

5.2. Bido ir jam realizuoti skirtos jrangos veikimo aprafymas

Galimo siglomos diagnostikos realizacijos bido schemos parodytos fig. 1, 2ir 3

Pagal parodytas fig. 1 ir 3 schemas vienas lyno 1 galas tvirtinamas atramoje 2 ir
iftempiamas vertikaligia kryptimi prie jo kito galo pritvirtinus svorj 3. Swverio 3 dydis
apytiksliai parenkamas toks, kad lynas 1 bty iStemptas tokia statine jéga, kokia jis yra
tempiamas eksploatacijos metu, Sglyginiai suskirséius lyng 1 | atskiras kontrolivojamasias
atkarpas, diagnostika pradedama viencje 8 jy (jos ilgis yra L)), Rémo 4 galuose, esaniuose
atstume H, vienas nuo kito jtaisais 5 uzspaudziama H, ilgiu lyno atkarpa, j kurig jeina ir

kontroliuojameji ilgio L, atkarpa. Po to vibratoriaus 6 antgalis prispaud#iamas prie lyno 1
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atstume K, ir vibratoriumi suzadinami uzspausto ilgio H; lyno atkarpos harmoniniai skersiniai
virpesiai, kurie pereina i lyno | skersinius — sukamuosius virpesius. Virpesiy Zadinimo daZnis
parenkamas taip, kad uZspaustoji lyno atkarpa virpéty vienu i§ savo rezonansiniy daZniy,
pavyzdZivi, Zemiausiuoju sukamyjy virpesiy rezonansiniu daZnin. Tuo pat metu vyksta ir
atitriikusiy nuo lyno viely galy intensyviis skersiniai virpesiai. SuZadinus minétuosius
virpesius, rémo 4 kreipiamosiomis 8 stumdomas jutikliy blokas 9 taip, kad jo Fledinio
jautriojo pavirSiaus 10 vertikalioji simetrijos adis sutampa su lyno 1 simetrijos aSimi 11,
Bloko 9 perstimimo metu nutriikusiy viely virpantys galai 13 praeina pro zZiedinj larpg &
neliesdami pavirdiaus 10, arba, Kitu atveju, viely gali 14 jj lietia. Abiem atvejais jutikliy
blokas isduoda signala, kuris apdorojamas 15 bloke ir fiksuojamas 16 bloke, pagal kurio
signalus ir ju Zymenj ant lyno nustatomos nutrikusiy viely buvimo vietos diagnozuojamaojoje
Iyno 1 atkarpoje. Tarpas § tarp esanéiy bloke 9 jutikliy 27 jautriyjy pavirsiy parenkamas taip,
kad jutikliai isduony pakankamai aiky signaly praeinant nutriikusios vielos galui o tarpo
ribose. Baigus &os atkarpos diagnostika, jtaisais 5 atpalaiduojama uZspaustoji lyno 1 dalis ir
jais apgaubiama ir uZspaudziama kita diagnozuojamoji lyno 1 atkarpa. Po to analogitka
procedilra kartojama diagnozuojant taip uZspausty lyno atkarpg. Tokiu bidu atlickama visy
lyno kontroliucjamuyjy atkarpy diagnostika.

Pagal fig. 2, 3 parodyty diagnostikos schema lynas 1 taip pat pradfioje salyginiai
suskirstomas j atskiras kontroliuojamasias atkarpas, ir diagnostika pradedama viencje i3 jy.
lgio Hy lyno 1 dalis su diagnozuojamaja ilgio L; atkarpa permetama per diagnostikai
naudojamejo jrenginio diskus 18 ir 19, galindius pasisukti apie asis Oy ir Og Siuo atveju
diagnozuojamoji lyno atkarpos dalis yra horizontaliojoje padétyje. Diska 18 apgaubianti lyno
1 dalis ir pats diskas 18 nejudamai suspaudZiami su kumiteliu 23 valdoma stabdZio trinkele
21, Kitas lyno 1 galas, esantis uZ 19 disko, apkraunamas svoriu 3, kuris iStempia tarp ritiniy
18 ir 19 esanéiy ilgio Hy lyno 1 dalj ir nejudamai jtvirtina jos galus. Svoris 3 parenkamas
tokio dydiio, kad esanti tarp ritiniy 18 ir 19 lyno dalis biity tempiama statine jéga, apytiksliai
lygia lyng 1 veikiandiai jégai jo eksploatacijos metu. Vibratorius 6 antgalis 7 atstume K; nuo
disko 18 sukimosi adies O jremiamas j istempta lyna 1, ir ilgiv Hy lyno dalyje, esandioje tarp
skridiniy 18, 19 suZadinami skersiniai harmoniniai virpesial, pereinantys | skersinius —
sukamuosius uZspaustosios lyno dalies virpesius ir jos pavirSiuje esanfius nutrikusiy viely
galy skersinius virpesius. Virpesiy daZnis parenkamas taip, kad jis biity vienoje i$ uZspaustos
lyno | dalies rezonansiniy zony, pavyzdiiui, Zemiausioje sukamuyjy virpesiy rezonansingje
zonoje. Suzadinus minétuosius virpesius kreipiamosiomis 26 atstumu Ly stumdomas jutikliy

blokas 9 taip, kad jo Ziedinio jautriojo pavirSiaus 10 horizontalioji simetrijos agis sutapty su
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ilgio Hz lyno simetrijos asimi 25. Toliau ilgio Lz lyno atkarpoje diagnostika atlickama taip
pat, kaip ir figiroje | parodytojoje diagnostikos schemoje. Baigus pirmosios Ly ilgio lyno 1
atkarpos diagnostika, kumsteliu 23 atpalaiducjamas diskas 18, lynas perstumiamas taip, kad
tarp disku 18 ir 19 atsidurty kita ilgio Lz kentrolivojamaji lyno 1 atkarpa. Po to kumiteliu 23
ir stabdZio trinkele 21 esanti tarp 18 ir 19 disky lyno dalis uzspaudziama ir analogisku biidu

kontrolivojama kita ilgio Lo lyno 1 dalis. Tokiu pat bildu diagnozuojamas visos lyno 1

atkarpos.
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Iiradimo apibréztis

1. Suvyte i85 plieniniy viely lyno kokybés neardomosios diagnostikes blidas, paremtas vienu
galu atitriikusiy nuo &io lyno ir esanéiy jo pavirgiuje viely galy nustatymas, besiskiriantis to,
kad &is nustatymas atliekamas paeiliui atskirose lyno atkarpose, | kurias salyginai padalina
lyng ir kurias jtempia lyno eksploatacijos metu naudojama pastovi viduting apkrova,
vibratoriumi suZadina taip jtemptos lyno atkarpos skersinius virpesius, pereinancius | jos
skersinius — sukamuosius virpesius ir atitriikusiy viely galy skersinius virpesius, matuoja Siuos
viely galy virpesius jutikliy bloku ir pagal jutikliu parodymus nustato tokiy viely buvimg ir ju
padét] kiekvienoje lyno atkarpoje.

2. Suvyto i§ plieniniy viely lyno kokybés neardomomis diagnostikos biidas pagal punktg 1,
besiskiriantis tuo, kad atitrikusiy viely galy pradeda ieSkoti vienoje i§ lyno atkarpy, laikoma
pradine, nedideliame atstume uZ jos abiejy galy jtvirtina harmoniniy tiesiacigiy virpesiy
vibratoriy nejudamai sujungdami jj su lyno jtvirtinimo vietomis, jtvirtina diagnozuojamosios
atkarpos simetrijos adies atZvilgiu galintj be posilkiy slankioti jutikliy bloka, skirta nutrikusiy
viely radimui, vibratoriumi suzadinama jtvirtinteje lyno dalyje ir joje esantioje
diagnozugjamojoje atkarpoje skersinius §io lyno dalies virpesius, pereinanéius  jos skersinius
— sukamuosius virpesius ir atitinkamy viely galy skersinius virpesius, vibratoriaus Zadinamuyjy
harmoniniy virpesiy daznj parenka apytiksliai lygiu vienam i3 lyno priverstiniy skersiniy —
sukamujy virpesiy rezonansiniam daZnivi, pavyzdZiui, apytiksliai lygiu sukamujy virpesiy
Zemiausiam rezonansiniam daZniuvi, i%lgai atkarpoje esanéios lyno dalies simetrijos adies be
posikiy perstumia jutikliy bloka, turintj Ziedo pavidalo tarpa tarp jo matuojangiojo ir lyno
paviriiy, pro kurj perstimimo metu praeina nutrilkusiy viely galai, jutikliy bloku registruoja
pracinanéiy pro jj nuirikusiy viely galy virpesius, kai $ic galai jutikliy bloke matuojamaojo
pavirtiaus neliedia arba, kitu atveju, registrucja $iy virpan2iy viely galy tiesioginius kontaktus
su jutikliy matuojanéivoju pavirsiumi kai $ie viely galai jj liegia, pagal jutikliy bloko signalus
nustato atitrikusiy nuo lyno pavirtiaus viely buvima ir jy vietas, kartoja tg patj nutrikusiy
viely ietkojimo procesg kitose Iyno atkarpose arba baigia jj, jeigu daugiau tokiy atkarpy lyne
néra,

3. lranga bidui realizuoti pagal | ir 2 punktus, besiskirianti tuo, kad tam skirtas jrenginys
sumontuotas i jtaiso lyno dalial su joje esania kontrolivojamaja lyno atkarpa jlempti statine
apkrova (taikant pritvirtinta prie Iyno galo svori ir pan.), jtaiso 3ios lyno dalies galus
nejudamal uZspausti, vibratoriaus uZspaustoje lyno dalyje harmoniniams virpesiams sukelti,

jutiklio bloko, registrupjanéio kontrolivojamosios atkarpos ribose nutritkusiy viely galy
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virpesius ir galinio judéti tiesiaeigiu judesiu lygiagrediai kontroliuojamesios lyno atkarpos
simetrijos adles atzvilgiu, jutikliy bloko signaly apdorojimo aparatiros.

4. Iranga biadui pagal 1, 2 ir 3 punktus realizuoti, besiskirianti tuo, kad registruojantis lyno
nutrikusiy - viely galy virpesius juiikliy blokas sudarvtas ig sumaontuoty  izoliacingje

medZiagoje jutikliy, pavyzdZiui, induktyviniy, kuriy jautricji detektuojantieji pavirsiai

isdestyti paeilivi su nedideliais tarpeliais tarp ju Ziedo pavidalo vidiniame pavirSiuje
gaubiantiame lyno iSorinj perimetra su radialiniu tarpeliu, & korpuso, palaikanéio jame
itvirtins jutikliy izoliacinéje medZiagoje mazga, korpuso kreipiandiujy, leidziangiy blokui
Judetl tiesiaeigiu judesiu taip, kad minétoji Ziedinie pavirsiaus vidurio asis Jutikliy blokui

Judant sutapty su kontroliuojamosios lyno dalies simetrijos afimi,
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Fig. 1
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Fig. 2

Fig. 3
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I
METHOD AND EQUIPMENT OF STEEL ROPE QUALITY DIAGNOSTICS

1, Level of technique, to which belongs invention

This invention is dedicated to diagnose reliability of ropes in lifting equipment, such
as funicular, rope cars, lifis and similar ones.

Aim of invention — to create new non-destructive method of steel rope diagnostics,
intended to use it during equipment exploitation or for independent rope diagnostics; to
define necessary  additional equipment (in addition to standard) for this method

implementation.

2. Level of technique
There are known methods of rope diagnostics:
o measuring of diameter decrease of rope during exploitation;

» search of broken wires in rope manually.

Decrease of rope diameter, used in first mentioned method is indicative, but not
sufficient to perform reliability diagnostics, while this not reveale presence and amount of
broken wires in the rope. Broken wires, loose from one side and unite with the rest of rope in
the other end sticks out from rope surface and decrease rope strength characteristics,

Without demounting rope from equipment, there is difficult to decide about rope
strength and reliability.

This can cause dangerous decreasing of rope strength.

There are known and widely described rope diagnostics methods, based on measuring
of magnetic flux, for example, US patent 3804964, or measurements of magnetic saturation,
for example US patent 4827215, These methods are theoretically explained and widelly
described, for example, by Wiliam Lord in Electromagnetic Methods of Nondestructive
Testing. Gordon and Breach Science Publishers, 1985, and practically arc described by
industrial standards (in US: 15 2266, 1S 1855, IS 1856 and especially 1S 2365, in Europe - EN
12385-5, 1SO 4344, DIN 15020).

There are also used measurements of rope heat due friction in bending process,
described in US patent 391686, they are used to define rope load and performance mode.

Closest to proposed method by diagnostic parameter coverage is optical method of
rope surface diagnostics and necessary equipment for its realization is described in Warren J.

McGonnagle. International Advances in Non-destructive Testing: Taylor & Francis, 1990.
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3. Essence of invention and its technical innovation

Here is described diagnostic method for steel rope and equipment for this method
realization, based on automated finding of broken wires in the rope surface. This method
allows simply, using cheap and simple equipment to control one of key rope security
parameter — broken wires of rope surface in rope, which is mounted in equipment, for
example, loaded by lift cabin or in separated rope.

This method differs from existing methods so, that broken wires on rope surface are
found by dividing rope imo control fragments, tensing the fragment by static force and
performing diagnostic measurements in every diagnostic fragment of rope sequentially. In
every diagnostic rope fragment, tensioned by static force, rope rotational - transverse
resonant vibrations are excited using vibrator. In order 1o achieve this, in to places rope is
attached tightly to stiff vibrator body using special clamps. Thus vibrations or rope take place
only in small fragment between rope connections to vibrator frame. Resonant vibrations of
rope creates transverse vibrations of broken ropes on rope surface. These vibrations are
registered by original set of sensors; internal surface of sensor set has shape of inner ring
surface. This ring surface covers rope with tiny gap. During measunement sensor sel is moved
along rope fragment axis of symmetry and vibrating broken wires inducts signal in set of
sensors. Presence of signal informs about presence of broken wires in sensor position of rope

fragment. After measurement of fragment, next fragment is diagnosed.

4. Description of figures

Method and equipment of steel rope quality diagnostics are illustrated by figures 1, 2
and 3.

In figure 1 it is shown proposed variant of realization of diagnostics, when rope is
vertical, in figure 2 it is shown variant, when rope is in horizontal position.

Figure 3 shows set of sensors for broken wire vibration measurement,

Positions, shown in figure 1:

|- diagnosed rope; 2 — clamping support of rope 1 beginning; 3 — makeweight for
rope | axial tensing; 4 — stiff frame; 5 — tightly fixed two grip or similar clamps, tightly
clamping rope | according to frame 4; 6 — body of lincar harmonic vibrator, tightly connected
with frame 4; 7 — tip of vibrator 6, wuching rope 1; 8 — sliders in the frame 4; 9 — set of

sensors for detection of broken wire vibrations, 10 — inner ring surface shape sensitive
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3
surface of sensor set 9; 11 — axis of symmetry of rope | fragment Hy; 12 — block of sensor set

9, connecting it to frame 4 and letting him 1o slide by distance L, on sliders & linearly along
axis of symmetry 115 13 — broken wire of rape 1, broken end don’t weuch sensor set 9 inner
ring- shaped sensitive surface 10; 14 — broken wire of rope 1, broken end touches sensor set 9
inner ring- shaped sensitive surface 10; 15 — power supply and signal processing block off
sensor set 9; 16 — block of broken wire position detection; Ly - length of sliders 8 and
diagnosed fragment of rope 13 A — gap between sensor set 9 inner ring- shaped sensitive
surface 10 rope 1 surface; K, — distance of vibrator tip 7 from rope 1 clamp 3.

Positions in figure 2, different from positions in figure 1:

17 - frame, on which proposed equipment is mounted; 18, 19 — disks, which can
rotate about axis Oy and O, has half cylinder shape cavities to fit to shape of rope | (radii of
cavities and rope coincides); 200 - supports of rotation axis O, and Oz of dises 18 and 19,
tightly connected to frame 17; 21, 22, 23, 24 — components of device o squeeze rope | to
radial surface of dise (21 — brake pad; 22 — brake pad lever, by hinge connected to frame 17;
23 — brake pad 21 pressing cam, rotating about axis Os; 24 — support, fixing cam 23 o frame
17); H; - distance between rotational axis Oy and Oy of disks 18 and 19, defining fragment of
rope to be diagnesed, 25 - axis of symmetry of rope 1 fragment of length Hy; L; — length of
diagnosed rope; 26 — sliders, attached to frame 17, which directs sensor set 9, alowingto slide
along sliders by distance La in parallel o axis of symmetry 25 of rope fragment Ha; Kz —
distance from tip of vibrator 7 to disk 18 axis of rotation Oy,

Pasitipns in figure 3, not signed in figures 1 and 2:

27 ~ inductive sensors, radially placed along surface of rope 1: 28 - clip, holding
sensors 27; & - distances between set 9 of sensors 27 on sensitive surface; 29 ~ measuring

surface of sensor 27.

5. Description of realization of invention

5.1. General statements

There is presented method of steel rope non-destructive diagnostics and equipment for
its realization, base on automatic determination of broken wires on diagnosed rope surface.

Broken wires are searched in each rope fragment separately, sequentially checking all
length of rope. In each fragment of rope, after clamping rope near end of fragment, using
vibrator, transverse vibrations of rope is excited, which caused rotational vibration of rope

and thus rotational vibrations of endings of broken wires. Frequency of vibrations is adjusted
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4
50, that vibrations would occur in resonant frequency zone of clamped fragment of rope, for

example, lowest rotational vibration resonant frequency. These vibrations cause intensive
vibrations of end of broken wires, which are registered using special sensor set. This sensor
set has shape of ring and sensitive surface of sensors are turned to internal side and covers
rope with small gap.

Set of sensors is moved along axis of symmetry of tensed rope, signals from sensors,
cased by oscillating broken wire are registered and thus broken wires positions are marked.
This process continues in all range of tested rope fragment.

In order to realize such method, special equipment is necessary, like vibrator for
transverse rope oscillation excitement, set of sensors to find free ends of broken wires, rope
fragment clamps for tight clamping of rope to vibrator frame, drive for a sensor set
transporting, ete. These mechanisms and equipment technically can be solved in different
way. There are proposed some concrete technical solutions in the description. There is

propased solution on original set of sensors.

5.2. Description of method and equipment for its realization

Possible of realizations of proposed methods are shown in fig. 1, 2 and 3,

According to fig. 1 and 3 one end of rope 1 is clamped in the support 2 and tensed
vertically by makeweight 3, attached to other end of rope. Mass of makeweight 3 is chosen to
be close to foree during exploitation, Rope is divided separate test fragments (with length L),
diagnostics is performed in one of them. At the ends of frame 4, separated by distance H;
using equipment 5 there is tight ¢lamped fragment of rope 1 of length Hy, which includes test
fragment L. Then tip of vibrator 6 is pressed down to rope 1 in the distance K, and using
vibrator there are excited transverse vibrations of tightened rope fragment of length H,,
which induces transverse-rotational vibrations of rope. Frequency of exciting vibrations is
adjusted so, that rope fragment will vibrate in one of its resonant frequencies, in lowest
rotational frequency. In the same time active movement of broken wire endings occur. Afier
these vibrations are excited, set of sensors 9 is moved along sliders 8 of frame 4 so, that axis
of symmetry of inner ring surface 10 coincides with axis of symmetry 11 of rope 1. During
movement of set of sensors 9 vibrating free ends of broken wires 13 passes through radial
gap A without touch or, in other case, wires 14 touches them. In both cases set of sensors
issues the signal, which is processed in the block 13 and registered in block 16, according

which signal place of broken wire is fixed and visualized in the test fragment of rope 1. Gap &
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between sensitive surface of sensors 27 in the set of sensors @ is chosen so, that signal from
passing vibrating broken wire end would be sufficient to register. After diagnostics of test
fragment, grips 5 release tightened fragment of rope 1 and next fragment rope 1 is clamped.
The same procedure is repeated for every rope fragment. In this way all length of rope is
tested.

According method, presented in fig. 2 and 3, initially rope is divided into test
fragments and diagnostics take place in one of them. Rope | fragment of length Ha with
diagnostics length Ly is passed through pulleys I8 and 19 of diagnostic equipment, rotating
about axis Oy and Oy, In this case diagnosed fragment of rope lays horizontally. Pulley 18
and rope 1 part on them is tight pressed by brake pad 21, driven by cam 23. Other end of rope
1 over pulley 19 is loaded by makeweight 3, which tenses part of rope 1 between pulleys 18
and 19 of length H: and fixes ends of rope. Makeweight 3 is chosen so, that fragment of rope
between pulleys 18 and 19 would be loaded by static load, similar to load force during
exploitation, Vibrator ¢ tip 7, pressed to tensed rope 1 of length H; between pulleys 18 and
19, with distance K: from axis of rotation of pullev 1%, excites transverse harmonic
vibrations, which induces rotational transverse vibrations of rope fragment and oscillations of
free ends of broken wires. Frequency of vibrations is chosen so, that it corresponds to on of
natural frequencies, for example, lowest rotational natural vibrations. When vibration are
excited, set of sensors 9 are moved along sliders 25 in distance L; so, that horizontal axis of
symmetry of inner ring surface 10 coincides with axis of symmetry 25 of fragment of rope
Twith length Ha. Then rope diagnostics of rope fragment of length Ly are performed in the
samé manner as shown in fig. | defined procedure. After diagnostics of first fragment of rope
1 of length L , pulley 18 is released by cam 23, rope 1 is shifted so, that between pulleys 18
and 19 appear next fragment of rope 1 of length Ly, Then next fragment of rope is fixed when
brake pad 21, driven by cam 23 will be fixed and next part of rope 1 will be diagnosed. All
length of rope is diagnosed in such way.
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Claims

1. Method of non-destructive diagnostics of steel wire rope, based on presence of broken by
one end wires on the rope surface, obtaining the presence of wires in fragments of rope
sequentially, in which rope is divided and tensed by load, approximately equal to average
exploitation load; rope is excited by vibrator transverse vibrations, which induces transverse-
rotational vibrations and oscillations of transverse vibrations of broken wires, these vibrations
are measured by set of sensors and defines presence of broken wires and their position in
every fragment of the rope.

2. Method of non-destructive diagnostics of steel wire rope according claim 1, when broken
wires are searched in one of rope fragments, which assumed to be initial, in moderate
distance from end of fragment attach lincar harmonic vibrator and fix it tightly to the both
ends of rope fragment, place set of sensor to rope allowing them to slide along axis of
symmetry of rope without rotation, vibrator excites transverse rope vibrations, which induces
iransverse-rofational vibrations; frequency of vibrations are set close o one of resonant
frequency; then set of sensors slide along rope fragment and measure vibrations of broken
wires or these wires touches sensor surface, which registering presence of broken wires and
their position.

3. Equipment to realize method according claims 1 and 2, where equipment is attached to
rope fragment, tensed by static load, with fragment ends fixed, consists from vibrator to
excite harmonic vibrations, set of sensors, registering vibrations of broken wires and able to
slide along axis of diagnosed rope fragment, block of sensor signal precessing and
registering.

4. Equipment to realize method according claims 1, 2 and 3, consisting of set of sensors,
mounted in isolating frame, where sensitive surfaces form shape of ring, covering rope
surface with small radial gap and having frame, allowing to slide set of sensors along axis of

symmetry of rope.
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