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SANTRAUKA

Stirbys R. Kelto “Optima Seaways” ausinimo siurblio sistemos virpesiy tyrimas. Laivy
projektavimo magistratiiros studijy programos baigiamasis darbas. Darbo vadovas dr. P. Mazeika,
Klaipédos universitetas: Klaipéda, 2013.

Raktazodziai: virpesiai, laivas, keltas, virpesiy matavimai, pagrindiniai varikliai.

Magistro baigiamojo darbo teorin¢je dalyje analizuojami jvairts virpesiy lygio mazinimo
budai bei schemos laivuose. Aprasoma virpesiy klasifikacija, pagrindiniai virpesiy Zadintojai laive,
virpesiy skai¢iavimo budai.

Eksperimentin¢je dalyje pateikiama kelto ,,Optima Seaways* siurblio virpesiy matavimo
metodika. Nagrinéjami reiso Klaipéda-Karlshamnas-Klaipéda metu atlikty matavimy rezultatai bei
nustatomos tiriamo siurblio padidinto virpesiy lygio priezastys.

Paskutinéje darbo dalyje pateikiamas racionalus sprendimas, reikalaujantis minimaliy &Sy ir

laiko sanaudy, tiriamo siurblio virpesiy lygio sumazinimui.



SUMMARY

Stirbys R. Vibration analysis of ferry “Optima Seaways” cooling pump system. Ship Design
Master’s degree thesis. Supervisor Dr. P. Mazeika, University of Klaipéda: Klaipéda 2013.

Key words: vibration, vessel, ferry, vibration measurements, main engines.

The theoretical part of the Master’s thesis analyzes various vibration reduction systems and
schemes in ships. Classification of vibrations on board, main vibration sources and vibration
calculations are presented.

The experimental part presents methodic for vibration measuring of ferry “Optima
Seaways” pump. Vibration data, received during passage Klaipéda- Karlshamn- Klaipéda, is
analyzed and reason of high pump vibration level is identified.

Last part of thesis presents rational solution, with minimal cost and time expenses, for

reduction of pump vibration level.
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[VADAS

Virpesiy tyrimams ir virpesiy mazinimui laive turi biiti kreipiama daug démesio, nes nuo
padidinto virpesiy ir triuk§mo lygio laive priklauso igulos ir keleiviy komforto salygos, ivairiy
mechanizmy patikimumas ir patvarumas. D¢l Sios priezasties laivo virpesius reikia modeliuoti ir
analizuoti dar laivo projektavimo stadijoje.

Veikiantys jrengimai laivuose yra didziulis Zalingy virpesiy Saltinis, todél paskutiniu metu
vis daugiau ieSkoma biidy kaip juos sumazinti. Kuriamos naujos sistemos, kurios apsaugoty laivo
korpusa nuo mechanizmy zadinamy virpesiy. Tokios sistemos kartu pagerina gyvenimo ir komforto
salygas paprastuose laivuose, taciau karo laivuose, tai ir svarbus saugumo klausimas.

Su zalingy virpesiy padariniais susidure ir viena didZiausiy Europos kelty linijy kompanija
,DFDS Seaways“. Dél per didelio virpesiu lygio, kompanijai priklausanéio kelto ,,Optima
Seaways*, au§inimo siurblys Nr.2 pasieké avarinj lygi. Siuo metu kelte pagrinde eksploatuojamas
rezervinis siurblys Nr.1, o siurblys Nr.2 gali biiti paleistas tik avariniu atveju (pvz. sugedus siurbliui
Nr.1).

Norint testi normalia siurblio Nr.2 eksploatacija, bitina sumazinti jo virpesiu lygi. Siam
tikslui pirmiausia reikia atlikti siurblio virpesiy matavimus ir i$siaiskinti padidinto virpesiy lygio
priezastys. O véliau, pasinaudojus Siuolaikinémis kompiuterinémis priemonémis, priimti racionaly

sprendima virpesiy lygio sumazinimui. Sie etapai pateikiami mano baigiamajame darbe.
Darbo tikslas
Atlikti  kelto ,,Optima Seaways™ auSinimo siurblio virpesiy tyrimus ir pateikti

rekomendacijas virpesiy lygio maZinimui.

Darbo uzdaviniai

° Atlikti moksliniy straipsniy ir kity informacijos Saltiniy apZzvalgg ir analize
o Sukurti eksperimento atlikimo metodika

. Atlikti auSinimo siurblio virpesiy matavimus

. Atlikti virpesiy analizg¢ ir nustatyti padidinty virpesiy priezZastis

o Pateikti sprendima virpesiy lygio mazinimui
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I. LITERATUROS APZVALGA IR ANALIZE

1.1.  Virpesiai

Virpesiai (mechaniniai virpesiai) tai kietojo kiino pasikartojantys judesiai apie pusiausvyros

padéti. DaZniausiai savoka mechaniniai virpesiai suprantama kaip masinos, technologinio proceso

nepageidaujamas rezultatas, lemiantis darbuotojo sauga ir sveikata, taip pat masiny darbo

patikimuma, konstrukcijy patvaruma ir pan. Mechaninai virpesiai yra periodiniai (pvz., sinusiniai) ir

neperiodiniai (pvz., stochastiniai, pastovis, kintantys, impulsiniai, plataus ir siauro virpesiuy daznio

diapazono) [10].

Siuolaikiné rotoriniy masiny virpesiy matavimo bei analizés technologija naudoja penkis

virpesiy parametrus [15]:

1.
2.
3.
4.
3.

Amplitudé, x.

Daznis, f.

Faze, o.

Virpesiy signalo forma- orbitos forma.

Veleno kakliuko vidutinis poslinkis guolyje- zemo daznio poslinkis.

Daznis (angl. frequency) — fizikinis dydis, rodantis, kiek karty ivykis pasikartoja per laiko

vieneta. Norint apskai¢iuoti jvykio daznj, pasikartojimy skaicius per tam tikra laiko tarpa dalinamas

1$ to laiko tarpo trukmés (periodo).

Taigi daznis pagal apibrézima yra:

éia

1
f—;, (1.1)

T — periodas (laiko tarpas, per kurj ivyksta 1 svyravimas).

Amplitudé — svyruojancio dydZio kitimo matas fizikoje, parodantis dydZio vertés pokyti

svyravimy metu.

Fazé- tai laiko intervalas ar kampas skiriantis du jvykius.

Pagal pasireiSkimo pobiidi mechaniniai virpesiai skirstomi:

Laisvieji

Priverstiniai

Savaiminiai

Laisvieji svyravimai - tai svyravimai, kai i§vestas i§ pusiausvyros materialus taskas svyruoja

veikiamas tik grazinamosios j€gos.
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Priverstiniai svyravimai- tai svyravimai, kuriuos palaiko periodiSkai veikianti kiing iSoriné
jéga.

Savaiminiai virpesiai (savaime susizadinantys, autovirpesiai)- tai pastovios, periodiskai
nekintanios jégos poveikio suzadinti kiino virpesiai, kurie palaikomi pastovios energijos,
suteikiamos kiinui, dydzio.

Pagal daznj virpesiai skirstomi [2]:

. Labai Zemo daznio virpesiai 0- 2 Hz
. Zemo daznio virpesiai 2-20 Hz
. Auksto daznio virpesiai vir§ 20 Hz

Virpesiy Saltiniy dazniai neretai gali sutapti su jvairiy laivo konstrukcijy ir jrangos
laisvaisiais virpesiais, kas iSaukia virpesiy rezonansa.

Rezonansas (lot. resonans) — reiskinys, kai sistema veikiancios jégos kitimo daznis sutampa
su tos sistemos laisvyju svyravimy dazniu ir dél to sistemai perduodama daugiausiai energijos bei
smarkiai padidéja priverstiniy virpesiy amplitude.

Rezonanso reiskinys pasitaiko gana daznai kasdieniame gyvenime. Rezonansas gali biiti tiek
naudingas, tiek zalingas. Naudingas jis esti tada, kai reikia padidinti svyravimuy amplitude,
pavyzdziui, specialiais vibratoriais kalant polius, ardant kelio danga, plikiant grunta.
Nenaudingas — masSiny, pastaty, tilty bei kitokiy irenginiy suirimo prieZastis. Elektros varikliy arba
garo turbiny greitai besisukancios detalés gali subyréti, jeigu bus blogai centruotos, nes dél to ju
savyjy svyravimy daznis gali atsitiktinai sutapti su variklio ar turbinos svyravimo dazniu. Siekdami
iSvengti pavojingy rezonanso padariniy, konstruktoriai i§ anksto apskaiciuoja masiny bei irenginiy
savaji daznj, kad, eksploatuojant tuos jrenginius, rezonansas nepasireiksty.

Nustatyta, kad dazniausiai laivo korpusas pazeidziamas deformacijy ir itempiy, kuriuos
sukelia zemo daznio virpesiai. Taip pat Zemo daznio virpesiai sukelia didziausia diskomforta jgulai.
Pagal pasireiskimo pobiidi laive virpesiai gali biiti skirstomi | dvi pagrindines grupes:

1. Globalus

2. Lokaliis

Esant globaliems virpesiams visos laivo sijos virpa priklausomai nuo Zadinamy virpesiy,
kuriuos sukelia varikliai, velenai, sraigtai ar jiiros bangos. Lokaliis virpesiai pasireiskia kai atskira
laivo konstrukcija ar mechanizmas rezonuoja, t.y. kai elemento laisvieji virpesiai sutampa su
mechanizmy priverstiniais virpesiais.

Globalius virpesius bitina jvertinti laivo projektavimo metu.

Virpesius laivuose sukelia Sie virpesiy Saltiniai (1.1.1 pav.):

. Sraigtas (-ai) (periodiniai virpesiai)

. Variklias (-1a1) (periodiniai virpesiai)
13



o Bangavimas (atsitiktiniai virpesiai)
Sraigto veikimas sukelia slégio svyravimus vandenyje, kurie perduodami velenui ir galinei
laivo korpuso daliai.

Slégio svyravimams jtakos turi [2]:

o Kintanti sraigto stimiamoji jéga
. Sraigto menciy kiekis, pavirSiaus plotas, storis
. Kavitacija

Prognozuojant sraigto perduodamus virpesius korpusui, biitina apskaiciuoti Zadinamy

virpesiy dazni:

(1.2)

¢la  ngk- veleno apsisukimy skaicius, aps/ min.

N- sraigto menciy skaicius.

Vidaus degimo variklio virpesius sukelia jvair@is reiskiniai: alkiininio veleno mechanizmas,
iSmetimo dujy, kuro ir oro padavimo sukelti slégio svyravimai, voztuvai, krumpliaraciai, turbinos
veikimas (1.1.3 pav.). Paprastai vidaus degimo varikliy Zadinamy virpesiy daznis siekia 3- 30 Hz
[2]. Virpesiu lygis priklauso nuo variklio tipo ir dalinai nuo alkiininio veleno apsisukimuy.

Prognozuojant variklio perduodamus virpesius laivo korpusui biitina Zzinoti variklio
zadinamus daznius ir savybes. Projektuojant laiva, tokia informacija paprastai pateikia variklio
gamintojas.

Paprastai matuojant virpesius, matuojamos absoliuCiyjy greiCiy kvadratiniy vidurkiy V.
reikSmés (Root Mean Square- RMS), Sis greitis yra tiesiong proporcingas virpesiy energijai. Taip
pat kartais matuojami virpesiy poslinkiai ir virpesiy pagrei¢iai. Panaudojus Furjé transformacijas
(Fast Fourier Transformation- FFT) iSmatuotiem virpesiam gaunamas virpesiy amplitudés ir dazniy
priklausomybés grafikas, vadinamas dazniy spektru [4].

Moderniuose virpesiy matavimo prietaisuose Furjé transformacijos paprastai atliekamos
automatiskai. Tipinis veikiancio dyzelinio variklio dazniy spektras pavaizduotas 1.1.2 pav. Jame
galima pastebéti keleta piky (angl. peak), Siuo atveju pavaizduotos virpesiy harmonikos. 1-a
harmonika apibiidina veikian¢io variklio (alktininio veleno stkiy) virpesiy amplitude. Kitos

harmonikos, tai kartotiniai dazniai [4].
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Virpesiai

[ Periodiniai | [Atsitikiiniai]
Sraigtai | Varikliai | |Iﬁ1"inés salygos

Itaka vairo | |[taka

Bangavimas (— Svyravimai

plunksnai | |velenui
Vai v . ,
alrcln plu;tllklsnos Ielencla | Fu:ladamle.'fltq Spyruokliavimas Plakimas
virpesiai virpesiai virpesiai

Konstrukeiju
virpesiai

Laivo sutvirtimimo

siju virpesiai

1.1.1 pav. Laive pasireiskianciy virpesiy klasifikacija [2]

Paprastai dyzeliniy varikliy dazniy spektre sutinkamos 0,5; 1,0; 1,5; 2,0; 2,5 ir aukStesnés
eilés harmonikos. Galima izvelgti minéty harmoniky ry$i su virpesiy forma [4]:
e Harmonika 0,5 (duju jégu sukeliamas disbalansas)- standaus kiino poslinkiai
e Harmonika 1,0 (masés jégos)- standaus kiinos poslinkiai ir lenkimas
e Harmonika 2,0 (masés jégos)- lenkimas
e Pusinés harmonikos 1,5; 2,5 ir t.t. (dujy jégos)- sukimas
Neretai variklio kartotiniai dazniai sukelia jvairiy konstrukcijy rezonansa. Tai ivyksta kai

sutampa savyjy konstrukcijos virpesiy ir priverstiniy virpesiy dazniai.
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1.1.2 pav. Tipinis veikiancio dyzelinio variklio dazniy spektras [4]
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1.1.3 pav. Variklio Zadinamy virpesiy klasifikacija [4]

Jiiros bangavimas paprastai sukelia labai Zemo daznio viso laivo korpuso virpesius (maziau
nei 2 Hz). Ramioje jiiroje virpesiy daznis siekia vos 0,01 Hz. Taciau Sio tipo virpesiai neretai
sukelia juros liga [2].

1.2.  Virpesiy jvertinimo kriterijai ir normatyvai

TriukSmo ir virpesiu kriterijai gali baiti suskirstyti { tris grupes: triuk§mo ribojimas zmogaus
komfortui ir saugumui, virpesiy ribojimas Zmogaus komfortui ir saugumui, ir virpesiy ribojimas

uztikrinti mechanizmy ir korpuso stabilumui bei saugiam darbui [9].
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Virpesiy ribojimas mechanizmam gali biti specifinis, taiau yra numatyta nemazai standarty
ir apribojimy atskiriems atvejams. Pavyzdziui mechanizmy virpesiy apribojimai pagal ISO 10816
(2009).
Pagal tarptautinj standarta ISO 2631 virpesiy poveikis Zzmogui apibiidinamas [2]:
Maziau nei 0,3 m/s*- jokio diskomforto
0,3- 0,6 m/s’- nedidelis diskomfortas
0,6-1,0 m/s*- juntamas diskomfortas
1,0- 1,6 m/s’- diskomfortas
1,6- 2,5 m/s’- didelis diskomfortas

Daugiau nei 2,5 m/s*- pavojingas diskmfortas

1.3. Skai¢iavimo metodai

Virpesiu klasifikavimas pagal daznius (aukSto ir zemo) atitinka ir sprendimo metody
skirstyma. Paprastai auks$to daznio virpesiams skai¢iuoti naudojama statistiné energijos analizé
(Statistical Energy Analysis- SEA), o Zemo dazZnio virpesiams- baigtiniy elementy metodas (Finite
Element Anaysis- FEA). Taip pat galimi ir miSriis metodai siekiant panaikinti skai¢iuojamy dazniy
ribas [9].

Déka spartaus kompiuteriniy technologiju vystymosi dabar pakankamai greitai jmanoma
atlikti viso laivo korpuso virepsiy analiz¢. Trimatis baigtiniy elementy metodas (FEM- finite
element method)- tai vienas 1§ pagrindiniy budy nustatyti laivo virpesiy charakteristikas.
Pasinaudojus jomis galima apskai¢iuoti viso laivo ir atskiry jo elementy rezonansinius daznius bei
suprojektuoti laiva taip, kad jis nerezontuoty dirbant pagrindiniams ir pagalbiniams varikliams bei
sraigtams.

Baigtiniy elementy metodas (BEM)- skaitinis metodas, leidZiantis rasti apytikslius
diferencialiniy lygéiy dalinémis iSvestinémis ar integraliniy lyg¢iy sprendinius. Metodo esmé -
sritis, kurioje ieSkomas sprendimas, suskaidoma i dalis (baigtinius elementus). Tada daroma
prielaida, kad kiekviename elemente nagrin¢jamas nezinomasis kinta nesudétingu désniu ir
diferencialiné lygtis jame pakei¢iama { algebriniy lyg€iy sistema. Sujungus visy elementy sistemas
gaunama sistema, kurig i§sprendus gaunamas atsakymas.

Projektuojant masiny elementus, pastatus, statinius, automobiliy, laivy ir Iéktuvy korpusus ir

kt. sprendziami jvairiis mechanikos uzdaviniai.
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BEM galima spresti Siuos mechanikos uzdavinius:
. Statikos uzdavinys- itempiy ir deformacijy biivio nustatymas tampriai arba plastiskai

deformuotuose kiinuose;

° Modalinis uzdavinys- mechaninés sistemos savyjy dazniy ir savyjy formy
nustatymas
. Dinamikos uzdavinys- mechaninés sistemos elgsena veikiant harmoninéms

apkrovoms esant pereinamajam arba nusistovéjusiam rézimui;

. Stabilumo uzdavinys- kritinés apkrovos stabiluma praradusio mechaninés sistemos
formos nustatymas;

. Kontaktuojan¢iy kiiny uzdavinys- itempiy ir deformacijy biivio nustatymas kiiny
kontakto vietose;

o Nuovargio uzdavinys- mechaninés sistemos ilgaamziSkumo nustatymas veikiant

ciklinéms apkrovoms

1.4. Virpesiy mazinimo biidai

Virpesiy mazinimo buidus galima suskirstyti i:

. Pasyvius

o Aktyvius

Pasyviis virpesiy mazinimo biidai laivo konstrukcijose gali buti skirstomi:

1. Virpesiy mazinimas virpesiy S$altinio vietoje. Paprastai tai slopinimo elementy

panaudojimas, taip pat fundamenty ir aplinkiniy konstrukcijy tobulinimas.

2. Virpesiy sklidimo laivo korpusu mazinimas.
3. Virpesiy mazinimas konkretaus paveikto elemento vietoje. Slopinimo elementy
panaudojimas.

Projektuojant virpesiy slopinimo elementus dyzeliniams varikliams tradiciS8kai buvo
atsizvelgiama tik { stimoklio- alk@ininio veleno sukeliamas inercijos jégas, taiau degimo procesy
sukeliamos jégos buvo atmetamos norint supaprastinti projektavimo uzdavini. Anksciau analitiskai
ir eksperimentiS$kai buvo jrodyta, kad degimo procesy sukeliamos jégos padidina triukSmo lygi
vidaus degimo varikliuose, ta¢iau H. Zheng, G. R. Liu, J. S. Tao ir K. Y. Lam savo darbe
,FEM/BEM analysis of diesel piston- slap induced ship hull vibration and underwater noise* irodé¢,
kad degimo procesas taip pat turi jtakos ir virpesiams. Minétame darbe buvo nustatyta, kad variklio

vertikali inercijos jéga sukelia tik tam tikro daZnio harmoninius virpesius ir tai biidinga visiems
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dyzeliams (1.4.1 pav.). Taciau degimo proceso virpesiy dazniy spektras parodé, kad yra zadinami

ne vieno daznio virpesiai, t.y. kartotiniai dazniai (1.4.2 pav.).
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1.4.1 pav. Vertikalios inercijos jégos laiko ir dazniy grafikai [5]
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1.4.2 pav. Degimo proceso sukelty jégy laiko ir dazniy grafikai [5]

Variklio virpesius, pagal ju pasireiSkimo vieta, galima suskirstyti | dvi grupes:

1. Vidiniai virpesiai. Tai variklio vidiniy tarpusavyje sujungty daliy virpesiai.

2. ISoriniai virpesiai. Tai viso variklio bloko virpesiai, kuriuos sukelia disbalanso jégos

Ir momentai.
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Virpesiy slopinimo tyrimams variklis nagriné¢jamas kaip standus kiinas, turintis Sesis laisvés
laipsnius (DOF degrees of freedom), tai linijiniai virpesiai iSilgai x, y, z aSies ir momentai aplink
kiekvieng asi. Taciau tiriant varikliy keliamus virpesius analizuojami tik trys rézimai (1.4.3 pav.)

[5]:

o Vertikaliis virpesiai X aSies kryptimi dél vertikaliy disbalanso jégu.
o Sukimo momentas apie Z as$i d¢l disbalanso jégu skirtingose plokStumose.
o Sukimo momentas apie asi Y dél cikliniy apkrovy.

B i
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1.4.3 pav. Variklio virpesiy skai¢iavimo modelis [5]

Virpesiy mazinimas kei¢iant korpuso konstrukcija variklio vietoje

Energijos perdavimas nuo Saltinio | laivo korpusa gali buti kontroliuojamas keiciant
konstrukcijos, kurioje yra virpesiy Saltinis, standuma. Tian Ran Lin, Jie Pan, Peter J. O‘Shea ir
Chris K. Mechefske darbe ,,A study of vibration and vibration control of ship structures pasitlytos
penkios korpuso siju modifikacijos (1.4.4 pav.) ir virpesiy pokyc¢io analizé.

Nustatyta, kad visos modifikacijos reik§mingy skirtumy virpesiu poslinkiy grei¢iams

neturéjo iki 63 Hz. Taciau didéjant virpesiy dazniui, modifikacijy nauda isryskéja (1.4.5 pav.).
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1.4.4 pav. Laivo korpuso sijy modifikacijos; a) prie§ modifikacija; b) 1-as variantas; c) 2-as

Point Force Input Mobility (m/Ns)

variantas; d) 3-ias variantas; ¢) 4-as variantas; f) 5-as variantas. [14]
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1.4.5 pav. Virpesiy grafikai keic¢iant korpuso sutvirtinimus [14]
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Virpesiy sklidimo kontrolé

Kaip matyti 1.4.5 pav. korpuso modifikacijos yra neveiksmingos prie§ Zemo daznio
virpesius. Tradiciniai slopinimo elementai taip pat- neveiksmingi.

Tian Ran Lin, Jie Pan, Peter J. O‘Shea ir Chris K. Mechefske darbe ,,A study of vibration
and vibration control of ship structures® nagrinéja virpesiu sklidima korpuso sutvirtinimais.
Nustatyta, kad netaisyklingai i§dés¢ius pagrindinius sutvirtinimus (pvz. Spantus) galima susilpninti
zemo daznio virpesiy bangy sklidimg. Buvo sumodeliuoti du kylio sutvirtinimo variantai, kai
Spantai iSdéstyti vienodais ir skirtingais atstumais (1.4.6 pav.). 1.4.7 pav. galima pastebéti, kad prie
zemy dazniy energijos perdavimas korpusui yra Zymiai mazesnis kai $panhautai i§déstyti skirtingais

atstumais.

d Engine room

To bow
F
l 1m 1m Kee|
1 2 3 4 5 6 7
Frame Frame Frame Frame
17 16 10 9
b F
L Tm |0.9m| 1.1m |0.8m]| 1.2m |0.7m{ 1.3m | 1m Keel

1.4.6 pav. Kylio sutvirtinimo variantai: a) tolygiai iSdéstyti §panhautai; b) netolygiai

iSdéstyti Spanhautai [14]

Pasyvioji virpesiy kotrolé naudota, kaip tradicinis problemos sprendimo biidas, taciau, kaip
minéta anksciau, jos veiksmingumas yra dalinai ribotas esant zemiems virpesiy dazniams. D¢l Sios
priezasties imta ieSkoti naujy sprendimo biidy, vienas i$ jy- aktyvioji virpesiu kotrolé.

S. Daley, F.A. Johnson, J.B. Pearson, R. Dixon savo darbe ,,Active vibration control for
marine applications* apraSo aktyviaja virpesiy slopinimo sistema ,,Smart Spring*.

Tai sistema, kurios pagrinda sudaro pasyvios virpesiy kontrolés (spyruoklés) ir

elektromagneto kombinacija (1.4.8 pav.).
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1.4.7 pav. Kinetinés energijos ir dazniy grafikas [14]

Force 1 Force Gauge

Demand Armature
Force Gap
Current Spring
Amplifier  ————- Electromagnet

1.4.8 pav. Pasyvios vibracijy kontrolés ir elektromagneto kombinacija [11]

Srové elektromagneto ritéje yra reguliuojama valdymo pultu ir davikliu, tai uztikrina, kad
sukuriama jéga pilnai atsveria iSorines jégas. Tokia sistema puikiai gali biiti panaudota pagrindiniy
ir pagalbiniy varikliy tvirtinimui.

Laivuose, kuriems keliami auksti virpesiy ir garso apribojimai (pvz. kariniai, moksliniy
tyrimy laivai), placiai paplitusi dvipakopé virpesiy slopintuvy sistema. Tokia sistema sudaro du
komplektai paprasty gumos kompensatoriy, tarp kuriy montuojama tarpinis didelés mases

elementas, kuris smarkiai slopina perduodamus virpesius laivo konstrukcijai. Ant tarpinio elemento
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dar motuojamas reguliuojamas virpesiy slopintuvas, tai mazesnés masés plokstelés sumontuotos ant
reguliuojamy strypeliy. Reguliuojant juos yra kei¢iamas slopintuvo savasis daznis, kuris saveikauja
su virpesiy zadintojo keliamu dazniu. Sistemos trikumas, kad slopintuvas veikia tik siaurame
dazniy intervale, t.y. jei kei¢iamas pvz. variklio greitis slopintuvas turi buti reguliuojamas i$ naujo.
Dvipakopé kompensatoriy sistema placiai naudojama povandeniniuose karo laivuose pagrindiniy ir

pagalbiniy varikliy bei mechanizmy montavimui (zr. 1.4.9 pav.).

' ™
Regulinojamas o
virpesiu Variklis Tarpinis dideles
slopintuvas | . masés elementas
QAD | |

"

Kompensatoriai

1.4.9 pav. Dvipakopé kompensatoriy sistema ,,Collins* klasés povandeniuose laivuose [16]

Dvipakopés virpesiy slopinimo sistemos atmaina- ,,plaukiojantis“ denis panaudota Delaware
universiteto moksliniy tyrimy laive ,,R/V Hugh R. Sharp“. Siuo atveju antros eilés kompensatoriai
montuojami po atskira laivo korpuso platforma ant kurios montuojami varikliai (Zr. 1.4.10 pav.).

Dvipakopé virpesiy
slopinimo sistema,

CUMAINS. CHy 435 TYP,
ORISTIEVGREY WD ILIASS

Y i QRSTE b GiY \1 ATION TS0LATORS
CIBED ST SPADE it AR e TrE
Paprastas - Mg 4
i e "Plaukiojantis denis" e ws,
varikliy
montavimas FRAME 25

WD Ve

1.4.10 pav. ,,R/V Hugh R. Sharp* varikliy iSdéstymo schema [8]
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Danijos karo laivuose naudojami specialiis virpesiy sukéléjai pavaizduoti 1.4.11 pav.
(elektromechaniniai aktuatoriai). Siq virpesiy sukéléjy skleidziamy virpesiu dazniy faze skiriasi 180
laipsniy nuo mechanizmo skleidziamy virpesiy. Taip Zadintojo virpesiai yra maksimaliai slopinami.
Tokia sistema turi automatini valdyma, kuris priklausomai nuo mechanizmo grei¢io nustato

sukelejo Zadinamy virpesiy dazni.

1.4.11 pav. Virpesiu sukéléjai sumontuoti ant danijos karo laivo reduktoriaus [13]

C. Bohn, A. Cortabarria, V. Hartel ir K. Kowalczyk savo darbe ,,Active control of engine-
induced vibrations in automotive vehicles using disturbance observer gain scheduling® apraso labai
pana$iq aktyviaja virpesiy slopinimo AVC (active vibration control) sistemag (zr. 1.4.12 pav.).
Skirtumas nuo Danijos karo laivuose naudojamos sistemos yra tas, kad virpesiy slopinimo
aktuatorius tvirtinamas ant korpusinés konstrukcijos, o ne ant virpesiy zadintojo. Sistemoje
naudojamas elektromagnetinis didelés masés aktuatorius.

Pakankamai nesenai buvo sukurti pusiau aktyvils virpesiy kompensatoriai, kuriy vidus
uzpildytas magnetoreologiniu (MR) skys¢iu. Tokios sistemos schema pavaizduota pav. 1.4.13 MR
kompensatorius susideda i§ gumos elemento ir magnetoreologinio skyscio talpos. MR skyscio talpa
susideda 1§ stimoklio, elektromagneto rités, kreipianciosios ir korpuso. Veikiant elektromagnetui, jo
sukuriamas laukas kei¢ia magnetoreologinio skys¢io savybes (takuma). Kintant skys¢io savybéms,

kinta ir kompensatoriaus kuriama pasiprie§inimo jéga.
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1.4.12 pav. AVC sistema [1]

a

Gumos elementas
Stamoklis
Ventiliaciné anga

Magnetinis laukas
Elektromagneto rité
Kreipiangioji
Korpusas

MR skystis

LR

1.4.13 pav. MR kompensatorius: a) schema, b) nuotrauka [12]
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I1. TEORINIAI IR EKSPERIMENTINIAI TYRIMALI

2012 m. lapkri¢io 29-30 dienomis reiso metu Klaipéda-Karslhamas-Klaipéda buvo atlikti
kelto ,,Seaways Optima* ausinimo siurblio ALLWEILER NIM 250-250 S geometrijos ir padidinto
virpesiy lygio matavimai. Taip pat iSmatuotos gretimos laivo korpuso konstrukcijos (iSilginé
pertvara, fundamentas, vamzdynai). Be geometriniy parametry modeliavimas ir tuo labiau virpesiy
analizé buty netikslinga, o gauti rezultatai klaidingi. Pasinaudojus kelte archyvuojama technine
dokumentacija, buvo surinkta informacija apie siurblio techninius parametrus.

2013 m. balandzio 9-10 dienomis atlikti pakartotiniai matavimai siekiant iSsamiau
i$siaiskinti siurblio padidinto virpesiy lygio priezastys.

Siurblio geometrija sumodeliuota SolidWorks, o virpesiy analizé atlikta Workbench
programose (Ansys modulis). Sios programos pasirinktos dél savo gero suderinamumo tarpusavyje

ir paprasto naudojimo.

2.1. Tyrimo objektas

AB "DFDS Seaways" laivas ,,Optima“ (2.1.1 pav.)- tai 186 metry ilgio ro-ro tipo keleivinis
keltas, pastatytas 1999 metais Italijoje. Kelte sumontuoti du pagrindiniai MAN/B&W 9L tipo
varikliai, kuriy kiekvieno galingumas siekia 9450 kW. Keltas 3-4 kartus per savait¢ plaukia
marsrutu (kelty linija) Klaipéda-Karslahamnas-Klaipéda. Keleiviams jrengtos 252 vietos kajutése
bei 72 vietos sédimy viety salone.

Tyrimo objektas- kelto pagrindiniy varikliy gélo vandens kontiiro auSinimo siurblys (2.1.2
pav.). Kelto maSiny skyriuje Salia vienas kito sumontuoti du identiski siurbliai, vienas- pagrindinis,
kitas- ,,stand- by“ (rezervinis) (2.1.3 pav.). Padidintas virpesiy lygis pasireiskia tik tiriamam
siurbliui. Siuo metu dél didelio virpesiy lygio jis néra eksploatuojamas ir gali bati panaudotas tik

avariniu atveju. Be to tiriamo siurblio virpesiy lygis nepriklauso nuo to ar jis eksploatuojamas ar ne.

2.1.1 pav. AB,,.DFDS Seaways* laivas ,,Optima“
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Siurblio pagrindiniai techniniai parametrai (kiti siurblio parametrai Zr. 2-as priedas):

Nasumas: 1000 m*/h

Darbinis slégis: 8 bar

Elektros variklio galingumas - 90 kW
Apsisukimai - 1450 aps/min

Elektros variklio masé- 610 kg

Siurblio masé - 834 kg

Bendra mase - 1444 kg

Bendri siurblio geometriniai parametrai:
Aukstis - 2055mm

Plotis - 800mm

Atstumas tarp pasijungimo flanSy - 1300mm

2.1.2 pav. Kelto ,,Seaways Optima“ pagrindiniy varikliy gélo vandens konttiro ausinimo

siurblys Nr. 2 (tyrimo objektas)

2.1.3 pav. Kelto ,,Seaways Optima“ pagrindiniy varikliy gélo vandens konttiro ausinimo siurblia
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2.1.4 pav. Siurblio kinematiné schema

Cia: EV- elektros variklis; 1, 2- elektros variklio riedéjimo guoliai; M- mova; 3, 4-
iScentrinio siurblio riedé¢jimo guoliai.

2.2.  Eksperimentiniai tyrimai

Ausinimo siurblio virpesiy aktyvumo (virpesiy lygio) tyrimo metodika skirta:

o ISmatuoti ir jvertinti bendra siurblio virpesiu lygi (vibroaktyvuma), turincio
itakos tiriamosios masinos darbo patikimumui;

. Nustatyti zadinamy virpesiy iSorinius Saltinius.

Tiriamo au$inimo siurblio virpesiy aktyvumo tyrimo metodika sudaro Sios dalys:

. Siurblio virpesiy matavimo buido parinkimas.

. Siurblio virpesiy aktyvumo (virpesiy energijos) matavimo priemon¢és parinkimas.

o Matavimo tasky ant tyrimo objekty parinkimo metodika.

o Siurblio virpesiu lygio/virpesiy intensyvumo (vibroaktyvumo) jvertinimo metodika.
. Siurblio padidinto intensyvumo virpesiy $altiniy identifikavimo metodika.
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2.2.1. Siurblio padidinty virpesiy matavimo biido parinkimas

Ivertinus tai, jog tiriamojo siurblio pagrindiniai besisukantys mazgai yra korpuso viduje ir
néra tiesioginio priéjimo prie ju, todél tyrimuy objekty virpesiu lygiai (aktyvumas) turi biti
matuojami netiesioginiu biidu. Pasirinktasis virpesiy lygio matavimo biidas pagristas masiny rotoriy
atramy su riedéjimo ir slydimo guoliais virpesiy energijos (virpesiy lygio) matavimu. Sie matavimai

suteikia galimybe netiesioginiu biidu iSmatuoti ir kiekybiskai jvertinti Siuos masiny virpesiu

Saltinius:
. Rotoriy disbalansa;
o Veleny bendraasiskumo nuokrypius;
o Defektinius arba besivystanéius defektus ivairiy tipy riedéjimo ir hidrodinaminiy

slydimo guoliuose;

o Padidinty laisvumus masinos elementy mazguose (porose);
. Rotoriy kliuvima uz korpusy ir kity elementy;

o Blogo masinos tvirtinimo pamate defektus;

. Defektus atsiradusius mechaninése perdavose;

. Kitus virpesiy Saltinius.

Visi §ie iSvardinti virpesiy Saltiniai turi itakos masinos patikimumui ir ilgaamziSkumui.

Rotoriniy masiny elementy Zadinamo virpesiy lygio ir virpesiy Saltiniy identifikavimo
metodika pagrista iy virpesiy duomeny formaty analize:

o Absoliu¢iyjy  virpesiy  V,,,, grei¢iy kvadratinio vidurkio lyginimo su
rekomenduojamomis tarptautinio ISO 10816 standarto normomis.

o Absoliuciyjy virpesiy greiciy spektrine analize.

o Absoliuciyjy virpesiy greicio kitimo laike grafiky analize.

2.2.2. Eksperimentinés tyrimo {rangos parinkimas

Kelto ,,Seaways Optima“ auSinimo siurblio virpesiy matavimams buvo pasirinktas ADASH
A4400 virpesiy signaly analizatorius (zZr. priedai). Tai profesionalus jrenginys skirtas jvairiy
mechanizmy defektavimui, balansavimui ir duomeny kaupimui.

Prietaisas pasirinktas dél Siy privalumuy:

e Galimybé matuoti bendra masinos atramy absoliuciyjy virpesiy lygij

iSreikStg per absoliuciyju greiciy kvadratiniy vidurkiy V,,, reikSmes ir jas
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palyginti su tarptautinio ISO 10816 rekomenduojamomis virpesiy
reikSmeémis;

e Patogus rotoriy balansavimo modulis

e Galimybé¢ indentifikuoti rotoriy disbalansa, veleny bendraasiSkumo nuokrypius ir
laisvuma, guoliy defektus

e Lygiagreciai veikiantys procesoriai uztikring sparty signaly apdorojima

ADASH A4400 virpesiy signaly analizatorius pavaizduotas 2.2.1 pav.

= A4400 - vas (RO

v‘,B Analyser '}‘;‘ R@

(e R\u@ @,; B.:I,nn;m/‘
‘@ Recorder )

2.2.1 pav. ADASH A4400 virpesiy analizatorius [6]

Duomeny perkélimui i§ analizatoriaus | kompiuter] naudojama programiné jranga DDS 2011

(Digital Diagnostics System). Tai sistema skirta virpesiy diagnostikos duomeny kaupimui, jy

vertinimui bei apdorojimui.

Iprastai laivo eksploatacijos metu veikia labai daug jvairiy mechanizmy, kurie Zadina jvairiy

dazniy virpesius, t.y. aplinkos virpesiy dazniy intervalas labai platus. Tam tikrose patalpose (pvz.

masiny skyriuje) vyrauja agresyvi aplinka: aukSta temperatira, lijaluose gali biiti susikaupusio

vandens ar naftos produkty liekany. Atsizvelgiant i Siuos faktorius siurblio virpesiy matavimams

pasirinktas pjezoakselerometrinis virpesiy pagreiciy jutiklis Wilcoxon 797 (zr. 3-ias priedas).
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Absoliuciyjy virpesiy energijai fiksuoti pasirinkti virpesiy pagreiciy jutikliai dél Siy

priezaSciy:

e Platus matuojamy virpesiu dazniy intervalas

e Platus matuojamy virpesiy amplitudziy intervalas

e Platus temperatiry intervalas

e Didelis matavimo jautrumas

e Nedideli jutiklio gabaritiniai matmenys

e Patogus jutiklio montavimas

e Galimybé¢ naudoti su virpesiy signaly analizatoriumi ADASH A4400

2.2.3. Virpesiy matavimo tasky parinkimas

Renkantis matavimo taSky padétis buvo vadovaujamasi tarptautiniu standartu ISO 10816.
Pjezoakselerometrinis jutiklis magnetu tvirtintas ant rotorinés sistemos riedéjimo ir hidrodinaminiy
slydimo guoliy atramy plokS¢iy pavirSiy vadovaujantis tarptautinio standarto ISO 10816
rekomendacijomis (zr. 2.2.2 pav.). Kadangi eksperimento objekto padidéjgs virpesiy lygis
pasireiSkia net objektui neveikiant, bet dirbant pagrindiniams varikliams, buvo padaryta i§vada, kad
virpesius zadina iSoriniai (-is) veiksniai. Dél Sios priezasties matavimo tasky iSdéstymo metodika
nezymiai skiriasi nuo standartinés metodikos defektuojant veikian¢ius jrenginius (kai kiekvienas
guolis matuojamas trimis kryptimis). Siuo atveju matuosime tik siurblio asiai statmena kryptimi.
Kadangi virpesiy lygis priklauso nuo standumo ir kity parametry, tai aiSku, kad standumas
didziausias bus ties siurblio pamatu ir maziausias virSutinéje irenginio dalyje, t.y. ties elektros
varikliu. Sioje vietoje virpesiuy lygis turétu biiti didziausias. Norédami jsitikinti tuo pasirenkame
tris matavimy zonas: 1- siurblio guoliavieté; 2- elektro variklio apatiné guoliavieté; 3- elektros
variklio virSutiné guoliavieté. Matavimy zonos pasirenkamos standziose vietose (guoliavietése)
siekiant iSvengti paSaliniy siurblio elementy sukelty virpesiy ir iSgauti tikslesnius matavimuy
rezultatus. Rotoriniy sistemy zadinanciy virpesiu energija jutikliu, kiekvienoje zonoje, matuota
dviem horizontaliomis (viena kitai statmenomis) kryptimis. Kaip pavaizduota jutiklio tvirtinimo ant

siurblio paveiksle 2.2.3 .
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2.2.3 pav. Jutikliy padétys eksperimento metu
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Cia 1GH1, 1GH2, 2GHI, 2GH2, 3GH1, 3GH2- seisminio pjezoakselerometrinio jutiklio
tvirtinimo ant masinos guoliy atramy kryptys. Pirmas skaiCius ir raidé G zymi guolio numerj, kita
raidé Zymi matavimo krypti (Sivo atveju H- kryptis horizontali), paskutinis skai¢ius zymi jutiklio

padéti (1- statmenai laivo aSinei linijai, 2- iSilgai laivo asinés linijos).

2.2.4. Siurblio virpesiy lygio identifikavimo metodika

Kadangi, Siais laikais, virpesiy lygis laivuose reglamentuojamas klasifikaciniy bendroviuy, tai
virpesiy lygis vertinamas vadovaujantis klasifikacinés bendrovés Lloyd‘s register (Siam registrui
priklauso keltas ,,Optima Seaways*) rekomendacijomis.

Nagrin¢jant mechanine laivo dali, klasifikaciniy bendroviy reikalavimai paprasatai taikomi,
kai rotoriniy mechanizmy galingumas virSija 10kW. Pagal ISO 10816 standarta virpesiy matavimai
iSreiskiami absoliu¢iyjy virpesiy grei¢iy kvadratinio vidurkio V,,,, reikSmémis (101000 Hz).

Rotoriniy masiny klasés pagal Lloyd‘s registra [7]:

e l-aklasé: elektros variklio galia nevirS§yja 15kW

e 2-aklasé: vidutinio dydZio masinos be specialiy fundamenty ir elektros variklio galia
15-75kW; su specialiu standZiu fundamentu elektros variklio galia iki 300kW.

e 3-ia klsé: didelés masinos su sustiprintu standziu fundamentu, kuris susietas su laivo
korpuso sutvirtinimy tinklu. Elektros variklio galia vir§ 300kW.

e 4-a klasé: didelés maSinos su amortizuojan¢iu fundamentu virpesiy energijos
kryptimi. Elektros variklio galia vir§ 300kW.

Kadangi misy tiriamas siurblys turi standy fundamenta ir nesiekia 300kW, tai jis
prisikiriamas 2-os klasés rotorinéms masinoms.

Matuojant vienoje zonoje keliomis kryptimis, virpesiams jvertinti pasirenkama didziausia

iSmatuota V,,, reikSmeé.
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| Table 7.1 Rotating machinery assessment
50.0
Excessive
200 EXCESSVE — 180 ——
i Excessive
= Unsatisfactary
.u;J- 100 11.2
= Excesdve 71 Unsatifactary 71
£ . .
£ A5 Ursatisfactory A5 Satisfactory
o
E Unisatisfadtory og Satisfactory 0g
"
£ 18 Satisfadory 18 Good
& .
= Satisfadory 112 Good
1.0 :
0.71 Good Rigid Flexiole
Cood foundations foundations
Small machines | Medum rmachines Large machines
<15 KWW 575 KNV
Classl Classll Class 1l Class IV
0z

2.2.4 pav. Lloyd‘s registro virpesiy vertinimo kriterijai [7]

Cia, Good- gera masina
Satisfactory- tinkama ilgalaikiam veikimui
Unsatisfactory- veikimo laikas ribotas, turi buiti planuojamas irenginio remontas
Excessive- jrenginys netinkamas naudoti, sugedgs.

IS 2.2.4 paveikslo matome, kad miisy tiriamo siurblio leistina virpesiy Vy,, reikSmeé- 2,8

mm/s, o ribotas siurblio eksploatavimas leistinas kai virpesiy V,,,; reikSmé nevirSyja 7,1 mm/s.

2.2.5. Virpesiy Saltiniy identifikavimo metodika

Tyrimo objekty elementy padidinto intensyvumo virpesiy Saltiniy identifikavimo metodika

pagrista greitos Furje transformacijos FFT (GFT liet.) spektry analizés principais.

Tiriamo siurblio absoliu¢iyjy virpesiy Saltiniy identifikavimas atliktas Sia tvarka:

1. Atliktas siurblio “bump” testas ir iSmatuoti savieji siurblio virpesiai
2. Siurblio virpesiai iSmatuoti jiroje plaukiant jvairiais réZimais (neveikiant siurblui)
3. Siurblio atramy virpesiai matuoti vadovaujantis tarptautinio ISO 10816 standarto

rekomendacijomis ir 2.2.3 skyriuje pateikta jutikliy tvirtinimo metodika
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4. Atlikus tirty rotoriniy masiny virpesiu energijos matavimus, visi virpesiy signaly
analizatoriuje A4400 iSsaugoti virpesiy duomeny formatai perkelti i personaliniame kompiuteryje
esancig programing iranga DDS 2011

5. ISnagrinéti virpesiy spektrai.

Norint identifikuoti padidinto intensyvumo virpesiy priezastys, biitina zinoti virpesiy Saltiniy
charakteristikas ir iSnagrinéti eksperimento metu gautus virpesiy spektrus. Pvz. Zinant variklio
stkius, galima apskaiciuoti veleny ir, Zinant sraigto menciy skai¢iy, sraigto zadinamy virpesiy

daznius ir t.t.
2.2.6. Eksperimento rezultatai ir analizé

Kadangi ausinimo siurblio padidintas virpesiu lygis pasireiskia jo net neeksploatuojant, tai
padaryta iSvada, kad jo virpesius Zadina iSorinis Saltinis taip sukeldamas virpesiy rezonansg. Norint
nustatyti savuosius siurblio virpesiy daznius atlieckamas ,,bump* testas, kai siurblys i§ pusiausvyros
padéties iSvedas priverstine jéga (smugiu). ,,Bump* testo virpesiy laiko grafikas atvaizduotas 2.2.5
pav. Po smiugio siurblys suvibruoja savaisiais dazniais. I§ siurblio savaiminiy virpesiy greiciy

spektro nustatomi siurblio savieji dazniai.

1 BUMP TESTV1GH1ftime ch:1 B:10-100Hz NS:1024 2012.11.29 18:04:
[mmis]

B
4

2

e A ane st ﬂ il ﬂm MMA / Mﬂﬂnﬂﬁ Dt fnradia A PA J\MWJ\U{W\MAMA/\ Lafp,
B R A ! MU“ YUVWUUUWWV LR I UU UVUUU | V PR

=

1] 500 1000 1500 2000 2500 F000 500

2.2.5 pav. Siurblio Nr.2 1GH1 virpesiy matavimo taSke gautas virpesiy grei¢iy grafikas
atlikus ,,Bump* testa
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1 BUMP TEST\1GH1/spec ch:1 R:10-50Hz L:100 2012.11.29 18:04:43

X

0.6

0.4

[mmis] 096 0.17] 0.19] 0_84] 02] [0 22 0 11 0_07]
2] 16.5 20.5] EL 33.5] 375/ 29 43 47.5]
12 T T

A T

]

en
[H2]

2.2.6 pav. Siurblio Nr.2 1GH1 virpesiy matavimo tasko virpesiy grei¢iy FFT spektras gautas

,Bump* testo metu

IS 2.2.6 paveiksle pateikto 1GHI1 tasko virpesiy spektro akivaizdziai iSsiskiria

vienas

“pikas”, ties 16,5 Hz dazniu. AnalogiSka situacija ir kituose matavimo taskuose, kurie aprasyti 2.2.3

skyriuje. Taigi iSmatuota verté ir bus siurblio savaiminiy virpesiy daznis.

Kiti matavimai atlikti juroje, veikiant {vairiems mechanizmams.

ISTUDENTAN2012 Renatas\OPTIMA SNR243 Dirba dyzeliaiil GH1/RMS c

[mmis] 28]

F0

20

2012125 21:25:145

2.2.7 pav. Virpesiy lygis Vrms 1GHI1 taske (keltui plaukiant)
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3 Dirba dyzeliaitl GH1/spec ch:1 R:10-800Hz L:1600 2012.11.28 21
[mmis]

3 13 04 [1.4] [7.3 [087 0 &5 05

2] 17 21 2975] [33.5] [37.5 12 56.5 63
30 :

25

20

5
1] — — J // N

2.2.8 pav. Virpesiy spektras IGH1 taske (keltui plaukiant)

ann
[Hz]

ISmatavus absoliu¢iuyjy virpesiy V,,,, grei¢iy kvadratini vidurkj (2.2.7 pav.) matome, kad

reikSme siekia 25 mm/s. Ribin¢ verté, aprasyta 2.2.4 skyriuje, gali biiti tik 7,1 mm/s.

IS virpesiy spektro pavaizduoto 2.2.8 paveiksle matome, kad didziausias virpesiy greitis yra

17-0s Hz (23 mm/s). Tai yra siurblio 1-asis savasis daznis.

Apskaiciuojame virpesiy Saltiniy daznius.

Kadangi varikliy alkiininiy veleny apsisukimai yra pastovis (500 aps./min), tai skai¢iuojame

alkiininio veleno zadinamy virpesiy daznius:

; n, 500 -
1 = = — 'y Z_,
=k g0 60

dia: fuk- virpesiy daznis, Hz

n,- variklio alkiininio veleno apsisukimai, aps/min.

Sraigto zadinamy virpesiy daznis (menciy skaicius- 4):

for. = fane ¥4+ =83 %4 = 33,3Hz

Dujy uzsidegimo cilindre metu Zadinamy virpesiy daznis:
Mape * Mgy _ 2009

fasg = 120 120

= 37,5Hz,

¢ia:  ngj- pagrindiniy varikliy cilindry skaicius

@.1)

(2.2)

(2.3)
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Apskaiciuotas degimo procesu zadinamy virpesiy daznis puikiai identifikuojamas ir 2.2.8
pav., tai antras didziausias ,,pikas‘.

Taciau, kaip matome, pagrindiniy virpesiy zadintojy daZzniai nesutampa su tiriamo siurblio
savaisiais dazniais, taCiau pirmajame skyriuje apraSyti vidaus degimo varikliy zadinamy virpesiu
ypatumai rodo, kad variklis skleidzia dar daug kitokiuy dazniy virpesius, vadinamais kartotiniais (Zr.
1.1.2 pav.).

Vadovaudamiesi 1.1.2 pav. galima identifikuoti, kad tiriamo siurblio pirmasis savyju
virpesiy daznis sutampa su variklio Zadinamu antros eilés harmonikos dazniu, o tai sukelia siurblio
rezonansg ir siurblio atramy virpesiy lygis virsija didziausia leisting reikSmg (pagal ISO 10816).

2013 m. balandzio 9-10 dienomis, antro reiso metu, buvo siekiama iSsiaiSkinti, kodél
padidintas virpesiy lygis pasireiskia tik vienam siurbliui. Atlikus antrojo auSinimo siurblio ,,Bump*
testa nustatyta, kad jo laisvyju virpesiy daznis 1GH]1 taSke nezymiai skiriasi nuo tiriamojo siurblio.

ISmatuota reiksmeé sieké 18 Hz (zr. 2.2.9 pav.).

OPT RENATAS\1GY NR1{spec ch:1 R:10-100Hz L:200 2013.04.09 13:05

i PP T m e
10
08
08
0.4
02
/ - /\_\mf\ﬂ/\
0.0 : ‘ /&/\dﬁ TN e
0 20 40 €0 80

T
2.2.9 pav. Reguliariai veikianc¢io siurblio Nr.1 1GH1 virpesiy matavimo tasko virpesiy

grei¢iy FFT spektras gautas ,,Bump* testo metu

Kiti virpesiy matavimai atlikti siurbliy vamzdynams (Zr. 2.2.10 pav.).
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vamzd 1
laikiklis
vamzd 2

T"_'\TL_"

vamzd 3
vamzd 4

2.2.10 pav. Siurbliy vamzdyny virpesiy matavimo taSky schema

¢ia:  EV-siurblio elektros variklis
vamzd 1- jutiklis ant slégimo pusés vamzdzio vir§ vamzdzio laikiklio
vamzd 2- jutiklis ant slégimo pusés vamzdZzio zemiau vamzdzio laikiklio
vamzd 3- jutiklis ant slégimo pusés siurblio flanso
vamzd 4- jutiklis ant siurbimo pusés siurblio flanso
Atlikus ,,Bump* testa abieju sistemuy ,,vamzd 1 taske (zr. 2.2.11 pav.) ir iSnagringjus
virpesiy laiko grafikus nustatyta, kad tiriamojo siurblio slégimo pusés vamzdyno virpesiai maziau
slopsta nei reguliariai eksploatuojamo siurblio (zr. 2.2.12 ir 2.2.13 pav.). Tiriamo siurblio virpesiai

,»Bump* testo metu nuslopo apytiksliai per 1500 ms, kai reguliariai eksploatuojamo- apytiksliai per
500 ms.

2.2.11 pav. Virpesiy matavimo jutiklio padétis ,,vamzd 1 ,,Bump* testo metu
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OPT RENATAS\S2Z Vamzd1ftime ch:1 B:10-1000Hz NS5:16384 2013.04.09
] (mmis]

i} 500 1000

1500 2000 2500 S000 3500 Lk

2.2.12 pav. Tiriamo siurblio Nr.2 slégimo vamzdzio virpesiy laiko grafikas

OPT RENATAS\S1 Vamzd1#time ch:1 B:10-1000Hz N$:16384 2013.04.09
mms]

£
4

2

=]

ra
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&
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IR

] ] 1000

1300 2000 2500 F000 3300 L

2.2.13 pav. Reguliariai eksploatuojamo siurblio Nr.1 slégimo vamzdzio virpesiy laiko

grafikas

Analizuojant gautus vamzdynu virpesiy spektrus buvo identifikuoti dar didesni dazniy

skirtumai. Tiriamo siurblio didZiausia virpesiy greiciy reikSmé identifikuojama ties 19,5 Hz (Zr.

2.2.14 pav.), kai reguliariai eksploatuojamo siurblio- ties 27,5 Hz (Zr. 2.2.15 pav.). Taigi akivaizdu,

kad reguliariai naudojamo siurblio sistema yra standesné.
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OPT RENATAS\SZ Vamzd1{spec ch:1 R:10-100Hz L:200 2013.04.09 13:

[mmis] 0. 1470 035f0 0190 0390 0690 0160 064 0.023
[Hz] 19 5 22| 23.5] 27.5) 29.5 34 36.5 74

012

0.0

0.08

0.06

0.04

ooz

0.0 — / q/\/\/\/\\/\ﬂ/h\/\/\/\/‘/\/‘\/\J \L AN ALY
1) ) 40 &0 0 e

[Hz]

2.2.14 pav. Tiriamo siurblio Nr.2 vamzdyno ,,vamzd 1* taske ,,Bump* testo virpesiy

spektras

OPT RENATAS\S1 Vamzd1{spec ch:1 R:10-100Hz L:200 2013.04.09 13:

[mmis] 0015 026200 .1 0.03%9 o0 0. 066 0.026
[Hz] 17 .5 27.5 36.5 [ 74
035 s A

0.50

025

0.20

015

0.0

005 J\J
.00 P e e \\f\f\ (. N \\ e
&0

] 20 40 B0

e
[Hz]

2.2.15 pav. Reguliariai eksploatuojamo siurblio Nr.1 vamzdyno taske ,,vamzd 1* ,,Bump*

testo virpesiy spektras

Paleidus pagrindinius variklius buvo atlikti palyginamieji matavimai visuose keturiose
abiejy siurbliy vamzdyny taSkuose pagal 2.2.10 pav. ISanalizavus gautus virpesiy spektrus
pastebéta, kad visuose tiriamo siurblio spektruose 2-as didZiausias virpesiy greiciy ,,pikas‘ atitinka
16,5-17 Hz dazni (zZr. 2.2.16 pav.), tokiu dazniu vibruoja ir pats siurblys. Taigi visa sistema néra

pakankamai standi, virpesiai siurbliui perduodami ne tik per laivo pertvaras, bet ir per vamzdynus.
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OPT RENATAS\SZ Vamzd4{spec ch:1 Ri10-100Hz L:200 2013.04.09 19:

[mmis] 0.768| [2.91 1.04f (1 56| [4.79] |0.924 0.702 0.703
[Hz] 12 5| |16.5 29 5| [33.5] [37 .5 42 71 77
&

L AL M DA AN o

] 20 40 &0

e
[Hz]

2.2.16 pav. Tiriamo siurblio Nr.2 vamzdyny virpesiy spektras taske ,,vamzd 1

O reguliariai eksploatuojamo siurblio vamzdyny dazniai pakankamai atitol¢ nuo tiriamos
sistemos daZzniy, t.y. didZiausios virpesiy greiciy reikSmés atitinka 33,5 Hz ir 38 Hz daznius (Zr.

2.2.17 pav.). Be to virpesiy greiciy reikSmeés perpus mazesnés nei tiriamos sistemos.

OPT RENATAS\S1 Vamzd4{spec ch:1 R:10-100Hz L:200 2013.04.09 19:

30 | |

25

20

15

1

05 \\

o0 j\/\ /\/\/\/\N—vf\ ™ AN AN
0 a0 40 60 &0 W

2.2.17 pav. Reguliariai eksploatuojamo siurblio Nr.1 vamzdyny virpesiy spektras taSke

,,vamzd 1

Tasko ,,vamzd 1 tiriamos sistemos virpesiy spektre lengvai identifikuojami dvieju dazniy
virpesiai- 37,5 Hz, kuriuos zZadina kuro degimo variklyje procesai ir 16,5 Hz, kuriuos Zadina
pagrindiniy varikliy kartotiniy dazniy virpesiai. Virpesiy greiciai atitinkamai- 4,79 mm/s ir 2,91
mm/s. Reguliariai eksploatuojamos sistemos identifikuojami virpesiy dazniai- 38 Hz (kuro degimo

variklyje procesai) ir 33,5 Hz (sraigto keliami virpesiai). Virpesiy greiciai atitinkamai- 2,80 mm/s ir
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2,61 mm/s. Taskuose ,,vamzd 2* ir ,,vamzd 3 rezultatai analogiski, tod¢l virpesiy spektrai pateikti
tik prieduose (Zr. 1-as priedas). Taske ,,vamzd 4* nustatyti virpesiy grei€iai nors ir Zymiai mazesni
nei kituose taskuose, taciau dominuojantys virpesiy dazniai iSlieka artimi kity iSmatuoty tasky

dazniams (zr. 2.2.18 ir 2.2.19 pav.).

OPT RENATAS\S2Z Vamzd7{spec ch:1 R:10-100Hz L:200 2013.04.09 19:

[mmis] 0.095 0.376 0.434||0.223 0,121 0121 0.116| (0.172

[Hz] 11 17 42 46 59 67 88 92.5
0.5 ; :
! !

0.50

0.40

0.30

0.20

0.0

J\/\/\/\/\N ) /\/\ &JL /\-M/\ A

ane
[Hz]

2.2.18 pav. Tiriamo siurblio Nr.2 vamzdyny virpesiy spektras taske ,,vamzd 4

OPT RENATAS\S1 Vamzd7{spec ch:1 R:10-100Hz L:200 2013.04.09 19:

[mmis] 0.243( |0 16 0.6%9| [0.386 0.208 0. 254 0. 201 0.213
[Hz] 17 21 38 42 50.5 59 X 926

0,50
0.40

0.50

0.20

A L i

B0

e
[Hz]

2.2.19 pav. Reguliariai eksploatuojamo siurblio Nr.1 vamzdyny virpesiy spektras taSke

,,vamzd 4

Ieskant didesniy skirtumy buvo aptikta, kad siurbliy slégimo pusés vamzdziy tvirtinimai yra
skirtingi. Patikrinus klasifikacinés bendrovés GL (Germanisher Lloyd) vamzdziy tvirtinimo
rekomendacijas, nustatyta, kad tiriamojo siurblio vamzdzio tvirtinimo biidas (Zr. 2.2.20 pav.) yra

neleistinas. Beto, kad vamzdzio laikiklio konstrukcija neturéjo jokiu rySiy su laivo korpuso
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sutvirtinimais, konstrukcijai panaudoti 60x60x5 mm kampuociai buvo zymiai mazesni nei
rekomenduojama. Pagal GL rekomendacijas vamzdziy, kuriy nominalus diametras N.D. 400,
tvirtinimui turéty buti naudojami 100x100x10 mm plieniniai kampuociai (zr. 2.2.22 pav.).
Reguliariai eksploatuojamo siurblio vamzdzio laikikliai, nors ir netinkamy matmeny, bet privirinti
prie laivo korpuso sutvirtinimo sijy. D¢l Siy priezasCiy tiriamojo siurblio sistemos virpesiy

slopinimas ir konstrukcijos standumas yra mazesnis.

2.2.21 pav. Reguliariai eksploatuojamo siurblio Nr.1 slégimo vamzdzio tvirtinimas
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Pipe Pipe OQut Nut of Support Support Pipe
N.D. Dia, U-bolt Angle
15 21.7 M10 50X50X6 34.0 X 3.4T
20 27.2 M10 50X50X6 *
25 34 M10 50X50X6 ®
32 42.7 M10 50X50X6 3
40 48.6 M10 50X50X6 .
50 60.5 M10 50X50X6 48.6 X4.05T(40A)
65 76.3 M12 50X50X6 5
80 89.1 M12 B65XB65X6 *
100 114.3 M16 65X65X6 60.5 X5.2T(65A)
125 139.8 M16 65X65X6 5
150 165.2 M16 75X75X6 %
200 216.3 M20 75X75X6 76.3 X5.2T(65A)
250 267.4 M20 75X75X6 ;
300 318.5 M24 100X100X10 114.3 X6.0T(100A)
'll:n QE £ le "
400 406.4 M24__| 100X100X10 ‘
x - T00RTO0R 13
500 508 M30 100X100X13 ’
550 558.8 M30 100X100X13 £
600 609.6 M30 130X130X12 139.8 X6.6T(125A)
650 660.4 M36 130X130X12 :
700 711.2 M36 130X130X12 2
750 762 M36 130X130X15 165.2 X7.1T(150A)

2.2.22 pav. GL rekomendacijos vamzdziy tvirtinimui (pilna rekomendacija zr. 4-as priedas)

2.3.  Siurblio savyjy dazniy modeliavimas BEM metodu

Siurblio savyju dazniy modeliavimo BEM metodu etapai:
Sukuriamas siurblio su vamzdynu geometrinis modelis
Parenkamos medZiagy charakteristikos
Trimatis modelio skaidomas i tiirinius baigtinius elementus

1

2

3

4. Nurodomos krastinés salygos
5 Atliekami skai¢iavimai

6

Analizuojami rezultatai
2.3.1. Geometrinio modelio suktuirimas

ISmatavus visus siurblio ir aplinkiniy konstrukcijy geometrinius parametrus, sukurtas
sistemos trimatis modelis SolidWorks programa. Modelis pradétas kurti nuo atskiry siurblio daliy
(angl. Part mode), po to pereita prie surinkimo vienety ir galiausiai baigta pilnu siurblio sistemos
modeliu 2.3.4 pav. (angl. Assembly mode). Programos part modulis veikia paprasty eskizy principy,
kurie paver¢iami trimaciais objektais ir assembly modulyje yra sujungiami tarpusavyje i surinkimo

mazgus.
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Kaip zinoma, bet kokio elemento virpesiy daznis priklauso nuo jo masés ir standumo. Taigi
modeliuojant biitina i§laikyti ne tik tinkama siurblio geometrija, bet ir mases. Nepadarius to virpesiy
analizés rezultatai bus klaidingi. Masés bei standumas geometriniams elementams uzduodamos
pasirenkant atitinkamas medziagas ir ju tankius. Gauti rezultatai tikrinami su siurblio gamintojo

pateikta informacija.

T

o

2.3.4 pav. Tiriamo siurblio Nr.2 ir artimy laivo konstrukcijy trimatis modelis (assembly

mode)

2.3.2. Medziagy charakteristiky parinkimas

Medziagos parinktos pagrindiniams siurblio geometriniams elementams, kurie daugiausia
tur¢jo itakos skai¢iavimy rezultatams, t.y. elektros variklio korpuso, fundamenty medziaga- anglinis
plienas (tamprumo modulis- 2,1¥10"" N/m?, tankis- 7858 kg/m’, Puasono koeficientas- 0,29),
siurblio kriauklés- ketus (tamprumo modulis- 6,6¥10"° N/m? tankis- 7200 kg/m3, Puasono
koeficientas- 0,27). Elementy medziagos pasirenkamos i§ programos duomeny bazés. Nustacius

elemento medziaga automatiskai jam priskiriamos ir visos medziagos charakteristikos 2.3.5 pav.
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Material . -_ L . - » ‘1 s

15 soidWorks Materials | | Properties | appearance | CrossHatch | Custom | Application Data | Favorites |
£l B F Material properties
3= e P PR
3= 201 Annealed Stainless Steel (55) a custom lbrary to edit it.
EE e Madel Type: Linear Elastic Isotropic
- #= AISI 1010 Steel, hot rolled bar
.. §= AISI 1015 Steel, Cold Drawn (55) Units:
| 3= wist 1020 Category: Steel
8= AISI 1020 Steel, Cold Rolled
8= AIsI 1035 steel (55) = Hame: 1023 Carbon Steel Sheet (55)
I 8= AISI 1045 Steel, cold drawn
3= ars1 304
-3 AISI 316 Annealed Stainless Stes Bar (5¢ Description:
-3 AISI 316 Stainless Steel Sheet (55) S
--§= AISI 321 Annealed Stainless Steel (55) S
3= AISI 347 Annealed Stainless Steel (55) Sustainabilty Defined
Il 8= AISI 4130 Steel, annealed at 865C
l 8= AISI 4130 Steel, normalized at 870C
= Property Value Units -
EE AISI 4340 Steel, annealed — T T =
8= AISI 4340 Steel, normalized e s v
8= AISI Type 316L stainless steel T 7.9999999876-010 | 2
3= AISI Type A2 Tool Steel Tass density 7858 g3
3= Alloy Steel Tensike strength 4250000032 W2 £
- §= Aloy Steel (55) ive Strength in X N2
.= ASTM A36 Steel Yield strength 282685049 N2
8= Cast Alloy Steel Wm“m ;:M ﬁl(m %
| = Cast Carbon Steel -
| §; Cast Stainless Steel XTI M- 4% it -
it ‘Material Damninn Ratin A
8= Chrome Stainless Steel i
== i

2.3.5 pav. Medziagy charakteristiky lentelé SolidWorks programoje

2.3.3. Siurblio skaidymas baigtiniais elementais

Pries atliekant skai¢iavimus visa suskurta modelj, biitina suskaidyti i tlirinius baigtinius
elementus. Tai atlickama Workbench programoje. Kaip minéta anksc¢iau, SolidWorks programa turi
gera suderinamuma su Ansys Workbench. SolidWorks savo darbalaukyje turi papildoma mygtuka,
kuris automatiskai sumodeliuota objekta perkelia | Workbench sistema.

Skaidymui i elementus programa generuoja tinkleli (mesh) 2.3.6 pav.

2.3.6 pav. Siurblio su vamzdyno ir laivo dalimi baigtiniy elementy modelis
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2.3.4. Krastiniy salygu parinkimas

Norint gauti teisingus analizés rezultatus, laisvi modelio krastai turi biti jtvirtinami. Modelis
ties ,,nupjautomis® korpuso dalimis tvirtinamas standziai, o vamzdziui paliekamas laisvumas
poslinkiui iSilgai X aSies ir sukimui apie Y aSi. Taip sukurtas realistiSkas apkrovimas vamzdZzio

laikikliui.

0,750 2,250

2.3.7 pav. ,,Nupjauty*“ modelio daliy fiksavimas

Cia: A, B, C...- jtvirtinti trimac¢io modelio taskai

2.3.5. Rezultaty perziiira ir analizé

Atlikus skaiCiavimus, rezultatai pateikiami grafiSkai (pilna rezultaty ataskaitg Zr. priedai).
Sumodeliuotos 5-ios siurblio savyjy virpesiy formos:

1. Pirmoji savyju virpesiy forma (17,5 Hz). Dominuoja virpesiu poslinkiai- statmeni
laivo centrinei linijai. DidZiausi yra siurblio elektros variklio virpesiy poslinkiai. Elektros variklio ir

vamzdzio virpesiy fazés sutampa.
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B:

Total Defarmation
Type: Total Deformation
Fregquency: 17,491 H
Unit: m
2013.04.19 21:22

0,034829 Max
0,030959
0,027089
0,023219
0,019349
0,015479
0,01161
! 0,0077397

.,{‘J/'z
0,000 2,000 (m)
[ —

1,000

2.3.8 pav. Siurblio Nr.2 ir vamzdyno pirmoji savyju virpesiy forma (17,5 Hz)

vamzdzio virpesiy fazés sutampa.

lB:‘ N N

Total Deformation 2
Type: Total Deformation
Frequency: 19,157 H.
Unit: m

2013.04.19 21:24

0,043635 Max
0,038787
0,033938
0,02909
0,024242
0,019393
0,014545
0,0096867

K‘&Z
0,000 2,000 {m)
[ S|

1.000

2.3.9 pav. Siurblio Nr.2 ir vamzdyno antroji laisvyjy virpesiy forma (19,2 Hz)

virpesiy fazes skiriasi 180 laipsniy.

Antroji laisvyjy virpesiy forma (19,2 Hz). Dominuojantys virpesiy poslinkiai- iSilgai

laivo centrinés aSies. DidZziausi yra siurblio elektros variklio virpesiy poslinkiai. Elektros variklio ir

Trecioji laisvyju virpesiy forma (21,0 Hz). Dominuojantys virpesiy poslinkiai- iSilgai

laivo centrinés aSies. Daugiausia vibruoja slégimo pusés vamzdis. Elektros variklio ir vamzdzio
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B:Modal

Total Deformation 3
Type: Total Deformation
Frequency: 21,07 Hz
Unit: m
2013.04.1921:25

0,044218 Max
0,039305
0,034391
0,029478
0,024565
0,019652
0,014739
0,0098261

:I(&Z
0,000 2,000 (m)
[ |

1,000

2.3.10 pav. Siurblio Nr.2 ir vamzdyno trecioji laisvyjy virpesiy forma (21,0 Hz)

4. Ketvirtoji laisvyjy virpesiy forma (29,1 Hz). Dominuojantys virpesiy poslinkiai-
statmenai laivo centrinei linijai. Daugiausia vibruoja slégimo pusés vamzdis. Elektros variklio ir

vamzdzio virpesiy fazés skiriasi 180 laipsniy.

‘B: Modal .

Total Defarmation 4
Type: Total Deformation
Frequency: 29,051 Hj
Unit: m
2013.04.19 21:26

0,062322 Max
0,055397
0,048472
0,041548
0,034623
0,027699
0,020774 )
0,013848

.
0,000 2,000 {m)
L

1,000
2.3.11 pav. Siurblio Nr.2 ir vamzdyno ketvirtoji laisvyjy virpesiy forma (29,1 Hz)
5. Penktoji laisvyju virpesiy forma (35,6 Hz). Dominuoja sukamieji virpesiai.

DidZiausios virpesiy poslinkiy reikSmes tenka siurbliui.
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0,041531 Max
0,036916
| 0032302
|| ojp27687
| 0023073
| 0,018458
| 0013844
| 0,0082291

X&Z
0,000 2,000 {m)
[ —

1,000

2.3.12 pav. Siurblio Nr.2 ir vamzdyno penktoji laisvyjy virpesiy forma (35,6 Hz)
Tolimesniy virpesiy formy ir dazniy aptarinéti netikslinga, Sie virpesiai yra susiej¢ su

korpuso konstrukcija.

2.3.1 lentelé. Siurblio ir vamzdyno laisvyjy virpesiy formy dazniai

Virpesiy forma | Virpesiy daznis, Hz
1 17,5
2 19,2
3 21,1
4 29,1
5 35,6

Kaip matome i§ 2.3.8 pav. apskaiciuotas siurblio laisvyju virpesiy daznis yra 17,5 Hz, jis

apytiklsiai lygus realiam iSmatuotam dazniui.
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I11. SIURBLIO PADIDINTO VIRPESIU LYGIO
SUMAZINIMAS PAGR]STAS TEORINIAIS SKAICIAVIMAIS

Sistemos modernizavimo tikslas- teoriniais skaic¢iavimais jrodyti, kad tesingas vamzdzio
tvirtinimas pakankamai sustandinty visa sistema ir pakeisty jos savuosius daznius (jie nesutapty su
priverstiniy virpesiy dazniais) ir todél sumazéty siurblio virpesiy lygis.

Sistemos modernizavimo etapai:

1. Patobulintas esamas trimatis sistemos modelis

2. Atlikta modaliné sistemos analiz¢

3. Atlikta harmoniné sistemy analizé

4. Rezultaty perzitra ir palyginimas

Kadangi antrojo reiso metu buvo nustatyta, kad tiriamo siurblio slégimo pusés vamzdzio
tvirtinimo buidas yra neleistinas, dél ko sistemos standumas yra nepakankamas, sukurtas trimatis
sistemos modelis (vamzdzio laikiklis) buvo patobulintas pagal klasifikacinés bendrovés
Germanisher Lloyd rekomendacijas.

Taigi laikiklio modernizacijai panaudotas 100x100x10 matmeny kampuotis. Beto laikiklio

konstrukecija susieta su korpuso $pantais dviem isilginiais kampuodiais (zr. 3.1 pav.).

3.1 pav. Slégimo pusés vamzdzio laikikliai prie$ (kairéje) ir po modernizacijos (deSinéje)

Atlikus sistemos modaling analiz¢ paaiskéjo, kad jos rezonansini dazni pavyko padidinti nuo
17,5 iki 18,9 Hz (zr. 3.2 pav.), nors virpesiy forma ir poveikis elektros varikliui iSliko nepakitgs.
Taciau apskaiciuotas daznis yra artimas reguliariai, ir palyginus gerai, veikianciai siurblio sistemai.
Bet norint pilnai jvertinti virpesiy poslinkiy reik§mes, reikia imituoti variklio zadinamus virpesius,

t.y. atlikti harmoning virpesiy analizg.
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0,034856
0,030499
0,026142
0,021785

— 0,008714
g 0,004357
0 Min

‘iLZ
X
0,000 2,000 {m)

L I

1.000

3.2 pav. Pirmoji modernizuotos sistemos laisvyju virpesiy forma (18,9 Hz)

Harmoninés virpesiy analizés skirtumas tas, kad skaiiuojami ne laisvieji virpesiai, o
priverstinés jégos keliami virpesiai. Tam papildomai jvedama virpesius zadininati jéga, §iuo atveju
jéga, kuri imituoja variklio Zadinamus virpesius. Kaip nustatyta eksperimentinio tyrimo metu,
variklis Zzadina 17 Hz virpesius, kurie anks¢iau sutapo su siurblio laisvaisiais virpesiais. Zadinangia
varikliy jéga nustatyti yra labai sunku, todél analizéje uzduota salyginé jéga i vertikalig ir
horizontalia laivo pertvaras. Harmoniné analizé vienodomis salygomis atlikta esamai ir
modernizuotai sistemoms.

Atlikus skai¢iavimus paaiSkéjo, kad esamos sistemos poslinkiai prie 1000N zadinancios
jégos yra 2,1*¥10° m (Zr. 3.3 pav), o modernizuotos sistemos- 5,5%10° m (2r. 3.4 pav). Taigi

sistemos virpesiy poslinkiai sumazéjo 3,8 karto.
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Total Deformation
Type: Total Deformation
Frequency: 17, Hz
Phase Angle: 0,2
Unit: m
2013.04.2017:4

2,0765¢e-5 N
1,8458e-5
1,6151e-5
1,3843e-5
1,1536e-5
9,2296-6

6,9217e-6

®
"’V\LZ
0,000 2,000 (m)
)

1.000

3.3 pav. Harmoninés analizés grafiniai rezultatai esamai situacijai (didZiausia virpesiy

poslinkio amplitudé¢, esant 1kN jégai, zadinanciai 17 Hz daznio virpesius, siekia 20,1 um)

C: Harmonic Response
Tatal Deformation

Type: Total Defarmation
Frequency: 1

2013.04.20

5,5354¢e
4,92038
4,30538
3,69028

*
XG\I’Z
0,000 2,000 (my
|

1.nnn

3.4 pav. Harmoninés analizés grafiniai rezultatai modernizuotai sistemai (didZiausia virpesiy

poslinkio amplitude, esant 1kN jégai, zadinanciai 17 Hz daZnio virpesius, siekia 5,5 um)
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3.5 pav. Pertvaros virpesiy poslinkiai vamzdzio laikiklio tvirtinimo vietoje prie§ (kairéje) ir

po modernizacijos (deSingje)

3.1 lentele. Modalinés analizés rezultaty palyginimas

Virpesiy forma | Virpesiy daznis, Hz Virpesiy tipas k\; irrll;)f;ssi,qli?;sér?.
Esama situacija
1 17,5 skersiniai 0
2 19,2 iSilginiai 0
3 21,1 i8ilginiai 180
4 29,1 skersiniai 180
5 35,6 sukamieji 0
Po modernizacijos
1 19,0 skersiniai 0
2 19,2 i8ilginiai 0
3 26,4 skersiniai 180
4 34,9 sukamieji 0
5 38,1 sukamieji 180

3.2 lentelé. Harmoninés analizés rezultaty palyginimas

Zadinanti jéga, N 1000 3000 5000 10000 30000

Esama situacija. Poslinkiai, mm 0,021 0,062 0,104 0,208 0,623

Po modernizacijos. Poslinkiai, mm 0,0055 0,017 0,028 0,055 0,166
Skirtumas, kartais 3.8 3,7 3,7 3.8 3.8
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Harmonineés analizés rezultatai

0,7
2

0,6 /
0,5 /
0,4

0,3 —#— Esama situacija
0,2 ‘//I == Po modernizacijos
0,1

0

0] 10000 20000 30000 40000

Sistemos poslinkiai, mm

Zadinanti jéga, N

3.6 pav. Harmoninés analizés rezultatai

3.2 lentel¢je ir 3.6 pav. atvaizduota kaip kinta sistemos poslinkiai priklausomai nuo
zadinancios jégos dydzio, taiau modalinés analizés rezultatai taip pat parodé, kad poslinkiy

santykiui jégos dydis itakos neturi.
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ISVADOS

1. Baigiamajame darbe iSnagrin¢jus Siuolaikinius virpesiy mazinimo biuidus laivuose,
paaiskéjo, kad pasaulyje intensyviai ieSkoma naujy ir tobulinamos senosios technologijos bei ju
kombinacijos, atliekami jvairiis eksperimentai. Kadangi Zzalingy virpesiy poveikis zmogaus ir
frangos saugumui yra pakankamai didelis, Siy laiky virpesiy kontrolei laivuose keliami ypatingi
reikalavimai. Dideli démesi virpesiams skiria ir klasifikacinés bendrovés.

2. Sukiirus eksperimento metodika, paaiSkéjo siurblio sistemos virpesiy matavimo etapy
eiliSkumas ir jy tikslai. Taip pat parinktas matavimo jrangos tipas ir matavimo taskai sistemoje.
Siurblio virpesiy lygio identifikavimo metodikoje nustatyta padidinty virpesiu lygio riba pagal
klasifikacinés bendrovés Lloyd‘s register (LR) reikalavimus.

3. Atlikus siurblio Nr.2 virpesiy matavimus paaiSkéjo, kad virpesiy lygis yra neleistinai
didelis. Palyginimui i§matuotas reguliariai eksploatuojamo siurblio Nr.1 virpesiy lygis, kuris buvo
LR rekomenduojamose ribose. Taip pat eksperimento metu iSmatuoti abiejy sistemy savieji dazniai.
Paaiskéjo, kad jie nezymiai skiriasi. Tiriamo siurblio Nr.2 savasis daznis buvo 17Hz, kai reguliariai
eksploatuojamo siurblio Nr.1- 18Hz.

4. Atlikus gauty virpesiy duomeny analize, paaiskejo, kad tiriamo siurblio virpesius Zadina
pagrindinio variklio antrosios harmonikos virpesiai. Sutapus priverstiniams ir savajam sistemos
virpesiy dazniui {vyksta rezonansas ir sistemos virpesiai padidéja iki neleistino lygio. Kadangi
reguliariai eksploatuojamo siurblio sistemos virpesiy lygis nevirSyjo leistinos reikSmés, buvo
pradéta ieSkoti skirtumy tarp dvieju sistemy. ISnagrin¢jus klasifikacinés bendrovés GL
rekomendacijas vamzdyny montavimui, paaiSkéjo, kad tiriamo siurblio slégimo pusés vamzdis
pritvirtintas neleistinu biidu. Dél §ios priezasties tiriamos sistemos standumas buvo nepakankamas.

5. Vadovaujantis teoriniy ir eksperimentiniy tyrimy rezultatais bei GL rekomendacijomis
vamzdyny tvirtinimui, pasiiilytas naujas racionalus tiriamojo siurblio Nr.2 slégimo vamzdyno
tvirtinimas prie 1iSilginés laivo pertvaros. Ansys Workbench programoje sumodeliavus
modernizuoto siurblio vamzdyno tvirtinima BEM metodu nustatyta, kad po modernizavimo siurblio

virpesiy lygis sumazejo 3,8 karto.
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1 PRIEDAS

Tiriamo siurblio ,,Bump* testo rezultatai gauti pirmojo reiso (eksperimento) metu.

Matavimo taskas 1GHI1 (zr. 2.2.3 pav.)

Virpesiy laiko grafikas:

1 BUMP TEST\1GH1#ime ch:1 B:10-100Hz NS:1024 2012.11.29 18:04:
[mmis]

A A e p i “ i ﬂﬂM ﬂﬂMM | MM Beltnopton anflasbaaahl il

PMMMM bbbt Lt

o VIV P U Y i UUV VUVWVUWVWWVVUWUUUU Vi UTVTY P

UUHUVUW“U | Uvuvﬁv” HNNES

] 500 1000 1500 2000 2500

Virpesiu spektras:

1 BUMP TEST\1GH1{spec ch:1 R:10-50Hz L:100 2012.11.29 18:04:43
[mmis] (ST 0.17 0.13% 0.84
[Hz] 16 5| 20.5 30 33.5
18 : 1

0.6
0.6

0.4

0.2

oo

000 3500

0.2||0.22] 0.11 0.07
37.5| | 39| 13 47.5

40



Matavimo taSkas 1GH2 (zr. 2.2.3 pav.)

Virpesiy spektras:

1 BUMP TEST{1GH2fspec ch:1 R:10-50Hz L1100 2012.11.29 18:05:33

[mmis] 0. 0] 081 [0.11fo.12] [0.05[0.06 007 707

[Hz] 14 17 19| 20| 23 295 36..5]

10 : Lo Lo
0.3 i

0.5
aT
0.6
0.5
0.4

0.3

0.2

o \
0.0 e e T /\,/ e — \-/\/’“\\\_/’\;\ S

0 0 20 30 40 )

Matavimo taskas 2GHI1 (zr. 2.2.3 pav.)

Virpesiy spektras:

1 BUMP TEST\2GH1{spec ch:1 R:10-50Hz L:100 2012.11.29 18:06:14

[mmis] 045 0.14][0.02 002 0oz [0.01] [0.07 0.0z
[Hz) 17 195 | 21 26 29.5] |3i.5 |33.5 3.5
0.6 :

0.5
10.4-

0.3

0.2

0.1

0.0 —
0 0 20 30 40 )




Matavimo taSkas 2GH2 (zr. 2.2.3 pav.)

Virpesiy spektras:

Matavimo taskas 3GHI1 (zr. 2.2.3 pav.)

Virpesiy spektras:

1 BUMP TEST\2GH2{spec ch:1 R:10-50Hz L:100 2012.11.29 18:07:07

[mmis] T0d|[ 0.1
[Hz] 11)[12.5

[H] 0.8y [0.05[0.13 0.05
19 [20'5 25.5

12 : !
0.5
0.6
0.4

0.2

00 \/\ ~

\/—"\/\r

) o 20

1 BUMP TEST\3GH1{spec ch:1 R:10-50Hz L:100 2012.11.29 18:07:36

035 i
0.0
0.25
020

015

010

0,05

oo

30

0.03
29

40

0.21 0. 0% 0.02
33.5 36.5 [38.5

co
[Hz]

a0

40

cA
[Hz]



1 BUMP TEST{3GH2{spec ch:1 R:10-60Hz L:100 2012.11.29 18:08:21

0.05-

0.04-

0.0t /\/
e WA

000, P i

cn
[Hz]

Matavimo taskas 3GH2 (zr. 2.2.3 pav.)

Virpesiy spektras:

STUDENTAI
e [mmis] 2012 Renatas\OPTIMA SNR2\2 RUNUPYI2_11_29_19_47_20/RMS ch:1 B:10-1000Hz NS:4096

oS

10 Af\

5 /\/\\_V\/-r\,‘_/—’\r = A

4T:30 4745 AS00 4515 4530 4545 4300 4315 43:30 4345 5000 SO015 SO-F0 50:45 500 5115 5130 5145 5200 5215 5230 5245 SE00 535
i [mmis]{, 2012 Renatas\OPTIMA SNR2\2 RUNUPV12_11_29_19_47_R0/RMS ch:2 B:10-1000Hz N:4095 20121123 13:53:20

" MAPWJ\N\/JvJ\/“ i

=S

E

: JISU N
2 SN NP

n

4730 4T45 4500 4515 4530 4545 4300 4315 43:30 4345 S0:00 5045 SO:300 S0:45 0 500 5145 5130 5145 5200 525 52:30 5245 5500 535
2012.11.23 13:47:24 2012.1.23 13:55:20

Tiriamo siurblio 1GH1 taske virpesiy lygio RMS kitimas pagrindiniy varikliy

paleidimo metu.



Tiriamo siurblio virpesiy lygis RMS ir virpesiy spektrai veikiant pagrindiniams

variliams.

Matavimo taskas 1GH1 (Zr. 2.2.3 pav.)

Virpesiu lygis RMS:

{STUDENTAI2012 Renatas\OPTIMA SNR2\3 Dirba dyzeliai{1 GH1/RMS ¢

[mm/s] w0 [z
o5
20
5
10
c
a

2012.1.23 21:25:15

Virpesiu spektras:

3 Dirba dyzeliai\1 GH1/spec ch:1 R:10-800Hz L:1600 2012.11.29 21

23 I 0.94 1.4 7.9 0.57) 0.55] 0.5
[Hz] 17 21 29.5 |33.5] |37.§ 12 58. 5| 63
a0 T
25
20
15
10
5
a . . J T S S
0 20 0 60 &0 e

Matavimo taskas 1GH2 (Zr. 2.2.3 pav.)




Virpesiu lygis RMS:

{STUDENTAI2012 Renatas\OPTIMA SNR2\3 Dirba dyzeliai{1 GH2{RMS c

[mmis]
g v
T
&
c
4
1
a

2012.11.29 21:25:53

Virpesiu spektras:

3 Dirba dyzeliai\1 GH2/spec ch:1 R:10-800Hz L:1600 2012.11.29 21

mmis] 55 25 [T.1 [3.8|[ 1fo.e1o.72Jo.es
[ 17 38 a2 46| |49 5|51 5] 53[sa.8
T ; T

o ~ /\Rﬁ/\ﬁ/\ _ kANMA/\
&0

a0 w8

Matavimo taskas 2GH1 (Zr. 2.2.3 pav.)




Virpesiu lygis RMS:

{STUDENTAI2012 Renatas\OPTIMA SNR2\3 Dirba dyzeliaf2GH1/RMS ¢

[mm/s] 22
25
an
5
10
5
a

2012.11.23 21:23:25

Virpesiu spektras:

3 Dirba dyzeliai\2GH1/spec ch:1 R:10-800Hz L:1600 2012.11.29 21

[mmis] 0.74 26 0.73] 1.1 0.7 0 61][0_ 58| 0.62
[Hz] 12.5 17 21 37.5) 54.5 61.5]63.5 84
35 I

30

25

20

: i i

0 20 40 &0 &0 e

Matavimo taskas 2GH?2 (Zr. 2.2.3 pav.)

Virpesiu lygis RMS:



ISTUDENTAN2012 Renatas\OPTIMA SNR2\3 Dirba dyzelial2GHZ/RMS ¢

[mmis]

&

rs

2012.1.23 21:23:57

Virpesiu spektras:

3 Dirba dyzeliah2GH2{spec chi1 R:10-B00HzZ L:1600 2012.11.29 71
mmis] 33 0l [0.89] [2.1 12| [0.71 042 036
[H2] i7 38 12) 6 50.5| [54.5 67 74.5

45 ;
4.0
35
3.0

2.5

2.0

05
0.0 A /\n,/j W J\ N e e A

] 20 40 &0 a0

fres
[Hz]

Matavimo taskas 3GH1 (Zr. 2.2.3 pav.)

Virpesiu lygis RMS:



ISTUDENTAN2012 Renatas\OPTIMA SNR2\3 Dirba dyzelial3GH1/RMS ¢

[mmis]
14
1
10
B
4
a

2012.1.23 21:30:54

Virpesiu spektras:

3 Dirba dyzeliai\3GH1/spec ch:1 R:10-800Hz L:1600 2012.11.29 21

[mmis] 0.6 8| 0.46 5.2 0.61] [o.32 0.29]0.28
[Hz] 12.5 |16.5] 33.5 [37.5 12 16 97|98.5
10 :

0 AN _ S . I
] 20 40 &0 a0

fres
[Hz]

Matavimo taskas 3GH2 (Zr. 2.2.3 pav.)

Virpesiu lygis RMS:



ISTUDENTAN2012 Renatas\OPTIMA SNR2\3 Dirba dyzelial3GHZ/RMS ¢
[mmis] 2l

45

4.0

55

30

2.5

2.0

1.5

0.5

oo

2012.1.23 21:31:08

Virpesiu spektras:

3 Dirba dyzeliai\3GH2/spec ch:1 R:10-800Hz L:1600 2012.11.29 21

[mmis] 063 0. 36| 1.6 0.67 0.3 0.91] [0.53]
[Hz] 16.5] 38 12 16 50.5 |54.5 67 71
35 :

™

30

2.5

=

0.5

0.0 o // \ /LKA Vo A\/&-\/’/\ _\/\/\/\A/‘/\ /\r\J\/\n/\

40 &0

fres
[Hz]

Tiriamo siurblio vamzdyny virpesiy spektrai gauti antrojo reiso metu.



Matavimo taskas ,.vamzd 2 (Zr. 2.2.10 pav.)

OPT RENATAS\S2Z Vamzd5{spec ch:1 R:10-100Hz L:200 2013.04.09 19:

[mmis] 3.22| [1.07] 1.09 B8.24| |0.826 0.951 0.599 0.812
[Hz] 17 21 29.5 38 42 54.5 71.5 77
w0 ;
!

01 S \J\,_/ J k,f\_ \,/\A/\/\/\J \/J

an
[Hz]

Matavimo taskas ..vamzd 3 (Zr. 2.2.10 pav.)

OPT RENATAS\S2Z Vamzdb{spec ch:1 R:10-100Hz L:200 2013.04.09 19:

[mmis] 4.28| 0728 0.795(1. 47 [8.37| |0.67 |0.736 0 545
Hz] 17 21 30.5)33.5 38 42 46 5| 925
12 B :

0 AN - s N

Triz)

Reguliariai eksploatuojamo siurblio vamzdyny virpesiy spektrai gauti antrojo reiso

metu.

Matavimo taskas ,.vamzd 2 (Zr. 2.2.10 pav.)




OPT RENATAS\S1 Vamzdb{spec ch:1 R:10-100Hz L:200 2013.04.09 19:
[mmis]

[Hz]
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20

Matavimo taskas ,.vamzd 3 (Zr. 2.2.10 pav.)

[mmis]

[Hz]

3.5

3.0

2.5

2.0

05

0.0

OPT RENATAS\S1 Vamzdb{spec ch:1 R:10-100Hz L:200 2013.04.09 19:
0.877 2

0.&861
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40
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2-as PRIEDAS

ALLWEILER

Siurblio techninis Zinynas

Series NIM/NAM

Volute Casing Centrifugal
Pumps PN 10 for Pedestal
or Wall Mounting

Series NIM of the Inline Design
Series NAM with Axial Intake

Application

For handling fresh water, sea water, condensate, oils, brines,
lyes etc. The fluids to be pumped must not contain any abrasive
particles nor chemically attack the construction materials of
the pumps.

Main fields of application

In shipbuilding: As general service and fire pump, bilge, ballast
and cooling water pump as well as sea water pump.

In alt industrial branches: For general water supply as weli asin
cooling and transfer circulation systems.

Type of construction

Single-stage, sindle-flow volute casing centrifugal pump. NIM
type of construction: Volute casing of the inline design. NAM
type of construction: Volute casing with axial intake and radial
outlet. Nominal capacities according to DIN 24 255,

Pump casing and bearing unit are connected with the driving
motor by means of a pump bracket. Feet at the lower flange of
the pump bracket allow vertical pedestal installation. Laterally
arranged brackets permit vertical wall mounting. General appli-
cation of spacer couplings allow easy dismantling of the bear-
ing unitincluding impeller without removing the volute casing,
pipelines and driving motor. Readjusting of the coupling is not
necessary as the pump and driving motor are exactly centered
in the pump bracket, i.e. intermediate ring.

All screw connections are by means of hexagonal screws and
hexagonal nuts so that even after repeated painting (shipbuild-
ing), proper loosening of same will be ensured.

The requirements of DIN 31001 ”Contact Protection” are com-
plied with.

Attention: In the pump denomination, the standard nominal
width as per DIN 24 255 on the delivery side is applied as this no-
minal width, in connection with the impeller diameter, is also a
characteristic size for the hydraulic performance of the pump.

With the NIM type of construction, the respective actual nomi-
nal width on the suction and delivery sides are greater by one
nominal width than as per DIN 24 255 (e.g. NIM 80-250 with DN,
=125 mm and DN, = 100 mm).

Branch position/Flanges

With NIM:  Suction and delivery branches in one line, oppo-
site.

With NAM: Suction branch axial, delivery branch radial.

Flanges:  up to DN 150 as per DIN 2533
for DN 200 and above as per DIN 2532

Shaft sealing

By uncooled stuffing boxes with internal sealing. Packing rings
of Teflon-impregnated white asbestos yarn.

By uncooled, unbalanced, maintenance-free mechanical seal.

Material design:

Rotary seal hard carbon
Stationary seal oxide ceramics
O-rings Viton ©

Metal parts stainless steel

@ Wwith water above 100°C EP-rubber.

Bearing/Lubrication

Two grease-lubricated grooved ball bearings as per DIN 625 in
the bearing bracket.

Upper temperature @ and pressure limits
Applicable to all three material designs.

Admissible temperature of the fluid to be pumped with

uncooled stuffing box 125°C
uncooled mechanical seal 140°C
Admissible internal pressure 10 bar

Admissible inlet pressure Inlet pressure plus max. delivery

head must not exceed the
admissible internal pump pressure.

@ The admissible temperatures apply to water. in case of other fluids to be
pumped, the temperature limits may change.

Shaft coupling/Contact protection

Flexible shaft coupling with spacer (dismounting-type coup-
ling).

A contact protection as per DIN 31001 is also supplied.

Exchangeability

Simple spare parts stockage owing to the unit assembly princi-
ple. For both types of construction, only three bearing units
(shaft sizes) are required.

Drive

By means of three-phase motors, surface-cooled V1 type of
construction, enclosures IP 44 and IP 54 according to |EC stan-
dards, class B insulation. Performances and main dimensions
as per DIN 42677.

Or by means of three-phase motors for naval operation, sur-
face-cooled, V1 type of construction, enclosures IP 44 and IP 54
or |P 23, class B insulation.

Combination of components

The table on page 3 shows the combination possibilities of
components of all NIM and NAM sizes.

Itis of particular advantage that within one bearing bracket size
for all pump sizes the shaft and the casing cover with stuffing
box and/or mechanical seal are designed of identical construc-
tion.



ALLWEILER Series NIM/NAM
Connections
The following connections are always provided:
Al Filling

or control pressure extraction for automatic aspirator
B1 Drainage
D8 Leakage drain
E3 Venting
E4 Venting with automatic aspirator
M1, M2 Pressure gauge
Automatic aspirator A 25 A
For data, please refer to back cover of the brochure.
Abbreviation
Abbreviation system of a NIM or NAM pump

NIM or NAM 80 - 250 / 265 U1B W1

Series

Delivery branch standard
Size rated width as per DIN 24255

Rated impeller diameter
Actual impelier diameter
Shaft sealing
Material design
This abbreviation is entered on the rating plate.
Materials

Material designs

Denomination Part No. Wi w2 w3 w18 w19
Volute casing 102.11 GG-25 GG-25 G-CuAl10Ni GG-25 GG-25
Casing cover 161.5a.161.23 GG-25 GG-25 G-CuAl 10Ni GG-25 GG-25
Shaft 2111 1.4021/1.7139@ 1.4021/1.7139@ 1.4401/1.7139@ 1.4401/1.7139@ 1.4401/1.7139@
impeller 2301 GG-20 G-CuAl 10Ni G-CuAl 10Ni G-CuAl10Ni GG-20
Bearing bracket 330.1 GG-25 GG-25 GG-25 GG-25 GG-25
Pump bracket 346.2 steel welded steel welded steel welded steel welded steel welded
Stuffing box gland  452.1 GG-25 GG-25 G-CuAl 10Ni GG-25 GG-25
Split ring ® 502.1/502.2 GC/GZ-CuSn12 GC/GZ-CuSn12 GC/GZ-CuSn12 GC/GZ-CuSnt2 GC/GZ-CuSni2
Intermediate ring 509.2 GG-25 GG-25 G-CuAl10Ni GG-25 GG-25
Distance sleeve 525.1 GG-25 GG-25 GC/G2-CuSn12 GG-25 GG-25

Screws and nuts coming
into contact with the
fluid to be pumped

stainless steel

stainless steel

stainless steel

stainless steel

stainless steel

® Split rings against surcharge.

@ On the pump side (in contact with fluid) 1.4021 or 1.4401/0on the motor side 1.7139.
Shaft of material 1.4401/1.7139 against surcharge.

2
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ALLWEILER Series NIM/NAM

Table Combination of Components

The table below shows the combination possibility of structural and component parts of sizes NIM and NAM

bearing Pump sizes bearing shaft casing cover volute | impeller | pump pump | bracket | clutch | distance
bracket ® bracket casing spacer foot (for wall | guard ring
size NIM NAM stuffing | mech. mounting) (under
box seal clutch
guard)
65-250 1
65-250 2 ! ! ! ! 1
65-315 3
65-315 4 2 2 2 3 1
65-400 5 3 3 3 4
80-200 7 4
80-250 9 5 ! ! !
80-250 10 1
470 80-315 1 1 1 1 11 1
80-315 12 6 2 2 3 1
100-200 13 7
100-250 15 8 1-2¢
100-250 16 1
100-315 19
100-315 18 o 2 2 3 1
125-250 19
125-250 20 10 ! ! ! 1
80-400 21 11
100-400 22 12 6 6 6
125-315 23 13 5 5 5
125-400 24 14 6 6 6
150-250 25 15 4
530 150-315 2 2 2 2 26 16 5 5 5 2
150-400 27 17 6 6 6
200-250 28 18 4 4 5
200-315 29 19
585 250-315 3 3 3 3 30 20 3
250-400 31 21

Within the vertical column, identical parts with identical number are exchangeable.
® With series NIM, each one of the actual nomina! widths on the suction and delivery sides is greater by one nominal width.

@ Component: Bracket No. 2 with installation of an electric motor with outside flange diameter 660 mm.
Bracket No. 8 with instatlation of an electric motor with outside flange diameter 800 mm.

VM B34 E/3.84 3



ALLWEILER

Series NIM/NAM

Performance graph
1450 1/min

Sizes: NIM
65-250
65-315
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Exact performance data to be taken from the individual characteristic curves.

For the smaller performance range, please refer to series NISM.
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ALLWEILER Series NIM/NAM

Performance graph
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Exact performance data to be taken from the individual characteristic curves.

For the smaller performance range, please refer to series NISM.
VM B34 E /73 34 5
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Series NIM
Sectional drawing Pedestal Mounting Type
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Shaft sealing: Uncooled, unbalanced mechanical seal, internal flushing
Abbreviation: U3SD
9209 90114 9081
5092 4003 908.2

5022

Design with split
(surcharge)

6

rings V2

Fastening of pump feet to
pump bracket

901.5

Design with intermediate ring

VM 634E/7.84
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View Mounting Type
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Series NIM
List of components for pedestal mounting and wall fastening
Denomination Part No. Denomination Part No.
Volute casing 102.11 Venting screw 672.1
Casing cover 161.5 Coupling guard 681.1
Casing cover 161.23 Pipe 7107
Pump foot 182.1 Nipple jaint 736.5
Shaft 2111 Screw-on type union 738.2
impeiler 230.1 Motor 801.1
Grooved ball bearing 3211 Dismounting-type coupling 855.1
Grooved ball bearing 321.2 Bracket 894 .1
Grooved ball bearing 321.3 Hexagonal screw 9011
Grooved ball bearing 3214 Hexagonal screw 801.5
Bearing bracket 330.1 Hexagonal screw 901.14
Pump spacer 346.2 Hexagonal screw 3801.16
Bearing cover 360.2 Hexagonal screw 901.17
Bearing cover 360.4 Hexagonal screw 901.21
Bearing cover 360.5 Hexagonal screw 901.24
Gasket 400.2 Locking screw 902.4
Gasket 400.3 Locking screw 902.11
Washer 411.1 Stud 904.6
Washer 411.2 Stud 904.7
Washer 411.3 Forcing screw 908.1
Washer 411.4 Forcing screw 908.2
Washer 411.5 Socket head cap screw 9148
O-ring 4123 Socket head cap screw 9149
V-ring 4242 Socket head cap screw 914.32
Gland 4521 Threaded plug 917.1
Seal ring 4581 Threaded plug 917.2
Packing ring 461.1 Threaded plug 917.3
Mechanical seal 470.1 Threaded plug 917.4
Stationary seal ring 4751 Hexagonal nut 920.1
Casing wear ring 502.1 Hexagonal nut 920.2
Casing wear ring 502.2 Hexagonal nut 920.9
Intermediate ring 509.1 Hexagonal nut 920.12
Nilos ring 516.1 Circlip 932.1
Nilos ring 516.2 Circlip 932.10
Distance sleeve 525.1 Spring washer 933.1
Support disc 551.3 Key 940.1
Support disc 551.7 Key 940.2
Ball bearing balancing disc 557.1 Cup spring 952.3
Blind rivet 567.1 Rating plate 971.1
Connections
A1 Filling or control pressure
extraction for automatic
aspirator
B1 Drainage
D8 Leakage drain
E3 Venting
E4 Venting with automatic
aspirator
M1  Pressure gauge
M2 Pressure gauge
5513 -—0_
360.5
E3 E4
6721 4521 92’0‘2 a§11 516.2 —
161.23] 4115

Stuffing box with internal

sealing U1B

2111 902.:.] 4581
!
i |

- 1 S=Sememee

‘-‘-\\

530

— 9513

551.7

9341 —..

Design of bearing and impeller safety mechanism with
bearing bracket size

585
7



ALLWEILER

Series NAM
Sectional drawing Pedestal Mounting Type
o ——-902M
- 92012
_—— 90212
—— 9047
92016
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917.4 1615 4701 9331 4751 917.3
M2 M1
Shaft sealing: Uncooled, unbalanced mechanical seal, internal flushing
Abbreviation: U3D
920.9 901.14. 9081
509.2 9015 400.3 9082

502.2

Design with split rings V2
(surcharge)

=

Fixture of pump feet to
pump bracket

VM 634E/7 84

Model with intermediate ring
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Series NAM

View Wall Mounting Type
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View X

List of components for pedestal mounting and wall fastening

Denomination Part No. Denomination Part No.
Volute casing 102.13 Pipe 710.7
Casing cover 161.5 Nipple joint 736.5
Casing cover 161.23 Screw-on type union 738.2
Pump foot 182.1 Motor 801.1
Shaft 2111 Dismounting-type coupling 855.1
Impeller 230.1 Bracket 8941
Grooved ball bearing 3211 Hexagonal screw 901.1
Grooved ball bearing 321.2 Hexagonal screw 901.5
Bearing bracket 330.1 Hexagonal screw 901.14
Pump spacer 346.2 Hexagonal screw 901.17
Bearing cover 360.2 Hexagonal screw 901.21
Bearing cover 360.4 Hexagonal screw 901.24
Gasket 400.2 Locking screw 902.4
Gasket 400.3 Locking screw 902.11
Washer 4111 Locking screw 902.12
Washer 4113 Stud 904.6
Washer 411.4 Stud 904.7
Washer 411.5 Forcing screw 908.1
O-ring 4123 Forcing screw 908.2
V-ring 4242 Socket head cap screw 914.8
Gland 4521 Socket head cap screw 914.9
Seal ring 4581 Socket head cap screw 914.32
Packing ring 461.1 Threaded plug 917.1
Mechanical seal 4701 Threaded plug 917.3
Stationary seal ring 4751 Threaded plug 917.4
Casing wear ring 502.1 Hexagonal nut 920.1
Casing wear ring 502.2 Hexagonal nut 920.2
Intermediate ring 509.2 Hexagonal nut 920.9
Intermediate ring 509.3 Hexagonal nut 920.12
Distance ring 510.2 Hexagonal nut 920.16
Distance sleeve 525.1 Circlip 932.1
Ball bearing balancing disc 557.1 Spring washer 9331
Blind rivet 567.1 Key 9401
Venting screw 672.1 Key 940.2
Coupling guard 681.1 Rating plate 9711
Connections
A1 Filling or control pressure
extraction for automatic
aspirator
B1 Drainage
D8 Leakage drain
E3 Venting
E4  Venting with automatic
aspirator
M1 Pressure gauge
M2 Pressure gauge
E3 E&4
6721 4521 92|0,2 L4611
161.23 1 4115

D)

2111‘ 9024 | 4581

Stuffing box with internal
sealing U1B



ALLWEILER Series NIM
Unit dimensions ~ Pump with inline Casing for Pedestal Mounting
E]_ 1
- Qyq- }
o
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x
'
{ arrangement
- 8 holes
? ‘—~——‘ ; for D
| i el @ &
*_ ‘. o x g &
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° " .:. e ¥ /
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bt
hy
— mgy
—mL——

arrangement
12 holes 16 holes

1 T
3./ 2
SN g E
| aEe— |
A ]
< c = \ -
: t . -
l ! o & i l
¥
e n _ Dimensions in mm Sense of rotation: clockwise seen
4 Subjzct to alterations from driving side
<—n3—
. Unit dimensions
Size bearing pump Pump dimensions exten- Dimensions of fastening brackets
bracket spacer iy
size size sion
DN, | DNy a flhy [ ho ! I3 tmmg|mg|mg| x b ey jlgfn | ng|ng|ngls
65-250 470 470-250 | 100| 80| 210|470 355|350 | 585 | 600| 476 | 550 | 480 | 140 | 80| 18 | 296 | 600; 540 | 400 | 330 | M20
65-315 470 470-315 | 100| B0 | 185 470|385 375|601 | 650| 525 | 590 | 535 | 140 | 80| 18 | 255 | 650| 590 | 450 | 380 | M20
65-400 470 470-400 | 100| 80| 155 470|425 415,601 ( 700| - |615|615|140| 60| 18 | 225 | 700| 655 | 500 | 430 | M20
80-200 470 470-250 | 125100 210|470 | 360 ] 350 | 585 | 600| 476 | 550 | 480 | 140 | 80 | 18 | 296 | 60C| 540 | 400 | 330 | M20
80-250 470 470-250 | 125 100 | 210 | 470 | 360 | 350 | 585 | 600 476 | 550 | 480 | 140 | 80| 18 | 296 | 600| 540 | 400 | 330 | M20
80-315 470 470-315 | 125|100 185| 470 | 390 | 375 | 601 | 650} 525 | 590 | 535 | 140 | 80| 18 | 255 | 650| 590 | 450 | 380 | M20
80-400 530 530-400 | 125|100 | 250 | 530 | 450 | 435 | 666 | 790 - | 615|615 | 180 | 100 | 23 | 355| 790| 700 { 570 | 480 | M24
100-200 470 470-250 | 150|125 210|470 | 380|350 | 585 | 600| 476 | 550 | 480 | 140 | 80 | 18 | 296 | 600| 540 | 400 { 330 | M20
100-250 470 470-250 | 150 | 125|210 | 470 | 400 | 350 | 585 | 600| 476 | 550 | 480 | 140 | 80| 18 | 296 | 600| 540 | 400 | 330 | M20
100-315 470 470-315 | 150 125|185 470 | 425 | 420 | 601 | 650| 525|590 | 535 | 140 | 80| 18 | 255 | 650 590 | 450 | 380 | M20
100-400 530 530-400 | 150 | 125 250 | 530 | 450 | 435 | 666 | 790| - | 615|615 | 180} 100 | 23 | 355 | 790| 700 | 570 | 480 | M24
125-250 470 470-250 | 200 150 | 210 | 470 | 440 | 355 { 585 | 600| 476 | 550 | 480 | 140 | 80| 18 | 296 | 600| 540 | 400 | 330 | M20
125-315 530 530-315 | 200 150 250 { 530 | 440 | 390 | 666 | 710| 540 | 615 | 550 | 180 | 100 | 23 | 355 | 710} 620 | 500 | 410 | M24
125-400 530 530-400 | 200 150 | 250 | 530 | 470 | 450 | 666 | 790 - | 615615 180 | 100 | 23 | 355| 790] 700 | 570 | 480 | M24
150-250 530 530-315 | 250 | 200 | 305 | 530 | 480 | 400 | 666 | 710| 540 | 615 | 550 | 180 | 100 | 23 | 410 | 710| 620 | 500 | 410 | M24
150-315 530 530-315 | 250 200 | 250 | 530 | 465 | 450 | 666 { 710 540 | 615 | 550 | 180 | 100 | 23 | 355 | 710| 620 | 500 | 410 | M24
150-400 530 530-400 | 250 | 200 | 250 | 530 | 500 | 500 | 666 | 790] - 615|615 180 100| 23 | 355 | 790| 700 | 570 | 480 | M24
200-250 530 530-250 | 250 | 250 280 | 530 | 520 | 480 | 641 | 810} 640 | 615 | 550 ) 180 | 100 | 23 | 410} 810; 720 | 500 | 410 | M24
200-315 585 585-400 | 300 | 250 | 350 | 585 | 580 | 480 | 860 | 1000| 795 | 800 | 630 | 300 | 120 ; 23 | 486 |1000| 900 | 660 | 570 | M30
250-315 585 585-400 {350 | 300 | 350 | 585 | 665 ; 600 | 860 | 1000| 795 | BOO | 690 | 300 | 120 | 23 | 496 | 1000 900 | 660 | 570 | M3D
250-400 585 585-400 | 350 | 300 | 350 | 585 | 700 | 600 { 860 | 1000| 795 | 800 | 630 | 300 | 120 | 23 | 496 {1000} 900 | 660 ! 570 | M30

10

VM 834 E/3 84 3000




ALLWEILER

Series NIM

Unit dimensions - Pump with Inline Casing for Wall Mounting

@ The dimensions ot fastening brackets of pump spacer size 470-250

View X

—— N3

—n‘-—.

\

|
b2

S1

[/

L

do not apply to electric motors with flange size a, = 660 mm.
In case of use of these electric motors or in case of combination
with the above-mentioned pump spacer size, please inquire.

1

| for screws
|

3

n

— 1

S
\

—e———— f — elex—w | 2
l

e Q --

ae—— D -

12 holes

‘arrangement
16 holes

arrangement

Unit dimensions
size bearing pump Pump dimensions extension Dimensions of fastening brackets
bracket spacer dimen-
size size sion

DNg|DNg| a | £ | hy | hyldg ] 1s|m | mg X by [ by | ¢ |he|ds|n | ng [ n, | n, [ S
65-250 470 470-250 @ | 100| 80(135[470355|350|585| 86600|550| 140 | 80)100| 29 | 335| 29 | 780|700 | 520 | 460 | M20
65-315 470 470-315 100| 80} 135;470|385|375|601| 70|650590 140 | 80(100| 29 {355 13 |795|715| 570|510 | M20
65-400 470 470-400 100| 80} 136|470425|415(/601| 70{700|615| 140 | 80|100| 29 |405| 13 | 795| 715|620 | 560 | M20
80-200 470 470-250 © | 125|100} 144 1470 360|350 | 585 86|600|550| 140 | 80|100| 29 {335| 29 | 780 700 | 520 | 460 | M20
80-250 470 470-250 @ | 125|100 | 144 | 470| 360|350 | 585 86|600|550| 140 | 80|100| 29 | 335| 29 | 780 700 | 520 | 460 | M20
80-315 470 470-315 125(100| 144470390 (375{601, 70(650|590| 140 | 80{100| 29 |355| 13 | 795|715|570|510 {M20
80-400 530 530-400 125|100 146 | 530|450 435|666 | 105|790 |615| 180 | 80|100| 29 |410| 48 | 860|780 670|610 |M24
100-200 470 470-250 © | 150125173 | 470|380 1350|585| 86600550 | 140 | 80|100| 29 [335] 29 | 780 | 700 | 520 | 460 | M20
100-250 470 470-250 © | 150 125]173|470{400| 350|585, 86|600/550 | 140 | 80| t00| 29 [335| 29 | 780 | 700 | 520 | 460 | M20
100-315 470 470-315 150 125] 175|470 {425(420|601| 70/650590 | 140 | 80|100| 29 {355| 13 |795|715|570|510{M20
100-400 530 530-400 150 | 125176 { 530 | 450 | 435 | 666 | 105{790|615| 180 | 80|100| 29 | 410| 48 | 860| 780|670 | 610|M24
125-250 470 470-250 © | 200| 150] 199 470|440 |355|585| 86|600|550| 140 | 80100 29 [335| 29 | 780 | 700 | 520 | 460 | M20
125-315 530 530-315 200 150 201|530 | 440| 390|666 | 105| 710|615 180 | 80|100| 29 | 370| 48 | 860 | 780 595 | 535 | M24
125-400 530 530-400 200 150|202 | 530|470 | 450|666 105|790 | 615| 180 | 80|100| 29 {410 48 | 860|780| 670|610 |M24
150-250 530 530-315 250|200 | 270 | 530 | 480 | 400 | 666 | 105 710|615| 180 | 80| 100| 29 | 370| 48 | 860 | 780 | 595 | 535 | M24
150-315 530 530-315 250|200 231|530 | 465 | 450 | 666 { 105| 710|615 180 | 80|100| 29 | 370| 48 | 860 | 780 | 595 | 535 | M24
150-400 530 530-400 250 | 200|229 | 530|500 | 500 | 666 | 105|710 {615| 180 | 80| 100} 29 {410 48 | 860|780| 670|610 {M24
200-250 530 530-250 250 | 250|270 530|520 {480 641|130 (810 |615| 180 | B80{100| 29 |420| 73 | 835 755|595 | 535 {M24
200-315 585 585-400 300 | 250 | 276 | 585 | 580 | 480 | 860 | 146 |1000 | 800 | 300 120|180 | 32 |538| 61 |1150 {1030 | 780 | 660 | M30
250-315 585 585-400 350 | 300 | 323 | 585 | 665 { 600 | 860 | 146 1000 | 800 | 300 | 120|180 | 32 | 538 61 (1150 [1030| 780 | 660 | M30
250-400 585 585-400 350 | 300 | 336 | 585 | 700 | 600 | 860 | 146 1000 | 800 | 300 | 120|180} 32 {538 61 (11501030 | 780 | 660 | M30
VM 634E/384  3001/3002 1"




ALLWEILER

Series NIM

Flanges up to DIN 150 acc. to DIN 2533
DN 200 and above acc. to DIN 2532

DN /DNy D bf k g No. of holes

80 200 22 160 18 8
100 220 24 180 18 8
125 250 26 210 18 8
150 285 26 240 22 8
200 340 26 295 22 8
250 395 28 350 22 12
300 445 28 400 22 12
350 505 30 460 22 16

Connections

Filling |Leakage- Venting Pressure gauge
drain
autom.
aspirat.
Al D8 E3 E4 M1 M2
G 3/8 G 3/8 G 3/8 G 1/2 G 1/4 G 3/8

Possible driving motors and allocation to pump sizes.

The motor dimensions as indicated are approximate values.
Exact data depend on the motor make.

In case of drive powers of over 132 kW, please inquire in any
event as the motor connection dimensions are not standard-
ized.

Extension possibilities of the slide-in unit

Pump Extension possibility
spacer size ] M

470-250
470-315 X X
470-400

530-250 X X

530-315
530-400

585-400 X X

X -

pedestal mounting

wall mounting

2

e
Lk -
A .7
f : : "

g -

L : IRt
LTS | =y

.. o

B &)

s

When using special marine motors, care must be taken that
depending upon the enclosures different performances are
allocated to the individual sizes. The main dimensions are
changed accordingly. In case of order, binding motor dimen-
sion sheets are to be transmitted to us.

Speed | Motor size adapted for Pump size
attachment o|w|ololo|wiolo|olv|o|o|w|olo|w|o|oln lwolo
to bearing QBSIRIEIRI3IRIGISISRSIFEHIRL bS]
bracket [NEARRIN DN BN NN DR AN N RN N BN N A 4
VvV Io(o(Q|O|o|o|o|o|vn|v(vwio|olo|o|o QO
kW a, d hy I, [Py | mwommwmgeeowggg‘@ﬁgg guN)
1450/ 2.2
100 L 470 250 | 200 | 140 | 302 | 60 ° °
1750 3
1/min
m 112 M 470 4 | 250|224 | 152|323 | 60 ° ° °
132S 5,5 220 | 165 | 354 oo (@oe °
470, 530 300 80
132 M 7.5 260 | 185 | 411 eeo/o00/0 /oo °
160 M 11 260 | 185 | 446 - |o|o/eoo/oo/eoee/e o °
470, 530 350 110 | +
160 L 15 330 | 255 | 527 =~ | oo |ooleoeeee °
180 M 18,5 534 N ole| oo (o0 ele °
—————— 470, 530, 585 350 | 330 | 255 110 | =
180 L 22 553 + o0 oo (ooeoe oo oo
200 L 470,530,585 | 30 | 400 | 363 | 316 | 631 | 110 | + ° oo oo o00ee oo
225 S 37 651 © ° ) o ooo0o0e oo
470, 530, 585 450 | 399 | 337 140 | v
225 M 45 664 - ° ° oo (ojooe/eee o0
250 M 470,530,585 | 55 | 550 | 443 | 377 | 752 | 140 ° oo eoeo/eo/eee o0
280 S 75 852 o |oje (eoole o0
530, 585 550 | 496 | 409 140
280 M 90 903 o (oo |@ o0
3158 110 957 ° ° o0
530, 585 660 | 684 | 470 170
315 M 132 1008 ® N0
2900/ 100 L 470 3 | 250|200 140 | 302 | 60
3500 112 M 470 4 | 250|224 | 152|323 | 60
1/min 55
1328 470 7’5 300 | 220 | 165 | 354 | 80
1 =
160 M 260 | 185 | 446 + ®
470 15 | 350 110 |
160 L 18,5 330 | 255 | 527 : ° )
180 M 470 22 (350330 | 255|534 | 110 + |e@ ° °
30 T
200 L 470 57| 400 | 363 | 316 | 631 | 110 : ° ole o °
i
225 M 470 45 | 450 | 309 | 337 | 664 | 110 | — |@ oo o ®
250 M 470 55 | 550 | 443 | 377 | 752 | 140 | ™ o0 oo °
7 852 o oe ®
280 S 470 > | 550 | 496 | 409 140
280 M 90 903 oo
3158 470 110 | 660 | 684 | 470 | 957 | 140 [
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Series NIM
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ALLWEILER Series NAM

Unit dimensions for Pedestal Mounting

=
s T - r [ —
E T ? !
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< E3 ey D8
Ed
\ :D N X arrangement
A1l —\ \ i A-l 4 holes
1
€. ozt 5 7
- =] 1 [ "{ o o~
EL r—dfn ;E\] ‘4* : i
{ | arrangement
M2 X? DN;L—\ M1 8 holes
- bf
ra— h2 —o

Dimensions of feet
in X direction

-—-n3 —

Dimensions in mm Sense of rotation: clockwise seen
Subject to alterations from driving side
Unit dimensions
Size bearing pump Pump dimensions exten- Dimensions of fastening brackets
bracket spacer d?'“"
size size il
DN | DNy | a foyhy | hy| g |m|mg|mg]mg| x bfe | la]n [ ng]ng]|ng]s,

65-250 470 470-250 80| 65| 100|170 | 470 | 250 | 585 | 600 | 476 | 550 | 480 | 180 | 80| 18 | 296 | 600| 540 | 400 | 330 | M20
65-315 470 470-315 80| 65| 125|145 470 | 280 | 601 | 650 | 525 | 580 | 535 | 180 | 80| 18 | 255| 650{ 590 | 450 | 380 | M20
80-250 470 470-250 | 100 | 80| 125 170|470 280 | 585 | 600 | 476 | 550 | 480 | 180 | 80| 18 | 296 | 600! 540 | 400 | 330 | M20
80-315 470 470-315 | 100 | 80| 125| 145] 470 | 315 | 601 | 650 | 525 | 590 | 535 | 180 | 80| 18 | 255 | 650/ 590 | 450 | 380 | M20
100-250 470 470-250 | 125|100 | 140 | 170 | 470 | 280 | 585 | 600 | 476 | 550 | 480 | 180 | 80| 18 | 296 | 600| 540 | 400 | 330 | M20
100-315 470 470-315 | 125|100 140 | 145470 | 315 | 601 | 650 | 525 | 590 { 535 | 180 | 80| 18 | 255 | 650| 590 | 450 | 380 | M20
125-250 470 470-250 | 150 | 125 140 | 170 | 470 | 355 | 585 | 600 | 476 | 550 | 480 | 180 | 80| 18 | 296 | 600| 540 | 400 | 330 | M20

14 VM 634 E/ 3 84 3003
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Series NAM

Unit dimensions for Wall Mounting

D8

Dimensions in mm
Subject to alterations

Sense of rotation: clockwise seen
from driving side

View X

.

S1

tor screws

L

P 0 wra-——— f ——— e x —l |

arrangement

arrangement

8 holes

Unit dimensions

size bearing pump Pump dimensions extension Dimensions of fastening brackets
bracket spacer d'sT:: ’
size size
DN, [ ONg | a £ hy | I3 | bg | M |my X by by | ¢ fhe| ds|{n|nyg|ng]|ng]s
65-260 470 470-250 80| 65| 100 | 470 | 250 | 585 | 126 | 600 | 550 180 | 680|100 29 | 335! 69 | 780| 700|520 | 460 |M20
65-315 470 470-315 80| 65| 126|470 280|601 110|650 | 590/ 180 | BO|100| 29 | 355| 53 | 795| 715|570 510 |M20
80-250 470 470-250 | 100 80| 125|470 | 280 | 585 126 | 600 ( 550 180 | 80| 100| 29 | 335| 69 | 780 700|520 | 460 | M20
80-315 470 470-315 | 100 | 80| 125] 470 315|601 ) 110 | 650 | 590 180 | 80| 100| 29 | 355| 53 | 795| 715|570 | 510 {M20
100-250 470 470-250 | 125 100 | 140 | 470 | 280 | 585 | 126 { 600 | 550 180 | 80| 100| 29 | 335| 69 | 780 700 | 520 | 460 | M20
100-315 470 470-315 | 125 100 | 140 | 470 | 315 | 601 | 110 | 650 | 590| 180 | 80| 100| 29 | 355| 53 | 795|715|570| 510|M20
125-250 470 470-250 | 150 | 125 | 140 | 470 | 355 | 585 | 126 | 600 | 550 | 180 | 80| 100| 29 |335| 69 | 780 700 | 520 | 460 | M20
VM 634E/7.84  3004/3005 15




ALLWEILER

Series NAM

Flanges acc. to DIN 2533

DN,/DN, D bf k a No. of holes
65 185 20 145 18 4
80 200 22 160 18 8
100 220 24 180 18 8
125 250 26 210 18 8
150 285 26 240 22 8

Connections

Filling |Leakage- Venting Pressure gauge
drain
autom.
aspirat.
Al D8 E3 E4 M1 M2
G 3/8 G 3/8 G 3/8 G 1/2 G 1/4 G 3/8

Possible driving motors and allocation to pump sizes.

The motor dimensions as indicated are approximate values.
Exact data depend on the motor make.

In case of drive powers of over 132 kW, please inquire in any
event as the motor connection dimensions are not standard-
ized.

Extension possibilities of the slide-in unit

Pump Extension possibility
spacer size I
1 I
470-250
470-315 X X

pedestal mounting wall mounting

I
2 [ T M=)
5Ty TS Y
N N B
j L. i i k. i A
|

When using special marine motors, care must be taken that
depending upon the enclosures different performances are
allocated to the individual sizes. The main dimensions are
changed accordingly. In case of order, binding motor dimen-
sion sheets are to be transmitted to us.

Speed | Motor size adapted for Pump size
attachment Q|w Qfw olw Q
to bearing AR 8o & & &

bracket & [ b sld oo ©
kW a, d hs B 1, | ©|®© o | @ =3R=] N
1450/ 2,2
1750 100 L 470 3 250 | 200 | 140 | 302 | 60
1/min
112 M 470 4 1250|224 | 152 | 323 | 60 e
1328 5,5 220 | 165 | 354 T |ele )
470 300 80 o
132 M 7.5 260 | 185 | 411 T [ee Jx) ® )
160 M 470 11 350 260 | 185 | 446 o| X leje o0 ) °
160 L 15 330 | 255 | 527 r ® oo o0 °
180 M 18,5 534 + ) oo o0 °®
8 470 8 350 | 330 | 255 110 ] w
180 L 22 553 " ) ® LI ®
200 L 470 30 | 400 | 363 | 316 { 631 | 110 | ° ) )
225§ 37 651 P °
47 450 | 399 | 337 140
225 M 0 45 664 )
250 M 470 55 | 550 | 443 | 377 | 752 | 140 )
2900/ 100 L 470 3 | 250200 140 | 302 | 60
f/?r“)% 112 M 470 4 | 250! 224|152 323 60
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Automatic aspirator A 25 A

The A 25 A is employed for the automatic venting of the pump
and suction line. It operates with a pressure-dependent control
system.

Owing to a pressure-controlled shut-off valve in the suction
line, the device can also be used in plants in which excess pres-
sure is temporarily incurred.

Functioning description:

By way of the vent line, suction branch Q2 of the automatic
aspirator is coupled with connection E 4 of the pump. The com-
pressed air required for the venting process is supplied to the
eiector at connection Q1.

To avoid any dry operation of the pump, the electric circuitry
(notincluded in the normalscope of supplies) must be such that
the pump is started only after the entire suction system has
been vented.

As soon as adischarge pressure has been setup and the preset
pressure limit reached, the automatic aspirator is switched off
by the pressure switch. The impulse is transmitted by way of the
control pressure line coupling connection A1at the pump with
connection Q4 at the pressure switch.

The discharge pressure falling below the preset pressure limit,
the automatic aspirator will be switched on again.

According to the respective operating conditions, the pressure
switch should be adjusted so as to switch the automatic aspira-
tor off at approx. 80% of the lowest pump discharge pressure,
switching it on again at approx. 30%.

Required control voltage 220V, 50Hz or 60 Hz (80% duty cycle),
special voltage on request. Power consumption during starting
22 VA, during operation 15 VA, enclosure IP 54.

Materials:

Lower nozzle Plastic

Upper nozzle: Plastic

Inlet nozzle: G-CuZn 16Si4
Pipes @: Cu

@ Coming into contact with the fluid to be pumped.

Driving air required at 6 bar operating pressure Q = 0.28 m%/
min. The water-air mixture is drained by way of connection Q3.

List of components for the attachment of the automatic aspira-
tor A 25 A, Series NIM/NAM:

Denomination Part No.

Washer 411.31 Pump spacer Size
Washer 411.32 size A
Washer 411.34

Reinfarcing sleeve 532.1

Reinforcing sleeve 532.4 470-250 400
Reinforcing sleeve 532.5

Reinforcing sleeve 532.6 470-315 430
Automatic aspirator 675.1

Pipe 710.5

F’ipe 710.6 470_400 470
Mount 7322

Straight union 735.4 530-250 435
Straight union 735.6

Straight union 735.7 530-315 435
Threaded pipe angle 765.4

Hexagonal screw 901.20 _

Hexagonal screw 901.22 530-400 475
Hexagonal nut 920.15

Locking plate 935.4 585-400 505

~~— 901.22

T~— 71322
—— 7106

41131
e

| — 1357

L

735.4

7105

5321

92015

765.4 901.20

532.6 5325 935.4

Subject to technical alterations.

Series NIM with automatic aspirator A25A

ALLWEILER AG F\J
Werk Radolfzell e

Postfach 1140

D-78301 Radolfzeil
AllweilerstraBe 1

D-78315 Radolfzell

Germany

Phone (07732) 860

Fax (07732) 86436

Telex 793437

E-mail: service@allweiler.de
Internet: http://www.allweiler.de

VM 634E/7 84

The stated performance data are to be understood only as an outline of per-
formance of our products. For exact limits of application please refer to the
quotation and acceptance of order.
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Baureihen-Erweiterung
Extension of ranges

NIM 250-250/01

Erganzende technische Daten sind der Broschiire VM 634 zu entnehmen.
Complementary technical data see brochure VM 634.
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Hauptabmessungen/Main dimensions

Drehrichtung: Von oben gesehen im Uhrzeigersinn
Sense of rotation: Clockwise, viewed from top

MaBe in mm unverbindlich.
Dimensions in mm without obligation.
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Konstruktion

Unter Beibehaltung des seit vielen Jahren fir die verschieden-
sten Einsatzzwecke weltweit im harten Bordbetrieb bewahrten
NIM-Konstruktionsprinzips weist die neue BaugroBe einige
Besonderheiten auf, die nachfolgend naher erldutert werden.

Wellendichtung

Gehdusedeckel und Gehause fiir Wellendichtung sind ge-
trennte Bauteile. Somit ist es moglich, ohne jegliche mecha-
nische Nacharbeit an Geh3usedeckel oder Welle und mit
geringsten Kosten eine Pumpe mit Packungsstopfbuchse auf
Gleitringdichtung umzuriisten oder umgekehrt.

Die Abdichtung zwischen Gehdusedeckel und Gehause fir
Wellendichtung erfolgt mittels O-Ring.

Abdichtung zwischen Gehdusedeckel und Spiralgehduse
Diese Abdichtung erfolgt ebenfalls mit einem O-Ring. Die Mon-
tage der Einschubeinheit wird dadurch sehr vereinfacht, was
zur Erhdhung der Wartungsfreundlichkeit beitragt.

Laufrad

Das serienmaBige GuBeisen- oder Bronze-Laufrad kann ohne
jegliche mechanische Nacharbeit an Spiralgehduse oder Welle
ausgetauscht werden gegen ein solches aus SIMSITE, einem
Werkstoff, der eine sehr gute Bestdndigkeit gegen See- und
Brackwasser aufweist.

Nennweiten

Die Saug- und Druckstutzen-Nennweiten sind fir kieine Stré-
mungsgeschwindigkeiten ausgelegt, um die Rohrleitungsver-
luste, insbesondere saugseitig, mdglichst niedrig zu halten.

Die Stutzen-Nennweiten betragen saugseitig DN 350 und
druckseitig DN 300.

Werkstoffe

Die neue BaugréBe kann in den gleichen Werkstoff-Ausfiihrun-
gen geliefert werden wie die bereits vorhandenen. Sie haben
sich seit Jahren sehr gut bewéhrt.

Technische Anderungen bleiben vorbehalten. / Subject to technical aiterations.
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ALLWEILER
Design Features

Without to change the design principle, which is proven for
many years and thousands of pumps, the new size has some
special design features which are of big advantage for the
customer and which are shortly described as follows.

Shaft seai

Casing cover and shaft seal housing are with regard to econo-
mical reasons separate parts. This allows in a very easy way and
without any mechanical touch up the change from stuffing box
to mechanical seal or reverse.

The stationary seal between casing cover and shaft seal hous-
ing is made by means of O-ring.

Seal between casing cover and volute casing

This stationary seal is also made by means of an O-ring. So the
assembling of the pull-out unit is very easy, which increase the
maintenance facilities.

Impeller

The impeller, normally in cast iron or bronce, can be also deli-
vered from SIMSITE-material, which is especially resistant
against sea and brackish water.

Branch diameters

The suction as well as the delivery branches are designed for
low flow velocities for to make sure to get small pipe friction los-
ses.

The branch diameters are DN 350 on the suction side and
DN 300 on the discharge side.

Material
The new pump size is available in the same materials like the
existing ones, which are proven for years.

ALLWEILER AG F\J
Werk Radolfzell el

Posttach 1140

D-78301 Radolfzelt
AllwellerstraBe 1

D-78315 RadoltzeHl
Germany

Telefon/Phone (07732) 860
Fax (07732) 86436

Telex 793437
Telegramm/Cabte
pumpenfabrik radolfzeil

VM 767 D+E/10.94
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Baureihen-Erweiterung
Extension of ranges

NIM/NAM 300-315/01
NIM/NAM 300-400/01

Erganzende technische Daten sind der Broschiire VM 634 zu entnehmen.
Complementary technical data see brochure VM 634.
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Konstruktion

Unter Beibehaltung des seit vielen Jahren fir die verschieden-
sten Einsatzzwecke weltweit im harten Bordbetrieb bewahrten
NIM-Konstruktionsprinzips weisen die beiden neuen Bau-
gréBen einige Besonderheiten auf, die nachfolgend naher
erldutert werden.

Sauggehiduse

Sauggehduse und Spiralgehduse sind getrennte Bauteile.
Damit ist neben der normalen Infine-Anordnung auch die Mog-
lichkeit gegeben, das Sauggehause in Winkeln von 90° links
oder rechts vom Druckstutzen anzuordnen.

Dies bietet die Mdglichkeit, diese groBen Pumpen so aufstellen
zu kdnnen, daB eine gute Anpassung an die raumlichen Verhalt-
nisse im Maschinenraum gegeben ist. Fallweise kann dies
sogar eine glnstigere Rohrleitungsfiihrung nach sich ziehen.

Die Abdichtung zwischen Sauggehduse und Spiralgehiduse
erfolgt mittels O-Ring.

Wellendichtung

Gehdusedeckel und Gehduse fir Wellendichtung sind eben-
falls getrennte Bauteile. Somit ist es mdglich, ohne jegliche
mechanische Nacharbeit an Gehdusedeckel oder Welle und
mit geringsten Kosten eine Pumpe mit Packungsstopfbuchse
auf Gleitringdichtung umzurlisten oder umgekehrt.

Die Abdichtung zwischen Gehadusedeckel und Gehiuse fiir
Wellendichtung erfolgt mittels O-Ring.

Abdichtung zwischen Gehdusedeckel und Spiralgehduse
Diese Abdichtung erfolgt ebenfalls mit einem O-Ring. Die Mon-
tage der Einschubeinheit wird dadurch sehr vereinfacht, was
zur Erhdhung der Wartungsfreundlichkeit beitragt.

Laufrad

Das serienmaBige GuBeisen- oder Bronze-Laufrad kann ohne
jegliche mechanische Nacharbeit an Spiralgehduse oder Welle
ausgetauscht werden gegen ein solches aus SIMSITE, einem
Werkstoff, der eine sehr gute Bestdndigkeit gegen See- und
Brackwasser aufweist.

Axialer Eintritt

Durch die Trennung von Spiralgehduse und Sauggehéduse ist es
ohne mechanische Nacharbeit am Spiralgehduse maglich, das
Sauggehduse gegen einen Saugdeckel auszutauschen.

Damit ergibt sich als Folge davon auch die Erweiterung der
ALLWEILER-Schiffskreiselpumpenbaureihe NAM, die dann
insgesamt 12 BaugroBen umfaBt.

Nennweiten

Die Saug- und Druckstutzen-Nennweiten sind fir kieine Stré-
mungsgeschwindigkeiten ausgelegt, um die Rohrleitungsver-
luste, insbesondere saugseitig, moglichst niedrig zu halten.

Die Stutzen-Nennweiten betragen saugseitig DN 400 und
druckseitig DN 350.

Werkstoffe

Die beiden neuen BaugrdBen kdnnen in den gleichen Werk-
stoff-Ausfiihrungen geliefert werden wie die bereits vorhande-
nen. Sie haben sich seit Jahren sehr gut bewahrt.

Design Features

Without to change the design principle, which is proven for
many years and thousands of pumps, the two new sizes have
some special design features which are of bigadvantage for the
customer and which are shortly described as follows.

Suction casing

Suction casing and volute casing are separate parts, stationary
sealed by means of an O-ring. This allows not only the normal
inline execution, but offers also the possibility to turn the suc-
tion casing by an angle of 90° to the right or left hand side of the
volute casing: a bigadvantage regarding the setting up of these
pumps, e.g. in the corners of the machine room. Partially this
allows even a better arrangement of the piping.

Shaft seal

Casing cover and shaft seal housing are with regard to econo-
mical reasons separate parts. This allows in avery easy way and
without any mechanical touch up the change from stuffing box
to mechanical seal or reverse.

The stationary seal between casing cover and shaft seal hous-
ing is made by means of O-ring.

Seal between casing cover and volute casing

This stationary seal is also made by means of an O-ring. So the
assembling of the pull-out unit is very easy, which increase the
maintenance facilities.

Impeller

The impeller, normally in cast iron or bronce, can be also deli-
vered from SIMSITE-material, which is especially resistant
against sea and brackish water.

Axial inlet

As aresult of the separation of suction casing and volute casing
it is possible to change the suction casing against a suction
cover without any mechanical touch up of the volute casing. So
this design feature leads also to an extension of the NAM pump
range, which covers now altogether 12 sizes.

Branch diameters

The suction as well as the delivery branches are designed for
low flow velocities for to make sure to get smali pipe friction los-
ses.

Material
The new pump sizes are available in the same materials like the
existing ones, which are proven for years.
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buchsa | dichtung Sucon cover 6G-25 6-Cull 1O Ni
Stuffing |Mechani Gehdusedech
box cal seal Casing cover
NIM 1 . Gehduse fiir Wellendichtung
300-315/01 1 1 t 1 Shaft seal housing
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ALLWEILER L&Y

Hauptabmessungen/Main dimensions

Drehrichtung: Von oben gesehen im Uhrzeigersinn
Sense of rotation: Clockwise, viewed from top
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Fax (07732) 864 36

Telex 793437
Telegramm / Cable
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' Virpesiuy matavimo jutiklio Wilcoxon 797 techniniai parametrai

e

Features

Rugged design

Corrosion resistant
Hermetic seal

Ground isolated

ESD protection

Reverse wiring protection
Mounting in any orientation

safety wire hole
0.062 dia.

2 pin connector

T,
N

Al
% B

< 1.05" —
dia. 1/4-28
2.15" mounting thread

<

MEGGITT

Wilcoxon Research model 797
Premium, PiezoFET®, low profile IsoRing
accelerometer

Dynamic

Sensitivity, £ 5%, 25° C...vovvveeeeieececce e 100 mV/?(
Acceleration range, VDC »25V 80 g pea
Amplitude nonlinearity......ccccooeerieiiieiece e

Frequency response:

E D00t 3-5,000 Hz
£10%.cciiiiiiiiie, 2-7,000 Hz
£3dB ., 1-12,000 Hz

Resonance frequency................... 26 kHz
Transverse sensitivity, MaX......cccooceeiiirinieeiiieenne. 5% of axial
Temperature response:
=509 Coee e -15%
120 Corteee e +15%
Electrical
Power requirement:
Voltage SOUrCe ..ooovviiiiiiiiiiieie e 18 - 30 VDC
Current regulating diode ..........cccooviviirinnne. 2-10mA
Electrical noise, equiv. g:
Broadband 2.5 Hzto 25 kHz 600 p\?
Spectral 10 Hz .. 8 pg/VHz
100 Hz 5 ug/VHz
1000 Hz 5 ug/VHz
Output impedence, max 100 Q
Bias output voltage ......... 12VDC
GroUNAING ..eeeeeee et case isolated,
) internally shielded
Environmental
Temperature range .....ccoceeveereeieenie e -50to 120° C
Vibration limit.................. 500 g peak
Shock limit ..o, 5,000 g peak
Sealing...oceiiece e hermetic
Base strain sensitivity ........cccooiiiiiiiiieeee 0.002 g/pstrain
Physical
Sensing element design PZT / shear
Weight..ooooii 138
Case material.................. 316L stainless steel
MOUNEING ©ooitieiie e 1/4-28 captive socket head
screw
Output coNNECtOr ..oooiiiiiiii e 2 p|n MIL C-5015 style
Mating connector ............ R6 ty
Recommended cable J10 / J9T2A
Connections
Function Connector pin
ground shell
power/ signal A
common B

Accessories supplied: #12105-01 captive socket head (metric stud available upon request);
calibration data (level 3)
Options: Intrinsic safety certifications (consult factory)

@ @ & A

Optional safety approvals

Due to continued research and product development, Meggitt Sensing Systems reserves the right to amend this specification without notice.

This document is cleared for public release.

Meggitt Sensing Systems
20511 Seneca Meadows Parkway
Germantown MD 20876

USA

Tel: 301 330 8811
Fax: 301 330 8873
Email: wilcoxon@meggitt.com

www.wilcoxon.com
www.meggitt.com

MEGGITT

smart engineering for

extreme environments
98244 Rev.D.2 2/12
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GL rekomendacijos vamzdZiy montavimui

C.- PIPE SUPPORT
1. - General Comments:

- The pipe support fillet welding leg is to be 0,7T but, not exceed 8mm. (T = thickness
of pipe support angle).

- Face direction of pipe support angles is to be fitted in practice, as shown on the
following drawings, in principle

LONGITUDINAL PIPE TRANSVERSE PIPE
AFTWARD oo CEMTER LG

PPORT

| SUPPORT ANGLE Y
UPPER DEGK ONLY

UPPER DEGK ONLY

“

| VERTICAL PIPE

I

<
pd

DOWNWARD

HOLD BULKHEAD ONLY.

Jc6¢ 1QST- Division EA - Germanischer Lloyd 10




GL@

The pipe support is welded and positioned on the stiffener flange according to:

2.- Support Position on Stiffener Flanges

- Pipe support welding is kept away from the edge of the flange.

- Pipe supports shall be kept 10-15% of web frame space(L) away from floors

and 5% of web frame space(L) away from any other
Structural members (e.g. Bracket toes, edge of floor stiffeners, etc).

LONGI. STIFFNER
TANK_TOP y
s Y1 1/, oo |V, , oos
l l
N . . n’ A\ [
sup BotToM | ¥ERur spacer) | oasL 0150 0.15L

i T
! SUPPORT INSTALLED POSITION

KEEP AWAY(MIN.2mm) MAX. 10

Keep away (min. 2 mm)

KEEP AWAY(MIN.2mm)

i
--—.—...1;.....,.3
)

(.

AN

S

MIN. 10mm MIN. 10mm

s6o IQST- Division EA - Germanischer Lloyd 11




3. - Spacing of Pipe support

Maximum acceptable clamp spacing normally vary from 1 to 2 m for small diameters
and from 2,5 to 4 m for larges diameters.

Pipe support should always be fitted maximum 500 mm from expansion bellows and
be in line with longitudinal or girder. Inside cargo tanks and ballast tanks should be
specially strengthened to take transverse sloshing forces in tanks partially filled.

Pipes of smaller diameters should be located together.

Higher flow speed will therefore require stronger anchoring and shorter distances

between clamps.

£ L2
¢ ] 1l
[ {4 \ "
==
Al
Pipe & Tube Pipe Hanger Max.
Distance (m)
N.D.(A) O.D. (mm) L1{m)

8-12 0.9

15-22 1
15 21.7 1.2
20 27.7 1.2
25 34 12
32 42.7 1.5
40 48.6 1.5

50 60.5 2

65 76.3 2
&0 89.1 2:5
100 114.3 2.5

125 139.8 3
150 165.2 35
200 216.3 4
250 267.4 4.5
300 318.5 4.5
350 355.6 5
400 406.4 3:5
450 457.2 5.5
500 and above 508 6

L2, L3 : For positioning the pipe support, special consideration shall be taken to
prevent the bending part from the vibrations.

Spacing: Distance between clamps. It is important to be in mind that the table above is
used normally for flow velocity not exceed of 4 m/s, if the speed increase will therefore
require stronger anchoring and shorter distance between clamping.

26¢ 1QST- Division EA - Germanischer Lloyd

12




4.- Fasteners

Fastener Table

TYPE AND SKETCH

APPLICATION

SIZE

AREA

- Hull Pipe of ND 100 and

above -Heating coll

{double nut}

"U" Bolt &

-Hull pipe of ND 80 and
Belo (single nut) -All
ferrous pipe in Engine
room

Nut

Expansion loop area
(ND15 - ND 25)

- Longitudinal direction
main pipe (ND40 and
below) -Hydraulic Pipe
ND50 and Below

Generally Used for Ferrous
Pipes

Single

ND 65 and Above

Band

ND 50 and Below

Generally used for NON-
Ferrous Pipes

Bending
tape &
band
buckle

18 & and below tube

Generally used Except in
Tank Area

Tube band

18 @ and below tube

Generally used in Tank Area

"U" bolt &
Nut for
Sliding
Pad

ND 80 and above

Sliding pads of Phenolic resin shall
be inserted for the longitudinal pipes
as follows. Ballast/Bilge main pipe
duct; - Steam main pipe of ND125 &
above - HFO over flow pipes & fire
main pipes in passage way.

Jco 1QST- Division EA - Germanischer Lloyd

When using expansion connection, fasteners must be
permitted lateral and axial movement

13




5.- Dimension of Support Leg

1.- NO UPPER NUT to be used for nominal pipe
ia, 80A & Below pipe except heating coil and
longitudinal direction main pipe (15A -80A).

Clearance

2) Clearance : 0.1 — 3.0 mm; where movement is
considered

Upper

General dimension of pipe band to be recommended do it as follow:

Pipe Pipe Out Nut of Support Support Pipe
N.D. Dia. U-bolt Angle
15 21.7 M10 50X50X6 34.0 X3.4T
20 272 M10 50X50X6 &
25 34 M10 50X50X6 *
32 42.7 M10 50X50X6 :
40 48.6 M10 50X50X6 =
50 60.5 M10 50X50X6 48.6 X4.05T(40A)
65 76.3 M12 50X50X6 “
80 89.1 M12 65X65X6
100 114.3 M16 65X65X6 60.5 X5.2T(65A)
125 139.8 M16 65X65X6 :
150 165.2 M16 75X75X6
200 216.3 M20 75X75X6 76.3 X5.2T(85A)
250 2674 M20 75X75X6 “
360 318.5 M24 100X100X10 114.3 X6.0T(100A)
350 355.6 M24 100X100X10 "
400 406.4 M24 100X100X10 !
450 457.2 M30 100X100X13 !
500 508 M30 100X100X13 -
550 558.8 M30 100X100X13
600 609.6 M30 130X130X12 139.8 XB.6T(125A)
650 660.4 M36 130X130X12 ‘
700 711.2 M36 130X130X12 i
750 762 M36 130X130X15 165.2 X7.1T(150A)

s6o 1QST- Division EA - Germanischer Lloyd
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6. - Support Fitting Details:
a) Mild Steel (A-Grade)

~ FITTED ON STFFENER WEB

=y

MIN.25

~ FITTED ON STIFFENER FLANGE
s rirss

MIN.10 % MiN.10Z
[ KEEP AWAY(MIN.2mm) |, | ||KEEP AWAY(MINZmm) "],
ey ) .
Tl KEEP AWAY(MIN.2mm KEEP AWAY(MIN.2mm) KEEP_AWAY(MIN.2mm)
1 MIN.10 T MAX10 MIN.10
T~ TrE "L — TYPE "LA" — TYPE
g2
— FITTED ON PILLAR §§
=
F
3
GHTING HOLE
R ETC. H
g
1
MM25 || | MIN.25

I i
N NO WELDING

J6o 1QST- Division EA - Germanischer Lloyd
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Hull Material
b) High Tensile Steel

Steel Grade AH36 and above (yield 36 kg/cm?2)

PAD
BHD.STR.OR DK
i “3 4 * g et
PAD ‘ PAD
s |
I
! ) { ——
5 g
Z z
= =
b) Steel grade AH-36 and below.
BHD.STROR DK ° 4
f 3£ - £ 3

KEEP AWAYCMIN. 2mm)

MAXTO

WiN.25
L/

R

KEEP AWAY(MIN. 2mim) KEEP AWAY(MIN.Zmm)

o MIN. 1O

J6o IQST- Division EA - Germanischer Lloyd 16




7.- Method of Installation Support Pipe

a) Application area : Intanks, Cargo Holds and enclosed spaces ( Pump Room,
Bosun Store, etc.)

~ BOTTOM LONGI OR UNDER DECK . &
Z
=
- bl
|- | A
} - J il i _ 2 B
) d
MAX. 10
L, KEEP AWAY(MIN.2mm)
MiN. 25
a i 8 -
I ! 3
Keep Away ! KEEP AWAY f i "
Min. 2 mm ] (MIN .me)
—— =g
Mln 10 ZSﬁN. 10 3
< > A
— TRANS. BULKHEAD
HOLE ) ﬂ
; —T—
~
[ N
PIPE +/ \ B )
= i
~—~Jt
LP AD MIN.
100

sGo IQST- Division EA - Germanischer Lloyd 17




8. - Support Pad

Support pad application on upper deck

- In principle, all kids of support welded to the structure of high-
tensile steel (AH32 and above) shall be fitted with a pad plate.

- Regardless of location of support leg on upper deck, support

pad plate shall be fitted.

i

4

——

FRAME

20 1QST- Division EA - Germanischer Lloyd

FRAME
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LONGI
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GL:

Maximum Limitation the Support (legs) Welded on Structure without Pad Plate

X. 300
< AD MF—J [

W

T I I I £ |

Deck Under Deck Under "

or Upper or Upper

—
PIPE PIPE PIPE PIPE
PIPE OUTFIT | (mm.) | OUTFIT | (mm.) | OUTFIT | (mm.) | OUTFIT | (mm.) | OUTFIT
(mm.) | (kg.) Up (kg.) Up (kg.) Up (kg.) Up (kg.)

LOCATION | UpTo | Up To To UpTo |To UpTo | To Up To To Up To
Upper Deck | -
Platform
Deck
Hull Tank
BHD
Tight BHD 200 200 100 100 100 100
Non-Tight
BHD 200 200 100 100 100 100
Double
Bottom Tank
Top 222 250 100 100
Casing &
Funnel 100 50 100 50 100 50 100 50 100 50

Measurement mentioned above corresponding to Nominal Bore( internal)

BHD Tank

Casing plate

Standard Support Shape and scantling

16 IQST- Division EA - Germanischer Lloyd 19
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The shape of pipe support is decided according to its location and the welding point
of supports. However, the principles of shape are as mentioned below
1) Deck mounting type
Application
In principle, deck mounting type below shall be applied for all piping support,
except where the wall mountain or ceiling type is needed
Type of deck mounting supports:

9.- Standard Support Shape and Scantling

Q0 q

1S TYPE ‘A" TYPE "AS’ TYPE

HEIGHT OF SUPPORT
Sive 150 500 £00 Jo0 f0?  Geo 1000 Lt 000
ol )| | oo | |
42.7 & Below

48.6 50x50x6 | 50x50x6 " IS "; " A" 50x50x6 "AS" Type
60.5 Type Type

76.3

89.1
114.3 65x65x6 "I" type 65x65x6 " IS™;"A" Type 65x65x6 "AS" Type
139.8
165.2 i
216.3 E 75x75x6 "I" Type 75x75x6 "IS"; "A" Type 75x75x6 "AS" Type
267.4
318.5 100X100X10 "IS™; "A" 100x100x10 "AS"

: 100x100x10 "I" Type !
355.6 (] H Type Type
406.4 & ' 100x100x10 "AS"
100x100x10 "A" T

457.2 L AbS Type

508
558.8 130x130x15 "A" Type 130x30x12 "AS™ Type
609.6
6804 130x130x15 "A’ type 130x130x15 "AS" type
711.2

10 150x150x15 "AS

wam XToUX "AS"

812.8 150x150X15 "A" type Type
9144

Measurements in mm

J6¢ IQST- Division EA - Germanischer Lloyd 20




10. - Wall Mounting Type

Applications

This type shall be applied where it is difficult and not practical to apply a deck
mountain type.
Type of wall mounting supports:

L.

.

ANAAANNANY
ANARRARANNN

; ‘LS’ TYPE

;

Pipe size
A

300

500

Distance from Wall (L)

Unit: mm
900

I | ] |

I I |

42.7 & Below

40A

50x50x6 "L" TYPE

50A

65A

50x50x6 "LS" TYPE

80A

100A

65x65x6 "L"TYPE

125A

65x65x6 "LS" TYPE

150A

200A

75x75x6 "L" TYPE

250A

75x75x6 "LS" TYPE

300A

350A

100 x 100 x 10 : "L" TYPE

400A

100 x 100 x 10 :LS" TYPE

450A

500A

550A

600A

130 X 130 X 12 "LS" TYPE

Note:

- In case that the distance exceed 1 meter, special consideration shall be taken

for the scantling of support.

- Support shape other than above may be applied, if necessary

Jeo IQST- Division EA - Germanischer Lloyd
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11. - Ceiling Mounting Type

Application

This type shall be applied where ceiling mounting type pipe supports are required.
Type of ceiling mounting supports

SROUANSORRNAN

AVETRLAALRRAN

- \\‘I\ ARRRANN \‘\\ \\?I. LLELLAL AL T A

o | =| =4 e - H=
e —ﬁ@:&% _Q——-- (‘\j L '1 aari (JLJ )
. N\
: Height of Support (H) EXFIE 2 5
Pip
T Y Y O O O
42.7 &
Below
48.6 50 x 50x6 |50 x50 x6 ——
i e 50 x 50 x 6 "BS" TYPE
60.5
76.3
89.1
112:3 5,.5‘,3‘1'.53;; fg,,"Tsspé‘ & 65x 65x6 "BS" TYPE
139.8
165.2
216.3 7..51.3‘T7$P"E6 75 x 75 x 6 "B" TYPE 75x75x 6 "BS" TYPE
267.4
318.5 100 x 100 x | 100x 100 x 10 "B" S
P TVAE ot 100 x 100 x 10 "BS" TYPE
355.6
406.4 100 x 100 x 10 "IR" TYPE | 100 X 100 x 10 | 44 100 x 10 "BRS" TYPE
BR" TYPE
457.2
508
558.8 130 x 130 x 12 "IR" TYPE | 230 X133 X 12| 430 x 130 x 12 "BRS" TYPE
609.6
660.4 e 130 x 130 x 12 "BR" | 130 x 130 x 12
1y 130 x 130 x 12 "IR" TYPE Lok R
pemen 150x150x15 150x150x15
762 -914 150 x 50 x 15 "IR" TYPE "BR" TYPE "BRS" TYPE

Ji0 1QST- Division EA - Germanischer Lloyd
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