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ANALIZA UTJECAJA IZVEDBE BRODSKIH CJEVOVODA NA
MONTAZU I RAD PUMPI

ANALYSIS OF THE SHIP PIPING INSTALLATION EFFECT ON
THE MOUNTING AND OPERATION OF PUMPS

SAZETAK

U ovome je radu provedena analiza utjecaja izvedbe
brodskih cjevovoda na mogucénost montaze i rada
pumpi. Pri ugradnji cjevovoda vrlo se Cesto pojavijuju
manja ili veca odstupanja od projektnih dimenzija
koja oteZavaju montazu opreme poput pumpi, ventila i
sl. Naknadne dorade na brodskim cjevovodima neiz-
bjezno znace velike dodatne troskove i prekoracenje
predvidenog vremena ugradnje cjevovoda. S druge
strane, neispravno ugradena pumpa imat ée znatno
kradi radni vijek, a ako se kvar na njoj dogodi u nepo-
voljnom trenutku, posljedice mogu biti ozbiljne. Meto-
dologija kojom se moze provjeriti je li izmjereno odstu-
panje cjevovoda prije ugradnje opreme prihvatljivo,
moZe donijeti znatne ustede pri ugradnji i eksploataciji
cjevovoda. Primjenom metode konacnih elemenata
mogucée je relativno precizno izracunati optereéenja
koja djeluju na kuciste pumpe pri neispravnoj monta-
Zi. U radu je provedena analiza metodom konacnih
elemenata na primjeru izabranog segmenta brodskog
cjevovoda te su izracunana optereCenja na kuciste
pumpe kao funkcija velicine odstupanja od projekinih
dimenzija. Na temelju dobivenih rezultata moze se
ocijeniti je li zateceno odstupanje na realnom cjevovo-
du prihvatljivo ili ne. U zakljucku su dane smjernice za
nastavak i sistematizaciju ovog istraZivanja prema po-
trebama i zahtjevima specificnog tehnoloskog procesa
izrade i ugradnje cjevovoda.

Kljucne rijeci: brodski cjevovodi, pumpe, analiza
cvrstoce, metoda konacnih elemenata

SUMMARY

In this paper, the analysis of the ship piping installation
effect on the possibility of mounting and on the opera-
tion of pumps was performed. Smaller or greater devia-
tions from the project dimensions which complicate the
mounting of the equipment, such as pumps or valves,
appear frequently during the piping installation. Addi-
tional works on ship piping inevitably mean high addi-
tional costs and overrun of time limits scheduled for the
piping installation. On the other hand, incorrectly
mounted pump will have significantly shorter working
life and if pump malfunction happens in an unfavoura-
ble moment, the consequences could be serious. Meth-
odology, by which it could be verified if the measured
piping deviation is acceptable before the equipment
mounting, could yield in significant savings during the
piping installation and exploitation. Loads that affect
on the pump housing upon incorrect mounting could be
calculated precisely by the application of the finite ele-
ment method. In this paper; the finite element method
analysis was performed on the example of a chosen seg-
ment of the ship piping where the pump housing loads
were calculated as the function of the piping deviation
from the project dimensions. On the basis of the ob-
tained results, it is possible to evaluate whether the pre-
existing condition of piping could be acceptable or not.
Directives for the continuation and systematization of
this research according to the needs and requirements of
a specific technological piping production and installa-
tion process are given in the conclusion.

Key words: ship piping, pumps, stress analysis, finite
element method
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1. UVOD

Usporedno s razvojem brodogradnje razvija-
lo se i cjevarstvo. Smatra se da brodsko cjevar-
stvo datira od pocetaka primjene pogonskih
strojeva za pogon broda, iako su i najstariji bro-
dovi imali ugradene jednostavnije cjevovode.
Primjenom parnih strojeva, a kasnije i motora s
unutarnjim izgaranjem te ostalih strojeva, na
brodovima se javila potreba za ugradnjom cje-
vovoda koji su bili prijeko potrebni za njihov
rad. Najprije su se ugradivali napojni cjevovodi,
parno-tlacni cjevovodi, cjevovodi kondenzata,
zatim cjevovodi goriva, maziva, rashladne vode
itd.

Ugradnjom pogonskih strojeva brodogradnja
dozivljava pravi procvat. Brodovi postaju sve
opremljeniji, medunarodne konvencije i klasifi-
kacijska druStva zahtijevaju vecu sigurnost bro-
dova na moru, a sve veci broj putnika zZeli ve¢u
udobnost. Sve to dovodi do razvoja raznih
brodskih sluzbi s pripadaju¢im cjevovodima.
Tako se na brodovima ugraduju cjevovodi ka
ljuze, cjevovodi balasta, protupoZzarni cjevovo-
di, cjevovodi pitke vode, cjevovodi tople i hlad-
ne sanitarne vode, izljevni cjevovodi itd. Sve
veca automatizacija brodskog pogona i sve vece
potrebe prijevoza specijalnih tereta uvjetovali
su pojavu cjevovoda hidraulike, cjevovoda ras-
hladnih medija te raznih drugih cjevovoda po-
sebnih namjena [1, 2].

Pumpe i cjevovodi predstavljaju ,krvotok”
broda i od vitalnog su znacaja za plovidbu i ek-
sploataciju broda. Svako odstupanje pri izradi
cjevovoda, bilo da je rije¢ o dimenzijama ili
smjestaju cjevovoda, dovode do poteskoca pri
montazi pumpi te prijevremenog kvara i zastoja
pumpi u radu. Servisiranje pumpi ili njihova iz-
mjena tijekom plovidbe nisu lagani i jednostav-
ni zadaci, a mogu biti i rizicni za sigurnost posa-
de i broda. Zato je potrebno osigurati uvjete da
pumpe i cjevovodi besprijekorno obavljaju svo-
je funkcije tijekom predvidenoga radnog vijeka,
a da se njihova izmjena i remonti obavljaju u
predvidenim terminima tijekom dokovanja i re-
dovitog odrzavanja brodske opreme.

Odstupanje pri izradi i montazi brodskih cje-
vovoda Cesta je pojava i to samo po sebi ne
predstavlja nepremostivu prepreku za dovrSe-
tak radova. Problem nastaje kada na temelju
uocenog odstupanja treba procijeniti smije li se
na odredenoj dionici cjevovoda ugraditi pumpu
ili ne. Klju¢ni podatak za takvu odluku su opte-

1 INTRODUCTION

Piping has been developing in parallel with
the development of shipbuilding. It is consid-
ered that ship piping dates from the beginning
of the use of engines for the ship propulsion, al-
though simple piping was installed on board
the oldest ships. By using steam engines and in-
ternal combustion engines and other devices
afterward, the need for the installation of pip-
ing which were necessary for their operation
was emerging. The first pipelines were feed wa-
ter, pressurized steam and condensate pipe-
lines, and thereafter fuel oil, lubricating oil and
cooling water pipelines.

With the installation of propulsion engines,
shipbuilding experienced a true boom. Ships
became more equipped, international conven-
tions and classifying societies required higher
safety of ships at sea, while the rising number of
passengers wanted a higher comfort. Such de-
velopment leaded to the evolution of different
ship services with associated piping. Thereby,
ships were equipped with piping for bilge, bal-
last, fire fighting, drinking water, hot and cold
fresh water etc. The growing use of automation
and the needs for a special cargo transport
caused the appearance of hydraulic piping, re-
frigerant piping and diverse special purpose
piping [1, 2].

Pumps and piping represent the ship “blood
circulation” and are of vital importance for
navigation and ship exploitation. Every devia-
tion during the piping production, whether con-
cerning piping dimensions or location, results
with difficulties in the pump mounting and its
earlier damage or failure. Pump repair or its re-
placement during navigation are not easy and
simple tasks and could be risky for the safety of
the crew and the ship. Therefore, it is necessary
to provide conditions in which pumps and pip-
ing faultlessly perform their functions during
the estimated working life while their replace-
ment and repair are scheduled during docking
and regular maintenance of the ship auxiliaries.

Deviations during the ship piping production
and installation are common and they do not
represent a major problem in work accomplish-
ment. Problems arise in the decision-making
process on the mounting of pump on a specific
piping segment according to the observed devi-
ations. The key factor for such a decision are
loads that occur by forced pump mounting or
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recenja koja nastaju prisilnom ugradnjom pum-
pe 1 njenim spajanjem na dijelove cjevovoda
koji odstupaju od potrebnih dimenzija. Prora-
¢un takvih naprezanja moguce je izvesti ak i za
najslozenije cjevovode primjenom odgovaraju-
¢e numericke metode pri ¢emu je za ovakve
slucajeve posebno pogodna metoda konacnih
elemenata. U ovome je radu prikazana analiza
dionice cjevovoda te su izraCunana opterecenja
koja bi, ovisno o veli¢ini odstupanja, djelovala
na kudiSte pumpe zbog neodgovarajuceg polo-
Zaja priklju¢nih prirubnica.

2. SPECIFICNOSTI UGRADNJE
BRODSKIH CJEVOVODA

Brodski cjevovodi sluze za provodenje razli-
¢itih medija brodskih sluzbi kao S$to su: gorivo,
mazivo, morska i slatka voda, komprimirani
zrak i razni drugi mediji (freon, inertni plin, hi-
drauli¢no ulje itd.), ¢ime se omogucuje normal-
no funkcioniranje glavnog i pomoc¢nih motora,
pumpi, ventilatora, kompresora, izmjenjivaca
topline i drugih strojnih sustava na brodu.

Projektiranje brodskih cjevovoda danas se u
potpunosti provodi s pomocu racunala te se na
temelju racunalnih modela izraduje cjelokupna
radionicka dokumentacija. Takva dokumentaci-
ja sadrzi nacrte u dovoljnom broju pogleda i
presjeka za sve cjevovode u teretnom prostoru,
strojarnici, nadgradu, krmi i pramcu, a izraduje
se u principu za nazivne promjere cijevi iznad
DN 32 mm [3].

Cjevovodi se vrlo Cesto izraduju u sklopovi-
ma te se kao takve cjeline ugraduju na brod
(Slika 1.). S obzirom na relativno velike dimen-

Cjevovod ulja
Lub. o1l piping

Nosaci cjevovoda

Cjevovod balasta Piping support

Ballast piping

Cjevovod goriva
Fuel o1l piping

by connecting on pipes that deviate from the
required dimensions. The calculation of such
loads can be performed even for the most com-
plex piping by applying an adequate numerical
method where the finite element method is
particularly suitable for those cases. The analy-
sis of the piping section is presented in this pa-
per and loads that affect pump housing due to
unmatched position of the connecting flanges
are calculated with the dependence on the de-
viation magnitude.

2 SPECIFICS OF THE SHIP
PIPING INSTALLATION

The ship piping systems are used for the
transport of different fluids in ship services
such as: fuel oil, lubricating oil, seawater and
fresh water, compressed air and other different
fluids (refrigerants, inert gas, hydraulic oil etc.)
thus providing a normal operation of the main
and auxiliary engines, pumps, fans, compres-
sors, heat exchangers and other devices.

Nowadays, the design of ship piping is com-
pletely performed by computers and a com-
plete manufacturing documentation is made
according to the computer models. Such docu-
mentation contains drafts with an adequate
number of views and sections for all piping in
the cargo space, engine room, ship superstruc-
ture, fore and aft peaks and it is usually made
for pipes over DN 32 mm [3].

Piping is frequently made in assemblies and
as such the units are installed on board a ship
(Figure 1). Regarding relatively large dimen-
sions and technological processes in manufac-

Slika 1. Primjer CAD modela sklopa cjevovoda i gotov sklop spreman za ugradnju na brod [3]
Figure 1 Example of the CAD model piping assembly and of an assembly ready for installation on board a ship [3]

POMORSTVO e Scientific Journal of Maritime Research ¢ 27/1(2013) © str./pp. 21-37 23



G. Micev, T. Mrakov¢ié: ANALIZA UTJECAJA IZVEDBE BRODSKIH CJEVOVODA NA MONTAZU I RAD PUMPI

zije 1 tehnoloske postupke pri izradi koji uklju-
¢uju plasticno deformiranje i znacajan unos to-
pline, mogu se ocekivati odstupanja od
dimenzija predvidenih projektom. Dijelovi koji
¢e biti spojeni s uredajima ili strojevima poput
pumpi trebaju biti ugradeni s odgovaraju¢im
tolerancijama kako bi se osigurala njihova
ispravna montaza i pouzdan rad.

3. SPAJANJE PUMPE S
CJEVOVODOM

Pumpe su neophodni dio opreme u gotovo
svim brodskim sustavima. U uporabi su najce-
S¢e centrifugalne pumpe koje udovoljavaju za-
htjevima koje mora ispuniti odredeni brodski
sustav. Sastoje se od spiralnog kucista i rotora
pricvr§éenog na vratilu. Na slici 2. prikazana je
vertikalna centrifugalna pumpa kakve se Cesto
ugraduju u brodskim sustavima.

KucdiSte je opremljeno prirubnicama na ula-
znom i izlaznom otvoru kojima se pumpa pri-
¢vrs€uje na cjevovod. Na slici 3. prikazan je mo-
guci polozaj pumpe u odnosu na cjevovod
opisan veli¢inama A, B, Ci D. Veli¢ina varijabli
A, B, C i D moze biti pozitivna ili negativna te
su neovisne jedna o drugoj. Uzroci pojavljiva-
nja ovakvih odstupanja pri montazi cjevovoda
mogu biti nepreciznost pri izradi dijelova, ne-
preciznost pri zavarivanju dijelova i prirubnica,

turing which include plastic deforming and con-
siderable heat input, deviations from the
project dimensions could be expected. Parts
which are going to be connected with devices
like pumps should be installed with adequate
tolerances in order to provide their correct
mounting and reliable operation.

3 CONNECTING A PUMP WITH A
PIPELINE

Pumps are an inevitable part of the equip-
ment in almost all ship systems. The most fre-
quently used pumps are centrifugal pumps and
they comply with the requests which are set to
certain ship systems. They consist of the spiral
housing and of an impeller fixed on the rotating
shaft. An example of vertical centrifugal pumps
which are frequently used on board ships is
shown in Figure 2.

The pump housing has flanges on inlet and
outlet ports which are used for connecting a
pump with the pipeline. Figure 3 shows the
possible pump position regarding the pipeline
described by values A, B, C and D. Values A,
B, C and D could be positive or negative and
they are independent of each other. Such de-
viations can be the consequence of inaccuracy
during part production, inaccuracy upon
welding pipes and flanges, deformations due

Slika 2. Vertikalna centrifugalna pumpa
Figure 2 Vertical centrifugal pump

Izvor / Source: http://www.croatia-pumpe.com/hr
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Slika 3. Polozaj pumpe u odnosu na cjevovod
Figure 3 Pump position relating to piping

Izvor / Source: Autori / Authors

deformacije zbog unosa topline, nepravilno po-
stavljeni oslonci cjevovoda itd.

Ovi pomaci u praksi nisu veliki i pumpa se u
nekim sluc¢ajevima mozZe montirati na cjevovod
uporabom pomocnih sredstava (poluga, ru¢na
hidrauli¢na presa, kolotur s lancem i sl.) kojima
se cjevovod privremeno elasticno deformira,
kako bi se provrti na prirubnicama doveli u po-
lozaj pogodan za umetanje priteznih vijaka.
Ovisno o veli¢ini cjevovoda, materijalu od koje-
ga je izraden, nacinu pri¢vrScenja i ostalim rele-
vantnim ¢imbenicima, sile koje je potrebno pri-
mijeniti za takve zahvate mogu biti relativno
velike. Uklanjanjem pomoc¢nih sredstava koji-
ma je cjevovod bio privremeno elasti¢no defor-
miran, kuciSte pumpe preuzima preko prirubni-
ca opterecenja koja su do tada djelovala na
cjevovod. Kao posljedica takve montaze pum-
pe, u radu se mogu pojaviti razli¢ite poteskoce
pa ¢ak i trajna oSteenja pumpi.

4. PRIMJER ANALIZE DIONICE
BRODSKOG CJEVOVODA

U ovome je radu analiziran primjer dionice
brodskog cjevovoda za usis morske vode na ko-
jemu se nalazi viSe ogranaka spojenih s odgova-
rajuéim pumpama. Model dionice cjevovoda
prikazan je na slici 4. te se moze uociti da se sa-
stoji od dviju cijevi veéeg promjera na koje je
spojen veci broj ogranaka manjeg promjera.

to heat input, irregularly mounted supports
etc.

In practice, these deformations are not
great and in some cases the pump can be
mounted on the piping by the use of impro-
vised equipment (lever, hand hydraulic press,
chain hoists etc) by which the piping can be
temporary elastically deformed so holes on
flanges align in the position suitable for bolts
inserting. Depending on the piping size, its
material, fixing and other relevant factors,
forces for such intervention could be relatively
great. By removing the improvised equipment
used for the temporary piping deformation,
the pump housing takes over the load that was
previously acting on the piping. As a conse-
quence of such a pump mounting, different
problems or even permanent damage could
occur during the pump exploitation.

4 EXAMPLE OF THE SHIP
PIPING SECTION ANALYSIS

In this paper, a section of the ship piping for
sea water suction with several branches con-
nected to adequate pumps was analyzed. The
model of the piping segment is shown in Fig-
ure 4 and it is clearly visible that the piping
consists of several branches of a smaller diam-
eter connected to two pipes of a larger diame-
ter.
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Slika 4. Model dionice cjevovoda
Figure 4 A piping segment model

Izvor / Source: Autori / Authors

Analizom ce biti obuhvacen jedan od ogra- The analysis covered one of the branches on
naka na kojem je ugradena centrifugalna pum- which a centrifugal pump of the type CGB 100
pa, oznake CGB 100 V48 (Slika 5.) s nominal- V48 (Figure 5) is fitted, with a nominal nozzle
nom veli¢inom prirubnice DN 100, proizvodaca size of DN 100, produced by Croatia Pumpe

Slika 5. Jednostupanjska centrifugalna pumpa CGB 100V48 s pripadajuc¢im koordinatnim sustavom prema
API 610 standardu
Figure 5 One-stage CGB 100V48 centrifugal pump with the associated coordinate system according to the
API 610 standard

Izvor / Source: http://www.croatia-pumpe.com/hr
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Croatiapumpe d.d. Pumpa se na postolje spaja s
pomocu triju vijaka.

Prema uputama proizvodaca, pri spajanju
pumpe na cjevovod treba paziti na razmak iz-
medu osi cjevovoda i osi pumpe, koji ne smije
biti ve¢i od onoga pri kojem vijak moZe nesme-
tano proci kroz prirubnice. Takoder, treba vodi-
ti raCuna da povrSine prirubnica budu razma-
knute toliko da se pri montazi izmedu njih
moze uvuéi predvidena brtva. PovrSina na koju
se montira pumpa treba biti dobro ukruéena,
kako ne bi doslo do pojave vibracija tijekom
normalnog rada pumpe.

Kako bi se preventivno sprijecili problemi u
radu, proizvoda¢ pumpi zahtijeva da se pri
montazi pumpe poStuju vrijednosti propisane
standardom API 610 [4]. U ovome su standar-
du sadrzane informacije o zahtjevima kojima
mora udovoljavati pumpa kao i o silama i mo-
mentima koji se smiju pojaviti na prirubnicama
na kuciStu pumpe. U tablici 1. navedene su vri-
jednosti sila i momenata na prirubnicama pum-
pe ovisno o nominalnoj veli¢ini prirubnica.

Nova d.d. The pump is fitted on the support
with three bolts.

According to the producer’s instructions, the
misalignment between the pump and the piping
axes can be so large that the bolt can easily pass
through the holes on the flanges when connect-
ing the pump with the pipeline flange. Further-
more, the flange surfaces should be spaced so
much to enable the gasket to be placed between
them during the pump mounting. The support
surface for the pump mounting should be suffi-
ciently rigid to prevent vibrations during the
normal pump running.

To prevent problems during the pump run-
ning, the pump producer requests that the
propositions prescribed by the API 610 stand-
ard [4] must be complied with during the pump
mounting. This standard contains information
on the requirements for pumps as well as for
forces and moments which might occur on
pump connecting flanges. The values of forces
and moments on pump flanges, depending on
the nominal flange size, are given in Table 1.

Tablica 1. Dopustena opterecenja prirubnica pumpi prema API 610 standardu [4]
Table 1 Allowed loads on pump connecting flanges according to the API 610 standard [4]

. Nominalna veli¢ina prirubnice, mm / Nominal flange size, mm
Sila / Moment
DN 50 | DN 80 | DN 100 | DN 150 | DN 200 | DN 250 | DN 300 | DN 350 | DN 400
Dopustene vrijednosti sila na gornjim prirubnicama pumpe
Allowed values of forces on pump top flanges
F,N 712 1068 1423 2491 3781 5338 6672 7117 8452
F,N 890 1334 1779 3114 4893 6672 8007 8896 | 10231
F,N 578 890 1157 2046 3114 4448 5338 5783 6672
F,,N 1290 1913 2535 4493 6939 9786 | 11565 | 12900 | 15569
Dopustene vrijednosti sila na boénim prirubnicama pumpe
Allowed values of forces on pump side flanges
F,N 712 1068 1423 2491 3781 5338 6672 7117 8452
F,N 578 890 1157 2046 3114 4448 5338 5783 6672
F,N 890 1334 1779 3114 4893 6672 8007 8896 | 10231
F,,N 1290 1913 2535 4493 6939 9786 | 11565 | 12900 | 13345
Dopustene vrijednosti sila na izlaznim prirubnicama pumpe
Allowed values of forces on pump exit flanges
F,N 890 1334 1779 3114 4893 6672 8007 8896 | 10231
F,,N 578 890 1157 2046 3114 4448 5338 5783 6672
F,N 712 1068 1423 2491 3781 5338 6672 7117 8452
F,,N 1290 1913 2535 4493 6939 9786 | 11565 | 12900 | 14679
Dopustene vrijednosti momenata na prirubnicama pumpe
Allowed values of moments on pump flanges
M., Nm 461 949 1329 2305 3525 5016 6101 6372 7321
M,, Nm 353 719 1003 1763 2576 3796 4610 4745 5423
M, Nm 230 475 678 1180 1763 2440 2983 3118 3661
M,_, Nm 624 1288 1803 3132 4745 6779 8270 8542 9762
POMORSTVO e Scientific Journal of Maritime Research ¢ 27/1(2013) © str./pp. 21-37 27
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Slika 6. Model cijevi 1
Figure 6 Model of pipe 1

Izvor | Source: Autori / Authors

Slika 7. Model cijevi 2
Figure 7 Model of pipe 2

Izvor | Source: Autori / Authors
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Pumpe s veli¢inom prirubnice DN 400 (16”) i
manje, s kuciStem izradenim od celika trebale
bi mocdi izvrSavati svoju zadacu pri opterecenji-
ma prikazanim u tablici 1.

Isti standard propisuje i orijentaciju koordi-
natnog sustava za pojedinu izvedbu kudista pre-
ma kojemu se usporeduju vrijednosti u gore
navedenoj tablici. Na slici 5. prikazana je centri-
fugalna pumpa tip CGB 100V48 s pripadaju¢im
koordinatnim sustavom. Prema API standardu,
za ovu izvedbu kuciSta pumpe vrijednosti u tabli-
ci 1. potrebno je pomnoZziti faktorom 2.

Za potrebe ove analize, dionica cjevovoda
prikazana na slici 4. podijeljena je na manje cje-
line. Dio cjevovoda ispred pumpe se sastoji od
vece cijevi i manje cijevi na koju se spaja pum-
pa (Slika 6.). Cijeli sklop bit ¢e u daljnjem tek-
stu nazivan cijev 1. Na slici 7. prikazan je drugi
dio cjevovoda koji se nastavlja na pumpu. Taj
dio cjevovoda c¢vrsto je zavaren na pregradu
strojarnice jer se na njega nadovezuje cjevovod
koji se vertikalno dize na gornju razinu strojar-
nice. Nosa¢ ovoga dijela cjevovoda preuzima
tezinu ostalih cijevi koje se nadovezuju u verti-
kalnom smjeru. Ova cijev je u daljnjem tekstu
nazvana cijev 2.

Tijekom montaze ovih dijelova cjevovoda
moze doci do odstupanja polozaja osi simetrije
prirubnica koje se pri¢vrS¢uju na pumpu. Ako su
ta odstupanja relativno mala, a vijci se ne mogu
provuci kroz provrte u prirubnicama, potrebno
je odluciti na koji ¢e se nacin pristupiti montazi
pumpi: elasticnim deformiranjem cjevovoda ili
demontazom dijela cjevovoda i naknadnom do-
radom. Ako bi za elasticno deformiranje cjevo-
voda bile potrebne sile koje su manje od sila do-
pustenih standardom API 610, takvim bi se
postupkom ustedjela znatna sredstva potrebna
za demontazu i naknadnu obradu cjevovoda. U
suprotnom, ako je kuciste pumpe optereceno si-
lama ve¢im od standardom dopusStenih, moze
do¢i do smetnji u radu pumpe, njenog otkaziva-
nja, a u najgorem slucaju trajnim oSteenjem.
Proracunom sila i momenata koji nastaju elastic-
nim deformiranjem cjevovoda moze se do¢i do
saznanja kolika su najveca dopustena odstupa-
nja, a pri kojima se montazom nece premasiti
vrijednosti propisane standardom.

Proracun sila i momenata proveden je upora-
bom metode konacnih elemenata i racunalnog
programskog paketa Autodesk Inventor [5]. S
pomocu istoga alata izraden je trodimenzional-

Pumps with flange size DN 400 (16”) and less,
with housing made of steel should be able to
work normally under loads shown in Table 1.

The same standard regulates the orientation
of the coordinate system for a particular hous-
ing construction which is the reference for val-
ues referred to in the above-mentioned table.
The centrifugal pump of the CGB 100V48 type
with the associated coordinate system is shown
in Figure 5. According to the API 610 standard,
the values from Table 1 should be multiplied by
factor 2 for this pump housing construction.

For the purpose of this analysis, the piping
segment shown in Figure 4 was divided into
smaller parts. The part of the piping in front of
the pump consists of a larger and of a smaller
pipe connected with the pump (Figure 6). The
whole assembly will be named as pipe 1 in the
following text. The other part of the piping that
continues after the pump is shown in Figure 7.
That part of the piping is rigidly welded on the
engine room bulkhead because it is connected
with the piping that is rising vertically on the
upper deck of the engine room. The support of
this piping segment holds the weight of other
pipes which are added in a vertical direction.
This pipe is named pipe 2 in the following text.

The misalignments of flanges that are con-
nected with the pump might occur during the in-
stallation of those parts of the piping. If those
misalignments are relatively small and bolts can-
not pass through the holes in the flanges, it is
necessary to decide what method of the pump
mounting will be used: an elastic deformation of
the piping or the dismantling of the piping seg-
ment and an additional processing. If the elastic
deformation of the piping requests forces that
are smaller than forces allowed by the API 610
standard, such a procedure would save consider-
able resources for dismantling and additional
pipes processing. On the contrary, if the pump
housing is loaded with forces higher than al-
lowed by the standard, problems during pump
running or permanent damages might occur. By
calculating the forces and the moments which
occur under elastic piping deformation, it is pos-
sible to find out which are the maximum allowa-
ble deviations where the values prescribed by the
standard will not be exceeded.

The calculation of the forces and moments
was performed by a finite element method and
by the Autodesk Inventor computer software
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Rubni uvjet 1 condition
Boundary
condition 1
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Boundary condition 2

Rubni uvjet 2

Boundary
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Slika 8. Mreze konacnih elemenata na analiziranim dijelovima cjevovoda
Figure 8 Finite element meshes on the analyzed piping segments

Izvor / Source: Autori / Authors

ni model cjevovoda prikazan na slici 4., a njego-
vi segmenti koji su detaljno analizirani,
omrezeni su mrezom konacnih elemenata i pri-
premljeni za analizu, slika 8.

U modelu su koriStene dvije vrste rubnih
uvjeta pri cemu rubni uvjet 1 predstavlja uklije-
Stenje, dok je rubni uvjet 2 narinuti pomak u
zeljenom smjeru. Vijéani spojevi prirubnica
analiziranih cijevi modelirani su zbog jedno-
stavnosti kao krute veze. U ovim primjerima
analizom nije bio obuhvacen utjecaj oslonaca
cjevovoda S§to utjeCe na krutost cijele dionice
cjevovoda. Utjecaj toplinskih dilatacija zbog za-
grijavanja cjevovoda nije uzet u obzir jer se radi
o cjevovodu za usis morske vode Cija tempera-
tura ne odstupa znacajnije od temperature oko-
line. Modeli cijevi omrezeni su nestrukturira-
nom mrezom trodimenzionalnih konacénih
elemenata pri ¢emu su koriSteni tetraedarski
elementi drugoga reda [6].

4.1. Analiza rezultata — cijev 1

Analiza je provedena na nacin da su na slo-
bodnim krajevima prirubnica, odnosno na mje-
stu rubnog uvjeta 2, narinuti pomaci u smjero-
vima osi X i z. Pomaci su varirani u rasponu od
0 do 4 mm s koracima od 0,5 mm. Prikaz ekvi-
valentnih naprezanja na modelu cijevi 1 za po-
mak od 1 mm u smjeru osi z prikazan je na slici
9., dok su velicine sila i momenata na prirubnici
za sve ostale pomake prikazani u dijagramima
na slici 10.

[5]- The same software was used for building a
three dimensional model of piping shown in
Figure 4 and its segments were meshed with fi-
nite elements meshes and prepared for analysis
(Figure 8).

Two types of boundary conditions were used
in the model where the boundary condition 1
represents clamping while boundary condition
2 represents displacement in the chosen direc-
tion. Due to simplicity, the bolted joints of the
piping flanges are modelled as rigid connec-
tions. The influence of the piping supports was
not included in this analysis what affects on the
stiffness of the whole analyzed piping segment.
Thermal dilatations due to the piping heating
or cooling were not taken into account because
the analyzed piping deals with the seawater
suction and its temperature does not signifi-
cantly differ from the ambient temperature.
The pipe models are meshed with an unstruc-
tured mesh of three dimensional elements
where the tetrahedral finite elements of the
second order were used [6].

4.1 Results analysis — Pipe 1

The analysis is performed in a way that the
free end of the flange or the boundary condi-
tion 2 position were set with the displacements
in the directions of the x and z axes. The dis-
placements varied in range from 0 to 4 mm in
steps of 0.5 mm. The equivalent stresses on the
model of the pipe 1 for displacement of 1 mm
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Type: Yon Mises Stress

Unit: MPa
10,5.2011., 16:28:45
18.57 Max

14.86

11,15

0.01 Min

Slika 9. Model cijevi 1 — naprezanja u segmentu cjevovoda kao posljedica pomaka na prirubnici
Figure 9 Model of pipe 1 — stresses in the piping segment as a result of the flange displacement

Izvor / Source: Autori / Authors
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Slika 10. Ovisnost sila i momenata o veli¢ini odstupanja prirubnice u smjeru osi z — cijev 1
Figure 10 Dependence of the forces and the moments on flange deviation in the direction of the z axis — pipe 1

Izvor / Source: Autori / Authors
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Iz dobivenih se rezultata moze zakljuciti da
odstupanje pri montazi pumpe u smjeru osi z
ne smije biti vece od 0,5 mm jer e to izazvati
opterecenje na kuciSte pumpe iznad standar-
dom propisanih vrijednosti. Ovaj dio analize
proveden je samo za odstupanje u smjeru osi z,
dok su odstupanja u drugim smjerovima jedna-
ka nuli.

Na slici 11. prikazani su rezultati za slucaj
kada je prirubnica analizirane cijevi pomaknuta
u smjeru osi X. Analizirani su slucajevi za po-
mak od 0 do 4 mm u koracima od po 0,5 mm,
identi¢no kao i u prethodnom slucaju. Veli¢ina
sila i momenata koji se u ovome slucaju pojav-
ljuju ukazuju da odstupanje poloZaja prirubnice
ne bi smjelo biti vece od 0,5 mm u smjeru osi x
ako se poStuju zahtjevi propisani standardom
API 610 [7].

in the direction of the z axis is shown in Figure
9, while values of the forces and moments on
the pipe flange for the whole range of displace-
ments are shown on graphs in Figure 10.

According to the obtained results, it can be
concluded that he deviation in the direction of
the z axis must not exceed 0.5 mm during the
pump mounting, because loads on the pump
housing will be higher than the values pre-
scribed by the standard. This part of the analy-
sis is performed only for the deviation in the di-
rection of the z axis, while deviations in other
directions were equal to zero.

The results for the case of the flange devia-
tion in the direction of the x axis are shown in
Figure 11. The analyzed cases are for the dis-
placement form 0 to 4 mm in steps of 0.5 mm,

25000
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Slika 11. Ovisnost sila i momenata o veli¢ini odstupanja prirubnice u smjeru osi x — cijev 1
Figure 11 Dependence of the forces and the moments on flange deviation in the direction of the x axis — pipe 1

Izvor / Source: Autori / Authors
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4.2. Analiza rezultata — cijev 2

Ovaj dio analize odnosi se na cijev 2 koja se
spaja na izlaznu prirubnicu pumpe. Na isti na-
¢in kao i u prethodnom slucaju, odstupanje pri-
rubnice povecavano je od 0 do 4 mm u koraci-
ma od po 0,5 mm. Istrazen je utjecaj odstupanja
prirubnice zasebno po osi x, zasebno po osi z i
istodobno po osima x i z.

Prikaz ekvivalentnih naprezanja na modelu
cijevi 2 za pomak od 4 mm u smjeru osi X pri-
kazan je na slici 12., dok su na slici 13. prika-
zane promjene sila i momenata koji se pojav-
ljuju na prirubnici pumpe ovisno o velicini
odstupanja u smjeru osi x. Rezultati dobiveni
zbog odstupanja u smjeru osi z prikazani su na
slici 14., a na slici 15. prikazani su rezultati za
istodobno odstupanje polozaja prirubnice u
smjeru osi X i z.

Type: Yon Mises Stress

Unit: MPa

10.5.2011., 18:27:34
224.4 Max

179.5

1347

44.9

0.1 Min

identically as in the previous example. The val-
ues of the forces and the moments which occur
in this case indicate that the flange deviation
must not be greater than 0.5 mm in the direc-
tion of the x axis if the requirements of the API
610 standard are followed [7].

4.2 Results analysis — Pipe 2

This part of the analysis refers to pipe 2 which
is connected on the exit pump flange. In the
same way as in the previous example, the flange
deviation is altered from 0 to 4 mm in the steps
of 0.5 mm. The influence of the flange deviation
is analyzed separately for directions of the x axis,
z axis and x and z axes simultaneously.

The equivalent stresses on the pipe 2 model
for the displacement of 4 mm in the direction

Slika 12. Model cijevi 2 — naprezanja u segmentu cjevovoda kao posljedica pomaka na prirubnici
Figure 12 Model of pipe 2 — stresses in the piping segment as the result of the flange displacement

Izvor / Source: Autori / Authors
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Slika 13. Ovisnost sila i momenata o veli¢ini odstupanja prirubnice u smjeru osi x — cijev 2
Figure 13 Dependence of the forces and the moments on the flange deviation in the direction of the x axis — pipe 2

Izvor / Source: Autori / Authors

Na temelju dobivenih rezultata moze se za-
kljuciti da se pumpa moze montirati ako su od-
stupanja u smjeru osi x ili u smjeru osi z veli¢ine
0,5 mm ili manja. U slucaju kada se odstupanja
istodobno pojavljuju u smjerovima osi x i z, op-
terecenja na kuciSte pumpe s nominalnom veli-
¢inom prirubnice DN 100 bila bi prevelika ¢ak i
za odstupanje od 0,5 mm.

of the x axis are shown in Figure 12, while the
forces and the moments which occur on the
pipe flange depending on the deviation in the
direction of the x axis are shown in Figure 13.
The results obtained due to deviations in the
direction of the z axis are shown in Figure 14,
while the results for the simultaneous deviation
in the direction of the x and z axes are shown in
Figure 15.

On the basis of the obtained results, it can be
concluded that a pump can be mounted if the
deviations in the direction of the x axis or in the
direction of the z axis are 0.5 mm or less. In the
case when the deviations occur simultaneously
in the directions of the x and z axes, the loads
on the pump housing with a nominal flange size
DN 100 would be too high even for the devia-
tion of 0.5 mm.
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Slika 14. Ovisnost sila i momenata o veli¢ini odstupanja prirubnice u smjeru osi z — cijev 2
Figure 14 Dependence of the forces and the moments on the flange deviation in direction of the z axis — pipe 2

Izvor / Source: Autori / Authors

5. ZAKLJUCAK

U ovome je radu provedena analiza utjecaja
izvedbe brodskih cjevovoda na mogucnost
montaze i rada pumpi. Prikazane su problema-
tika i specifi¢nosti ugradnje takvih instalacija u
brodskim postrojenjima. Odstupanja pri ugrad-
nji cjevovoda nisu rijetka pojava, Sto je sasvim
razumljivo ako se u obzir uzmu razni utjecajni
¢imbenici poput tehnologije izrade, primijenje-
nih postupaka spajanja, radnih uvjeta na brodu
i sl. Na temelju izmjerenoga odstupanja tesko
je procijeniti hoce li montaza pumpe uz elastic-
no deformiranje cjevovoda uzrokovati preveli-
ka opterecenja kuciSta pumpe.

Primjenom metode konacnih elemenata mo-
guce je relativno precizno izracunati opterece-
nja koja nastaju u gore navedenome slucaju te

S CONCLUSION

In this paper, the analysis of the ship piping
installation effect on the mounting and opera-
tion of pumps was carried out. The problems
and specifics of the piping installation within
the ship systems are presented. Deviations in
the piping installation are common, what is rea-
sonable if different factors are taken into ac-
count like production technology, applied
methods of joining, working conditions on
board a ship etc. On the basis of the measured
deviation, it is difficult to evaluate if the pump
mounting with an elastic deformation of the
piping will cause too high loads of the pump
housing.

Loads that affect on the pump housing upon
incorrect mounting could be calculated precise-
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Slika 15. Ovisnost sila i momenata o velicini odstupanja prirubnice u smjeru osi x i z — cijev 2
Figure 15 Dependence of the forces and the moments on the flange deviation in the direction of the x and z axes — pipe 2

Izvor / Source: Autori / Authors

se lako mozZe donijeti ispravna odluka je li iz-
mjereno odstupanje prihvatljivo ili nije. Rezul-
tati dobiveni analizom prikazanoga primjera
ukazuju da vrlo mala odstupanja mogu uzroko-
vati preveliko naprezanje u kuciStu pumpe ako
se ona montira na nepravilan nacin.

Analiza provedena u ovome radu otvara do-
datna pitanja i nepoznanica koje autori jo$ na-
mjeravaju istraziti. Krajnji cilj takvog istraziva-
nja je izrada baze znanja u kojoj bi bili sadrzani
podaci 0 moguénosti montaze pumpi i druge
opreme ovisno o zateCenim odstupanjima na
konkretnom mjestu ugradnje. Prije pocetka
izrade takve baze znanja potrebno je postaviti
sustav relevantnih varijabli koje utjecu na ko-
nacni rezultat te ih na pogodan nacin sistemati-
zirati. Neke od njih su npr. promjer cjevovoda,
duljina cijevi, debljina stijenke, materijal cijevi,

ly by applying the finite element method and a
right decision can be easily taken whether the
measured deviation is acceptable or not. The
results obtained by the analysis of the present-
ed example have shown that very small devia-
tions could cause too high stresses in the pump
housing if the pump is mounted irregularly.

The analysis performed in this paper opens
additional questions that the authors intend to
research too. The final aim of such a research is
the formation of a basis of knowledge with all
data concerning the possibility of mounting
pumps and other equipment depending on the
measured deviations at a particular place of in-
stallation included. But before forming a basis
of knowledge, it is necessary to set up a system
of relevant variables which have an influence
on the final result and to systemize them in a
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tip oslonca, udaljenost oslonca od prirubnice,
izvedba i veli¢ina pumpi i sl. Ovdje treba napo-
menuti da bi se takva analiza trebala izraditi u
suradnji s proizvodnim subjektom (npr. brodo-
gradiliStem) te bi se prilagodila specifi¢cnom pri-
stupu u gradnji cjevovoda. Korist od tako izra-
dene baze znanja je neupitna, jer umanjuje
troSkove pri gradnji broda i preventivno uma-
njuje moguénost kvarova i oStecenja opreme u
eksploataciji.

6. ZAHVALA

Modeli cjevovoda, analize i proracuni u ovo-
me radu izradeni su na temelju tehnicke doku-
mentacije koju je autorima pruzio na raspola-
ganje Ured za izradu radionicke dokumentacije
brodogradilista ,,3. maj”. Posebnu zahvalu au-
tori upucuju Rajku Rubesi, dipl. ing. na susret-
ljivosti i pomo¢i pri pribavljanju potrebnih po-
dataka za provedbu analize opisane u ovome
radu.
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