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OPTIMIZIRANJE BRODSKOG VIJKA S KONSTANTNIM
USPONOM!

OPTIMIZATION OF MARINE PROPELLERS WITH CONSTANT
PITCH?

SAZETAK

Brodski vijak kao propulzor vaZan je dio porivnog
sustava broda. Odgovarajuci odabir brodskog vijka i
njegovo redovito odrzavanje garancija su pouzdane,
sigurne i ekonomicne propulzije. U ovome radu prika-
zana je optimizacija brodskog vijka s konstantnim
usponom koristenjem sofisticirane Prop Scan fehno-
logije. Tehnologija omogucava ispitivanje kompletne
geometrije vijka, dijagnosticiranje njegovih nepravilnosti,
njihovo uklanjanje i modificiranje u svrhu postizanja sto
povoljnijih hidrodinamickih znacajki vijka. Najcesce se
radi o korekciji uspona, pa se navedena tehnologija
moZe nazivati i optimizacija uspona brodskog vijka.
Uklanjanje vibracija korekcijom uspona predstavija
kljucan i moZda najvazniji dio optimizacije vijka. Tako
optimizirani vijak imat ée ucinkovitiju hidrodinamiku,
bit ¢e uravnotezen, ispravnog oblika te ce odgovarati
specificnim zahtjevima broda uz poboljSanje izlaznih
performansi broda. Na konkretnom primjeru dana je
optimizacija vijka korekcijom uspona. Prikazani su
rezultati ispitivanja i mjerenja geometrijskih, a time i
hidrodinamickih znacajki brodskog vijka s konstantnim
usponom prije i nakon optimizacije. Utvrdena su
poboljsanja izlaznih performansi broda. Smanjene su
vibracije. Dizelski porivni motor je manje opterecen.
Povecena je brzina broda uz smanjenje potrosnje goriva.

Kljucne rijeci: brodski vijak, optimizacija brodskog
vijka, uspon vijka, Prop Scan tehnologija

! Prikazani rezultati proizasli su iz znanstvenog projekta —
Nove tehnologije u dijagnostici i upravljanju brodskih poriv-
nih sustava, provedenog uz potporu Ministarstva znanosti,
obrazovanja i sporta Republike Hrvatske.

SUMMARY

The marine propeller is an important part of the ship’s
propulsion system. The appropriate selection of a marine
propeller and its regular maintenance are a guarantee for
a reliable, safe and economical propulsion. The paper
presents the optimization of a marine propeller with
constant pitch using sophisticated Prop Scan technology.
This technology allows the complete examination of a
propeller’s geometry, a diagnosis of imperfections, their
removal and modification in order to achieve more
favourable  hydrodynamic propeller characteristics.
Usually, this concerns a correction of the pitch, so the
above technology may be called an optimization of the
marine propeller pitch. The removal of vibrations by
correcting pitch represents an essential and perhaps the
most important part of the propeller optimization. Thus,
the optimized propeller will have more efficient
hydrodynamics, will be balanced, of correct form, and
will suit the specific requirements of the ship, alongside
an improvement in the ship’s output performance. The
optimization of a propeller through correction of pitch is
shown using a specific example. Examination and
geometric measurement results are shown, as well as the
hydrodynamic characteristics of marine propellers with
constant pitch both before and after optimization.
Enhancements in the ship’s output performance were
determined. Vibrations were reduced. The diesel
propulsion engine was less loaded. The ship speed
increased, while fuel consumption decreased.

Key words: marine propelle, marine propeller
optimization, propeller pitch, Prop Scan technology

2 The results presented in the paper have been derived from the
scientific project “New technologies in Diagnosis and Control
of Marine Propulsion Systems” supported by the Ministry of
Science, Education and Sports of the Republic of Croatia.
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1. UVOD

Optimizacija vijka konstantnog uspona po-
mocu Prop Scan tehnologije [5] nastala je iz po-
trebe postizanja pravilnog odnosa brod-vijak.
Da bi se moglo pristupiti postupku optimizacije
vijka prethodno je potrebno prikupiti osnovne
podatke o brodu, pogonskom stroju i samom
vijku. Postupak se sastoji od nekoliko koraka
od kojih su najvazniji:

* pocetno ispitivanje i dijagnostika vijka (po-
cetni izvjestaji u obliku linearnih i stupcanih
dijagrama)

* proracun vijka pomocu sofisticiranih pro-
grama

* optimiziranje vijka prema proracunu vijka ili
postupkom izjednacavanja vrijednosti uspona

* zavrsno ispitivanje i dijagnostika vijka (zavrs$ni
izvjesStaji u obliku linearnih i stupcanih dija-
grama)

* zavr$no izvjeSée s usporedbom izlaznih per-
formansi broda.

Optimiziranje vijka Prop Scan tehnologijom
temelji se na korekciji uspona. Izmjereni uspo-
ni, a time i skenirani presjek lica krila vijka na
odredenom radijusu r usporeduje se s podloga-
ma ispravnog vijka povoljnih geometrijskih i hi-
drodinamickih znacajki za predmetni brod i
njegov pogonski stroj. Podloga ispravnog vijka
je presjek lica krila vijka na odredenom radiju-
su r s takvom geometrijom, promjerom D i us-
ponom P na koji je potrebno optimizirati vijak.
Podloge stvara program za proracun vijka.

Osnovne geometrijske (promjer vijka D i us-
pon vijka P) i hidrodinamicke znacajke vijka

pitch P

1 INTRODUCTION

The optimization of marine propellers with
constant pitch using Prop Scan tehnology [1]
resulted from the need to achieve a proper bal-
ance between a ship and her propeller. In order
to initiate procedures for propeller optimiza-
tion, it is first necessary to collect the basic in-
formation of the ship, the main engine and the
propeller itself. The procedure consists of a few
steps, of which the most important are:

* initial testing and diagnosis of the propeller
(initial report using linear and bar diagrams),

* propeller calculations using sophisticated
programmes,

* optimization of the propeller according to
propeller calculations or the procedure of
equalizing pitch values,

* final testing and diagnosis of the propeller
(final report using linear and bar diagrams),
and

* final report with comparative performance
outputs of the ship.

The optimization of the propeller using Prop
Scan technology is based on pitch correction.
The measured pitches and thus the scanned
section of the propeller blade face at a certain
radius r are compared to the basic set of correct
propellers with favorable geometric and hydro-
dynamic characteristics for the ship in question
and her main engine. The basic set for a correct
propeller is the section of the propeller blade
face at a certain radius r with such geometry,
diameter D and pitch P where the propeller
needs to be optimized. The basic sets are creat-
ed by a programme for propeller calculations.

slip

sxPxn

Slika 1. Osnovne geometrijske i hidrodinamicke znacajke vijka
Figure 1 Basic geometric and hydrodynamic propeller characteristics
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(brzina napredovanja vijka v, = v ) prikazane
su na slici 1. [2].

Optimizirani vijak postize se i bez prora¢una
vijka, postupkom izjednacavanja vrijednosti us-
pona. U tom se slucaju podloge novog dizajna
lica krila vijka formiraju na osnovi izmjerenih
uspona ispitivanog vijka i iskustva inzenjera
(strucnih osoba). Izmjerene tocke prikazane na
linearnim dijagramima pocetnog ispitivanja
daju konture geometrije lica krila, s odredenim
odstupanjima koje je potrebno korigirati.
Ispravljaju se nepravilnosti na povrSini lica krila
te se time ispravljaju vrijednosti uspona na na-
¢in da se njihove vrijednosti na istim mjernim
toCkama izjednacavaju. lako se vrijednost uspo-
na samo izjednacava, ne i mijenja (ako prora-
cun vijka to traZi), i ovakva optimizacija vijka
daje poboljsane izlazne performanse broda, po-
gotovo smanjenje vibracija.

Vibracije su Stetne za kompletan osovinski
vod, pa i sam dizelski porivni motor. Mogu pro-
uzrociti razlicite kvarove. Stvaraju gubitke te se
snaga pogonskog stroja P, nepotrebno trosi na
njihovo svladavanje, umjesto na poriv broda.
Upravo zbog te izgubljene snage, manja se sna-
ga predaje vijku P, paje i snaga poriva P, ma-
nja. Sve rezultira manjom silom poriva 7' i ma-
njom brzinom broda v.

Iz navedene analize moze se zakljuciti da je
za postizanje trazene brzine broda v, zbog pro-
blema s vibracijama, potrebno povecati snagu
dizelskog motora na maksimum, ako razina vi-
bracija to dopusta dizelskom motoru. To Cesto
uzrokuje nove probleme: preopterecenje dizel-
skog motora i povecanje potroSnje goriva b,.

Preopterecenje dizelskog motora redovito je
popraceno nemogucnoScu postizanja nominal-
nog broja okretaja n . Ugrozeno je granicno
radno podrucje dizelskog motora te dolazi do
nepotpunog izgaranja (pojava gustog crnog
dima na ispuhu). Uz sve to povecana je potros-
nja goriva. Zbog svega navedenog, uslijed pove-
¢anih vibracija redovito se plovi s manjim bro-
jevima okretaja motora.

Optimizacijom uspona lica krila vijka mogu
se rjeSavati i ostali problemi, kao Sto su:

* rasterecenje dizelskog motora (prevelik broj
okretaja dizelskog motora)

* zujanje vijka

* nesinkronizirani vijci (kada je slucaj s dva vij-
ka)... .

The basic geometric (propeller diameter D
and propeller pitch P) and hydrodynamic pro-
peller characteristics (speed of advance of the
propeller through the wake v, = v ) are shown
in Figure 1 [2].

An optimized propeller can also be achieved
without propeller calculations, in a procedure
that equalizes pitch values. In this case, the ba-
sic set for the new design of the propeller blade
face are formed on the basis of measured pitch-
es for the propeller being tested, as well as on
the experience of the engineers (experts). The
measured points shown on the linear diagrams
of the initial testing show geometric contours of
the blade face, with certain deviations which
should be corrected. The irregularities on the
surface of the blade face are corrected, which
then corrects the pitch values so that their val-
ues are made equal at the same measured
points. However, the pitch value is only made
equal, not changed, even if the propeller calcu-
lations call for it. This kind of the propeller op-
timization gives improved outputs in the ship
performance, particularly in reducing vibra-
tions.

Vibrations are harmful to the entire shaft,
even for diesel propulsion engines. They can
cause various malfunctions. They create losses,
so that the power of the main engine P, is used
unnecessarily on their control, instead of on
propulsion. Precisely, and due to this loss of
power, less power is transferred to the propel-
ler P, so that the propulsion power of P, is
less. It all results in less force for the propulsion
T and lower speed for the ship v.

For the above analysis, it can be concluded
that, in order to reach the desired ship speed v,
it is necessary to increase the power of the die-
sel propulsion engine to maximum due to vi-
bration problems, if the vibration level allows
the diesel propulsion engine to do so. Fre-
quently, this creates new problems: overloading
the diesel propulsion engine and increasing the
fuel consumption b,.

Overloading the diesel propulsion engine is
regularly followed by the impossibility of
achieving a nominal number of engine revolu-
tions n . The working limits of the diesel pro-
pulsion engine are tested, and an incomplete
combustion occurs (the appearance of thick,
black smoke at the exhaust). Alongside this, the
fuel consumption increases. Due to all of the
above, diesel propulsion engines show a lower
number of revolutions when a ship sails.

The optimization of the blade face’s pitch
can also resolve other issues, such as:
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2. OPTIMIZACIJA VIJKA S
KONSTANTNIM USPONOM
POMOCU PROP SCAN
TEHNOLOGIJE

KoriStenjem Prop Scan tehnologije omogu-
¢en je popravak, modifikacija i optimizacija vi-
jaka svih vrsta brodova. Optimizacija vijaka vrsi
se prema najviSem medunarodnom standardu
za brodogradnju i brodske vijke ISO 484 (ISO
484/1 1 ISO 484/2) s tolerancijama to¢nosti izra-
de vijaka iz 1981. godine.!

Klase toc¢nosti vijka prema ISO 484/2 postizu
se podeSavanjem i optimiziranjem geometrij-
skih znacajki vijka koje se odnose na uspon P, a
time i na omjer uspona P/D. U tablici 1. prika-
zane su dopustene ISO tolerancije s obzirom na
uspon P, a unutar klasa tocnosti izrade vijka.

Prop Scan sustav za ispitivanje i dijagnostiku
vijaka prikazan je na slici 2. Sustav se sastoji od
radnog stola s postoljem za vijak, te od krana s
mjernom Sipkom i senzorom. Mjerna Sipka sa
senzorom prelazi preko lica krila vijka u smjeru
od ulaznog prema izlaznom bridu po oznace-
nim radijusima. Senzori prikupljaju podatke s
lica krila za svaki stupanj okretaja vijka na po-
stolju radnog stola i te podatke Salju u racuna-
lo.

Drugi dio Prop Scan sustava sastoji se od ra-
Cunala opremljenog programima koji obraduju
primljene podatke. Rezultati mjerenja prikazu-
ju se na ekranu racunala. Mjerenje se obavlja
okretanjem vijka na postolju za 360°, §to odgo-
vara vrijednosti jednog punog uspona. Radijusi
se ocrtavaju na nacin da se na mjernoj Sipki
prethodno postavi Siljak za oznacavanje radiju-
sa zakretanjem vijka na postolju radnoga stola.
Tipicni oznaceni radijusi su: 7 = 0,3:R, r = 0,4'R,
r=05R r = 06RR r = 0,7R, r = 0,8R,
r=0,9'R, r = 0,95-R (vrh krila), gdje je R radijus
vijka.

Rezultati mjerenja prikazuju se kao izvjestaji
u obliku linearnih i stupéanih dijagrama. Dobi-
veni rezultati su izmjerene vrijednosti uspona
za jedan puni okretaj vijka (360°) na odrede-
nom radijusu. Racunalo registrira i pohranjuje
izmjerene vrijednosti. S obzirom na broj mjer-
nih mjesta na tom radijusu (u nastavku mjerne

U Standard ISO 484 obuhvaca postupak izrade (odljevci, zavrina
obrada), kao i specifikaciju opreme koja se moze koristiti za izradu vi-
Jaka. ISO 484/2 odnosi se na vijke promjera od 800 mm do 2500 mm,
dok se ISO 484/1 odnosi na vijke promjera veceg od 2500 mm [5].

* unloading of diesel propulsion engines (num-
ber of revolutions are too high for diesel pro-
pulsion engines),

* buzzing propellers,

 unsynchronized propellers (concerning two
propellers), ...

2 OPTIMIZATION OF SHIP
PROPELLERS WITH CONSTANT
PITCH USING PROP SCAN
TECHNOLOGY

The use of Prop Scan technology enables the
repair, modification and optimization of pro-
pellers for all kinds of ships. The optimization
of propellers is carried out according to the
highest international standards for shipbuilding
and marine propellers, SO 484 (ISO 484/1 and
ISO 484/2), with manufacturing accuracy toler-
ances for marine propellers dating back to
1981".

The accuracy class for propellers, according
to ISO 484/2, is achieved by adjusting and opti-
mizing the geometric characteristics of a pro-
peller that concern pitch P, and accordingly the
pitch ratio P/D. Table 1 shows the allowed ISO
tolerance according to pitch P within the accu-
racy classes for the manufacture of marine pro-
pellers.

The Prop Scan system for the testing and di-
agnostics of propellers is shown in Figure 2.
The system is made up of a work bench with a
base for the propeller, and a crane with a meas-
uring rod and sensor. The measuring rod with
sensor extends over the propeller blade face
going from the leading to the trailing edge ac-
cording to the marked radii. The sensors gather
information from the blade face for each de-
gree of the propeller rotation on the base of the
work bench, sending the data to the computer.

The second part of the Prop Scan system
consists of a computer equipped with pro-
grammes that analyze the data received. The
measurement results are shown on the compu-
ter screen. The measurement is carried out by
turning the propeller on the work base by 360°,
which is the equivalent value of one complete
pitch. Radii are marked by first placing a radius
labelling spike on the measurement rod by

U Standard ISO 484 encompasses the manufacturing procedure
(castings, finishing), as well as the specification of equipment that
can be used for the manufacture of propellers. ISO 484/2 concerns
propellers with diameters from 800 mm to 2500 mm, while ISO 484/1
concerns propellers with diameters greater than 2500 mm [1].
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Tablica 1. Dopustene ISO 484/2 tolerancije s obzirom na uspon P

Table 1 Allowed ISO 484/2 tolerances in relation to pitch P

Klasa / Class
USPON/PITCH
S L IL. 111
1 | Lokalni uspon Uspon jednog dijela presjeka krila | = 1.5% | =2.0% | =3.0% -
Local pitch Pitch of a section part 10 mm 15 mm 20 mm
2 | Uspon presjeka | Uspon na jednom radijusu krila +1.0% | £15% | £2.0% | £5.0%
Section pitch Pitch of a single-blade radius 7.5 mm 10 mm 15 mm 20 mm
3 | Uspon krila Uspon jednog krila +075% | £1.0% | =£15% | =4.0%
Blade pitch Pitch of a single blade 5 mm 75mm | 10 mm 20 mm
4 | Uspon vijka Srednji uspon svih krila +05% | £075% | £1.0% | £3.0%
Propeller pitch Average pitch of all blades 4 mm 5 mm 75mm | 15 mm

tocke), formira se i sam presjek lica krila s obli-
kom i izgledom povrsSine lica. Zbog toga linear-
ni dijagrami (vidi poglavlje 4) predstavljaju
izvornu presliku oblika i izgleda povrSine lica
krila vijka na skeniranom radijusu. Vrijednost
uspona na ulaznom bridu lica krila na pocetku
svakog mjerenja je 0.

Prop Scan tehnologija bazirana je na ispitiva-
nju uspona vijka, pa se i rezultati mjerenja kori-
ste za njegovu analizu $to omogucuje daljnja
poboljsanja standarda ISO 484. Prop Scan su-
stav ima Siroku paletu uskospecijaliziranih pro-
grama koji omogucuju odredivanje geometrij-

turning the propeller on the base of the work
bench. Typically, radii are: r = 0.3‘R, r = 0.4'R,
r=05R r =06R r=07R r=08R,
r = 0.9R, r = 0.95-R (blade tip), where R is the
radius of the propeller.

The measurement results are shown as linear
and bar diagram reports. The results obtained
are the measured pitch values for a complete
propeller rotation (360°) at a certain radius.
The computer registers and stores the meas-
ured values. Considering the number of meas-
uring points on this radius (after the measuring
points), a section of the blade face itself is
formed with the actual shape and appearance

Slika 2. Prop Scan sustav za ispitivanje vijka
Figure 2 Prop Scan system for testing propellers
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skih 1 hidrodinamickih znacajki vijaka sa
svthom postizanja najpovoljnijeg ukupnog
stupnja iskoristivosti propulzije 7, Sa svim svo-
jim programskim rjeSenjima Prop Scan tehno-
logija postavlja nove standarde kvalitete opti-
mizacije 1 nove klase tocnosti izrade brodskih
vijaka.

3. POBOLJSANJA STANDARDA
ISO 484

Prop Scan sustav za ispitivanje i dijagnostiku
vijaka omogucava daljnja poboljSanja unutar
standarda ISO 484/1 1 ISO 484/2. Tako je razvi-
jen PoboljSani standard vijka (Prop Scan EPS
— Enhanced Propeller Standard) [5] s ciljem
Sto kvalitetnijeg popravka, modifikacije i opti-
mizacije vijka, ali i dalje strogo poStivajuci me-
dunarodne standarde ISO 484/1 1 ISO 484/2.
Prop Scan EPS je standard dodatne kvalitete
vijka.

Zahvaljuju¢i modernoj Prop Scan tehnologi-
ji, te uvedenom standardu Prop Scan EPS omo-
guceno je:

* mjerenje i usporedba uspona za svaki stupanj
okretaja vijka

* potpunost mjerenja kako velikih, tako i ma-
lih vijaka

* dodatne klase to¢nosti izrade vijaka, dodatno
smanjenje dopustenih ISO tolerancija (klasa
0— polovina dopustenih ISO tolerancija kla-
se S te klasa N— bez pogreske, idealno).

Mjerenjem vijka za svaki stupanj okretaja re-
zultira kompletno skeniranom licu krila. Tabli-

of the surface. For this reason, the linear dia-
grams (see Chapter 4) represent an original
copy of the shape and appearance of the pro-
peller blade surface at the scanned radius. The
pitch value at the leading edge of the blade face
is 0 for each measurement.

The Prop Scan technology is based on the
analysis of the propeller pitch, so that the meas-
urement results are used in this analysis. This
enables further improvements on the ISO 484
standard. The Prop Scan system has a broad
spectrum of narrowly specialized programmes
that permit the assessment of geometric and
hydrodynamic propeller characteristics in order
to achieve the best overall level of propulsion
efficiency 5, The Prop Scan technology, with all
its programme solutions, sets new standards for
the quality optimization and new accuracy
classes in the manufacture of marine propel-
lers.

3 ENHANCEMENTS OF THE
ISO 484 STANDARD

The Prop Scan system for the testing and di-
agnostics of propellers enables a further im-
provement within the ISO 484/1 and ISO 484/2
standards. This developed the Enhanced Pro-
peller Standard (Prop Scan EPS) [5] with the
aim of achieving the best repair, modification
and optimization of propellers, keeping in line
with the strict international ISO 484/1 and ISO
484/2 standards. The Prop Scan EPS is a stand-
ard for the additional propeller quality.

Thanks to modern Prop Scan technology,
and the introduction of the Prop Scan EPS
standard, the following is possible:

Tablica 2. Usporedba mjerenja sukladno Prop Scan EPS i ISO 484/2
Table 2 Comparison of measurements using the Prop Scan EPS and ISO 484/2 standards

Prop Scan EPS u odnosu na ISO 484/2 / Prop Scan EPS compared to ISO 484/2

EPS lice krila / EPS blade face ISO 484/2 lice krila / ISO 484/2 blade face
Klasa Broj mjerenja Lokalni uspon Broj mjerenja Lokalni uspon

Class Number of measurements Local pitch Number of measurements Local pitch
0 57 4 0 0
S 57 4 5 4
L 57 3 4 3
II. 57 2 3 2
111 57 2 2 -

Kut krila vijka izmedu ulaznog i izlaznog brida je prosjecno 57°
The angle of propeller blades between the leading to trailing edge is on average 57°
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ca 2. prikazuje prednosti mjerenja Prop Scan
tehnologijom sukladno standardu Prop Scan
EPS u odnosu na mjerenja sukladno standardu
ISO 484/2.

Mjerenje sukladno Prop Scan EPS obavlja se
prosjecno na 57 mjesta po svakom presjeku lica
krila te predstavlja dodatak mjerenju prema
ISO 484/2. Ovakvo mjerenje ili skeniranje vijka
omogucuje istraZivanje kompletnog presjeka
lica krila. Prije to nije bilo moguce, jer su se su-
kladno ISO 484/2 mjerile samo ulazne i izlazne
tocke (vidi broj mjerenja sukladno ISO 484/2
utablici 2.), a sve u funkciji izracuna uspona, $to
je u biti i nedostatak mjerenja sukladno ISO
484/2, jer veliko podrucje povrSine lica krila
ostaje neistrazeno. Prop Scan tehnologija upra-
vo je nastala zbog sve vecih zahtjeva potrebne
preciznosti izrade vijaka za potrebe ratne mor-
narice.

Prema Prop Scan EPS vijak se mjeri i skeni-
ra na 4 do 8 (max. 10) odredenih radijusa krila
vijka ovisno o klasi na koju se optimizira (Ta-
blica 3). Na odabranom broju radijusa krila vi-
jka mjeri se i skenira svaki presjek lica krila vi-
jka i to, kako je ve¢ objaSnjeno, do 57 mjesta
po svakom presjeku krila. Svaki presjek lica
krila koji se mjeri i skenira podijeljen je na
sekcije, tzv. lokalna podrucja (Slika 3). Broj
lokalnih podru¢ja (lokalni uspon) je od 2 do 4
(Tablica 2). Ovo znaci, da se na jednom krilu
vijka izvede do 570 mjerenja te se s obzirom
na toliki broj mjernih toc¢aka dobiva potpuno
skenirana povrSina lica krila. Kako je Prop
Scan sustav za ispitivanje vijka baziran na mje-
renju uspona, to se i optimiziranje vijka bazira
na korekciji uspona.

Ovakav nacin preciznog mjerenja kojim se
dobiva skenirana povrsina lica krila omogucuje
nam da se uvjerimo u kakvom je stanju vijak.
Sve do danas se nagadalo s popravcima na po-
vrsini lica krila, a upravo ta povrsina je radna.
Sada, nakon snimanja lica krila, ovlastene oso-

Tablica 3. Prop Scan EPS broj mjerenih radijusa
Table 3 Prop Scan EPS number of measured radii

* measuring and comparison of the pitch for
each degree of the propeller rotation,

e complete measurement of large and small
propellers,

* additional accuracy classes for the manufac-
ture of propellers, additional lowering of the
allowed ISO tolerances (class 0 - half of the
allowed ISO tolerances for the S class, and N
class - no error, ideal).

Measuring the propeller for each degree of
the rotation results in complete scans of the
blade face. Table 2 shows the advantages of
measuring using the Prop Scan technology ac-
cording to the Prop Scan EPS standards in rela-
tion to measurements using the ISO 484/2
standard.

Measurements according to the Prop Scan
EPS are carried out at 57 points on average for
each section of the blade face, representing ad-
ditional measurements according to the ISO
484/2 standard. Such measurements or scanning
of propellers enables the testing of a complete
section of the blade face. This was not possible
before, as according to the ISO 484/2 standard,
only the entry and exit points were measured
(see the number of measurements acccording to
ISO 484/2 in Table 2), all for the purpose of cal-
culating pitch. In essence, this is the flaw of
measuring using the ISO 484/2 standard, as a
large area of the blade face remains unexplored.
The Prop Scan technology appeared precisely
due to the growing demands of the navy for pre-
cision in the manufacture of propellers.

According to the Prop Scan EPS, propellers
are measured and scanned at 4 to 8§ (max. 10)
set radii of the propeller blades depending on
the class of optimization (Table 3). At the set
numbers of radii, sections of blade faces are
measured and scanned up to 57 points for each
blade section, as already mentioned. Each part
of the blade face that is measured and scanned
is divided into sections, the so-called local area
(Figure 3). The number of local areas (local
pitch) is from 2 to 4 (Table 2). This means that

Klasa Mjereni radijusi Broj radijusa Prihvacena iskljucenja
Class Measured radii Number of radii Accepted exclusions
0 0.3,0.4,0.5, 0.6, 0.7, 0.8, 0.9, 0.95 8 2
S 0.3,0.4,0.5,0.6,0.7,0.8, 0.9, 0.95 8 2
L. 0.3,0.4,0.5,0.6,0.7,0.8, 0.9 7 2
IL. 0.3,0.5,0.7,0.9 4 1
III. 0.3,0.5,0.7,0.9 4 1
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Slika 3. Mjerna podrucja lica krila vijka ribarskog broda
Figure 3 Measurement areas of the propeller blade face for a fishing ship

be projektiraju na osnovi rezultata dobivenih
proracunom vijka te stvaraju novi dizajn lica
krila vijka koji se popravlja. Cesto se radi i o vij-
cima koji su tek izasli iz tvornice.

Mjerenjem presjeka, odnosno lica profila vij-
ka na odabranom radijusu vijka mozemo dobiti
vrijednosti o lokalnom usponu i usponu presje-
ka (lica profila).

Mjerenjem presjeka, odnosno lica profila vij-
ka na za to odabranom broju radijusa vijka pre-
ma tablici 3., dobit ¢e se vrijednosti za uspon
krila i uspon vijka.

Prihvacena iskljuCenja prikazana u tablici 3.
predstavljaju dopuSteni umanjeni broj mjerenih
radijusa prema Prop Scan EPS. Ovisno o klasi
tocnosti na koju se podesava vijak, vrsi se ko-
rekcija izmjerenih vrijednosti za uspon vijka.
Prop Scan omogucuje precizno mjerenje uspo-
na do tocnosti od 0,025 mm.

Prop Scan Class O

ISO Class
ISO Class
ISO Class
ISO Class

[N A R T—

up to 570 measurements are carried out on one
propeller blade, and considering the large
number of measuring points, a complete scan
of the blade face is obtained. As the Prop Scan
system for testing propellers is based on meas-
uring pitch, then the optimization of the pro-
peller is based on the correction of pitch.

This method of a precise measurement that
is obtained by scanning the blade suface gives
us an insight into the actual state of the propel-
ler. Up until today, estimates were made con-
cerning repairs to the blade face, which is the
actual work surface. Now, after scanning the
blade face, authorized personnel can project
new results obtained through propeller calcula-
tions, creating a new design for the propeller
blade face to be repaired. Frequently, this con-
cerns propellers that have just been released
from production.

Measuring a propeller blade face section or
propeller face profiles at chosen propeller radii,

e T LI W e
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Slika 4. Smanjenje vibracija za razlicite ISO 484/2 klase to¢nosti vijka
Figure 4 Lowering vibrations for various I1SO 484/2 propeller accuracy classes
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Skeniranjem presjeka, odnosno lica profila
vijka na odabranom radijusu vijka mozemo vi-
djeti netocnosti u usponu i netocnosti u kon-
veksnosti 1 obliku presjeka krila vijka. Ove ne-
tocnosti uzrokuju nepravilan rad vijka, uslijed
¢ega nastaju vibracije na krmenom dijelu broda
koje se prenose na osovinski vod te kavitacija
na samom vijku.

Prop Scan sustav za ispitivanje vijaka omogu-
¢ava dijagnosticiranje navedenih neto¢nosti na
vijku te njihovo uklanjanje, modificiranje i opti-
miziranje. Uklanjanje vibracija predstavlja klju-
¢an, pa cak i najvazniji dio optimizacije vijka
kako bi se poboljsale izlazne performanse bro-
da, a to su: smanjenje vibracija, smanjenje pre-
opterecenja dizelskog motora, povecanje broja
okretaja dizelskog motora za odredenu radnu
toCku, sprjecavanje nastanka kavitacije vijka,
poveCanje brzine broda, smanjenje potrosnje
goriva.

Na slici 4. prikazan je vizualni odnos jacine
vibracija za razlicite klase tocnosti vijka. Svi vij-
ci bez ostecenja su vecinom klase tocnosti III.,
proizvode se s klasom tocnosti II., dok su vijci
visoke klase tocnosti I. i S rijetkost. Takvi vijci
stvaraju najmanje vibracije.

Nakon provedene dijagnostike, potrebno je
izvrSiti odredene preinake na vijku, odnosno
potrebno je izvrsiti korekciju uspona prema
podlogama novog dizajna lica krila vijka (liner-
ni dijagrami).

Korekcija uspona obavlja se mehanickim pu-
tem (udarci ¢eki¢ima raznih veliCina i teZina,
hidrauli¢nim presama, stegama, lancima) te za-
grijavanjem, argonskim varenjem, bruSenjem,
balansiranjem i zavrSnom obradom. Brusenjem
i zavrSnom obradom povrsSina lica krila mora
biti ulastena i glatka kako bi osigurala miran
rad vijka, osovinskog voda i dizelskog motora,
bez vecih vibracija, a samim time i oStecenja.
Gubici su manji, a stupan;j iskoristivosti vijka 7,
je veli. Glatka povrSina vijka stvara manji ot-
por, vijak lakse radi, lakse “sijeCe” more, pa se
smanjuje i mogucnost pojave kavitacije i erozije
krila vijka.

Najvaznije pravilo korekcije je postici jedna-
ke vrijednosti uspona na istim mjernim tocka-
ma svakog krila vijka. Takav vijak ima jednolik i
balansiran rad, bez proklizavanja i bez vibraci-
ja, a to je bit optimizacije vijka.

Cesto je zboga ovakvih problema s nejednoli-
kim usponom potrebno korigirati i tek proizve-

we can obtain values on local pitch and section
pitch (face profile).

Measuring a propeller blade face section or
propeller face profiles at a set number of pro-
peller radii according to Table 3 shows values
for blade pitch and propeller pitch.

The accepted exclusions shown in Table 3
represent the allowed drop in the number of
measured radii according to the Prop Scan
EPS. Depending on the accuracy class of the
propeller being fitted, a correction of the meas-
ured values for propeller pitch is carried out.
The Prop Scan allows for precise pitch meas-
urements for accuracies starting from 0.025
mm.

Scanning a propeller blade face section or
propeller face profiles at set propeller radii,
we can see pitch inaccuracies and inaccuracies
in convexity and shape of the propeller blade
section. These inaccuracies cause irregular
propeller motion, which results in vibrations
in the stern region of the ship that is trans-
ferred to the shaft and cavitation on the pro-
peller itself.

The Prop Scan system for testing propellers
enables a diagnosis of irregularities on propel-
lers, its removal, modification and optimiza-
tion. The removal of vibrations represents the
key, and even the most important part of the
propeller optimization, in order to improve a
ship’s output performance, for instance: lower-
ing vibrations, reducing the overload on diesel
propulsion engines, increasing the number of
revolutions for diesel propulsion engines at ac-
ertain working point, preventing propeller cavi-
tation, increasing the ship’s speed, decreasing
fuel consumption...

Figure 4 shows the visual relationship of vi-
bration strengths for various propeller accuracy
classes. All undamaged propellers fall mostly
under accuracy class 111, they are manufactured
under accuracy class II, while propellers under
the high accuracy class I and S are rare. Such
propellers create the lowest vibrations.

After carrying out the diagnostics, certain
changes to the propeller must be made, or rath-
er a pitch correction must be done according to
the base set of the propeller blade’s face new
design (linear diagram).

The pitch correction is carried out mechani-
cally (using hammers of various sizes and
weights, hydraulic presses, constraints, chains),
as well as heating, argon welding, grinding, bal-
ancing and final finish. The grinding and final
finish must ensure shiny and smooth blade fac-
es, in order to ensure quiet propeller, shaft and
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Tablica 4. Srednje povecanje brzine i srednja usteda goriva broda za razli¢ite ISO 484/2 klase to¢nosti vijka
Table 4 Average speed increase and average fuel savings for a ship with various 1SO 484/2 propeller accuracy

classes
Klasa Srednje povecanje brzine i srednja uSteda potroSnje goriva
Classes Average speed increase and average fuel consumption savings
Prop Scan / Prop Scan 0 15-20%
ISO 484/2 S 10-15%

L 5-10%

IL 1-5%

I11.

dene vijke. Vijci se proizvode serijski prema
ISO klasama tocnosti, ali imaju svoje pocetnic-
ke pogreske (Tablica 2). Uz to, kada se ugrade
na brod, nastaju i drugi problemi. Tada se rade
prilagodbe i modifikacije za $to povoljniji od-
nos brod-vijak. Ostvarenjem tog odnosa, posti-
Zu se optimalne izlazne performanse broda, pa
takav vijak zovemo optimalnim ili savr§enim vi-
jkom za taj brod.

Korekcije uspona na viSe klase tocnosti pre-
ma [SO 484/2, rezultiraju boljem vijku, Sto se
moze zakljuciti iz tablice 4. koja je nastala na
temelju rezultata izlaznih performansi broda na
probnim voznjama nakon optimizacija na razli-
cite klase tocnosti vijka.

Postupak korekcije vijka s kontrolnim mjere-
njima na Prop Scan sustavu za ispitivanje, po-
navlja se toliko puta, dok se korigirana mjesta
uspona ne priblize optimalnima unutar toleran-
cija klase tocnosti vijka na koju se vijak optimi-
zira, i koja se zahtijeva. Dopustene tolerancije
za odredenu ISO klasu tocnosti vijka, prikaza-
ne su u dijagramima (poglavlje 4) sa Zutim
isprekidanim pravokutnicima, podrucje tole-
rancija (tolerance band). Unutar podrucja tole-
rancija za odredenu ISO klasu tocnosti vijka,
potrebno je optimizirati vijak.

4. PRIMJER OPTIMIZACIJE
VIJKA S KONSTANTNIM
USPONOM POMOCU PROP SCAN
TEHNOLOGIJE

U nastavku rada prikazan je sazeti metodo-
loSko-tehnoloski postupak optimizacije vijka,
na primjeru ribarskog broda “Majka Marija” —
Sibenik, vlasnika gosp. Fredija Popova iz Tribu-
nja. Obuhvaceno je pocetno i zavrs$no ispitiva-
nje s usporedbom najvaznijih geometrijskih

diesel propulsion engine operation, without
major vibrations, and, therefore, without dam-
ages. The losses are lower, and the level of pro-
peller efficiency 7, is greater. The smooth pro-
peller surface creates less resistance, the
propeller operates and cuts through the sea
easier, so that the potential appearance of pro-
peller blade cavitation and erosion is reduced.

The most important rule for correction is to
achieve equal pitch values at the same measur-
ing points of each propeller blade. Such a pro-
peller operates uniformly and with balance,
without slip and without vibrations, which is the
essence of the propeller optimization. Fre-
quently, due to such problems as with unequal
pitch, it is necessary to correct recently released
propellers. Propellers are manufactured in se-
ries according to ISO accuracy classes, but they
have their production errors (Table 2). Further-
more, other problems appear when they are
built into a ship. Then adjustments and modifi-
cations are made so as to achieve the best pos-
sible ship - propeller relationship. When this is
achieved, the ship’s optimal output perform-
ance is reached, so that we call such a propeller
an optimal or perfect propeller for this ship.

The pitch correction on a number of accura-
cy classes according to ISO 484/2, results in a
better propeller. This can be concluded from
Table 4, based on the results of a ship’s output
performance during test rides after optimiza-
tion at various propeller accuracy classes.

The procedure for the propeller correction
with controlled measurements on the Prop
Scan testing system is repeated continuously
until the corrected pitch places approach the
optimal ones within the tolerance limits of the
propeller accuracy class for which the propeller
is being optimized, and which is required. The
allowed tolerance limits for certain ISO propel-
ler accuracy classes are shown in diagrams
(Chapter 4) shaped as discontinuous rectan-
gles, the tolerance band. Within the tolerance
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znacajki vijka. Zaklju¢no je iznijeta usporedba
izlaznih performansi broda. Optimiziranje vijka
obavlja se postupkom izjednacavanja vrijedno-
sti uspona. Prethodno su dani osnovni podaci o
brodu, pogonskom stroju i vijku. Brzina ribar-
skog broda: v = 12 ¢v (6.173 m/s).

Osnovni podaci ribarskog broda “Majka Ma-

rija” su [8]:

L,, =L = 18,34 m — duZina preko svega

L,,= 14,40 m — duzina izmedu okomica

B = 4,60 m — Sirina

Bmax = 4,72 m — Sirina maksimalna

H = 2,00 m — visina

T'=160m — gaz

T, =2,50m — gaz krme

T, = 1,80 m — gaz prove

Tmax = 1,85 m — gaz maksimalni

Istisnina (tezina) G = 50 t

Istisnina (volumen) /' = 48,73 m*

Materijal gradnje ribarskog broda je drvo.
Pogonski stroj ribarskog broda je brzohodni

dizelski motor tipa WM 1312 H. Radi se o V

motoru s 12 cilindara. Osnovni podaci brzohod-
nog dizelskog motora WM 1312 H [9]:

e P, =24271 kW
* n_= 180 min
* prijenosni omjer reduktora:i = 5: 1.

Propulzor ribarskog broda “Majka Marija” je
cetverokrilni vijak s konstantnim usponom tali-
janskog proizvodaca Eliche Radice[10]. Ozna-
ka na glavini vijka je Eliche Radice B6.

Radi se o vijku specijalno prilagodenom za
ribarske brodove, izradenom iz legure bronce,
klase tocnosti IL., sljedecih tvornickih znacajki:

* promjer vijka: D = 1400 mm
* uspon vijka: P/Dmax = 0,9
* omjer povrSina vijka: 4, /A4, = 0,568.

Prije ispitivanja na vijku je izvrSena mala ko-
rekcija promjera za 20 mm, pa je D = 1380 mm.
Razlog su oStecenja koje je vijak imao na vrSci-
ma presjeka, profila krila.

Optimizacija vijka Eliche Radice B6 ribar-
skog broda “Majka Marija” radi se iz klase toc-
nosti vijka II. na klasu toc¢nosti vijka S, Sto je
prema ISO 484/2 standardu vrlo visoka klasa
tocnosti.

band for the set ISO propeller accuracy class,
the propeller must be optimized.

4 AN EXAMPLE OF PROPELLER
OPTIMIZATION WITH
CONSTANT PITCH USING PROP
SCAN TECHNOLOGY

The paper continues by showing a condensed
methodological and technological procedure
for propeller optimization, using the “Majka
Marija” (“Mother Mary”) fishing ship from
Sibenik as an example, whose owner is Mr.
Freddy Popov from Tribun. It entails initial and
final testing with a comparison of the most im-
portant geometric propeller characteristics. In
conclusion, a comparison of the ship’s output
performances are given. The propeller optimi-
zation is a procedure that equalizes pitch val-
ues. The basic ship’s data, main engine and
propeller are given first. The speed of the fish-
ing ship: v = 12 kts (6.173 m/s).

Basic data on the “Majka Marija” (“Mother
Mary”) fishing ship [8]:

L,, =L =18.34 m - overall length
L,, = 14.40 m - length between perpendiculars
B = 4.60 m — beam

Bmax = 4.72 m — maximum beam

H = 2.00 m — height

T = 1.60 m — draft

T, = 2.50 m — the draft aft (stern)

T, = 1.80 m — the draft forward (bow)
Tmax = 1.85 m — maximum draft
Displacement (weight) G = 50 t
Displacement (volume) V' = 48.73 m?

The constructon material for the fishing ship
is wood.

The main engine for the fishing ship is a high
speed diesel engine type WM 1312 H. Itisa V
motor with 12 cylinders. The basic data for the
high speed diesel engine WM 1312 H [9]:

* P, =242.71 kW,
* n_ = 1800 min’,
* the gear ratio:i =5: 1.

The propulsion for the “Majka Marija”
(“Mother Mary”) fishing ship is a 4-blade pro-
peller with constant pitch by the Italian manu-

facturer ELICHE RADICE [10]. The propeller
is marked ELICHE RADICE B6.
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Dopustene tolerancije za klasu tocnosti S
prikazane su u obliku zutih isprekidanih pravo-
kutnika, podrucja tolerancija (tolerance band)
u dijagramima pocetnog i zavrSnog ispitivanja
te iznose:

* =+ 1,5% za devijaciju
* — 1,5% za diferenciju
* + 2.3% za sumu.

Na kraju ispitivanja i mjerenja vijka B6, stup-
Canim dijagramima prikazano je stanje vijka
prije (Slika 9) i nakon (Slika 14) optimizacije.
Radi se o dijagramima kojima su pregledno
obuhvadene/a:

* srednje vrijednosti uspona presjeka za krilo
1, 2, 314 na svim radijusima

* srednje vrijednosti uspona krila 1, 2, 3,1 4
* srednja vrijednost uspona vijka

1 njihova odstupanja od optimalnih vrijednosti,
koje su unutar dopustenih tolerancija to¢nosti
izrade vijka za klasu S prema medunarodnom
standardu ISO 484/2.

4.1. Pocetno ispitivanje i dijagnostika vijka

Na slici 5. prikazan je postupak mjerenja vij-
ka tipa B6 Eliche Radice Prop Scan tehnologi-
jom [1].

Rezultati mjerenja vijka tipa B6 Eliche Radi-
ce prikazani su kao pocetni izvjeStaji u obliku
linearnih dijagrama. Mjerne tocke krila 1, 2, 3, 4
na radijusima r= 0,3-R, r = 0,4R, r = 0,5R,
r =0,6R r=07R r = 08R, r = 09R,
r = 0,95-R (vrh krila), formiraju oblik i izgled
lica krila sa svim odstupanjima od optimalnog
vijka. Izmjerene vrijednosti mjernih tocaka
predstavljaju uspon, uspon za ispitivanje, dija-
gnostiku i daljnu analizu vijka.

U daljnjem tekstu: krilo 1 — krilo prvo, krilo
2 — krilo drugo, krilo 3 — krilo trece, i krilo
4 — krilo Cetvrto. Rezultati mjerenja prikazani
u dijagramima oznaceni s: 1 su za lice krila 1, 2
su za lice krila 2, 3 su za lice krila 3 i 4 su za lice
krila 4. Oznake na dijagramima su: myv za iz-
mjerene vrijednosti, ov za optimalne vrijedno-
sti, Ip za vrijednost lokalnog uspona, msp za iz-
mjerenu vrijednost uspona presjeka, mmsp za
srednju vrijednost izmjerenih uspona presjeka
msp, 1 osp za vrijednost optimalnog uspona pre-
sjeka.

This is a propeller specially adapted for fishing
ships, made from a bronze alloy, accuracy class
11, with the following factory characteristics:

* propeller diameter: D = 1400 mm,
* propeller pitch: P/Dmax = 0.9,
* propeller surface ratio: 4,/4,, = 0.568.

A small correction was carried out on the
propeller before examination, where the diam-
eter was decreased by 20 mm, so that now
D = 1380 mm. The reason for this were the
damages sustained by the propeller at the sec-
tion tips, blade profile.

A ELICHE RADICE B6 propeller optimiza-
tion of the “Majka Marija” (“Mother Mary”)
fishing ship was carried out under the propeller
accuracy class II for a propeller accuracy class

S, which is a very high accuracy class under the
ISO 484/2 standard.

The allowed tolerances for the accuracy class
S are shown in the shape of discontinuous rec-
tangles, the tolerance band in the initial and fi-
nal testing diagrams, amounting to:

* + 1.5% for deviation,
* 1.5% for differentiation, and
* + 2.3% for the sum.

At the end of testing and measuring the pro-
peller B6, the bar diagrams show the state of
the propeller before (Figure 9) and after (Fig-
ure 14) optimization. These are diagrams that
clearly cover:

* mean section pitch values for blades 1, 2, 3
and 4 at all radii,

* mean blade pitch values for blades 1, 2, 3,
and 4,

* mean propeller pitch values,

and their deviation from optimal values, which
are within the allowed tolerance limits for the
manufacturing of propeller accuracy class S ac-
cording to the international ISO 484/2 standard.

4.1 Initial Testing and Diagnosis of the
Propeller

Figure 5 shows the procedure for measuring
a propeller type B6 ELICHE RADICE using
the Prop Scan tehnology [1].

The results from measuring a propeller type
B6 ELICHE RADICE are shown as an initial
report in the shape of linear diagrams. The
measurement points of blades 1, 2, 3, 4 at radii
r=03R, r = 04R r = 05R, r = 0.60R,
r=0.7R,r=08R r=09R, r=095R (blade
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Podloge uspona lica krila optimalnog vijka
oznacene su tockastim linijjama. One predstav-
ljaju novi dizajn lica krila vijka. Ovim radom
prikazana je optimizacija postojee geometrije
lica krila na nacin da se ispravljaju sve povrsin-
ske nepravilnosti lica krila, a samim time 1 vri-
jednosti uspona. Prema tome, vrijednosti
optimalnih uspona rezultat su korigiranih ne-
pravilnosti na povrSinama lica krila vijka tipa
B6 Eliche Radice ribarskog broda “Majka Ma-
rija”, a ne rezultat proracuna vijka. Medutim, i
ovakva optimizacija uspona daje poboljSane
izlazne performanse broda.

Prikazane vrijednosti rezultata mjerenja
predstavljaju srednju vrijednost lokalnog uspo-
na za svako od 4 lokalna podrudja lica krila na
istom radijusu /p. Srednje vrijednosti uspona za
optimalni vijak ov i osp takoder su prikazane u
dijagramima. Na linearnom dijagramu su i
srednje vrijednosti uspona presjeka lica krila 1,
2, 3, 4 na istom radijusu msp, kao i srednja vri-
jednost uspona sva 4 krila na istom radijusu
mmsp. Tu je i vrijednost kuta krila ¢_za odrede-
ni radijus.

Pocetni izvjeStaj u obliku linearnog dijagra-
ma nakon pocetnog mjerenja lokalnog uspona 1
uspona presjeka krila 1, 2, 3, 4 vijka B6 na radi-
jusur = 0,95'R prikazan je na slici 6.

Linearni dijagrami nakon pocetnog mjerenja
su dijagnoza ili nalaz stanja vijka prije optimi-
zacije. Najveca odstupanja uspona lica krila od
optimalnoga su ba$ na radnoj, efektivnoj povr-

tip), form the shape and appearance of the
blade face with all the deviations from the opti-
mal propeller. The measured values of the
measurement points represent pitch, pitch for
testing and diagnostic, and further propeller
analysis.

In the text that follows: blade 1 is the 1%
blade, blade 2 is the 2" blade, blade 3 is the 3™
blade, and blade 4 is the 4™ blade. The meas-
urement results shown in the diagrams labeled
with: 1 for the 1* blade face, 2 for the 2" blade
face, 3 for the 3™ blade face, and 4 for the 4"
blade face. Labels in the diagrams are: myv is for
the measured value, ov is for the optimal value,
Ip is for the local pitch value, msp is for the
measured section pitch value, mmsp is for the
measured mean section pitch value msp, and
osp is for the optimal section pitch value.

The base for blade face pitch of an optimal
propeller is marked by dotted lines. They rep-
resent the new design for a propeller blade
face. This paper shows the optimization of the
existing blade face geometry such that all the
surface irregularities of the blade face are cor-
rected, and with it the pitch values. According-
ly, the optimal pitch values are the result of cor-
rected irregularities on the surface of B6
ELICHE RADICE propeller blades for the
“Majka Marija” (“Mother Mary”) fishing ship,
and not the result of propeller calculations.
However, even this kind of pitch optimization
gives a ship improved output performances.

The values shown for the measured results
represent a mean value for local pitch for each
of the 4 local blade face areas on the same radi-
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Slika 5. Postupak mjerenja vijka Prop Scan tehnologijom [1]
Figure 5 Procedure for measuring a propeller using the Prop Scan technology [1]
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Sini vijka, a to je od r = 0,6:R dor = 0,95-R. U
tablici 5. prikazane su neke vrijednosti odstupa-
nja uspona od trenutne linije optimalnog uspo-
na, odnosno od trenutne linije uspona novog
dizajna lica krila vijka (design pitch) B6 na radi-
jusu r = 0,95:R prema linearnom dijagramu na
slici 6. Za trenutnu vrijednost optimalnog uspo-
na (design pitch) uzeta je srednja vrijednost us-
pona presjeka sva 4 krila na istom radijusu
(pass pitch). Trenutna linija optimalnog uspona
se mijenja, te se formira nova, ispravna linija
optimalnog uspona (design pitch), u pravilu na-
kon proracuna vijka ili kako je to ve¢ objasnje-
no u poglavlju 1.

Ova odstupanja uzrokom su netoc¢nosti u us-
ponu. Vrijednosti odstupanja u + znace dol po-
vrsine lica krila, a u — znace brijeg povrSine lica
krila u odnosu na liniju optimalnog uspona (de-
sign pitch). Dol je + jer prilikom korekcije us-
pona povrsina lica krila mora rasti prema liniji
optimalnog uspona, dok je brijeg — jer prilikom
korekcije uspona povrsina lica krila mora pada-
ti prema liniji optimalnog uspona. S obzirom na
vrijednosti dola i brijega, oblik i izgled presjeka
lica krila je nepravilan, pa je nepravilan i rad vi-
jka. Smanjena je iskoristivost vijka, moguce su
vibracije, kao i svi ostali problemi koji su ve¢
spomenuti.

Vrijednosti odstupanja uspona (dol, brijeg)
prikazane na linearnim dijagramima ne stvara-
ju probleme u radu vijka samo zbog odstupanja
na istom presjeku jednog krila, vec i viSe ako su

o

=A Units - Millimetres [M]]

Line CTD)  Deslp e, SerlesD

P ne
Passes 8 Radius

E BRODSKOG VIJKA S KONSTANTNIM USPONOM

us /[p. The mean pitch values for an optimal pro-
peller ov and osp are also shown in diagrams. On
the linear diagram there are the mean pitch val-
ues of blade face sections 1, 2, 3, 4 on the same
radius msp, as well as the mean pitch value of all
4 blades on the same radius mmsp. There is also
the value of the blade angle ¢, for a set radius.

The initial report in the form of a linear dia-
gram after the initial measurement of the local
pitch and section pitch for blades 1, 2, 3, 4 of
propeller B6 on the radius r = 0.95-R is shown
in Figure 6.

Linear diagrams after the initial measure-
ments are a diagnosis or the state of the propel-
ler prior to optimization. The greatest devia-
tions of the blade face from the optimal one are
found on the effective propeller work surface,
and this is from r = 0.6'R tor = 0.95-R. Table 5
shows some of the pitch values that deviate
from the present optimal pitch, or from the
present pitch line of the new B6 propeller blade
face design (Design Pitch) at the radius r
0.95'R according to the linear diagram in Fig-
ure 6. For the present value of the optimal pitch
(Design Pitch) the Pass Pitch value for all 4
blades on the same radius was used. The
present optimal pitch line is changing, forming
a new, correct optimal pitch line (Design Pitch),
generally after propeller calculations or as has
already been explained in Chapter 1.

These deviations are caused by pitch inaccu-
racies. The deviation values using + signifies the
valley area of blade face, and using — signifies the
cam area of the blade face in comparison to the

Tablica 5. Vrijednosti odstupanja uspona na

Blade ngle Pass Pitch Design Pitch Class
8 .95 18 996,94 = 996.94m § r=095R
L . {63843 1029 , gp mMSR i 8 945 7 | .. Table 5 Pitch deviation values at r = 0.95'R
2] 996,54 =~ -996.94—9;&‘*5\ ‘;4‘996.94—'—|—'— -996.94—] oy
1 ’ r=0.95R Izmjerene
?. 1052,41. 1 & _ 962.46 . . 921.08. . —Llmv vrijednosti
|J-713 996.94 — 1 — 997\ 44996.94 17— . =996.94 ——ov Lokalna Odstupan]a
2 - ‘ 1:40 krilo vijka .
podrucja uspona
* 102542 872,51 1036, 22 L my propeller .
| . 99684 —  — A— & . 996.91 . 1 .. 998.94 - = —fov Local area | Measured pitch
I3 - 983.45 — — %_ - - = blade deviati 1
eviation values
o B~ B - SR RS . Lo
= | | 1011.43 | | 1 1/4=1E + 0.83 mm
b o Ip o 4/4 = TE + 0.67 mm
Job No - 1100006A Riba. .erdinand|
£ .83 .o0 ™ 09:56 16/12/11 1B RH F1 2 1/4 = LE + 1.43 mm
I i =1 | i 1atmm
3 1/4 = LE + 0.13 mm
Slika 6. PoCetni izvjeStaj — linearni dijagram za r = 0,95-R 4/4 =TE + 1.45 mm
Na slici: — predstavlja liniju izmjerenih vrijednosti uspona, 4 1/4 = LE + 0.93 mm
- predstavlja liniju optimalnih vrijednosti uspona. 4/4 = TE -

Figure 6 Initial report — linear diagram forr = 0.95'-R
In Figure 6: — is for the measured pitch lines,
- is for the optimal pitch lines.
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razliite na istim mjestima na svakom Kkrilu.
Ako se na konkretnom primjeru na r = 0,95-R
(Slika 7) promatraju ista lokalna podrucja sva-
kog od 4 krila primijetit ¢e se velika odstupanja
lokalnih uspona. Ovakav vijak definitivho nema
sinhronizirani rad svojih krila. Nejednolikosti
lokalnih uspona na svim radijusima vijka treba
svesti na minimum u skladu sa standardom
Prop Scan EPS. Tek nakon toga dobit ¢e se do-
bar vijak.

Dijagrami odstupanja lokalnih uspona (Slika
7) omogucuju formiranje preglednih dijagrama
devijacija, diferencija i suma (Slika 8) sukladno
standardu Prop Scan EPS postivajuéi standard
ISO 484/2. U stupcanim dijagramima prikazane
su njihove srednje vrijednosti. Radi vaznosti
utjecaja devijacija na pravilan rad vijka dani su
rezultati diferencije i sume samih devijacija. U
nekim slucajevima rezultati diferencije i sume
daju povoljne vrijednosti, ovisno jesu li susjed-
ne devijacije + ili —, i ovisno kolike su im vrijed-
nosti. Generalno, to moze balansirati ili cak ni-
velirati odstupanja uspona od optimalnog, ako
se promatra s razine srednje vrijednosti uspona,
Sto mozZe rezultirati povoljnijem radu vijka. Pri-
likom optimizacije vijka vrijednosti devijacije,
diferencije i sume treba drZati unutar dopuste-
nih ISO 484/2 tolerancija za klasu to¢nosti vijka
na koju se vijak optimizira.

Prema dijagramima prikazanim na prethod-
nim slikama te prema dijagramu sa slike 9. pro-
izlaze sljedeci zakljucci o stanju vijka prije opti-
mizacije:

a) srednje vrijednosti lokalnih uspona su 54,6%

unutar zadanih tolerancija za klasu S

b) srednje vrijednosti uspona presjeka su
98,3% unutar zadanih tolerancija za klasu S

c) srednje vrijednost uspona krila su 100%
unutar zadanih tolerancija za klasu S.

Potrebno je izvrSiti korekciju uspona na nacin
da sve promatrane vrijednosti budu unutar gra-
nica dopustenih tolerancija za klasu S. Tezi se da
srednje vrijednosti lokalnih uspona i uspona pre-
sjeka budu jednake na svim radijusima.

4.2. Zavrsno ispitivanje i dijagnostika vijka

Rezultati mjerenja vijka tipa B6 Eliche Radi-
ce ribarskog broda “Majka Marija” nakon opti-
mizacije, prikazani su kao zavrs$ni izvjestaji u
obliku linearnih i stupcanih dijagrama. Zavrsni

line of optimal pitch (Design Pitch). The valley is
+ as during the pitch correction the blade face
area has to increase towards the optimal pitch
line, while the cam is — as during the pitch cor-
rection the blade face area has to drop towards
the optimal pitch line. Considering the valley
and cam values, the form and appearance of the
blade face section is irregular, so that the propel-
ler works with irregularity. The propeller effi-
ciency decreases, vibrations are possible, as well
as all the other problems already mentioned.

The pitch deviation values (valley, cam)
shown in the linear diagrams do not create prob-
lems in the propeller movement only due to the
deviation at the same section of a one blade, but
more so if they vary in the same places on each
blade. If, using a specific example r = 0.95-R
(Figure 7), the same local areas for each of the
4-blade are observed, great deviations in the lo-
cal pitch can be noticed. The blades of such a
propeller definitely do not work in synchroniza-
tion. The irregularities of the local pitch at all
propeller radii must be kept to a minimum in
line with the Prop Scan EPS standard. Only after
this can you get a good propeller.

The deviation diagrams for the local pitch
(Figure 7) enable the formation of easily-read
diagrams for deviations, differences and sums
(Figure 8), in accordance with the Prop Scan
EPS standard, keeping in line with the ISO
484/2 standard. The bar diagrams show their
mean values. Due to the importance of how de-
viation affects the correct operation of propel-
lers, differences and the sum of the total results
of the deviation are given. In some cases the
differences and sum results give satisfactory
values, depending on whether they are neigh-
bouring deviations + or — and depending on
their values. Generally, this can balance or even
level out the pitch discrepancies from the opti-
mal one, if viewed from the mean pitch value
level, which can result in more favourable pro-
peller results. During the propeller optimiza-
tion, the deviation, differences and sum values
must be contained within the limits of the ISO
484/2 tolerances for propeller accuracy classes.

According to the diagrams shown in the pre-
vious figures, and according to the diagram in
Figure 9, the following can be concluded re-
garding the state of the propeller before opti-
mization:

a) mean local pitch values are 54.6% within de-
fault tolerances for class S,

b) mean section pitch values are 98.3% within
default tolerances for class S, and

c) mean blade pitch values are 100% within
default tolerances for class S.
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Differdiice
i

Deviation

Slika 7. Dijagram odstupanja lokalnih uspona svih krila

nar = 0,95-R prije optimizacije

Figure 7 Deviation diagram of local pitch for all blades

at r = 0.95'R before optimization

izvjeStaj u obliku linearnog dijagrama nakon
zavrSnog mjerenja lokalnog uspona i uspona
presjeka krila 1, 2, 3, 4 vijka B6 na radijusu pri-
kazan je r = 0,95-R na slici 10.

Na linearnim dijagramima zavrSnog mjerenja
vidi se da linije korigiranog uspona dobro prate
linije optimalnog uspona. Korigirane vrijednosti
uspona nakon optimizacije su u granicama klase
to¢nosti vijka S prema standardu ISO 484/2.

Prema rezultatima mjerenja koji su prikazani
na lineranom dijagramu za r = 0,95-R (Slika 10)

tolerance band

| EASURINGT P00 6 - 2Gis ALLAE S
Propeller Fitch = Measured Mean

989 .85m

mean section pitch

Tolerance 1,5%

Slika 8. Dijagram devijacije, diferencije i sume
nar = 0,95-R prije optimizacije

Figure 8 Deviation, differences and sum diagram
at r = 0.95-R before optimization

The pitch correction must be carried out so
that all the examined values are within the al-
lowed tolerance limits for class S. The objective
is to achieve equal mean values for local pitch-
es and section pitches at all radii.

4.2 Final Testing and Diagnosis of the
Propeller

The measurement results, after optimization,
for the propeller type B6 ELICHE RADICE
on the “Majka Marija” (“Mother Mary”) fish-
ing ship, are shown as a final report in the form

Slika 9. Stanje vijka prije optimizacije — Pocetni izvjeStaj
Figure 9 The propeller state before optimization — INITIAL REPORT
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Slika 10. Zavrs$ni izvjeStaj — linearni dijagram za r = 0,95'R
Na slici: — predstavlja liniju izmjerenih vrijednosti uspona,

. predstavlja liniju optimalnih vrijednosti uspona.
Figure 10 Final report — linear diagram at r = 0.95'R
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Slika 11. Dijagram odstupanja lokalnih
uspona krila 4 nar = 0,95'R nakon
optimizacije

In Figure 10: - is for the measured pitch lines,

. is for the optimal pitch lines.

Blade Angle Pass Pitch Design Pitch

Slika 12. Dijagram odstupanja lokalnih uspona svih krila
nar = 0,95-R nakon optimizacije

Figure 12 Deviation diagram of local pitch for all blades
at r = 0.95-R after optimization

nastaju stup€ani dijagrami odstupanja lokalnih
uspona krila 1, 2, 3 i 4 (Slika 11) u odnosu na
podrucje tolerancije (tolerance band— ispreki-
dani pravokutnici) i na liniju optimalnog uspona
(design pitch), za klasu to¢nosti S, na koju je op-
timiziran vijak sukladno standardu ISO 484/2.
Pomicanjem gore/dolje podrucja tolerancije (to-
lerance band) unutar dopustene tolerancije od
+ 1,5% za devijaciju, izmjerene srednje vrijed-
nosti lokalnih uspona za ista lokalna podrucja
krila 1, 2, 3 i 4 smjeStaju se unutar podrucja tole-
rancije za klasu S. Tada nastaje zajednicki dija-
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Figure 11 Deviation diagram of local pitch
for blade 4 at r = 0.95'R after optimization
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Slika 13. Dijagram devijacije, diferencije i
sume na r = 0,95-R nakon optimizacije
Figure 13 Deviation, differences and sum
diagram, at r = 0.95-R after optimization

of linear and bar diagrams. The final report in
the form of linear diagrams after the final
measurement of the local pitch and section
pitch for B6 propeller blades 1, 2, 3, 4 at the ra-
dius r = 0.95-R is shown in Figure 10.

The linear diagrams of the final measure-
ment show that the lines of the corrected pitch
follow the lines of the optimal pitch well. The
corrected pitch values after optimization are
within the limits for propeller accuracy class S
according to the ISO 484/2 standard.
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gram odstupanja srednjih vrijednosti lokalnih
uspona za ista lokalna podrucja krila 1, 2,314 na
r = 0,95-R (Slika 12) u odnosu na dopusteno po-
deSeno podrucje tolerancije za klasu S. Ovo je
vrlo bitan dijagram, jer pokazuje da su lokalni
usponi istih lokalnih podrucja krila 1, 2, 314 na
promatranom radijusu unutar dopusStenog po-
drucja tolerancije za navedenu klasu optimizaci-
je vijka, §to je je garancija dobro optimiziranog
vijka. I na kraju, iz dijagrama prikazanog na slici
12. nastaje dijagram devijacije, diferencije i sume
na r = 0,95-R nakon optimizacije, za sva Cetiri
krila posebno (Slika 13). Da je vijak uspjesno
optimiziran vidi se iz dijagrama na slici 13. gdje
su vrijednosti devijacije, diferencije i sume unu-
tar granica dopusStenih tolerancija za klasu S.

Prema dijagramima prikazanim na prethod-
nim slikama, te prema dijagramu sa slike 14.
proizlaze sljedeci zakljucci o stanju vijka nakon
optimizacije:

a) 100.0% — srednje vrijednosti lokalnih uspo-

na su unutar zadanih tolerancija za klasu S

b) 100.0% — srednje vrijednosti uspona presje-
ka su unutar zadanih tolerancija za klasu S

¢) 100.0% — srednje vrijednost uspona krila su
unutar zadanih tolerancija za klasu S

can Bar Graph
Des1gn Mean - 3188-HM

998.02 =

Measured Mean

According to the measurement results shown
in the linear diagram at » = 0.95-R (Figure 10),
bar diagrams appear showing the local pitch
deviation for blades 1, 2, 3 and 4 (Figure 11) in
relation to the area of tolerance (tolerance
band - shaped as discontinuous rectangles) and
at the line of optimal pitch (Design Pitch), for
the accuracy class S, at which the optimized
propeller meets the ISO 484/2 standard. By
moving the tolerance band up/down within the
allowed tolerances from * 1.5% for deviation,
the measured mean values of the local pitch for
the same local arca for blades 1, 2, 3 i 4 are
found within the tolerance band for class S.
This is when a joint deviation diagram of mean
local pitch values appears for the same local
area of blades 1, 2, 3 and 4 at r = 0.95-R (Figure
12) in comparison to the allowed and adjusted
tolerance band for class S. This is a very impor-
tant diagram, as it shows that the local pitch of
the same local areas for blades 1, 2, 3 and 4 at
the examined radius within the allowed toler-
ance band for the mentioned propeller optimi-
zation class. This is a guarantee for a well-opti-
mized propeller. And finally, a deviation,
difference and sum diagram at r = 0.95-R after
optimization results from the diagram shown in
Figure 12, separately for all four blades (Figure
13). The successful optimization of the propel-
ler shows the values of the deviation, differenc-
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(d)  100.0% |
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Slika 14. Stanje vijka nakon optimizacije —Zavrs$ni izvjestaj
Na slici: 0 — je za vrijednost optimalnog uspona presjeka.
Figure 14 The propeller state after optimization — FINAL REPORT
In Figure 14: o — is for the optimal section pitch value.
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d) 100.0% — postignuta je linija dizajna za kla-
suS.

Odstupanje korigiranog uspona (measured
mean) u odnosu na optimalni uspon (design
mean) je — 0,02%. Prikazana je i vrijednost re-
dukcije uspona (smanjenje uspona na glavini)
optimiziranog vijka na r = 0.3-R od 4,62%.

4.3. Usporedba geometrijskih znacajki vijka
prije i nakon optimizacije vijka

Najvaznije geometrijske znacajke vijka Eli-
che Radice B6 ribarskog broda “Majka Marija”
prije i nakon optimizacije, prikazane su u tabli-
ci 6. Dane su i izracunane vrijednost kuta uspo-
na 0 [6].

4.4. Usporedba izlaznih performansi broda
prije i nakon optimizacije vijka

U tablici 7. dani su rezultati mjerenja izla-
znih performansi ribarskog broda “Majka Ma-
rija” prije i nakon optimizacije vijka Eliche Ra-
dice B6. Prikazani su rezultati mjerenja za
najceSce brojeve okretaja dizelskog motora s
kojima se plovilo, n = 1100 min! i n = 1200
min'. Prosjecan potroSak goriva B (kg/h) dan je
za otezane rezime plovidbe ribarskog broda: te-
gljenje, kocarenje, plovidba s punim skladisti-

es and sum in Figure 13 within the allowed tol-
erance limits for class S.

According to the diagrams shown in the pre-
vious Figures, and according to the diagram in
Figure 14, the following can be concluded re-
garding the state of the propeller after optimi-
zation:

a) 100.0% — mean local pitch values are within
default tolerances for class S,

b) 100.0% - mean section pitch values are
within default tolerances for class S,

¢) 100.0% — mean blade pitch values are within
default tolerances for class S, and

d) 100.0% — a linear design is achieved for class
S.

The deviation from the measured mean as
compared to the design mean is - 0.02%. The
reduction pitch values (reduction of pitch on
the hub) of an optimized propeller at » = 0.3-R
of 4.62% are also shown.

4.3 Comparison of Geometric Propeller
Characteristics before and after Propeller
Optimization

The most important geometric characteris-
tics of the ELICHE RADICE B6 propeller for
the “Majka Marija (“Mother Mary”) fishing
ship before and after propeller optimization

Tablica 6. Geometrijske znacajke vijka B6 prije i nakon optimizacije
Table 6 Geometric characteristics of the B6 propeller before and after optimization

PRIJE OPTIMIZACIJE NAKON OPTIMIZACIJE
radijus r BEFORE OPTIMIZATION AFTER OPTIMIZATION
radiusr | Srednja vrijednost | Kut krila 0, Kut Srednja vrijednost | Kut krila ¢, Kut
uspona presjeka P Blade uspona | uspona presjeka P Blade uspona 6,
(mm) Angle 0. (mm) Angle Pitch angle
Mean section pitch | Blade angle | Pitch angle | Mean section pitch | Blade angle 0.
value P, 0, 0. value P, 0,
0.3°R 956.60 mm 66° 36.348° 960.85 mm 67° 36.469°
0.5R 1001.23 mm 58° 24.802° 1001.94 mm 59° 24.818°
0.6'R 999.94 mm 540 21.036° 1001.27 mm 54° 21.062°
0.7R 990.40 mm 47° 18.082° 1003.52 mm 46° 18.306°
0.9R 988.20 mm 290 14.219° 1005.26 mm 29° 14.454°
0.95-R 996.94 mm 18° 13.613° 1003.84 mm 20° 13.704°
Srednji uspon vijka prije optimizacije: Srednji uspon vijka nakon optimizacije:
Mean propeller pitch before optimization: Mean propeller pitch after optimization:
E?:-_ P.-r_i_: - EW:_ P.-r_i_: -
P= PLfL] :T =082.85 mm P= Pll"l] :T =007.83 mm
D (mm) 1380 mm 1380 mm
P/D 0.717 0.723
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Tablica 7. Rezultati mjerenja izlaznih performansi prije i nakon optimizacije vijka B6
Table 7 Results of measuring output performances before and after the optimization of propeller B6

Dizelski motor PRIJE OPTIMIZACIJE NAKON OPTIMIZACIJE
WM 1312 H BEFORE OPTIMIZATION AFTER OPTIMIZATION
Broj okretaja Brzina Brzina Prosjecan Brzina Brzina Prosjecan
dizelskog motora | proda y broda potrosak broda u broda potrosak
n (mln'l? tegljenju, | u slobodnoj goriva tegljenju, | u slobodnoj goriva
Diesel engine kocarenju plovidbi B (kg/h) kocarenju plovidbi B (kg/h)
WM 13 1_2 H v (&v) v (V) Average fuel v (Cv) v (Ev) Average fuel
N o. of dzese.l Ship speed in | Ship speed in | consumption | Ship speed in | Ship speed in | consumption
engme r ev'olutzons towing and | free sailing B (kglh) towing and | free sailing B (kg/h)
n (min) trawling v v (kts) trawling v v (kts)
(kts) (kts)
1100 2.3 7.2 21.4311/h 2.8 7.9 21.151/h
18.729 ke/h 18.485 kg/h
1200 2.4 73-175 3.0 82 —-283 22.211/h
19.411 kg/h

Tablica 8. PoboljSanja izlaznih performansi ribarskog broda “Majka Marija”
Table 8 Improving the output performance of the fishing ship “Majka Marija” (“Mother Mary”)

Pogonski stroj Broj okretaja Prosjec¢an Brzina broda Brzina broda
Dizelski motor dizelskog motora | potrosak goriva u tegljenju, u slobodnoj
Diesel propulsion engine n (min™) B (kg/h) kocarenju plovidbi
WM 1312 H No. of Average fuel v (&v) v (&v)
diesel engine consumption Ship speed in Ship speed in
revolutions B (kg/h) towing and free sailing
n (min?) trawling v (kts)
v (kts)
Prije optimizacije vijka 1100 18.729 kg/h 23 7.2
Before propeller n=611%n_
optimization
Nakon optimizacije vijka 1100 18.485 kg/h 2.8 7.9
After propeller n=611%n_
optimization
PoboljSanja ista potrosnja +0.5¢v + 0.7 ¢v
Improvements Same
consumption

ma, pod teretom..., §to odgovara radnoj karak-
teristici  teSkog vijka prema dijagramu
apsorpcije vijka (P,/n).

Optimizacijom vijka Eliche Radice B6 s klase
II. na klasu S sukladno standardu ISO 484 po-
stignuta su poboljSanja izlaznih performansi ri-
barskog broda “Majka Marija”. U tablici 8. pri-
kazana su navedena poboljSanja za n = 1100
min! dizelskog motora.

394

are shown in Table 6. The calculations for the
pitch angle values are also given 6_[6].

4.4 Comparison of the Ship’s Output
Performances before and after Propeller
Optimization

Table 7 gives the results of measuring output
performances on board the “Majka Marija”
(“Mother Mary”) fishing ship before and after
the propeller optimization of the ELICHE
RADICE B6. The measurement results are
shown, with the most frequent number of diesel
engine revolutions during sailing, 7 = 1100 min
""and n = 1200 min'. The average fuel con-
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5. ZAKLJUCAK

Provedena mjerenja i analiza s usporedbom
izlaznih performansi broda prije i nakon opti-
mizacije vijka, potvrduju uspjesno izveden po-
stupak optimizacije brodskog vijka s konstan-
tnim usponom i opravdanost izvodenja
primjenjene Prop Scan tehnologije. Moze se
zakljuciti, kako za gotovo istu potros$nju goriva
B (kg/h), pri istom broju okretaja dizelskog mo-
tora n = 1100 min!, srednje povecanje brzine
ribarskog broda “Majka Marija”, nakon optimi-
zacije vijka Eliche Radice B6 s klase II. na kla-
su S, iznosi 15,66%. Pri tome su vibracije koje
su prije optimizacije bile prili¢no izrazene, sma-
njene na minimum. Ista brzina ovoga ribarskog
broda sada se postize s manjim brojevima okre-
taja dizelskog motora. Dizelski motor je pravil-
no opterecen. Radna karakteristika vijka odmi-
¢e se od podrucja teSkog vijka. Smanjena je
potros$nja goriva, pa sam postupak optimizacije
ima 1 svoju ekonomsku opravdanost.

Ovim radom pokazano je da optimizacija vij-
ka postupkom izjednacavanja vrijednosti uspo-
na pridonosi rjeSavanju problematike radne ka-
rakteristike optimalnog vijka. Takoder je
pokazano kako smanjenje otpora vijka pobolj-
Sava stupanj iskoristivosti vijka #,. Vijak u ek-
sploataciji mora biti bez obraslina, a povrSina
lica krila mora biti glatka. Potvrdena je sinteza
tehnoloskog postupka odrzavanja brodskog vij-
ka s prikazanom optimizacijom.

sumption B (kg/h) is given for the difficult sail-
ing regimes on a fisherman’s ship: towing,
trawling, sailing with full storage, under cargo,
etc, which matches the work characteristics of a
heavy propeller according to the propeller ab-
sorption diagram (P,/n).

The optimization of the ELICHE RADICE
B6 propeller from class II to class S in accord-
ance with the ISO 484 standards, achieved the
improvement of output performances on the
fishing ship “Majka Marija” (“Mother Mary”).
Table 8 shows the mentioned improvements for
n = 1100 min"! of a diesel engine.

S CONCLUSION

The measurements and analyses carried out,
in comparison to the output performances of
the ship before and after the propeller optimi-
zation, demonstrates a successful procedure for
the optimization of a marine propeller with
constant pitch and the justification for applying
the Prop Scan technology. It can be concluded
that almost the same fuel consumption B (kg/h)
for the same number of diesel engine revolu-
tions n = 1100 min", at an average increase in
speed for the “Majka Marija” (“Mother Mary”)
fishing ship, and after the optimization of the
ELICHE RADICE B6 propeller from class II
to class S, amounts to 15.66%. Furthermore,
the vibrations that were quite pronounced be-
fore the optimization were lowered to a mini-
mum. This fishing ship has achieved the same
speed with a lower number of diesel engine rev-
olutions. The diesel engine is correctly loaded.
The propeller work characteristics move away
from the area of heavy propellers. Fuel con-
sumption is lowered, so that the optimization
procedure itself has its economic justification.

This paper has shown that the propeller opti-
mization procedure, by equalizing out the pitch
values, contributes towards resolving issues on
the optimal propeller work -characteristics.
What is also shown is how lowering propeller
resistance improves the level of the propeller
efficiency . In exploitation, the propeller must
be without protrusions, and the blade faces
must be smooth. The synthesis of using techno-
logical procedures for the maintenance of a
marine propeller with the indicated optimiza-
tion has been confirmed.
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