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CONTROLLABLE PITCH PROPELLERS’
FOR MEGA YACHTS
MEGAYATLARA AYARLANABILIR HATVELI PERVANELER

Exceptional CPP systems are possible when the final customer’s requirements are clearly identified and their

implications carefully considered when the four design driving forces are combined in a well halanced way

and when the hasics of smooth and undisturbed surfaces at the propellers’ palm are given.

Dort itici giig dengeli bir sekilde hir araya getirildiginde ve pervane ayasinin piiriizsiiz ve saglam oldugu

durumda, dzel ayarlanabilir hatveli pervane sistemleri, nihai miisterilerin ihtiyaclari acik olarak tespit

edildiginde ve sonuclar dikkatli bir sekilde g6z oniinde bulunduruldugunda miimkiin.

ega-yacht building is all about high level customisation meeting
I\/l individual owner’s requirements. With respect to propulsion sys-

tems a modern Controllable Pitch Propellers’ (CPP) design for
mega-yachts has to cope with the four driving forces as dominant fac-
tors: silence, flexibility, efficiency and speed. When it comes to listening
to final customers’ demands and translating them into propulsion
design, suppliers such as Andritz Hydro’s Escher Wyss Propellers are in
the position to rely on a solid base of experience.

Over the years they have gathered references in a substantial portion of
the top 30 largest mega-yachts in the world. Burkhard Mahn, head of
Escher Wyss Propellers and his team have a lot of experience with final
customer demands: “The most challenging part is to clearly identify the
owner’s true needs and to translate those into a harmonious and
balanced design that incorporates those four forces to the maximum

046 MARINE&COMMERCE JANUARY 2011

ega yatlar, mlsterilerin bireysel ihtiyaclarinin karsilanmasi ama-
M cina yonelik olarak ylksek diizeyde dzellestirme calismalari ge-

rektirir. Tahrik sistemleri ile ilgili olarak, megayatlara yonelik
modern bir Ayarlanabilir Hatveli Pervane (CPP) dizayni baskin unsur ola-
rak sessizlik, esneklik, verimlilik ve hiz olmak tizere toplam dért itici glic-
le basa ¢ikmak zorunda. Is nihai miisterilerin taleplerini dinlemeye ve
bunlarin tahrik sistemlerinin dizaynina uygulamaya geldi mi, Andritz
Hydro’nun bagli kurulusu Escher Wyss Propeller gibi tedarikgilerin temin
ettigi pervanelerde sergiledigi kokll deneyimlere giivenilebilir.

Escher Wyss Propellers, diinyanin en biylik 30 megayatinin dnemli bir kis-
mi igerisinde kayda deder referanslar elde etti. Sirketin bagkani Burjhard
Mahn ve ekibi, nihai miisterilerin talepleri konusunda derin tecriibelere sa-
hip. Mahn konu hakkinda sunlari séyledi: “sin en zorlu kismi, miiterinin
gercek ihtiyaglarinin net bir sekilde tespit edilmesi ve bunlarin bu dort iti-
ci glicii miimkiin oldugunca bir araya getiren uyumlu ve dengeli bir dizay-
na donistiiriilmesi. Ayarlanabilir hatveli pervane tasarimcilari olarak pro-
jenin ilk asamalarinda ise dahil edilmemiz halinde, ortaklasa gerceklesti-
rilecek optimizasyon projeyi net olarak ileri bir diizeye getirebilir.”

Bu ddrt itici gliclin ve bunlarin kavitasyon fenomeni ile nasil iliskili oldu-
dunun yakindan incelenmesi, ayarlanabilir hatveli pervanelerden olusan
bir tahrik sisteminin dizayni igin dneminin anlasiimasina yardimci olur.

KAVITASYON: Ayarlanabilir Hatveli Pervane dizayninda, tiim dinya-
daki pervane tasarimcilarini en cok mesgul eden hususlarin basinda bir
hidrodinamik fenomeni olan kavitasyon geliyor. Hizli deniz araglarinda
kavitasyon meydana gelmesi dnlenemez, ancak geciktirilebilir.

“Kavitasyon, bir sivinin basincinin o sivinin buhar basinci altina diistligi
bir bélgede akan sivinin buhar kabarciklar olusturmasidir.” Bu tanim ol-
dukca zararsiz bir seymis gibi gdriinse de, pervane ve performansi lizerin-
deki olumsuz etkisi bilyiiktiir. Kavitasyon baslar baslamaz (kavitasyon
baslangig¢ hizi - CIS) pervanenin arzu edilen performans ozellikleri bozul-

possible extent. Whenever we as CPP designers are involved at an early
stage of a project, joint optimisation clearly drives the project forward”
as Mr Mahn comments.

Looking closer at these four driving forces and how they are linked to
the phenomenon of cavitation helps to understand their importance for
the design of a high performance CPP propulsion system.

CAVITATION: Whatever is discussed in Controllable Pitch Propeller
(CPP) design: Cavitation is the dominant hydrodynamic phenomenon
keeping propeller designers busy world wide. For fast vessels a fact is:
the appearance of cavitation cannot be eliminated only delayed. As the
definition seems harmless: “‘Cavitation is the formation of vapour
bubbles of a flowing liquid in a region where the pressure of the liquid
falls below its vapour pressure” the impact on the propeller and its
performance is not. As soon as cavitation starts (at the cavitation
inception speed, CIS) the desired performance characteristics of the
propeller start to deteriorate. No wonder, that whatever aspect of
propeller design is discussed at the end of the day it is all about
controlling cavitation.

SILENCE: Easily one of the top, if not the top requirement for today's
mega-yachts. Here silence translates into: “must not be heard and must
not be felt”. Neither the sound of the engine or any equipment, nor any
kind of vibrations are appreciated by the owners. A mega-yacht
propulsion system is often required to meet the strictest noise and comfort
levels on the market. With dedicated propeller designs, outstanding
pressure pulse amplitude levels as low as 1kPa have been achieved,
directly influencing the (lack of) hull vibration levels experienced on
board. For a silent CPP cavitation is sought to be inhibited as much as
possible, as the collapse of the cavitation bubbles is an unwanted source
of noise, any natural frequencies must be observed and avoided as well as
any other unwanted mechanical vibrations prohibited.

FLEXIBILITY: The concept of a controllable pitch propeller system is
born out of the need for more flexibility, manoeuvrability and
convenience. Key of the concept is still it’s capability for adjustment of
propeller pitch up to complete reversing of thrust direction. With a typical
pitch setting time of 45s or less from full astern to full ahead (limited
only by the main engines capacity) CPP systems provide an overall
flexibility to adjust to almost any condition easily and safely. Suppliers
such as Escher Wyss Propellers continuously refine their CPP systems
according to the latest requirements. Examples of those are: dynamic
positioning capabilities, smart single-shaft operation mode (with full or
partial “‘feathering” of the second propeller) to name some of the latest.

EFFICIENCY: At first glance one may think that efficiency is mainly
of interest to commercial vessels. However, in the world of mega-yachts,
efficiency has gained increasing attention in recent years, too. Aspects
such as an extended overall operational range of the vessel and an
increased awareness of environmental responsibility are being discussed.
For the design of a CPP system the specific challenges within the field
of mega-yachts are to cover an extensive range of expected operational
modes and to custom fit the CPP system to a wide spectrum of prime
mover configurations. As cavitation reduces efficiency (loss of propeller
thrust) again the task of the CPP designer to inhibit cavitation by means
of blade and hub design is of high priority. Ideally this is done in a joint
optimisation process including the hull appendages.
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with smooth blade palm
- Purlizsiiz kanat ayali CPP

maya baslar. Pervane dizayninda tasarimcilar arasinda en fazla tartisilan
hususu iste bu kavitasyon fenomeni olusturuyor.

SESSIZLIK: Giniimiiz megayatlari igin en énemli hususlarin baginda ses-
sizlik geliyor. Bu noktada sessizlik ifadesi, “duyulmamasi ve hissedilme-
mesi gereken” anlamina geliyor. Makine veya diger ekipmanlarin glirlilti-
siinlin duyulmasi ve herhangi bir titresimin hissedilmesi hichir megayat sa-
hibinin arzu edecegdi bir sey degil. Bir megayatin tahrik sistemi, piyasada-
ki en katr gliriiltii ve konfor seviyelerini karsilamalidir. Ozel pervane di-
zaynlar ile 1 kPa gibi olaganiistii basing palsi genlik seviyelerine ulagila-
biliyor. Bu da hissedilen tekne titresim seviyelerini olumlu yénde dogrudan
etkiliyor. Ayarlanabilir hatveli pervanelerin sessiz bir sekilde calismasinin
temini icin kavitasyonun miimkiin oldugunca engellenmesine calisildigin-
dan, kavitasyon kabarciklarinin ¢ékmesinin istenmeyen bir giiriilti kayna-
g1 olmasi nedeniyle, diger arzu edilmeyen mekanik titresimlerin yani sira
tiim dogal frekanslar gdzlemlenmesi ve bunlardan kaginilmasi gerekiyor.

ESNEKLIK: Ayarlanabilir hatveli pervane sistemi, daha fazla esneklik,
manevra kabiliyeti ve konfor ihtiyacindan dogan bir konsept. Bu konseptin
kilit noktasi hala pervane hatvesini itme yoniinii tamamen tersine cevirecek
sekilde ayarlayabilme kabiliyetidir. Tam tornistandan tam yol ileri pozisyo-
nuna 45s veya daha az gecis sireli tipik bir hatve ayariyla (yalnizca ana
makinenin kapasitesi ile sinirl), ayarlanabilir hatveli pervane sistemleri
(CPP) hemen her tiirli kosula kolay ve giivenli bir sekilde adapte olabilme
esnekligi sunuyor. Escher Wyss Propellers gibi tedarikciler CPP sistemleri-
ni en son sartlara uygun olarak stirekli gelistiriyor. Bunlara en son drnek-
ler arasinda dinamik konumlandirma kabiliyetleri, akilli tek saftla calisma
modu (ikinci pervanenin tam veya kismi ayarlanmasiyla) bulunuyor.

VERIMLILIK: ilk bakista verimliligin genelde ticari deniz araglarini il-
gilendiren bir husus oldugu distinilebilir. Bununla birlikte megayat diin-
yasinda da verimlilik son yillarda blylk énem kazandi. Yatin uzatiimig
genel operasyonel menzili ve artan cevre bilinci gibi hususlar gdz éniinde
bulundurulmaya basladi. Bir CPP sisteminin dizayni konusunda megayat
alanina 6zel zorluklar, oldukga genis bir beklenen ¢alisma modlari yelpa-
zesinin yani sira CPP sisteminin isletici makine konfiglirasyonlarina dzel
olarak adapte edilmesi gibi hususlari kapsiyor. Kavitasyon verimliligi
azalttigindan (pervanenin itme kuvveti kaybi), CPP tasarimcisinin kavi-
tasyonu kanat ve gdbek dizayni ile nlemeye calismasi en biytik dncelik
olarak karsimiza gikiyor. ideal olarak bu islem tekne ilaveleri de dahil ol-
mak iizere ortak bir optimizasyon prosesi ile gerceklestirilir.
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SPEED: Whether it is the achievable top speed of a vessel, the
maintainable speed under all weather conditions, the cruising speed or
the cavitation inception speed (CIS): at the CPP design stage a variety
of aspects of the requirement “‘speed” have to be considered.
Particularly when focusing on the top speed to be achieved by a mega-
yacht, the diligence in design is crucial for the CPP system. It is not
sufficient to just achieve the required top speed. The accompanying
noise and vibration (“Silence”) levels are of paramount importance.
Again, neither cavitation nor any other pressures pulses or mechanical
vibrations are welcome. As the severeness of cavitation grows with
increasing speed, the cavitation inception speed (CIS) is desired to be as
late (or as high) as possible. When it comes to a high CIS, the design is
dominated by three factors: the propeller blade design developed by the
hydrodynamic experts, the inherent propeller-hub design features such
as smooth and undisturbed propeller palm and last but not least the
chance for the designer to positively influence the vessel’s wake field
with a joint optimisation of the hull’s appendages.

ESCHER WYSS PROPELLERS’ TECHNOLOGY

Today Escher Wyss Propellers is a specialised supplier of tailor made
CPPs for mega-yachts, naval, coast guard and special
application vessels. The company is based in the South
of Germany. They invented and put into operation the
first hydraulically operated CPP over 75 years
ago, are in close cooperation with Navies
worldwide for over 50 years and hold a Iﬁ
strong reference base in the largest T
mega-yachts of the world. Within their r
references are propellers in the range of
0.3m to 7.0m diameter, with more then
20,000 kW installed power with up to 7
blades including Prairie Air Emission
Technology. Their product range is
focussed on tailor made CPP systems
including shafts, shaft auxiliaries, oil
distribution box, hydraulic unit, remote
control system.

Escher Wyss Propellers is a brand within the
ANDRITZ Hydro international technology group - a globally leading
supplier of plants and services for the hydropower, pulp and paper,
metals and other specialized industries.

The Escher Wyss Propellers’ CPP system features a unique propeller
hub / trunnion bearing design. In this design the trunnion is an integral
part of the propeller blade; i.e. they are one piece. The blade is attached
through bearings to the hub on the inside of the hub. This way a smooth
surface at the palm of the blade is achieved, without any external bolts
as sources of cavitation. Additionally, the operational load of each blade
is transferred into the hub body by means of not one but two individual
bearings. An inner and outer bearing in the body of the hub distribute
the load of the blade into the hub body. This way an even load
distribution is achieved. The hub body is effectively a heavy duty
structure with a high mechanical strength allowing for high loads.

This design also makes a compact hub yielding better then average
hub-to-blade ratios of down to 0,29. &
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Hub // Gébek

HIZ: Ister ulagilabilir en yiiksek hiz olsun ister her tiirlii hava kosulunda
korunabilir hiz veya ister seyir hizi olsun ister kavitasyon baslangi¢ hizi
(CIS), CPP tasarim asamasinda “hiz”’ ille ilgili cesitli noktalarin gz
dniinde bulundurulmasi gerekiyor. Ozellikle bir magayatin ulasabilecegi en
yiiksek hiz ile iligkili olarak dizayna 6zen gésterilmesi, bir CPP sisteminin
olmazsa olmazlari arasinda. {s, sadece istenen en yiiksek hiza ulasiimasy-
la bitmiyor. Bu hiza ulasilirken ortaya ¢ikan giiriiltl ve titresim seviyeleri
(“Sessizlik”) son derece biiylik 6nem tasiyor. Ayni sekilde bu durumda da
kavitasyon, diger basing darbeleri veya titresimler arzu edilir seyler degil.
Kavitasyonun siddeti hizin ylkselmesiyle birlikte arttigindan, kavitasyon
baslangi¢ hizinin (CIS) miimkiin oldugunca gec (veya yliksek) olmasi arzu
edilir. Ylksek kavitasyon baglangi¢ hizi sz konusu oldugunda dizayna tig
faktor yon verir. Bu faktdrlerin ilki, hidrodinamik uzmanlari tarafindan
gelistirilen pervane kanat dizayni, ikincisi pervane ayasinin plriizsizligu
ve saglamligi gibi pervane gdbedi dizayn 6zellikleri ve sonuncu ancak ay-
ni derecede onemli faktor de tasarimcinin teknenin diimen suyu alanini,
tekne eklentileriyle birlikte optimizasyon yoluyla olumlu ydnde etkileme
imkanina sahip olmasi.

ESCHER WYSS PROPELLERS’IN TEKNOLOJiSi

Escher Wyss Propellers magayatlar, donanma, sahil
giivenlik gemileri ile 6zel uygulama gemileri igin
kisiye 6zel ayarlanabilir hatveli pervane Uretimin-
de uzmanlasmis bir sirket. Merkezi Almanya’nin
giineyin bulunan sirket, diinyanin ilk hidrolik ¢ali-
san ayarlanabilir hatveli pervanesini tam 75
yil 6nce icat ederek dretti. Firma 50 yildan bu
yan tim dinyada donanmalarla yakin ishirligi
yaplyor ve ayrica dinyanin en biylik megayat-
lariyla giiglli bir referansa sahip. Referanslari
arasinda Prairie Hava Emisyon Teknolojisi de dahil
olmak Uzere 7 kanatla 20,000 kW kurulu glice sahip
0.3mile 7.0m arasinda pervaneler bulunuyor. Sirketin
urlin yelpazesi saftlar, saft yardimci elemanlari, yag
dagitim kutulari, hidrolik Uriinler, uzaktan kumanda
sistemi dahil, kisiye 6zel ayarlanabilir hatveli pervane
sistemlerine yogunlasiyor.

Escher Wyss Propellers diinyanin énde gelen bir hidrolik
gug, kagit hamuru ve kagit, metal sektdrleri ile diger ihtisas sektdrleri
icin ekipman ve hizmet tedarikgisi olan uluslararasi teknoloji grubu
ANDRTIZ Hydro sirketine bagh bir marka.

Escher Wyss Propellers’in ayarlanabilir hatveli pervane sistemi benzersiz
bir pervane gobek / bur¢ yatagi dizaynina sahip. Bu dizaynda burg, per-
vane kanadinin ayrilmaz bir pargasini teskil ediyor. Diger bir deyisle burg
ile pervane kanadi yekpare bir yapiya sahip. Kanat gébede, gobedin igin-
den yataklar vasitasiyla baglaniyor. Bu sekilde, birer kavitasyon kaynagi
olan dis civatalar kullaniimadigindan, kanat ayasinda pirtizsiiz bir ylzey
elde ediliyor. Ayrica her bir kanadin operasyonel yiikii gdbek gdvdesine
bir degil iki yatak iizerinden aktariliyor. Gébedin gévdesindeki i¢ ve dig
yatak, kanadin ytikiinii g6bek gdvdesine daditiyor. Bu sekilde esit bir ylik
dagitimi saglaniyor. Gobek govdesi, yiiksek ylklere imkan veren son
derece ylksek mekanik mukavemetli saglam bir yapiya sahip. Bu dizayn
ayni zamanda, 0,29 gibi ortalamadan daha iyi bir ortalama gdovde-kanat
orani sunan kompakt bir gdbek yapisina imkan sagliyor.

(DAHILI KABOTAJIN GURURU)
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