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PR!NCtPLES OF MECHAN!SMS USED fN CONTROLLABLE

PiTCH PROPELLERS

by 9 Wéné')

Summ ar}*;

A controﬂable pltch propeller has a central hub which serves not only for the a*tachment of the
blades but also contains the mechanical components to make the blades rotate. Inside the hub a trans- -
lation motion is transformed into rotation of the blades. Thxs involves large actuatmg forces. some-
times amounting to three times the total thrust on the propeller ‘

Various types of blade suspension systems are described. The principles of crank conrod, crank-
slot,' slot-pin and double-acting mechanisms are discussed in relation to their historical originand
development to modern conceptions. It is concludﬁd that a sliding slot mechanism with slots in the
1‘otatmg parts has favourable charactemstms for application in normal and feathermg propellers.

Introduction.

The éspects involved in considering a vcyontroll-
able pitch propeller for the propulsion of a ship

‘are usually different from those taken into account

in the case of a solid propeller. The solid pro-
peller will be examined for features essential to
the performance: propeller efficiency, obtainable
speed, noise level, risk of cavitation and vibra-
tion. : o S :
When a CP propeller is proposed, however,

these essential features rapidly take second

place. The CP propeller seems tobe such a com-
plex mechanical invention that it makes people
think about quite different problems. There are,

~ ontheonehand, the advantages which it promis-.

es and, onthe other, a number of questions con-
cerning rehabﬂlty, strength, lifetime, main-
tenance and the extra costs as comparedto a solid
propeller. ' .

A controllable p1tch propeller is mdeed more
complex thana solid propeller. It contains more

parts, many of them moving, and it would be un-

realistic to say that there is no extra risk en-

—_tniled-in-installing a-CP propeller. This should
~ beseenin proportmn, however: aprope%ei*ﬁ&t%}—aﬂeﬂ;ermEnghshman named Bevis designed a

movable blades is definitely not as complicated

__as a diesel engine or a turbine, has also proved
- 1ts rehablhty in a \\rlde field- ef appucatlon , and

*) Head of th° des).g'n and pro;ect departmem in the controllable puc‘-
. propener woxﬂ;s,Lzazw N, SL, Dnmen Holland

can be aécepted in the same manner.

Factors such as streﬁgth and reliability are
largely influenced by the principles of the mecha-
nisms usedinthe equipment. As there is rapidly
increasing interest in the application of CP pro-
pellers, the purpose of this paper is to present
some considerations c onceming these principles.

Historical data.

.- The mechanical propulsion of ships became a
reality during the first part of the nineteenth
century when rﬂmprocatmg steam engmas were
first used for tne purpose of driving paddle-
wheels . During this period too the screw propeller
was developed from a strange helical structure
into a useful unit which was more effective and
much more compact than the voluminous paddle
wheels. [1] : :

Even at that early stage thoughts were already
turning to the possibility of reversible blades. In

1844 a patent was granted to Bennet Woodcroft

for the invention of an external mechanism to re- :
About one century ago

verse prope‘ler blades

mechawsnu:ompletelv contained inside the pro-

peller hub. [2] - ;
The flrst practical applications of the revers-

_ible propelier;-however, %E-Q—féﬁ&d—«ig—ﬂlﬁ_eaﬂy,
to@ether vuth tne in- "

par of th@ present Centurv




.-Figure 1. M.S,

first diesel ship with

‘San Antonio’,
reversible propeller in 1908,

troduction of the diesel éngirié [3]. The reason for
this is easy to understand: direct reversing of a
diesel engine was much more of a problem than
1eversmgasteam engine. Itis a remal}\able fact
that the diesel engine was first introduced for

seagoing vesselsin combinationwitha reversible

propeller, only later being appliedtodrive a solid
propeller[16]. In1908 a 160 HP Werkspoor-type

_reversible propéller was installed in a Dutch

schooner, named ‘San Antonio’. The equipment

ngines were installed in what w ‘ere known
time as diesel -propelled steamers. The

namesg in this respect [5] [16] [17].
Thereversible propeller retainedits populari-

ty forﬁ short period [18], but after 1920 the sys-

tem oﬁmechamcal ad;ustment became inadequate
- forth@steachlv' increasing power being installed
; on oce%m—gomg ships, andthe apphca{}on of these -

pr ope}iers remained confmed to smdll craft.
Hydrailhc power was first introduced in 1934 as
a means of providing the requlred ad;ustmg

,,force§ thus giving the cp propeher a new and

unresh icted field of application [2].
For a‘long time the controllable pitch pr opeller
was rgstncted to applications below 10, 000 HP,

‘but dxgrmg the last ten years there has been a
suddeE increase in this respeét Propeliers of

25 OOE HP have already been put into servme
In facE the largest four units on cnder in our
works‘ at present are designed to absorb 34,700
HP. As far as we know these units are the most

Figure 2. Power mcreaseper propeHer for solid and x,omrollable I
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Figure 3. Shafting arrangement of a gas turhine driven 34,700 SHP CP propeller installation.

powerful CP propellers under construction today.
See Figure 3.

Table I gives more detailed data concerning.

. the development of screw propellers, while
Figure2 illustrates how the power absorbed per
propeller has increased for both solid and con-
trollable pltch propellers. The highest -powered
solid propellers ever made up to now are also
under construction in our works. These are six-

_teenunits of 60,000 SHP each, to be installed in

twin-screw contamer vessels. The rapidincrease

" inpower of CP propellers after 1962 leads to the

~ conclusionthatto- ~day’s experlenoewnhlarge CP
propellers is only available over a period of less
than _one-third of a shlp_ s life. :

Table I

vens :
Worm p1 opeller of Josef Ressel

1836 Practical application of the propeller by
. Pettit Smith : L
1836 John Ericsson’s propeller with

- ... . peripheral blades

: Bennet Woodériﬁt"'s patent for reversible
blades

Invention of the dlesel engine by Rudolf
Diesel

Reversible propeller of Carl Jastram
M.S. ‘San Antonio’, first diesel ship with
S reversible propeller .
. 1910 M.S. ‘Vulcanus’ , first diesel shlp with
-~ solid propeller - ‘

e H)drallllcallv controlled propeller of
Escher Wyss .~ =« .
Lips-Schelde controllable pitch propel—
ler

1904
1908

Three-bladed propeller of Colonel Ste-

Bef:mtxons

A controllable pltCh propeller installation con-
sists basically of five main parts:

- the propeller with its mechanism
- the shafting or at least a hollow tailshaft
- the actuating gear

- a hydraulic circuit
-~ a remote control system

These main parts are arranged in diagrammatic
form in Figure 4. "

e
S

_____.__{\5'

Figure 4. Main parte of a CP propeller equipment.
1= propeller; 2 = shafting; 3 = actuating gear;
4 = hydraulic circuit; 5 = remote control.

There are also five main functions to be ob-

" served. These inyolve:

- the'propeller hub mechanism P)
- the hydraulic actuating cylinder (C)
- the oil distribution valve : V)
" - oil transfer into the rotating shaft (0) -
- feedback S _ , (F)

These main functions can be represented in a
cybernetic diagram. See Figure 5. Feedback is

necessary inorder to achieve a proportional rela-

tion between the control lever posmon and the

position of the blades.
" The arrangement of the main functlons with

 respect to their location ih the vessel, is made

n onfereﬁrwavs by the varlous manufacturers
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Figure 5. Feedback is necessary for a proportional
relation between control lever position and pitch.

Thereare two basic types: ‘one with the cylinder
inboard and the other having the cylinder in the
hub [6]. In the former arrangement a push-pull
‘rod in the hollow tailshaft provides a solid
mechanical connection between the piston inboard
and the blades outside. In the latter arrangement
thereis éhydraulic oil flow through piping in the
hollow tailshaft to the cylinder in the hub. It is

estimated that today a small majority of CP pro-

: pellers still have push-pull rods. But there is a
predominating trend towards accomodating the

4}& iy ¢ L

pellers and long propeher shafts

cyhnder in the propeller, since this represents
a more adequate solution m Lhe case of large pro-
As:there are ~
thousands of propellers of both tvpe< in sfrvwe
both must be considered as bemg reliable.
The functional symbols mentioned above can be

helpful in analysmg religbility with respect to the
location of vital functions in the svstem For in-
stance, when a push-pull rod system has to be -
compared with a double-acting mechanism which
also has the oil distribution valve in the hub the
two can easﬂy be visualized as follows. ‘

The push-pull rod version is represented by:

P FCOV
The double-acting cylinder arra‘ngiement by: :

GVPC-S L gp

The dash between the letters represents the tail-

shaft It is clear that in the second case more

v1tal functions are exposed to the I’lSk of damage

s
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 board. 2  other type the blade carriers have flanges. These
The oomparison leads us to ask important are supported on collar bearings in the hub—shell
questions: Is. there a real need to have two cyl- Both types are shown in Figure 6.
inders in the hub, thus doubling - the risk of The reaction forces created by propeller thrust

_it, but it must also -serve to turn them. In spite Figure 7 illustrates the forces to be absorbed/

T=28ton :
TRAD = b -7RAD

C=72ton

. {5RAD=C.0G.

152¢cm

£
(8] 4
o ‘ : _
‘th-letong o § ] SR lem ‘
- L |
s e e e R
C=72ton

Ry =87ton : o

Figure 7. The trunnion—type blade suspension leads to far higher forces in the hub.

due ig violent shock loads on the propeller out- which are supported in journal bearmgs In the

jamming? Might it not at least be possible to fit and rotation are completely different in the two
the distribution valve inboard? The equipment systems. Inthe trunnion type there is little space
would then be symbolized by: "~ tokeepthe 30urnal bearings apart, as the gepara-

tion must be achieved within half the diameter of

Gl the hub. This results in large reaction forces on

cP

which at least ~appea;“5 to be less vulnerable.  thehub. Wlththe ¢collar type a far larger moment

arm is available, more than twice the value of

the trunnion type, in fact. Moreover thrust and

centrifugal forces counteract each other at the
front part of the hub, which is very advantageous.

— The- nub of a CP propeller performs a double Hence the reaction forces are considerably
function: not only must the blades be attached to smaller.

Blade suspension. '

of the blades bemg movable, the strength of their by the hub in a four-bladed 20, 000 SHP propeller,

COILY\SCUOD to the hub must be fully equlvalent—tceisﬁ fost in diameter, for a fast cargo liner. ~The -

that of a monobloc propeller This is one of the . figures show that with trunnion bearings the totat

~ reasonswhy a controllable pitch propeller has a ; ofthe three reaction forces even —amounts to 324

relatively large hub. per cent of the external load, while in the case of

Two types of blade =uspensxon svgtems are collar—type blade sqspeﬁmon the figure is only

Jmown: the trunniontype : and the collar type. The 130 per cent—This striking difference in am-—

~ former tvpehs trunmon-—shaped blade carlxers~~ plif&ca&an factor on the external load is also im-

S L !




Figure 8. Reversible propeller from the year 1909 s}iow—

ing a crank-conrod mechanism.

‘advantages are:

- Léwer stressesinblade carriers and hubparts

porfanf for naViéatio‘n in ice. The trumiidn—tﬁ}?

blade suspensionleads tofar larger shock forces

being transferred to the hub. Thereis also a con-\..

siderable difference in the bearing area, which'
can be achieved in the two types of hub, For ai
trunnion type this amounts to barely 0.7 D~ while |
the corresponding value for a hub type with: ceuar ;
bearings is nearly 1.1 D . D = hub diameter. It

is therefore not surprlsmg that the magonty of

CPpropellers - which means roughly eighty per
cent - have collar- type blade suspension. The

- - The blade carmer can be larger in diameter,
thus permitting a stronger blade bolt con~
nection’ -

- Largerblade- foot diameter toprovide siender'
blade root sections thus reducmg the danger.
of root cavitation for hxgh—speed propellers

- Lower bearing pressures. Inthe trunnion type
the pressures are roughly twice as high and
call for special material in liners

= Simple hub castmg as there is no cenu/al part.

The central partremains avallable for the ac-

N

.
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- engine,
_connecting rod and crank. Bevis’ design one

. commodation of a hydraulic cylinder between
the blade carriers so that the hub can be kept
" shorter [7]. See also Figure 15.

A less favourable factor is the crank radius,
whichcanbe accommodated on collar-type blade
carriers. Inthis respectthe features of the trun-
nion type provide better blade operating forces.

As the majority of the CP propellers have been

eqmpped\uth collar-type blade suspension, this

type has clearly been tried and tested in a wider

field of application than the trunnion type. Both
types have been built in our works but the trunnion
type was taken out of production some years ago
as the collar type proved to be superior.

Hub mechanisms.

A large variety of hub mechanisms is in use
for CP propellers All of them have one thing in

common they have to convert pull into torque, ‘
which means ‘that a reciprocating and a rotating

partare always involved. These mechanisms dif-

fer from similar constructions used for aircraft

propellers and for adjustable axial flow pumps,
inwhich a system of conical gear wheels is some-

times applied. The highblade spindle torque level

and the danger of shock loads to the blades of a
marme propeller, call for a sturdier type of
mechanism, consisting of heavy, solid com-.
ponents : '
The oldest type is undoubtedly the crank-con-
necting rod mechamsrn the principle of which is
obviously derived from the reciprocating steam-
complete with piston rod, cross -head,

" centuryago, was a mechanism of this type. An—

other old-timer is shown in Figure 8, which il~-
lustrates a Werkspoor-type reversible propeller

“dating from 1909 (3] . The erank-—conroa principle

ig still frequently used today [8], [9], in combina-

- tion with both trunnion and collar-type blade car-

riers. Tothetrunniontype £here is in fact hardly

- an alternative. The most modern version of the

crank-conrod mechamsm in CP propellers re-.
speed mternal combustmn engines. The cross-
head has been omitted and direct _links are intro-

_duced between the blade carrier Cranks: and-a
- trunkplsteﬁ kseated m the prope 1erimo Figure .

Figure 9. Modern trunkpiston arrangement with connect-
ing rods in a CP propeller hub,

Figure 10. Crank-slot mechanism.

.9 shows the arrangement of a device such as this.

The crank-conrod mechanism has a relatively

Jarge number of parts and usually requires a

rather long hub to accommodate these parts.
A simpler mechanism is possible when use is

‘made of the fact that only a small angle of rota-

tionis needed. The number of parts can be sub-

_stantially reduced by applying the s11dmg -slot

principle, inw mchihdozired&s replaced bs one

singles 1dmg block actmg ina siot ihus resuit-'f”




ing ina very compact mechanism. Two different.
types are well-known: the crank-slot mechanism

" and the slot-pin mechanism. The principles of
bothare shownin Figures 10 and 11 respectively.
In spite of their apparent similarity, these
mechanisﬁxs have quite,different operating char-
acteristics. ;

The lever arm of the crank- slot mechamsm

decreases as the pitchangle increases, according -
to a cosine relation:

Q = Prcosa
s ‘
in which QS maximum available spindle torque,

excluding the mﬂuence of friction

It

P = piston force

i

pitch angle L
crank radius ’ (1)

a

e

The influence of friction increases rapidly at -
wide angles due to a sine relation of the sliding
block friction, and at an angle of about sixty de-

Figure 11. Slot-pin mechanism.

Ptga P/cos B 7

© T Avaiable torgue’ without friction S
25 | : ‘\ \ Friction included ’ e
2.0
Sy Avai(ob\e ?urqué without friction ‘ ! i85
Friction included 5 :
3 S : % % t . 10 e
QS=PF cos & ] L -\\ e
; / b
Sl |
) el
=y
s 0_
L e w600 0 =30 0 430 440 450 +BO -
- PITCH ANGLE ~PITCH ANGL: , e

Fxgure 12. Movement of shdmg block an dlagrams of avaﬂable b;adé spmdle torque as a functmn Qf%heﬂptbch a.ngLe -

a = crank»slot, b= slot—pm mechamsm = -
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grees this mechanism is completely dead. Such

. wide angles are only required for feathering pro-

peﬂers however, and this mechanism cannot be
used for this purpodse. On the other hand, its
features are very advantageous in the case of
normal propellers, inwhich a pitch angle beyond
thirty degrees is seldom needed. The drooping

character of the available spindle torque IS shown -

in Figure 12a.
The slot-pin ‘mechanism displays premsely the
opposite characteristics.

‘slot is situated in the rotating part, an increasing

lever arm is obtained at raising pitch angles,
according to: 5
€
Q- -
8

COS2 a

(2)

in which e = the eccentricity of the yoke-pin.
When friction is taken into account, the available

k torque appears to be practically constant thhm

the normal operating range, while it improves

Since in this case the

This type of
is suitable for both normal and

considerably ‘beyond that level.
mechanism

3 ‘blade connecting bolt 12 protecting cep
1 propeller hub 7 guide block

2 hub cap & pin. cast on
2 hub cover 10 push rod

4 biade foot 11 tailshaft -

5 biade sesling ring S yoke

€ blade carrier 13 Yapholt

Figure 13. Lips LWH hub employs a slot-pin mechanism

to rotate the blades.

dus

I

Figure 14 ngh—speed prooeder “hub with s}et—pin mechanism suitable for feathering.




feathering propellers. Inthe case ofthe latter the
yoke-pin eccentricity must be reduced in order
to prevent the biock from slipping out of the slot.
The improved properties of this mechanism with
regard to off-neutral positions is shown in Figure

‘built aocording to this prineiple. See F};gures’ 13,
~14 and 15. : ‘

- There are of course a number of other methods
of converting pull into torque, but those are usu-
ally more complex and have found a smaller field
of apphcatlon than the mechanisms described.
Examples are the oblique slot mechanism[10] and

the curved slot mechanism [l e <

Double-acting ymechanisms.

‘Double-acting n'ue‘(:hélnismQ have two working
cylinders in the hub, or employ a counteractlng
piston and cylinder as shown in Figure 16.

Double-cranks [12] [13] [14] and double-slot
mechamsms are bothfeasible. Astwo forces are
apphed tothe blade carrier, it is often supposed
that a double-acting mechanism is intendedto
eliminate the mﬂuence of friction. This is not
< true, however _since the component of the fric-
tioninthe sliding blocks still remains. The real

_purpose is to improve the torque capability by
ﬁtting anerlarged actuating armbetween the pins.
Full doublirxg of this arm is not possible within
the geometry of the hub, but a gain of sixty per

and pins, and this means a significant increase
in available torque

Double-acting mechanisms shotild not be seenas
~ the most natural answer to every CP propeller

problem, however, since the hub is overcrowded

complex in shape [13]. This makes the equipment
susceptible to failure and damage. Reliability is
improved by the use of simple mechanisms which
containno more parts than are strictly necessary.
~ Adouble- Etcting mechanism should therefore only -

- heless sufficient. sn:ength to carry the blades,

‘but this should not be done until all other means

Theqe

have been tried and found inadequate.

12b. The hubs of our modern CP propellers are ‘

cent can be achieved with the same size of blocks !

with a multitude of parts, some of which are very

beconsxdered in cases where there is an évident
', lack of rmemhng torque, while there is never-

Figure 15. Mechanism for a 29,700 SHP propeller. A
moving cylinder is located between the blade carriers.

- The use of the best values for skew and rake
in the blade design. ' '

- Theapplicationofalarger hub dlameter whlch

 cansometimes also contribute to suppressing

root cavitation and noise phenomena in hxgb—

speed propellers
- Combined control of propeller pitch and engine

revolutions so that pitch adgustment is carried

outat reduced speed or only in the full-ahead
_range, whereﬂ the operating forces are lower

Figure 17c.

If no pitch adjustmentis required at full rpm, the
only function of the hub mechanism is to keep the
blades inposition: The friction in the main bear-
ings and seals contributes to this purpose. It is
clear that the mechanism with slots in the blade

_carriers gives the best pitch-holding perform-

ance of all, since this must take place in the full-
2 situation in which

'aheadpomtmn of the blades. -
theleve1 arm of this mechamsm is most favour-

able.

In many casés where a

'mea'zs are

‘double-acting
= mechamsm is propos ed—asmcie -slot mechanism
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Figure 16.

. wﬂ} fulfil the reqmrements 3ust as well so that
the complexity of a double~ acting mechanism can
be avoided. In this respect hydrodynamlc con-
sultants should be fully aware of the mechanical

- consequences of thelr' reqmrements Unneces-
garily severe requirements can lead to senseless

' complex hub-mechanisms.

Blade spindle torque characteriSticsg

gy ué
asﬂy

“from ahead to-astern. On the other hand,

1"‘"*‘“‘“” largeforees must be appliedin order to-bring the

Principle of a double slot-pin mechanism. :

throughout.

:{( o

Figure 17a shows an oil pressure diagram re-
corded during a crash- stop manoeuvre with the

3000 HP ocean-going tug ‘Noord- Hoila.nd The

engine re\’olutlons were kept at maximum value
A% the propeller has a crank-
mechanism, the curves ‘diverge fromneutral pitch
towards maximum values inbothdirections. Since
the blades were designed without skew. cons ider-
able force is required to reduce pitch from the
maximum ahead position.

Figure 17b represents the course of the blade-

lades of a CP pvope“er usuallv move operating forces of the propeﬂer of another :

ocean-going tug, the 9000 HP Rode Zee'.
vessel is fitted witha single-nozzle CcP propeller

This

blades into the ahead p051t10n again, because in
this case hydl odynamlc as well as frictional
. forcesare opposed to the movement of the blades.
o found somewhere

The m&mmam is norma’lly_
n ‘the astern position —and neutral pitch.

- Scmeﬁampie%re glven in Figure 17y

anism in the hub. The -

udvmg a slot-pin mech

. blades ~have five per cent skew, as can be seen

from Figure 18. The diagram in Figure 17b was

derweu from Dressm*e emeamuements dunntT

ging of pitch. Notethat-this dia

,Hn ac eﬁ%‘dance thh
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Finally, Figure 17c 1Huctrates the effect of
combmed control of speed ana pitch on the blade-
operatmc forces. The facti is thatthese forces are
fundamentally proportional to the rotational speed
squared, except {for aportlon which remains con-
stant due tofriction in the reciprocating part and
geals, and due to the decreasing effect of cavita-
tionat high rotational speed. A reduction in speed
therefore results ina rapid drop in these forces.
Combined control keeps the whole procedure on a
lower force level, which is of course favourable
forthe situation in blocks and pins, while pitch- -
changing can still be carried out unrestrictedly
in the full-ahead range. : -

Hub contour. n ‘ e i

Though this paper deals with the internal parts
-of the hub we cannot neglect to say something 3
about the external aspect as well. The shape of !
the hub bodv is determined by mechameal and
hydrodynamlc requirements.” , ,/
- H strength were the only c\onmderatmn, the hub T
could be sphermal in shape A sphere weufd not'
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LARGE DIFFUSOR ANGLE Q’C—USOR ANGLE STRONG LOCAL CURVATURE

b) HIGH SPEED

NEG ATIVE DIFF

<l EXTREMELY HIGH SPEED

Tigure 15. The shape of the hub body should be adapted
to the application for wich the propeller is intended.

parts; however. Moreover, the mechanical com-

‘ponents must be. assembled in the hub, and this

calls for an opening which, in turn, must be re-

- inforced. The result 'is that a CP propeller hub
‘always has a more or less. elongated shape.

Figure 19a shows a hub contour, that has been

developed ‘in accordance with the desire to keep
theweight of the hub as low as can reasonably be '

" achieved. As can be seen, the central part is

spherical in shape.

Flow requlrements can be of paramount import-
ance to the outline of the hub, This does not apply
to low and medium-speed propellers, but in high-

speed applications large negative pressure

gradients may cause ca\'ltatlon due to separatxon
Sinee large diffuser

IS

of ﬂow fromr the -hub-body-

angie< in the aft part of the hub and strong local
"‘cur\ atures in the outline are always associated

(]

with large pressure gradients, such shapes
should then be avoided. See Figure 19b.

i For extremely high-speed Aapp‘lications, com-
bined with shaft inclination, a slightly diverging
hub has the best contour, Figures 14and 19c. The

prebent state of the artindicates that this contour

isthe best compromlse between the reqmrements

of pressure grad;ent in view of flow separations,
and the need to maintain sufficient pressure in

the fluid - hence low acceleration - in view of ca-

vitation. ~

1t should be understood that the flow require-
ments for high-speed propellers with respect to
the outline of the hub inevatibly have an unfavour-
able effect on the weight of the hub body.

Conclusions.

1. Controllable pitch propellers have already
been fitted to ships for halfa century, but their
application for large powers is ot more recent
date. Experience with propellers of over
10,000 HP is only available over a period of
less than one-third of the lifetime of a Shlp

2. Blade suspenswnby means of collar bearings
provides a lower reaction force level in the
propeller hub than that achieved with trunnion
bearings. ‘ .

3 The mechanismq used in the hub to turn the

blades are usuallybased on simple prmmples
A sliding slot mechanism with the slots in the
rotating part has favourable characterlstlcs
for umversal apphcatlon in normal and

ffeathermg propellers.

The choice of mechanism and the shape of the
hub body should be considered with respect to
the application in view. H1gh speed. propellers
_require a different hub contour and sometimes

a more complicated mechanism than low-speed
propellers. 0 T
. Reliability canbe pr‘omotved‘ by the choice of a
. sxmple mechamsm containing no more parts

than are strlcly necessary.






