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General Information

Thrust is the force that move the aircraft through the air. Thrust is generated by the
propulsion system of the alrcraft. There are different types of propulsion systems develop thrust in
different ways, although it qually generated through some application of Newton's Third Law.
Propeller is one of the propulsion system. The purpose of the propelier is to move the aircraft through
the air. The propeller consist of two or more blades connected together‘by a hub. The hub serves to
attach the blades to the engine shaft. .

The blades are made in the shape of an airfoll like wing of an airéféft. When the engine
rotates the propeller blades, the blades produce lift. This lift is called thrust and mbves the aircraft
forward. most aircraft have propellers that pull the aircraft through the air. These are called tractor
propellers. Some aircraft have propellers that push the aircraft. These are called pusher propellers.

Description
Leading Edge of the airfoil is the cutting edge that slices into the air. As the {eading edge

cuts the air, air flows over the blade face and the cambe side.

Blade Face is the surface of the propeller blade that corresponds to the lower surface of
an airfoil.

Thrust Facé is the curved surface of the airfoil.

Blade Shank (Root) is the section of the blade nearest the hub. -

Blade Tip is the outer end of the blade fartest from the hub.

Plane of Rotation is an imaginary plane perpendicular to the shaft. It is the plane that
contains the circle in which the blades rotate.

Blade Angle is formed between the face of an element and the plane of rotation. The blade
angle throughout the length of the blade is not the same. The reason for placing the blade element
sections at differentangles is because the various sections of the blade travel at different speed. Each
element must be designed as part of the blade to operate at its own best angle of attack to create
thrust when revolving at its best design speed

Blade Element are the airfoil sections joined side by side to form the blade airfoil. These —
elements are placed at different angles in rotation of the plane of rotation.

The reason for placing the biade element sections at different angles is because the various sections

of the blade travel at different speeds. The inner part of the blade section travels slower than the outer



part near the tip of the blade. If all the elements along a blade is at the same blade angle, the relative
wind will not strike the elements at the same angle of attack. This is because of the different in velocity
of the blade element due to distance from the center of rotation.

The blade has a émal! twist (due to different angle in each section) in it for & very important
reason. When the propeller is spinning round, each section of the blade travel at different speed, The
twist in the peopeller stopping the propeller from bending.

Thrust is produced by the propeller attached to the engine driveshaft. While the propeller is
rotating in flight, each section of the blade has a motion that combines the forward mofion of the
aircraft with circular movement of the propeller. The slower the speed, the steeper the angle of attack
must be to generate |ift. Therefore, the shape of the propeller's airfoif (cross section} must chang from
the center to the tips. The changing shape of the airfoil (cross section) acroés the blade reéults in the
twisting shape of the propeller. |

Relative Wind is the air that strikes and pass over the airfoil as the airfoil is driven through
the air. 7 |

Angle of Attack is the angle between the chord of the element and the relative wind. The
best efficiency of the propeller is obtained at an angle of attack around 2 to 4 degrees.

Blade Path is the path of the direction of the blade element moves.

Pitch refers to the distance a spiral threaded object moves forward in one revolution. As a
wood screw moves forward when turned in wood, same with the propeller move forward when turn in.
the air.

Geometric Pitch is the theoritical distance a propeller would advance in one revolution.

Effective Pitch is the actual distance a propeller advances in one revolution in the air. The
effective pitch is always shorter than geometric pitch due to the air is a fluid and always 'slip.

Forces and stresses_acting on a propslier in flight

The forces acting on a propeller in flight are :
1. Thrust is the air force on the propeller which is paraliel to the directionof advance and
induce bending stress in the propzller.
2. Centrifugal force is cause_d hy rotation of the propeller and tends to throw the blade out
from the center.
3. Torsion or Twisting forces in the blade itself, caused by the resultant of air forces which

tend to twist the blades toward a lower blade angle.



The stress acting on a prOpéIIer in flight are :
1. Bending siresses are induced by the trust forces. These stresses tend to bend the
blade forward as the airplane is moved through the air by the propeller.
2. Tensile stresses are caused by centrifugal force.
3. Torsion stresses are produced in rotating prope.ller blades by two twisting moments.
one of these stresses is caused by the air reaction on the blades and is called the aerodynamic

twisting moment. The another stress is caused by centrifugal force and is called the centrifugal twisting

moment.
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Type of propellers
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Tvpe of propellers

In designing propeliers, the maximum performance of the airplane for all condition of_ operation
trom takeoff, climb, cruising, and high speed. The propellers may be classified under eight general

types as follows:

1. Fixed pitch: The propelleris fnade in one piece. Only one pitch setling is possible and is
usuaily two klades propeller and is often made of wood or metal.

Wooden Propellers : Wooden propellers were used almost exclusively on personal and business
aircraft prior to World War Il .A wood propeller is not cut from a solid block but is built up of a number
of seperate layers of carefully selected .any types of wood have been used in making propetiers, but
the most satisfactory are yellow birch, sugar mable, black cherry, and black walnut. The use of
lamination of wood will reduce the tendency forlpropelier to warp. For standard one-piece wood

propellers, from five tc nine seperate wood laminations about 3/4 in. thick are used.

Metal Propetlers : During 1940 , solid steel propellers were made for military use. Modern
propeliers are fabricated from high-strength , heat-treated,aluminum alloy by forging a single bar of
aluminum alloy to the required shape. Metal propellers is now extensively used in the construction of
propetlers for all type of aircraft. The general apgearance of the metal propeller is similar to the wood

propeller, except that the sections are generally thinner.

2. Ground adjustable pitch: The pitch setting can be adjusted only with toals on the ground
before the engine is running. This type of propellers usually has a split hub. The blade angle is
specified by the aircraft specifications. The adjustable - pitch feature permits compensation for the

location of the flying field at various altitudes and also for variations in the characteristics of airplanes
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using the same engine. Setting the blade angles by loosened the clamps and the blade is rotated to

the desired angle and then tighten the clamps.

3. Two-position : A propeller which can have its pitch changed from one position to one other

angle by the pilot while in flight.

4. Controllable pitch: The pilot can change the pitch of the propelier in flight or while operating

the engine by mean of a pitch changing mechanism that may be operated by hydraulically.

5. Constant speed : The constant speed propelier utilizes a hydréulicaHyor electrically operated
pitch changing mechanism which is controlled by governor. The setting of the governor is adjusted by
the pilot with the rpm lever in the cockpit. During operation, the constant speed propeller will
autematically changs its blade angle to maintain a constant engine speed. If engine bower is increase,
the blade angle is increased to make the propeller absorb the additional power while the rpm remain
constant. At the other position, if the engine power is decreased, the blade angle will decrease to
make the blades take less bite of air to keep engine rpm remain constant, The pilot select the engine

speed required for any particular type of operation.

6. Full Feathering : A constant speed propelier which has the ability to turn edge to the wind
and thereby eliminate drag and windmilling in the event of engine failure. The term Feathering refers to
the operation of rotating the blades of the propeller to the wind position for th‘é burpose of stopping the
rotation of the propeller to reduce drag. Therefore , a Feathered blade is in an approximate in-line-of-
flight position , streamlined with the line of flight (turned the blades to a very high pitch). Feathering is

necessary when the engine fails or when it is desirable to shutoff an engine in flight.

7. Reversing : A consiant speed propeller which has the ability to assume a negative blade
angle and produce a reversing thrust. When propellers are reversed, their blades are rotated below
their positive angle , that is, through flat pitch, until a negative blade angle is obtained in order to
produée a thrust acting in the oppdsite direction to the forward thrust . Reverse propeller thrust is used

where a large aircraft is landed, in reducing the tength of landing run.
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8.Beta Control : A propeller which atlows the manual repositicning of the propelier blade angle
beyond the normal low pitch stop. Used most often in taxiing, where thrust is manually controlled by

adjusting blade angle with the power lever.
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AIRCRAFT PROPELLER CONTROL AND OPERATION
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The governor maintains the required balance between all three control forces by metering to, or
drain from, the inboard side of the propeller piston to maintain the propeller blade angle for constant

speed operation.
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Principles of Operation (Constant Speed with Counterweight Propeliers)
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Control and Operation (page 2}

Governor Operation Condition

On-Speed Condition
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Flight Operation
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Hydromatic Propeliers ........... next page

Back to previous page

Control and Operation (page 3)

Hydromatic Propellers
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The Feathering System




" 23

. & as [ 5 & . .
Feathering : dwiuuneaila Wugiudlsznaulufian feathering pump, reservoir, a feathering time-
. 2 . ar 1 Q 1 ‘J ar ot or
delay switch, and a propeller feathering light. luWaazag/luRaumda feathered  Taannsides sy
Y ar o o O 1 © 4 lé’ o ar ] Q 1
Tudesingu ludsmumida low speed stop  wazazHni pilot valve gnenzi AlsluWaagludiumde
decrease r.p.m. %38 AT1NTRsaLMER Tanldandn govemor fiyweights azaglumumisla uazdiumis

5 o o ! o ) . y =2 o ' . g
i Iuwmﬂ@zﬂgluwmm high pitch TalRemnuma feathering position.

= 9

wazluueailn  Fusaanis aniw feathering Lﬁﬁnmﬂuﬁuﬁa L1 W auxiliary pump, feather solinoid,
B9 axsin oA wmianng feathering valve grunsnfiazang oil el feathering TUWA Slelusia agflu
Rruwii feathered LHuR o pressure fazifintuunnauaiunsoluis pressure switch Fainli auxiliary —
pump 1A run unakt Feathering a1mazinlng fa handle ﬁiﬂi’ﬁmﬂ‘%‘mﬂum’fgmﬁu Wraang

lal@rusids shutdown

&
Unfeathering : Tuunarfia insnlae eduaing feathering Andlfilszanm 2 Sl A8ilazaka
Anwauz underspeed condition Wit U governor uwazitlumg Wllsadiugaras ol AN feathering -

' o ar J 6‘.':] i 2 ¥ o o .
pump Anelalfedinunds viadunentesgngu  Hegnguindauiidnlusanssasdu luWailiyufizane
ni r_'l' o d' d‘ [ [ . N =3 m; ] 2/ o
NREUHUATAILUR LHDLATIYUFNHU ﬂ}l un-feathering switch Aanunsafazildesls way governor f1A:

° 3 al ar
NIRUINUDIAILE
and Operation (page 1)

Propeller Control
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basic requirement : For flight operation, an engine is demanded to deliver power within a
relatively narrow band of operating rotation speeds. During flight, the speed-sensitive governdr of the
propeller automatically controls the blade angle as required to maintain a constant r.p.m. of the engine.

Three factors tend to vary the r.p.m. of the engine during operation. These factors are power,
airspeed, and air density. If the r.p.m. is to maintain constant, the blade angle must vary directly with
power, directly with airspeed, and inversely with air density. The speed-sensitive governor provides
the means by which the propeller can adjust itself automaticaliy to varying power and flight conditions

while converting the power to thrust.

Fundamental Farces : Three fundamental forces are used to control blade angle . These forces are:

1. Centrifugal twisting moment, centrifugal force acting on a rotating blade which tends at ali
times to move the blade into low pitéh.

2, Oil at engine pressure on the outboarip piston side, which supplements the centrifugal
twisting moment toward low pitch.

3. Propeller Governor oil on the inboard piston side, which balances the first two forces and
move the blades toward high pitch

Counterweight assembly (this is only for counterweight propeller) which attached to the blades ,

the centrifugal forces of the counterweight will move the blades to high piich setting

Constant Speed. Counterweight Propellers
The Counterweight type propeller may be used to operate either as a controllable or constant

speed propeller. The hydraulic counterweight propeller consists of a hub assembly, blade assembly,
cylinder assembly, and counterweight assembly.

The counterweight assembly on the propeller is attached to the blades and moves with them.
The centrifugal forces obtained from rotating counterweights move the blades to high angle setting.
The centrifugal fofoe of the counterweight assembly is depended on the rotational speed of the
propeilers r.p.m. The propeiler blades have a dafinite range of angular motion by an adjusting for high
and low angle on the counterweight brackets.

| Controllable : the operator will select either low blade angle or high blade angle by two-way

valve which permits engine oil to flow into or drain from the propeller.
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Constant Speed : If an engine driven governor is used, the propeller will operate as a constant.
speed. The propeller and engine speed will be maintained constant at any r.p.m. setting within the

operating range of the propeller.

1. Gmmarﬁﬁaédea- Spring:
2. Governar Flywsight
& Governar Pilet Valve

B ool W e y
g mﬁmm 4 *"“ﬁg’"‘faﬁ-"m’ bing
m RGTONER. B,

PROPELLER GOVERNOR'

Governor Operation (Constant speed with counterweight ) the éovefnor suppllis”and controls
the flow of cil to and from the propelier. The engine driven governor receives oil from the engine
lubricating system and boost its pressure to that required to operate the pitch-changing mechanism. It
consists essentially of : '

1. A gear pump to increase the pressure of the engine oil to the pressure required for propeller
operation.

2. A relief valve systerm which regulates the operating pressure in the governor.

3. A pilot valve actuated by flyweights which contro! the flow of cil through the governor

4. The speeder spring provides a mean by which the initial load on the pilot valve can be
changed through the rack and pulley arrangement which controlled by pilot.

The governor maintains the required balance between all three control forces by metering to, or.
drain from, the inboard side of the propeller piston to maintain the propelier blade angle for consiant
speed operation.

The governor operates by means of flyweights which control the position of a pilot valve. When

the propeller r.p.m. is below that for which the governor is set through the speeder spring by pilot , the
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governor flyweight move inward due to less centrifugal force act on flyweight than compression of
speeder spring. if the propeller . p m. IS hlgher than setting , the flywelght will move outward due to
flyweight has more centnfugal force than compressmn of speeder spring . During the flyweight moving
inward or outward , the pilot va]ve WI” move and directs engine oil pressure to the propeller cylinder

through the engine propeller shaft.
s;«g&ar"&gi‘ring-

LU ——

Pl Valve

ﬂwarspee&

Principles of Operation (Constant Speed with Counterweight Propellers) |

The changes in the blades angle of a typical constant speed with counterweight propellers are
accomplished by the action of two forces, one is hydraulic and the other is mechanical.

1. The cylinder is moved by oil flowing into it and opposed by centrifugal force of counterweight.
This action moves the counterweight and the blades to rotate toward the low angle positon.

2. When the oil allowed to drain from the cylinder , the centrifugal force of counterweights take
effect and the blades are turned toward the high angle position.

3. The constant speed control of the propeller is an engine driven governor of the flyweight type.

AIRCRAFT PROPELLER CONTROL AND OPERATION
(pagel. 2 3)

Control and Operation {page 2)

Governor Operation Condition
On-Speed Condition

The on-speed condition exists when the propeller operation speed are constant . In this



condition, the force of the flyweight (5} at the governor just balances the speeder spring (3) force on

the pilot valve (10) and shutoff completely the line (13) connecting to the propeller , thus preventing

the flow of oil to or from the propeller.

The pressure cil from the pump is relieved through the relief valve (8). Because the propelier
counterweight (15) force toward high pitch is balanced by the oil force from cylinder (14) is prevented

from moving, and the propeller does net chang pitch

Under-Speed Condition

The under-speed condition is the result of change in engine r.p.m. or propeller r.p.m.which the
r.p.m. is tend to lower than setting or governor control movement foward a high r.p.m. Since the force.
of the flyweight (5) is tess than the speeder spring (3) force , the pilot valve (10j is forced down. Ol
from the booster pump flows through the line (13) to the propeller. This forces the cylinder (14) move

oufward , and the blades (16) turn to lower pitch, less power is required to turn the propeller which
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inturn increase the engine r.o.m. As the speed is increased, the flyweight force is increased also and
becomes equal to the speeder spring force. The pilot valve is move up, and the governor resumes its

on-speed condition which keep the engine r.p.m. constant.

Over-Speed Condition

The over-speed condition which occurs when the aircraft altitude change or engine power is
increased or engine r.p.m. is tend to increase and the governor control is moved towards a lower
r.p.m. In this condition, the force of the flyweight (5} overcomes the speeder spring (3) force and raise
the pilot valve (10) open the propeller line (13) tc drain the oil from the cylinder (14). The counterweight
(15) force in the propeller to turn the blades towards a higher pitch. With a higher pitch, more power is
required to turn the propeller which inturn slow down the engine r.p.m. As the speed is reduced, the
flyweight force is reduced aiso and becomes equal to the speeder spring force. The pilot valve is

lowered, and the governor resumes its on-speed condition which keep the engine r.p.m. constant.
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Flight Operation

This is just only guide line for understanding . The engine or aircraft manufacturers' operating
manual should be consulted for each particular aircrat. . .

Takeoff : Placing the governor control in the full forward position . This position ils setting the propeller
blades to low pitch angle Engine r.p.m. will increase until it reaches the takeoff r.p.m. for which the
governor has been set. From this setting , the r.p.m. will be held constant by the lgovernor. which
means that full power is available during takeoff and climb.

Cruising : Once the crusing r.p.m. haé. been set, it will be held constant by the governor. All
changes in attitude of the aircraft, altitude, and the engine power can be made without affecting the
r.p.m. as long as the blades do not contact the pitch {imit stop.

Power Descent : As the airspeed increase during descent, the governor will move the propeller
blades to a higher pitch inorder to hold the r.p.m. at the desired value.

Approach and Landing : Set the governor to its maximum cruising r.p.m. position during approach.
During landing, the governor control should be set in the high r.p.m. position and this move the blades

to full low pitch angle.
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Hydromatic Propellers ........... next page

Control and Operation (page 3)
Hydromatic Propellers

Basic Operation Principle's : The pitch changing mechanism of hydromatic propeller is a
mechanical-hydraulic system in which hydrauiic forces acting upon a piston are transformed into

mechanical forces acting upon the blades.

Garitritugal Twiating Moment
gitie Ol Pressure

Piston movement causes rotation of cam which incorporates a pevel gear {Hamilton Standard
Propeller) . The oil forces which act upon the piston are controled by the governor

Singte Acting Propeller: The governor directs its pump output against the inboard side of piston
only, A single acting propelier uses a single acting governor. This type of propsller makes use of three
forces during constant speed operation , the blades centrifugal twisting moment and this force tends.
at all imes to move the blades toward low pitch | oil at engine pressure applied against the outboard
side of the propeller piston and this force to supplement the centrifugal twisting moment toward the
low pitch during constant speed operation., and oil from governor pressure applied against the
inboard side of the piston . The oil pressure from governor was boosted from the engine oif supply by
governor pump and the force is controlled by metering the high pressure oil to or draining it from the
inboard side of the propeller piston which balances centrifugal twisting moment and oil at the engine
pressure,

Dauble Acting Propeller: The governor directs its output either side of the piston as the

operating condition required. Double acting propélier uses double acting governor. This type of

propeller , the governor pump output oil is directed by the govemor to either side of the propeller piston.
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Principle Operation of Double Acting :

Overspeed Condition : When the engine speed increases above the r.p.m. for which the
governor is set . Oil supply is boosted in pressure by the engine driven propeller governor , is directed.
against the inboard side of the propeller piston. The piston and the attached roilers move outboard. As
the piston moves cutboard , cam and roflers move the propeller blades toward a higher angle , which

inturn, decreases the engine r.p.m.

Underspeed Condition : When the engine speed drops below the r.p.m. for which the governor is
set. Force at flyweight is decrease and permit speeder spring 1o lower pilot valve, thereby open the o.il
passage allow the oil from inboard side of piston to drain through the governor. As the oil from inboard
side is drained , engine oil from engine flows through the propeller shaft into the outboard piston end.
With the aid of blade centrifugal twisting moment, The engine oit from outboard moves the piston
inboard. The piston motion is transmitted through the cam and roilers . Thus, the blades move to lower

angle

The Feathering System

Feathering : For some basic model consists of a feathering pump, reservoir, a feathering time-
delay switch, and a propeller feathering light. The propeller is feathered by movi'ng the control in the

cockpit against the low speed stop. This causes the pllot valve lift rod in the governor to hold the pilot
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valve in the decrease r.p.m. position regardless of the action of the governor flyweights. This causes

the propeiler blades to rotate through high pitch to the feathering position.

Some model is initiated by depressing the fea{héri}lg ;)utton. This action, auxiliary pump, feather
solinoid, which positions the feathering valve to tranfer oil to feathering the propeller. When the
propeller has been fully feathered, oil pressure will buildup and operate a pressure cutout switch
which will cause the auxiliary pump stop. Feathering may be also be accomplished py pulling the

engine emergency shutdown handle or switch to the shutdown position.

Unfeathering : Some model is accomblished by holding the feathering buttom switch in the out
position 'for about 2 second . This creates an artificial underspeed condition at the goverhor and
causes high-pressure oil from the feathering pump to be directed to the rear of the propeller piston. As
‘soon as the piston haé moved inward a short distance, the blades will have sufficient angle to start

rotation of the engine. When this occurs , the un-feathering switch can be released and the governor
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MODEL [ P/N | HARTZELL PROPELLER INC.
HC-[ 10 I 10 1-0 10 ][ ]/ BLADE MODEL
*HC-B3TN-5C * PROP.U.3%.lo [ AU-23 ]

|___. Minor modification

Denotes specific design features
-1,Non - feathering, with CTWT
-2, Feathering
-3, -5, -7, Feathering and’ Reversing

-4, -6, -8, Non - Feathering , without CTWT

Shaft mounting F, Flange, 4 inchs B.C. Six 1/2 bolts
N, Flange, 4 1/4 B.C. Eight 9/16 bolt:

Blade shank size

Number of blades

Basic design designation

Hartzell controllable

luwausen HARTZELL #1141y no.

* PROP.P/N HC-C2YK-1B U.H.e& [M/T] TBO= 1,500 OR 5 YR.

*

*

*

PROP.P /N BHC-C2YF-1BF U.H.eb[A/T] TBO=1,500 OR 5 YR.
PROP.P /N HC-C3YR-4BF 1U.H.0b [CT/4E] TBO=........ OR 5 YR.

* PROP.P/N HC-B3TN-5C,M, 1.3%.lo IAU-23] TBO=1,500 OR 5 YR

PROP.P/N HC-B5MA-3 U.0.loft [BT-67] TBO=........ OR 5 YR
PROP.P/N HC-B3TN-5G  U.Ad.b[MERLIN-4] TBO= 1,500 OR 5 YR
PROP.P/N HC-B3TN-3D  1.98.c) [ARAVA] TBO= 1,500 OR 5 YR. B
PROP.P/N HC-A3VF-7 1.8.6 [NOMAD] TBO= 3,000 OR 5 YR.
PROP.P/N HC-D4N-2A Uu.H.e& [PC9] TBO= 3,500 OR 5 YR.



DIAGRAM OF TORQUING PROCEDURES FOR PROPELLER

o@eo

OO
N OR P Flange o.o

SEQUENCE A SEQUENCE B
Step 1 - Torque all bolts to 40 1b-ft Step 3 - Torque all bolts to

Step 2 - Torque all bolts to 80 Ib-ft between 100 and105 Ib-ft

3%



HARTZELL PROPELLER INC., %9

Manual No.149 ..

HC-DAN-3A/ 552

Typucal Propeller Assembly Model Number

'
:

H HARTZELL

C CONTROLLABLE »

. BLADE RETENTION _ D 3. 4 mch dlameter shank
G D SYSTEM R  E- 3.4 inch diameler shank-
S ' hagh horsepower appllcanon

P T T I

B4 4 NUMBEROFBLADES T 3 through 6

AMINOR s
MODIFICATI@N

s FuH Feathermg'Re\)ersmg Constant 1
RO Speed Gerrett Intemal Beta C

- l ;-Hefer 10 applucable manuai
oyt for-Blade: Model le3|gnat|on
i - ',System. S SERDI T
R '-NOTE Parentheses in the model desugnatton system can tndlcate enher ’
o that an optlon or modification is included in the. hub- assembly or
that itis- not mcluded in.the hub assembly.

| Model Designation System

Figure 1 - T
SV Pdge? .
i Hev:slonadunelQO- S




" Hartzell Propeller Praducts
Manual No. 149

SPINNER ASSEMBLY
Refer to Hartzell Propeller
Spinner Assembly Maintenance Guide,

Manual Ko, 127-( ¥

SPLIT-HUB UNIT

PROPELLER
MOUNTING
KIT

HYDRAULIC SYSTEM

PITCH ADJUSTMENT UNIT

FEATHERING UNIT

BALAKCE UNIT and
COUNTERMWE IGHT ASSEMBLY

BLADE BEARING SYSTEM

BLADE ASSEMBLY

Refer to Hartzell
Composite Blade Instruction Manual No. 135-( } or

Meta] Blade Specifications Manual No. 133-( )

Basic Components of the HC-D4( )-2( ) Four-Blade
Lightweight Turbine Propeller
Figure 2

Page 6
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Hartzell Propeller Products
Manual No. 149

SPINNER ASSEMBLY

Refer to Martzell Prope!ler
Spinner Assembly Maintenance Guide,
Manual No. 127-( )

SPLIT-HUB UNIT

HYDRAULIC SYSTEM

PROPELLER
MOUNTING

PITCH ADJUSTMENT UNIT KIT

FEATHERING UNIT

(Beta Yalve

BALANCE UNIT and

COUNTERWEIGHY ASSEMBLY
‘ Assembly.)

BLADE BEARING SYSTEM

BLADE ASSEMBLY

Refer to Hartzell

Composite Blade Instruction Manual No. 135-( ) or
Metal Blade Specifications Manual No. 133-( }

BETA CONTROL UNIT

not furnished
with Propeller

Basic Components of the HC-D4{ }-3{ ) Four-Blade

Lightweight Turbine Propeller .
Figure 3

Page 10
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Hartzell Propeller Products
Manual No. 149

SPINNER ASSEMBLY
Refer to Hartzell Propeller

Spinner Assembly Maintenance Guide,
Manual No. 127-{ )

HYDRAULIC SYSTEM SPLIT-HUB UNIT

PROPELLER
MOUNTING

PITCH ADJUSTMENT UNIT KIT

FEATHERING UNIT

START LOCK ASSEMBLY

BALANCE UNIT and

COUNTERWE [GHT ASSEMBLY BLADE BEARING SYSTEM

BLADE ASSEMBLY
Refer to Hartzeli

Composite Blade Instruction Manual No, 135-( ) or
Metal Blade Specifications Manual No. 133-{ )

Basic Components of the HC-D4( )-5( ) Four-Blade
Lightweight Turbine Propeller
: Figure 4

Page 12



HARTZELL PROPELLER INC.
Manual No.149

SPINNER ASSEMBLY

HYDRAULIC SYSTEM _
EXTERNAL BETA

SYSTEM (Beta Vaive
is not furnished with -

BALANCE UNIT AND /~._ \j§ propeller assembly)

COUNTERWEIGHT / —NoN
ASSEMBLY AN

BLADE /y i
ASSEMBLY 1. 154

N '\\-’F:;:{W'\- k
-~
BLADE :n[ ‘
BEARING PROPELLER
SYSTEM PITCH MOUNTING KIT
CHANGE

Refer to Hartzell Composite Blade Instruction Manual No. 135-() or
Metal Blade Specifications Manual No. 133-()

Basic Components of the HC-E5( }-3( ) Five-Blade Lightweight
Turbine Propeller , -
Figure 4A

Page 15A
Hevisign 3 June/S0

SPLIT-HUB UNIT
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HARTZELL PROPELLER INC.
Manual No.149

BALANCE UNIT AND
COUNTERWEIGHT
ASSEMBLY (not shown)

8LADE ASSEMBLY
Refer to Hartzell
Composite Blade
Instruction Manual
No. 135-() or Metal
Blade Specifications
Manual No. 133-()

7
\\N SO e 4
‘

BLADE ;ﬁ
BEARING” piTcH 2
SYSTEM

HYDRAULIC
SYSTEM

PROPELLER

" MOUNTING KIT

Basic Components of the HC-E6( )-5( ) Six-Blade Lightweight
Turbine Propeller
Figure 48

Page 15D

Revision 3 June/o0
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Minor damage if neither &ebond nor

Hartzell Propeller Products
Manual No. 149

Major damage--overhaul blade

Eroded/Annraled Area
before next flight

in Metal Blade

e

[;— ALUMINUM BLADE ASSEMBLY

WARNING: [F VISUAL INSPECTION DETECTS A DARKENED AREA IN COMPQSITE

MATERIAL, PERFORM IMMEDIATE "COIN-TAP" TEST TO DETERMINE
WHETHER DEBOND OR DELAMINATION HAS OCCURRED.
REFER T FIGURE 6.

(Evidence of lightning strike on
erosion shield of composite blade.)

Brown Stain in

Composite
delamination has occurred Material

COMPOSITE BLADE ASSEMBLY

- Evidence of Lightning Strike Damage to Blade Assembly
Figure 5

Page 16
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Hartzell Propeller Products
Manual No. 149

5. Lightning Strike on Hub or Blade (refer to Figure 5)

WARNING: ANY METAL PROPELLER BLADE ASSEMBLY WHICH IS EXPOSED
T0 LIGHTNING STRIKE MUST BE OVERHAULED BEFORE IT IS
RETURNED TO SERVICE. ,

WARNING: IF VISUAL INSPECTION DETECTS A DARKENED AREA NEAR
THE TIP OF A COMPOSITE BLADE, PERFORM A "COIN-TAP™
TEST IMMEDIATELY TO DETERMINE WHETHER OR NOT DESOND
OR DELAMINATION HAS OCCURRED. ‘

A, A 1ightning strike usually leaves a darkened area and possible
pitting near the tip of a composite blade--or an eroded area on
the metal blade. :

8. In every confirmed case of lightning strike, the blade retention
split-bearing and the blade alignment bearing are subjeéct to
damage, and both must be replaced.

1) Arcing may occur, and this will be evident on the bearing
races, balls and/or rollers.

C. In every lightniﬁg strike case, the flow of current has
magnetized all of the steel parts.

1) Demagnetize all steel parts of the assembly.

0. If visual fnspection detects a darkened area in composite blade
material (see Figure 5), perform an immediate “coin-tap” test as
shown in Figure 6 to determine whether or not debond or
delamination has occured.

1} Field repair of major composite blade damage must be
performed in a Hartzell approved facility with factory .

consultation.
“Coin-tap" test along entire surface "Coin-tap” test on composite
of erosion shield checks for debond surface checks for delamination

T
@wf—w{

NOTE: The "coin" used for these tests should have radiused
edges and weigh at least three (3) ounces (85 g).

Using “Coin-Tap" Test to Check for Debond or Delamination in Composite Blade
Figure 6

Page 17



Hartzell Propeller Products
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0il1 leakage between

' Grease -leakage at
cylinder base and any lybrication
cylinder-side hub-half

fitting

011 leakage at sea!

between engine flange

and propelier
mounting flange

0i1 leakage between

pitch change rod and

reverse adjustment sleeve

011 leakage at

seal on pitch change
rod plug

Grease leakage at
blade socket in hub

NOTE: The blade retention spiit-bearing is the only
potential source for grease leakage.

Typical Hub Areas to Inspect Daily for Evidence of Leaking 0i: or Grease
Figure 7

Page 18
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Hartzell Propeller Products
Manual No. 149

CAUTION: WIDTH OR THICKNESS OF LOCAL REPAIR MAY NOT EXCEED
MANUFACTURER'S REPAIR TOLERANCE MINIMUMS.

CAUTION: METAL BLADE FIELD REPAIRS MUST BE MADE BY A QUALIFIED

MECHANIC.
Typical restoration of
damaged leading edge to
. original airfoil shape
[— =

Face or Camber Side Leading or Trailing
Surface Local Repair Edge Local Repair
=D x 20 =D x 10

D x 10 =
2.50 inches

Dx 20 =
2.50 {nches
{63.5 mm)

i gs_ 175 mm)

D = Depth of Damage

CAUTION: DO NOT MAKE REPAIRS ON FACE OR CAMBER SIDE THAT ‘FORM A
CONTINUOUS LINE ACROSS THE BLADE SECTION.

Limits of Metal Blade Minor Damage for Field Repair
Figure B
Page 21
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CAUTION: COMPOSITE BLADE FIELD REPAIRS
MUST BE MADE BY A QUALIFIED

MECHANIC,

.500-1inch
.125-inch™ (12,700 mm)

Lost Material
gouge in

primary retention
filament windings

.500-1nch
(12.700 mm)

Depression in - Exposed Materjal

blade cuff

. 125
(3.175 mm)

.. 125-inch
(3.175mm)

Lost Mater{fal

gouge in

blade cuff

Lost Material
gouge in
blade surface

on blade surface

_L_.500-inch
inch (12,700 mm)

.187-1nch
{4.750 mm)

Lost Material
gouge in
blade edge

Limits of Composite Blade Minor Bamage for Field Repair

Figure 9

Page 22
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Hartzell Propeller Products
Manual No. 149

CAUTION: COMPOSITE BLADE FIELD REPAIRS

MUST BE MADE BY A QUALIFIED
MECHANIC.

Erosion Shield

Composite Material {6.350 wm)

B~ Acceptable Limits for
Minor Damage to Edge
of Erosion Shield

Chordwise Crack
Acceptable
Minor Damage

~ Erosion Shield 7 (12.700 mm)

Composite Material A- Acceptable Limits for
Minor Damage to Surface
C ~Chordwise Crack in of Erosion Shield
Erosion Shield

NOTE: Refer to Figure 11 for
erosion shield debond
minor damage .1imits.

At overhaul replace any metal erosion
shield which has areas of minor (or
major) damage.

Limits of Composite Blade Erosion Shield
Minor Damage for Field. Repair
Figure 10

Page 23
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Hartzell Propeller Products
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CAUTION: COMPOSITE BLADE FIELD REPA[R _ _
MUST BE MADE BY A QUALIFIED Acceptable Minor Damage:
MECHANIC Lrack, scratch or depression

which does not penetrate into

the low-density foam core

. beyond the Mmits shown in
Figure 10.

Primary Retention

Shank of Filament Windings
Aluminum Secondary
Blade Plug Retention

Laminates

Enlarged view of meta) erosion shield
area of debond minor damage 1imits

Total Area less than

seven (7} square inches
{31,613 sq mm)

_.250-1inch
(6.35 me)

NOTE: Refer to Figure 10 for
other erosion shield
- Metal Erosion Shield Debond minor damage limits.
Limits for Minor Damage

Maximm Length
3.500 inches

—~f j—(88.9 rm)
.€5041nch
{6.35 mm)
Max imum

Erosion Shield Trailing Edge Debond

Limits of Erosion Shield Debond and Blade Cuff
Minor Damage for Field Repair
Figure 11 .

Page 24
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Hartzell Propeller Products |
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NOTE: Radial play {“backlash") of
t.5-degree in blade is allowed.

—

-
Radial-Play
in Blade

CAUTION: BLADE IS PRELOADED,
NO END-PLAY, IN-AND-OQUT, OR
FORE-AND-AFT BLADE MOYEMENT .
IS ALLOwED.

NOTE: Make preload checks with blade
in feather pitch.

Checking the Blade Preload
 Figure 12

Page 32
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Propeller
Mounting

“0" Ring

No. PRP-909-.8

Aircraft Engine

Propeller .
Mount ing Mounting Flange
F bange
Mounting W #_/'__f':‘
dolt E;;:’”F” Standard Torque
Washer - Wrench
No. A-2048-2 Special Torquing Adapter
Na. AST-2477
ﬁropellnr
Mounting
fiolt
No. B-3339-1
Standard Torque Wrench Torguing Adapter
E-:-E—-—— =1 = =i}
L 1.00 foot : .75-fo0t
(304.8 mm) (228.6 nm)

Hhen an adapter is used with a torque wrench, use the following
PQuation to determine torque value:

' . torque wrench reading
actual torque required) x (torque wrench length) = to achieve required
torque wrench Tengt + (Tength of adapter actual torque

EXAMPLE :

100 1b-fr I ft reading on lorque wrench

36 N m) x {304.8 mn) = 57,1 1b-ft  with 9-inch (278.6 mm) adapter
L'T—Tt + TIRSTE (901 K m) for actual torque of 100 th-ft
{304.8 mm) (¢278.6 nm) (136 newton-meters)

Using Special Torquing Adapter (AST-2877) with Standard Torque Nrench
To Torque Propelter Mounting Bolts
Figure 14

Page 16
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