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Preface

The book in Aircraft Propeflers and Controls is one of a series of specialized training manuals prepared
for aviation maintenance personnel.

This series is part »f a programined learning course developed and produced by Jeppesen Sanderson, Inc..
one of the largest suppliers of aviation maintenance training materials in the world. This program is part
of a continuing effort to improve the quality of education for aviation mechanics throughout the worid.

This manual is designed to present the A&P mechantc/student with the infonnation necessary for a
general understanding of the theory, operation, and maintenance of fixed-pitch, variable-pitch, feathering,
and reversing propellers. Although specific propeiler systems are discussed in some chapters, the systems
operate in a manner generally applicable to all similar prupeller systems.

‘Hhe intormation contained in this manual is for instructional purposes only, and is not tv be used as a
substitute for a manufacturer’s cument maintenance manual, service bulletins, or operational data.

Throughout this text, at appropriate points, is included a series of carefully prepared questions and
unswers to emphasize key elements of the text, and to encoursge you o continually test vourselt for
accuracy and retention as vou progress. A multiple choice final exaniination is inciuded to allow you to
test your cormprehension of the total material.

For product, service, or sales information call 1-800-621-JEPP, 303-799-909(), or FAX 303- 784-4153. If
you have comments, questions, 0T need explanations about any Maintenance Training System, we are
prepared to offer assistance at any time. If your dealer does not have a Jeppesen catalog, please request
one and we will promptly send it to you. Just call the above tetephone number, or write:

Marketing Manayer, Training Products
Jeppesen Sanderson, Inc.

55 Inverness Drive East

Englewood, CO 80112-5498

Please direct inquiries from Europe, Africa, and the Middle East to;

Jeppesen & Co,, GmbH
P. Q. Box 70-05-51
Walter-Kolb-Strasse 13
605941 Frank{urt
GERMANY

Tel: 011-49-69-961240
Fax: 011-49-69-061248G68
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Figure 1-3. Parts of @ propefier.

A. Nomenclature

Belore starting any discussion about propellers,
it Is necessary that some baslc terms be defined to
avold confusion and misunderstanding.

First of all, exactly what 15 a propeller? A pro-
peller normally consists ol twe or more blades
attached to a central hub which {s mounted on an
engine crankshaft. The purpose of the propeller is
to convert engine horsepower to useful thrust. The
blades, which are actually rotating wings, have a
leading edge, tralling edge, tip, shank, face and
back as shown in Figures 1-3 and 14, Many
people have trouble with the terms face and back
so it is helplul to visualize the flat side of the blade
as [acing the pilot when he is In the cockpit,

A term that will be used throughout this text is
blade angle. This is the angle between the propeller
blane of rotation and the chord line of a pro-
peller alrfoil section. Another term, blade station
is areference position on a blade that 1a a specified
distance from the center of the hub. Pltch is the
distance {in inches) that a propeller section will
move forward In one revolution. Pitch distribu-
tion is the gradual twist in the propeller blade from
shank to tip.

Editer's Note: A complcte Usting of general
propeller terms can be found in the Glossary at the
end of this hook.
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Figure 1-4. Propeller blads croes section.
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Flgure 1-5. Propeflier blade stations

B. Types Of Propeliers

Since the beginning of powered [Hght, many
unique deslgns for propellers have appeared with
only a few becomning widely accepted. Tlie following
are brief descriptlons of the more common designs
that are belng used in aviatlon.

The fixed-pttch propeller is the most widely used
propeller design in aviatlon. A fixed-pitch propeller
may be made of wood, aluminum, or steel and 15
coneidered to be of one-piece canstruction with a
blade angle that cennot normally be changed.
Fixed-pitch propellers are usually found on light
single-engine aireraft.

Ground-adjustable propellers are similar to
fixed-pitch propellers in that their blade angles
cannot be changed in flight. However, since the
propeller Is designed so that the blade angles can
be changed on the ground. the propeller can be
adjusted to give the desired propeller character-
tsties for a flight {i.e., low blade angle for taking
off from a short field or high blade angle for more
speed on a cross-country [light}, This type of
propeller was widely used on atreraft built in the
1920s, 308, and '40s.

The fwo- position propeller is a design that allows
the pilot to select one of two blade angles while in
flight, allowing the use of a low blade angle for
takeoll and a high blade angle for crutse. This is
something llke a two-specd transmission In wn
automohile. The two position propeller was used
on some of the more sophisticated destgns in the
late 19208 and "30s.

Controliable-pitch propellers were designed
to give the pilot the ability to set the blades at any
angle in the propeler’s range while in flight, giving
the pilot more control over the propeller than the
two-position deslgn. This style of propeller was
popular an light alrcraft in the 18409 due to its low
welght and simple mechanism.
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Figure 1-6. Modam constant-speed feathering
propelier.

The most fmaginative propeller design to come
Into existence has been the autormatic pitch-chang-
ing propeller. This propeller is not contrellable by
the pilot, Instead, it will theoretically set the pro-
peller blades at the most efficient angle by reacting
io forces generated by engine thrust torque, and
atrapeed. This style propeller was used on aireraft
produced between the late 1830s and the 1950s.
While designed for englnes up to 450 hp, most
alrcraft using these propellers today have engines
of 150 hp or less,

Most medium and high performance aireraft
produced today are equipped with constant-speed
propeller systems. This propeller system uses a
controllable propeller which the pilot Indirectly
controls by adjusting a constant-speed control
unit, rommonly called the governor. Propeller
blade angle is adjusted by this gavernor to main-
tain the engine speed (RPM} which the pilot has
set on the governor. Due to this cenirollability,
roupled with the relatively Ughtweight and low cost
of modern constant speed systems, some earlier
propelier deslgns have become lens common.

Most multl-engine aircraft equipped with con-
stant-speed propeller systems also have the capa-
bility of feathering the propeller. When a propeller
is feathered, the propeller biades are rotated to
present an edge to the wind, eliminating the drag
assoctated with a windmilling propeller when an
engine falls,

Reversing propeller systems are refinements of
the constant-speed feathering syatems. The pro-
peller biades can be rotated to a negative angle to
create negatlve thrust. This forces alr forward
instead of backwards permitting a shorter landing
roll and improved ground maneuvering, Reversing
propeller systemns are usually found on the more
sophisticated multl-engine aircraft,

C. The Propeller Protractor

A useful propelier tool is the universal propeller
protractor. This device is used to measure the
propelier blade angle at a specific blade station to
determine if the propeller is properly adjusted.

The blade angle 1s referenced {Tom the propeller
plane of rotation, which is ninety degrees tu the
crankshalt centerline,

The frame of the protractor is made of aluminum
and has three sides which are ninety degrees to
each other. A level is mounted on one corner of the
front of the Irame. This corner spirt level swings
out and is used to indicate when the proiracior is
vertical, A mavable ring is located in the frame and
is used to set the zero reference angle for blade
angle measurements, The ring is engraved with
index marks which allow readings as small as
one-tenth of a degree. A renter disc is engraved
with a degree scale from 0 to 180 degrees positive
and negative and contains a spirit level to indicate
when the disc is level. Locking and adjusting
controls are shown In Flgure 1-7.

When using this device and before measuring
the angle of a propeller blade, the reference blade
station must be determined from the propeiler or
alrcraft manufacturer's maintenance manual,
This station will normally be 30-Inch, 36-inch, or
42-inch. The reference station should be marked
with chalk or a grease pencil on the face of each
biade. CAUTION: Do nof use a graphite (biack
lead) pencil as if will cause corrosion!

The next procedure is to establish the reference
plane from the engine crenkshaft centerline. The
reference plane is not based on the airframe at-
titude berause of the canted installation of some
engines.

To zero the protractor you must loosen the
ring-to-frame lock, align the zeros on the disc and
the ring, and then engage the dise-to-ring lock.
Place one edge of the protracter on a flat propeller
hub surface that 1s parailel or perpendicular to
the crankshaft centerline. Turn the ring adjustor
until the spirit level in the center of the disc is
level. [The cormer spirit level should also he level))
Now, tghten the ring-to-frame lock and release
the disc-to-ring lock. The protractor is now
aligned with the engine centerline,

Place one blade of the propeller horizontal and
mave out to the reference stabion marked on the face
of the blade to mensure the angle. Siand on the
same gide of the airplane, [acing in the same direc-
tion as when establishing the zero with the protrac-
{or, otherwise the measurements will be incorrect.
Place the edge of the protractor on the face at the
reference statton and iurn the disc adjuster until
the spirit level centers and read the blade angle
using the zero line on the ring as the index,
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Figure 1-7, Propeller protracior.

Tenths of degrees can be read from the vernier
scale. Rotate each blade to the same horizontal
position and measure the angle. The amount of

allowed angle variation among the blades will vary
with each design.

4

I the face of the blade 1s curved, use masking
tape to attach a piece of 1/s-inch rod {drill bits will
do} 1/2-nch in from the leading and trelling edge
and measure the angle with the prottactor resting
on the rods.
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Chapter II

FARs And Propellers

To undersiand the guidelines set down by the
FAA regarding propeller systemn deslgns and main-
tenance, it is necessary lo understand some of the
regulations concerning propellers. This will be
accomplished by looking at paris of thie lollowing
Federal Aviatlon Regulationa:

FAR Part 23, Ainworthiness Standards; Normal,
Uttlity, and Acrobatic Alrcmqft, and FAR Part 25,
Afrworthiness Standards: Transport Category
Atreraft, outline the requirements for propellers
and their control systems for aircraft certification,
Because there 1s very little difference In the word-
Ing of Parts 23 and 25, they are considered Iden-
tical for the purposes of thia discussion,

I’art 43 of the FAR defines the dilerent classes
of maintenance for the propeller system and the
minimum requirements for 100 hour and annual
inspeclions.

The Informaton that is required to be perma-
nently affixed to a propeller is discusaed briefly

- ———

FRODUCTINN FAA TYPE
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REAR FACL,

Figure 2-1. Typical hub stamping on 8 fixed-pltch
propailer.

with references lo FAR Part A5, Identification and
Registration Markings.

The lvenses required to perforin or supervise
the maintenance or repair of a propeller and re-
lated systems are covered by FAR Dart 65, Cer-
tiflcation: Airmen Other Than Flight Crewwmembers,
This section distinguishes between the authority
of a powaerplant mechanic, a propeller repairman,
and an aulhorized inspecter.

Subparts of ench FAR have been arranged for
ease of presentation and do not follow the order as
written in the FARs. The applitable regulations are
noted at the appropriate paints in this text.

A. Propeller Requirements
For Alrcraft Certification

Alreruft propellers must be certiticated under
FAR Part 35 and must contain the following infor-
mation on the hub or butt of the propeller blade:
builder's name, model designation, serial number,
type certificate nuinber, and production cerlifleate
number [FAR 45,15,

1. Static RPFM

An atrerail which uses a flxed-pitch propeller will
net operate at maxdmum RPM {lachometer redline)
on the ground in a no-wind conditlon whien the
engine Is producing maximum allewable horsc-
power, This is designed into the sys{em io sausfy
thie requirement thut the propeller must lmit en-
gine RPM w the maximum allowable when the
engine 1s operating at full power and the alreraft is
flying at Its Lest rate-of-climb speed, thus prevent .
ing engine dutnuge due to overspeeding. The pro-
peller must also prevent the engine from exceeding
the rated RPM by no more than 10% in a clused
throitle dive at the aircrafl’s never-exceed speed
(FAR 23/25.33}. As abrspeed or wind speed in-
creases, engine RPM will increase because it is
easier lor the propeller to rotate. This explains why
the listed static RPM (RPM at full power. on the
ground, with no wind} for an aircrait is less than
the engine rated RPM ftachomcter redline).

All two-position and controllable-pitch propel-
lers must comply with FAR 23/25.33 at thelr low
biade angle setting.

7
Adrcraft Technical Book Company, LLC
http:fAwww ACTechbooks.com
{970) 726-5111









' = N
STAND | o
PIRE TANK
T
EMGINE —t— |
sl

—_—
TU FEATHER
SYSTEM

SLUDGE

Figura 2-6, Engine oll tank with a atandpips for s
system which usas oif to faather the propelier.

to prevent sludge or foreign matter from afTecling the
featherng oil supply (FAR 23/25.1027). These re-
quirementis are normally met by ustng a standpipe
in the engine oll tank with an outlet only to the
propeller feathering system.

A separate feathering control is required {or each
propeller and must be conflgured to prevent ac-
cidental operation (FAR 23/25.1153). This may be
done by the use of a separate feathering control
such as a leatherng buiton or by requiring an
extreme mavement of the propeller contral,

B. Propeller Maintenance
Regulations

1. Authorized Maintenance Personnel

The inspection, adjustment, installation and
minor repair of a propeller and its related parts and
appliances on the engine are the responsibility of the
powerplani mechanic, The powerplant mechanic
may also performn the 100-hour inspection of the
propeller and related componenis (FAR 65.87),

A propeller repairman may perform or super-
vise the major overhaul and repair of propellers
and related parts and appltances for which he is
cerlificated. The repair and overhaul must be
performed in connection with the operation of a
cerlified repafr station, commerctal operalor, or
alr carrler {FAR 65.103).

An A&P mechanic who holds an Inspection
Authorization may perform the annual Inspertion
of a propelier, but he may not approve major
repalrs and alterations to propellers and related
parts and appliances for return to service, Only an
appropriately rated facility, such as a propeller
repair station, may return a ptopeller or acces-
sory to service afler a major repair or alieration
(FAR 65.81 and 65.,91).

10

2. Preventive Maintenance

The following are types of preventlve mainte-
nanece that may be associaled with propellers and
their systems: replacing defective safety wirlng or
cotter keys; lubrication nol requlring disassernbly
other {than removal of nonstruciural ftems such as
coverplates, cowlings, and fairings; applying pre-
servattve or protective material (paint, wax, etc.) to
componenis when no disassembly 8 required and
the coating is not prohibited or contrary to good
practice {(FAR Part 43, Appendix Ale]}.

3. Major Alterations And Repairs

The fullowing are major propeller alterations
when not authorized in the FAA propeller spe-
cifications: a change to the blade or hub design; a
change in the governior or control design; instal-
lation of a governor or feathering system; installa-
tion of a propeller de-icing system; Installation of
parts not approved for the propeler,

/
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Propeller major repalrs are classifled as any
repalr to, or straightening of steel blades; repatring
or machining of sleel huhs; shoriening of blades;
retipping of wood propellers; replacernent of outer
laminations on Nxed-plich wood propellers; re-
pairing elongated bolt holes in the hub of fixed-
pitch wood propeller; Intay work on wood blades;
repalrs to composition blades; replacement of tip
fabric; replacement of plastic covering; repair of
propeller governors; overhaul of controllable-pitch
propellers; repairs to deep dents, cuts, scars,
nicks, etc., and stralghtening of aluminum blades;
the repalr or replacement of Internal blade ele-
ments {FAR Part 43 Appendix A{a)(3) and {(b){3)}.

Major repairs and alterations to propellers and
confrol devices are normally performed by the
manufacturer or a certified repair station.

‘Wlien a propeller or control device is overhauiled
by a repair facility, a malntenance release tag will be
attached to the ltem to certify that the item s
approved for return to service. This tag takes the
place of & FAA Form 337 and should be attached to
the appropriate loghook (FAR Parl 43 Appendix B(b)),

4. Annual And 100-Hour Inspections

When performing 4 100 -hour or annual In-
spection, Appendix D of FAR 43 specifies that the
followlng areas related to propellers and their
controls must be inspected: engine controis for
defects, Improper travel, and improper safety;
litnes, hoses, and clampe for leaks, improper
condiiion, and looseness; accessories for
apparent defects In security of mounting: all
systems for improper installation. poor general
condition, defects, and insecure attachinent;
propeller assembly for cracks, nicks, binds, and

oll leakage; Liolis for improper torquing and lack
of safetying; antl-ieing and de-feing: devices for
improper operation and sbvious defects; control
mechanisms for improper operation, insecure
mounting, and restricted travel,

These inspections are the minimum reguired by
regulation. Always refer to the manufacturer’s
manuals for apecific inspection procedures.

QUESTIONS:

1. Which FAR defines the different classes of
maintenance for the propeller system?

2. What information (s required to be on the hub
or blude buit of a propeller?

3. Why ts the static RPM for a fixed-pitch propeller
less than fachometer redline?

4. Is the propeller control or throttle control in the
cockpift used fo ploce the propeller in reverse?

5. What (s the color of the arc on the tachometer
which indicates a critical vibration range?

6. What is the mintmum ground clearance for the
propeller on a tricycle geared abreraft?

7. What are the requirements for a feathering
system that uses engine oil to feather the
propeller?

8, What license or certificate is required to perform
or supervise the major repatr of a propcller?

8. Is the repair of a governor a rmafor or minor
repalr?

10. What muaintenance form will be supplied with
an ouerhailed propeller?

11
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Chapter III
Propeller Theory

As a propeller rotates, it produceslift and causes
an aircraft to move forward. The amount of lift
produced depends on varlables such as engine
RPM, propeller airfoil shape, and aireraft speed.
The relatonship between these varlables and the
dynamie [orees which act upon a rotating propeller
will be discussed in this chapter.

A. Propeller Lift And
Angie Of Aittack

Because a propeller blade 1s a rotalng alrfotl,
1t produces lift by aerodynamic action and pulls
an aireraft forward. The amount of tft produced
depends on the airfoll shape, RPM, and angle
of attacl of the propeller blade aections. Before
discussing ways of varying the amount of lift
generated by a propeller blade, it is necessary
to understand some of the propeller design
characteristics,

TR SECTHON

i
- i '
;
& BECTIONS
—

R
el R

CEHIER OF HLiR

ELATLBUTT

Figure 3-1. Sectioned propeller biada showing pRch
distribution, changes in airfoil shepe, and blade
stations.

Starting from the centerline of the hub of a propel-
ler. each blade can be marked ofl in cne-inch incre-
menls known as blade stations. If the blade angle
s measured at each of these stations, the blade
angle near the center of the propeller will be high-
est with a decrease in blade angle toward the tip.
This decrease In blade angle from the hub to the
tip is kmown as pilch distrnbution. A cross scction
of each blade atation will show low-speed alrfoils
near the hub and high-speed airfoils toward the
Up. The pitch distribution and the change In alrfoll
shape along the length of the blade are necessary
because each sectlon iz moving at a different
velocity with the slowest speeds near the hub and
the highest speeds near the Up,

To illusirate the difference In the speed of atrfoil
sections al a lxed RPM, consider three alrfoil sec-
tions on a propeller blade. If a propeller is rotallng
al 1,800 RPM, the ten-Inch station will travel 5.25
feet per revolullon (107 MPH), while the twenty-
inch station must travel 10.5 feet per revolution
{214 MPH], and the thirty-Inch station has Lo mave
15.75 feet per revolutian (321 MPH). The atrfoil that
glves the best llit at 107 MPH would be lnefficient
at 321 MPH. Thus the alrfoll is changed gradually
throughout the length of the biade (Figure 3 -2}.

Figure 3-2, Comparatlive distance of propeller saction
paths at three biade stations.
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Figura 3-10. Power pulses from the engine cause tha
propaller to vibrats,

Mechanical vibrations are generated by the
power pulses in a piston engine and are con-
sidered to be more destructive in their effect than
aerodynamic vibration. These engine power pul-
ses cause a propeller blade to vibrate and set up
standing wave patterns that cause metal fatigue
and failure. The location and number of stress
points changes with different RPM settings, but
the most critlcal locatlon for these stress con-
centrations is about six inches in from the iip of
the blades.

Most airframe-engine-propeller combinations
have no problem in elininating the detrimental
elfects of these vibrational stresses. However,
sorne cornbinations are sensitive to certain RPM
ranges and have this critical range indicated on
the tachometer by a red arc. The engine should
not be operated in the crilical range except as
necessay (o pass {through it te set a higher or
lower RPM. If the engine 19 operated in the ceitical
range, there Is a possibility of structural failure in
the aircraft due to the vibrational stresscs set up.

Figure 3-11. Effective and geometric pitch.

16

C. Propeller Pitch

Propeller piich is defined as the disiance in
inches that a propeller will move forwnard in onc
revolutlon. This is based on the propeller blade
angle al the 75% blade station. As deflned. pro-
peller pitch 1s more properly called geometric
pitch and iy theoretical in that it does not take into
accoun! any losses due to Ineficiency.

Effective pitch is the distance that an alreraft
actually moves [orward in one revolution of the
propeller. Effective pitch may vary from zero, when
the aireralt is siationary on the ground, to about
85%4 during the most efficient flight conditions.

The dilference between geometric pitch and ef-
fective pilch is called siip.

As an ¢xample: if & propeller iz sald to have a
pitch of 50 Inches, in theory it will move forward
50 Inches In one revolution, But, If the alrcraft
actually only moves forward 35 Inches in one
revolution, then the effective pitch is 35 Inches and
its pitch efliciency is 70%6. Slip then, is 15 Inches
or a 308 loss of efficiency.

QUESTIONS:

1, Is the lowest propeller blade angle near the
shank cr the tip?

2. What s pitch distribution?

3. With a fixed RPM, does propeller blade angle
of attack increase or decrease as alrspeed
tncreases?

. Whatis the most desirable binde angle of aftack?

4
5. What ls the greatest force acting on a propeller?
6, Why are sorme propeller Hlades tited?

7

. What force iends to decrease propeiter blade
angle?

8. Where (3 the most erifical location for vibration-
al stresses on a propeller blade?

9. How ls critical range indicated in the cockpft?
10. Whai s effecfive pitch?
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Figure 4-2. Two styles of metal tipping instaiiations,

to reinforce the strength of the thin sections of the
tip. The fabric is doped to prevent deterioration by
weather and the sun's rays.

The propeller Is varnished with a coat of water-
repellant elear varnish to protect the wood surface,

Metal tipping is applled to the leading edge of
the propeller to prevent damage from small stones
during ground aperations. The tpping is made cf
monel, brass, terneplate, or stainless steel. The
metal Is shaped to the leading edge contour and fg
attached to the blade by countersunk screws in
the thick blade sections and copper rivets in the
thin geclions near the tip. The screws and riveis
are saletted info place with solder.

Three #60-slze holes, 3/18-inch deep, are drilled
in the tp of each blade to release moisture from
the prupelier and allow the wood tn breathe. The
propeller {a then balanced and the finish coats of
varnish are applied.

Some propellers do not use tip fabde, but are
coated with plastic before the metal tlpping is
appled. Thie plastic coallng provides prolection
and added strength io the propeller.

Wood blades for controllable-piteh propellers are
constructed {n the same manner as fixed-pitch
propellers except that the blade 1s placed In a metal
sleeve at the shank and secured with lag screws.

ﬂgan_hai—aua"b"'a__n_enai_ ‘_g
ﬂ.'_' -‘

Figure 4-3, Wood blade for 8 conatant-speed propelier,
18

2, Inspection, Maintenance And Repalr

Wood propellers are made of many components
and require a close inspection of each part to
assure proper operation and prevent faflures.

Defects that may cccur In the wood Include
separation of laminatlons, dents or brulses on the
surface (especially the [ace), scars across the blade
surlace, broken sections, warping, worn or over-
slze centerbore and bolt holes.

Separation of Jaminations Is not repairable un-
leas It ocrurs at the outside lamination of fixed-
pitch propellers. Delamination of the outer layers
may be repalred by e repalr station,

Dents, brnlses, and scars on the blade surfaces
should be inspected with a magnifying glass while
flexing the biade to expose any cracks. Cracks that
show could cause fallure and may be repatred by
an Inlay at a repair facility, Delects that have rough
surfaces or shapes that will hold a filler, but will
not Induce [adlure, may be flled with a mixture of
glue and clean [ine sawdust. To apply this mixture,
thoroughly work and pack the mixture into the
defect, allow it to dry. and then sand the surface
smooth and refinish with varnish. it is very impor-
tant that all loose or foreign material be removed
from the damaged area to insure that the glue wil
adhere Lo the wood.

Small cracks that are parallel to Lhe grain may
be repaired by working resin glue into the crack,
When the glue is dry, the area is sanded smooth
and refinished with varnish. Small cuts are
treated in the same manner,

Broken sectinne may be repaired by a repair
factlity, depending on the location and severity of
the break,

Worn or oversize boll holes may he repaired by
the use of inserts to restore the original dimen-
sians, This repalr Is performed by a repair station
and is sublect to wear limits.

The tip fabric covering should be checked far
cracks or bubbles in the material, chipping of the
paint, and wrinkles that appear when the tlp is
twiated or flexed.

Il the tip fabric bas surface defects of three-
quarter inch or less in dlameter (and not an indica-
tion of a breakdown In the wood siructure), the
defect may be filled with lacquer. Several coats of
lacquer are applied until the defect biends in with
the fabrc surface. Delects larger than 3/4 of an
inch should be referred to a repair facility.
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Figure 4-4. Inspect soider sefetlos for cracks,

When Inspecting the metal tipping, look for
lnoseness or slipping, loose screws or tivets,
cracks in the solder joints, damage to the metal
surface, and crucks in thie metal, especially on
the leading edge.

Il the tipping 1s loose or slipplng, refer the
propeller to an overhaul facllity for repalrs as
this is an indication of wood deterloration. Loose
screws and rivets are Indicated by a amall erack
appearing in the solder over the screw or rivet
and normally running parallel to the chord line
of the blade. In advanced stages Lhe crack will
form a circle around the screw head or rivet
hcad. The solder which sufeties the screw or rivet
should be removed by using a heavy duty sclder-
ing Iron to melt the solder. Then brush the solder
away with u steel brush, Care must be taken to
heat the solder quickly and not allow the wood
to he scorched tn the process, Tightened a loose
screw or replace it with the next larger size screw
as necessary, Repeen or replace a loose rivet.
Resafety Lhe screw or rivet with solder. The sur-
face is Mlled, smooth sanded, and varnished.

Cracks in the solder jolnt near the blade tip may
be indications of wood deterloration, inspect the
area closely while flexing the blade tip. If no defects
are found, the joint may be resoldered, but inspeet

the area closely at each opportunity for evidence
of recurrence.

Damage to the metal surface normally Is in Lhe
form of dents and scratches [rom stone sirkes.
Inspecl the darmnage and the wood in the damaged
area for evidence of defects. If none are found, Lhe
dent may be fillled with solder, flled amnoth, and
varnished. If a crack In the metal ia found, inspect
the area carefully for any further damage and, if
none s found, slop-drill the crack, being careful

CRAFNS

Figure 4-5. Inspect the metal sleove aroa of s wood
consieni-speed blade for cracks.

not to enter the wood more than necessary, Fill the
crack with solder,

On a changeabile-pitel: blade, check the metal
sleeve and the wood next tn the sleeve [or cracks.
This mmy indicate loose or bruken lag screws and
should be referred to an overhauled lacility for
correction.

If the varnish should begin to peel or chip, the
surface can be sanded lghtly to {ealher-in the
edges of the brregularity and then apply a fresh
coat of varnish to the area.

In addition to the repalrs mentioned above, a
repair statlon can perform the following majar
repairs; replacement of metal tipping; replace-
ment of tip fabile; aud replacement of plasilc
cuatings.

The following defects are not reputrable and
are reasons lor considering a propeller unairwor-
thy: a crack or deep cut across lhe grain: a split
blade; separated laminatlons, excepl for the out-
side laminations of a fixed-pitch propeller; un-
used serew or rivet holes; any appreciable warp:
an appreciable portion of wood missing; cracks,
cits, or damnage to the metal sleeve of a change-
able-pitch prupeller; an oversized crankshaft
bore In a fIxed -plich propeller; cracks between
crankshaft holes and bolt holew: cracked in-
ternal laminations; excessively elongated bolt
holes; and broken lag screws in a chargeable-
pitch propeller.

If balancing equlpment is available, the pro-
peller balance may be checked and corrected as
follows: place the propeiler on the balancing
stand and check for balance in the horizontal
and verllcal positions, This should be done in an
area {ree [rom drafts and wind currents that may
cause Lhe propeller to appear out of balance,
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GQUESTIONS:

1,

2.

3,

24

What type of wood is most commonly used (n
canstructing wood propeller blades?

What is the purpese of the tip fabric on a wood
propeller blade?

Whaut is the purpose of the holes tn the tip of a
wood prapeller?

How can loose screws and rivets be detected
on metal tipping?

If the outer lamination of a wood fixed-pitch
propeller is starting to separate, can it be
repaired or muist the propeller be scrapped?

What ts the proper wayy to store a tood propeller?

10.

11,

12,

List some advantages of alwninum propellers
over wood propellers.

Why must surface defects be repatred prompt-
Iy on u metal propeller?

What solution should be used to clean a metal
propeller?

On which part of a propeller blade are all the
stresses concentrated?

What type of repatr is the removal of a slight
scratch on a steel blade?

Break down the following designatton:
IC172/DM7553.
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Figure 5-4. Instafiation torgue seqience.

distributes the compression load of the bolts aver
the surface of the boss,

Spacers belween the propeller and flange are
Installed In accordance wilth the aireralt man-
ufacturer's manual.

Once the bolts are Installed and properly tor-
qued, the propeller is tracked and safetted as
discussed later in this chapter.

B, Tapered-Shaft Installations

Tapered-shaft crankshafts are found on ofder
mode] horizontally-opposed engines of low horse-
power, This style of crankshaft requires the use of a
hub to adapt the propeller for inounting on the shafl,

1. Pre-Installation Checks

Belcre the propeller {s installed on the erank-
shaft, Lhe shalit should be inspected carefully for
corroaion, thread condltion, cracks and wear in

SCULL CAP
SPINNER INSTALLATION

SCHEW

SPINNER DOME

BRACKET

WASHER

BOLT

SPINNER BULKHEAD (EFRONT)
SPINNER BULKHEAD {REAR)

Not e @ o

FULL SPINKER
INSTALLATION

Figure 5-5. Typleal spinner Installatlons,
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Flgure 5-23. Blade Irack cen aiso be chacked with a
peinter attached to the airplane.

rotated so that the track of the next blade can be
marked on the paper, This is repeated for each
blade on the propelier. The maximum difference in
track for all the blades should not exceed the Umits
mentioned for a light ajrcralt.

If a wooden propeller track 1s off more than the
allowed amount, and presurning that the propeller,
hub, and crankshaft are within permissible tol-
erances, the track may be corrected by the use of
shims. A shim shaped to fit halfway around the
face of the hub or [lange is installed between the
flange and propeller on the stde with the more
rearward tracking blade, so that the blade will be
moved forward. The shim should be an approved
type of thin brass shim stock of about .002 to 004
Inches as necessary to correct the problem.
Another shim of the same thickness may be In-
stalled between the faceplate and the boss on the
slde of the more forward blade.

Once the shims are installed, the propeller-hub
assernbly Is reassembled and the propeller is in-
stalled on the crankshaft, torqued, and the track 1s
rechecked. If ithe track {s within limits, the Installa-
tion is safetied. Always consult the manufacturers
manual before using shims as some model pro-
pellers do not allow the use of shirns,

e = L 4 e

Flgure 5-24. A tracking shim.

T

FALEPLATE

Figure 5-25. Adfusting propeller track on 8 wood
propalier by instaliing shims,

E. Safetying Propeller Installaticns

Once a propeller is within track and properly
torqued, the installation can be safetled. There is
no one way to safety a propeller installation be-
cause of the many different types of installatlons.
For this reason only the inore commoenly used
safeties will be discusscd here.

A flanged-shafl installation has the largest
variety of safety methods because of the many
variitions in {he llange shalt installations, If the
flange has threaded inserts installed, the propeller
is held on by bolta which screw into the inserts,
The bolt heads are drilled and are safetled with
0.041 nch stainless steel safety wire using stand-
ard safety wire procedures,

If threaded Inserts are not used in a flanged
installation, bolts and nuts are used to hold the

Flgure 5-26. Flanged instalistions may be safatied
with safaly wira or cotter pina, depending on the
atyls of Instaliation.
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Figure 5-27. Safety of tapered- and splined-ahaft instal-
Iastlons Is done with a clevis pin and a cotler pin,

propeller on the Mange. Some installations use
Nber lock nuts, which require no safetying, but
the nuts should be replaced each time the pro-
peller is removed. Other installations vse cas-
tellated nuts with bolts drilled In the threaded
area and the nuts are safetled {o the belts with
cotter pins.

Tapered and splined-shaft Installatlons are
safetied in the same way. A clevis pin is installed
through the safety holes in the retaining nut and
crankshaft. The pin should be positioned with
the head toward the center of the crankshaft, A
washer is placed over the pin and a cotter pin is
installed. Be sure that the head of the clevis pin
is toward the center of the shaft so that the
centrifugal force will be born by the clevis pin
head and not by the cotter pin.

F, Troubleshooting

Troubleshooting the installatlon of a fixed-
pitch usually invoives determining the cause of
a vibratlon, When investigating the cause of
vibration it is important that the recent history
of the propeller be known. Accidents, repatrs,
and type of operation may give clues to the cause
of vibration. Also, structural characterislics of
metal propellers may cause a problem to develop
that would not be possible in a wood propelier,
and visa versa,

Metal propellers may cause vibratlon if a repair
has thrown the propeller nut of balance. The vibra-
tion would appear immedlately after the repalr,
The propeller should be rebalanced.

34

Il the propeller is invelved in a ground sirike,
the balance and aerodynamic characteristics may
have been altered. If a ground strike is suspected,
check with the pilot as not all ground strikes
result in readily apparent damage. If a ground
strike has occurred, refer the propelier to an
overhaul facility for repair,

Some people use the propeller as a handle to pull
the alrcraft around on the ground. This may resuit
In pulling the blades out of track. The propeller
should be overhatled to remove the bend. The
same thing may occur if high power settings are
used to pull the atrcradt out of mud or sand.

If a propeller has recently been repitched, the
propelier may tend to return to the original pitch.
This would be indicated by an inerease in vibration
diring several hours of operatlon. The problem
cannot be corrected and the propeller should be
replaced. This problem often develops in old pro-
pellers and fa an Indicatlon of a breakdown in the
metal structure,

Vibratlon associated with wuod propellers is
often related to wood damage or moisture In the
propeller. If a wood propeller 1s stored Improperly
or the aircralt has been idle for a period of time,
molsture may be concentrated in one blade, caus-
ing the propeller to be out of balance. The moisture
will redistribute ilself if the propeller Is placed in
a horizontal position for several days.

‘Wood propellers may warp, resulting in a change
In the aerodynamic characteristcs of the blade
and causing aerodynamic imbalance. These pro-
pellers should be replaced.

Reasons for vibrations that are common to both
wood and metal propellers include improper over-
haul. uneven torquing of mounting boits, Improper
racking, loose retalning nut, front or rear cone
bottoming, and improper installation position in
relation to the crankshalt. '

i vibratdona persist afier checking all of the
causes listed above, there may be & problem with
an internctlon between the propeller and the en-
gine cowling. This can be reduced by removing the
propeller from the hub or flange and shifling its
position one bolt hole. Relnstall the propeller and
perform an operalional check 1o determine If the
vibration level has decreased. This procedure may
be repeated until the position of least vibration is
determined. Remember to consult the appropriate
manuals to determine if a specific propeller posi-
tion is called for before attempting this procedure.
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QUESTIONS:

1,

What are the two peoposes for applying a
lubricant o the crankshaft flunge before in-
stalling the propeller?

. Why is the ten o'clock/four o'clock pasifion

suggested when installing a propeller on a
four-cylinder harizontally epposed engine?

What is the purpase of 'a propeller hub?

When checking jor proper seating with Prussian
Blue, what {s the minbnuom amount of contact?

What (s the purpose of the snap ring in a
tapered-shaft installation?

What s the maximum amount of penetration
allowed when checking a splitned shaft with a
go no-go gauge?

14

11,

12,

13.

What s the purpose of the cones In a splined
shafl installafion?

What s rear cone boltoring and how (s it
correclted?

What {s front cone bottomdng and how is {t
corrected?

What s the maxdmum allowable out-of-track
Jor a light aircraft metal propetler?

How may the propeller track be correrted?

What device {s used to safety a splined-shaft
installation?

What is the most likely cause of vibrafion as-
sociated with a wood propeller that has been
in storage for a period of time?

35
Aircraft Technical Baok Company, LLC
htlp:iiwww ACTechbooks.com
{870) 726-5111



Aircraft Technical Book Company, LLC
hitp:/fweerw ACTachbooks.com
(870) 728-5111






R JE— - —_
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Pronsler A {Blade Number Gne ts Al 12 §) Mitterance Retween
pe |Blade Number Twe Is 8 11.9) Blades Tao Great
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Flgure 6-3. Use a biada paddie o rotate the bisdes to
the desired angle.

untll the bladea turn freely in the hub, The blades
are turned to the desired angle with the ald of
propeller paddles as shown in Figure 6-3. H may
be necessary to jiggle the blades slightly as they
are rotated to prevent binding.

Check the new blade angles with a propeller
protractor, then tighten the blade bolts or clamps
and the propeller retaining nut. The blade angle
may change during the Hghtening process since the
blades tend to hang down when the hub halves are
loosened. Determine the amount of blade angle
change that occumnred during the dghtening pro-
cess, loosen the bolts or clamps and retalning nud,
and reset the blade angles, allowing for the blade
angle change that will oecur during the {ightening
process, Retighten the hub and measure the blade
angles again, they should now be correct.

This procedure may have to be repeated a few
fimes untl] the blades are at the same angle, Unless
otherwise stated in the maintenance manual, an
accepiable tolerance [or the dilference in blade angle
between theblades 1s 0.1 degrees. The blades should
be within 0.1 degrees of the desired blade angle.

HUE
- e CENTERLINE
TR
e o — T e
CENTERLINE

Figure 6-4. Blades tend to hang down when ¢lamps
and rataining nuts are loossned while the
propaller is on the sngine. This must be slfowed
for when adjusting biade angles.

38

Figure 6-5. Examples of accepiabis and unaccep-
tabie biade sngie combinations.

The installation is now torqued, tracked, safe-
tied, and all relerence markings are removed.

C. Inspection, Maintenance
And Repsair

Inspection of the propeller blades {s the same as
{or any propeller, whether it Is made of wood or
metal. Special attentlon should be glven to the area
of the shank where the metal sleeve 1s used on wood
blades and in the area of the retention shoulders
and grooves an all blades, A dye- penetrant inspec-
tion of these areas ls recommended whenever the
propeller is disassembled for shipment, local in-
specton, or repalr,

The luib should be inspected closely in the blade
relentionn areas. A dye peneirant inspection 1s
recommetided on the external sirfaces in this area
during routine, 100-hour, and annual inspections.
Disassembly ol the propeller al these inspection
intervals is not normally recommended as more
damage may occur during disassembly and reas-
sembly than initally existed.

RATKS |

7 i

N
'

Figure 6-6. Usa dye penetrant to check for cracks in
the blade retention area.

\.
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Dniring 100-hour and annual inspections all tor-
ques and safet{es should be checked. All nuts, bolts,
clevis pins, etc., should be checked for condition and
replaced as neceasary. Other than cleaning and the
repair of defects as covered In Chapter [V, no other
routine maintenance need be perfarmed.

The propeller should be overhauled by a repair
atation at each engine overhaul or as specilled by
the manufacturer.

D. Troubleshooting

The determination of operaticnal problems with
a ground-adjustable propeller usually consists of
determining the cause of excessive vibratlon.

The following are causes of vibration and the
solutluns are evident by correcting the problem in a
manner previously discussed: different blade angles
set on each blade; loose retaining nut; blades loose
in the hub; front cone bottorning; rear cone bottom-
Ing; excessive hub or crankshaft spline wear; Insuf-
ficient cone or tapered shaft contact area.

Vibration rnay also be caused by the propeller
being out of track. This problem will require that
the propeller be sent to a repalr statlon.

Another reason [or vibratlon from a new or
recently overhauled propeller, is that one blade has
a different length, pitch distdbutlen, weight, or
airfoil shape than the other blade. This should be
carrected by the manufacturer or an overhaul
facility.

QUESTIONS:

1. Hou are the biades of a ground-adjustable
propeller refained tn the hub?

2. What devices are used to hold the hub halpes
together {f steel blades are used?

3. Which devices must be loosened before the
blade angles can be adjusted?

4. What types of pencil may be used to mark the
hub and blades?

5. If the blade angles are heing adjusted with the
propeller on the atrerafi, why may the angles
hare to be adjusied two or more Hmes?

68, Whatis an acceptable difference in blade angle
between the blades?

7. Which areas of the hub should be inspected
with dye penetrant?

8. When should the propeller be overhauled?
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Flgure 7-5. A synchronizer gear Is usad to kesp the
blades at the same angle.

There are four etop bolts which extend into the
hub and are used to set the high and low blade
angles of the propeller blades. These holts con-
tact stop lugs which are part of the blade butt
structure.

The countlerwelghts on the blade sleeves extend
forward of the propeller and carty a series of
weights with different size welghts which may be
added or removed as necessary to adjust the op-
eration of the propeller. The weights are held on

the counterweight bracket by a bolt and castel-
lated nut.

C. Installetion

The installation of an Aeromatlc® propelleris the
same as for a ixed-pitch propeller. When checking
the track, be sure that the blade is at full low or
high blade angle. Rernember, the blade path moves
forward as blade engle decreases.

D. Inspection, Mainteneance
And Repelr

Il a natural wood finish 18 used on the blades,
Inspect end repair the blades as degcribed in
Chapter IV. If a plastic coating {s used, Inapect the
metal tipping as in Chapter IV, The plastic coating
should be inspected for abrasion, cracks, and
missing sections. The blade should be twisted and
flexed slightly at the tip to check for broken wood
sections under the coating, ndicated by wrinkles
appearing in the coating.

Small surface defects in the plasUe coaling can
be repaired by the use of a fleld repair kit avatlable
from the propeller manufacturer. Large defects in
the coating or an indication of a crack in the wood
should be referred to a repair station, as repalr of
these defects constitutes a major repair. Tem-
porary repairs to small defects in the plastic coat-
Ing that expose 1he wood can be done by applylng
two coats of clear nitrale dope to the area, allowing

one hour of drying time between coats. This is only
a temporary repalr and the permanent repair
should be performed as soon as possible,

The hub and blade sleeves should be inspected
for surface defects and cracks with a megnifying
glass and dye penetrant. Any defects found should
be referred to an overhaul facility for correcton.

The Acromatic® propeller 18 lubricated by a self-
contalned oll supply which should be checked at
100-hour and annual Inapectons. The oll level 1s
checked by turning the propeller 45 degrees from
the horlzontal with the hub ofl plug up. Remove
the plug and check to see that the ofl level is level
with the opening. As necessary, fill the hub with
the oll grade calied for in the aircraft or propeller
maintenance manual, if the oll level is too high,
erratic or shuggish operation may result. Oil leak-
age around the Llades or hub indicates defective
oll seals and the propeller must be sent to an
overhaul facility to replace the seals.

When the propeller is placed in storage, the hub
should be completely flled with oit and placed in
a horlzontal position. as is standard for all wood
propellers. The propelier should be turned once
every two weeks to keep a coaling of ol on all the
internal parts and prevent corroslon.

Aeromalic® propeller blades sheuld move freely
and easlly when turned by hand. If this does not
happen, defective blade bearings are Indtcated and
the propeller should be overhauled. If there is
excessatve movement of one blade while the other
blade is held rigid, excessive wear has occurred on
the blade gear aegments or the synchronizer gear
is worn. Again, have the propeller gverhauled.

E. Troubleshooting

Il vibration is notlced duting operatlon, the
blades should be checked for gear wear as men-
tioned above. The vibration may also be caused by
the propeller being out of Irack {t /8 inch maximuin
difference between the blades} or the propeller
belng out of balance, If the track is beyond the
limit, or the balance cannot be corrected by placing
the propeller horlzontal to allow even molature
distrbution, send the propeller to an overhaul
factlity for correction.

If the RPM is too high for flight conditlons, the
weights on the counterwelghts may not be suffi-
cient. Refer to the propeller and alrcraft manual
and add washers to the counterwelghts as neces-
sary. The opposite holds true if the RPM is too low,
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remove washers as necessary. Make sure that an
equal amount of weight is added or removed from
each counterweight. When test flying the atreraft
during counterweighi adjustment, make sure
that the spinner ts installed if used on the aircraft.
The propeller may have slightly different counter-
weight and aerodynamic action depending on
whether or not the spinner is Installed.

QUESTIONS:

1. Name tie forces that uill catise an {ncrease (n
blade angle ort an Aeromatic® propeller.

2. What two factors influence blade angle of
afftack?

3. As the aircrafl transtions fram climb to cruise
with the same throitle setiing, will blnde angle
increase or decrease?
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10,

What (s the purpose of the segrnenfed syn-
chronizer gear?

What lemporary repair may be made for a
small crack in the plastic coafing?

What would be the result if the propeller were
serviced with too much otl?

What preparations are necessary before placing
the propeller in storage?

If the operational RPM is too high, are welghts
added to or removed from the counterweights?

Why musi the propeller spinner be instalied
when flight testing the propeller for RPM
adjustment?

What should be done with the propeiler {f the
track ts out by more than 1/s-tnch?
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The drive gear Is grooved infernally with spirai
slots which mate with the outer race of the
actuator (the outer and inner races of the ac-
tuator are corinected through ball bearings so
the inner race can rotate with the propeller). As
the drive gear {s rotated by the pinion gear, the
actuator moves (orward or rearward as the lugs
move In the drive gear slots.

The inner race of the actuator rotates with the
propeller and Incorporates two arms which extend
forward into the hub. These arms are connected
to an actualing pin in the base of earh blade
through a set of conitrol flngers. As the outer race
of the acluator moves forward or rearward, the
Inner race moves with It, causing the blade angle
to change through the connectlon between the
arm and the actuating pin.

C. Installation

The installation of thie prupeller on the crank-
shalt Is the same as for installations covered in
Chapter V. A mounting bracket is required to
Insiall the drive gear on the engine case,

If the alreraft s being modifled to accept a
Beech-Roby propeller, the cowling may have to be
altered to allow clearance for the pinlon gear. The
instrument panel will require a slight alteration to
accept the control crank, and provisions will have
to be made for bracing the contr! cable housing
between the cockpit control and the pinion gear.

D. Inspection, Maintenance
And Repair

The blades are inspected and maintained as
discuased In Chapter IV,

The hub sheuld be inspected for cracks, loose
blades. and proper torque and safety of the
instaliation. Thiere should he a minimum of play
when the blades are checked for rolational se-
curity. If movement is excessive, the propeller
should be overhauled.
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The cockpit control should operate freely without,
binding or catching through the ull mnge of travel,
The cable should be lubricated at 100-hour and
annual inspections and should be replaced il any
binding or catching Is noticed. The cable mounts
and support brackets should be inspected for wear,
abrasion, and cracks, Repeir mounts and brackets
in accordance with accepied afrcraft structural
repalr practices,

There should be a minimum of play between the
pinlon gear and the drive gear and the gears
should be free of dirt and corrosion. The gears
should not be lubricated since lubricants will at-
tract dirt and abrasives and cause wear,

If an electric mechanism is used to control the
blade angle, inspect and repair the electrical com-
ponenls in accordance with acceptable malnte-
nance practices,

E. Troubleshooting

Standard troubleshooting procedures and cor-
rectlons apply to controllable-pitch propellers with
the following additiona.

Vibratlon may be caused by wear in the actuator
lugs, actuator fingers, drive gear slots, or actuating
plns. These wear problenia should be corrected by
an approved overhaul factlity.

If the systern RPM Is too high or too low, check
the blade angle stops and adfust as necessary to
comply with (he aircralt specifications,

QUESTIONS:

1. What type of cockpit control is used to operafe
a Beech: Roby propeller?

2. Houw is the blade angle range adjusted on this
propeller?

3. What operational condition wouldd indicate a
need 1o replace the control cable?

4. What Is used to lubricate the gears of the ptrion
gear anud drive gear?
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E. Propeller Blade Angle
Adjustments

The propeller blade angles are adjusted by means
of the stop nuts on the counterweight adjusting
screw located under each counterweight cap.

The coumterweight adjusting screws are removed
by first removing the clevis pln which safeties the
counterweight cap and unsecrewing Lhe cap. The
counterweight adjusting screw is now pulled out of
ils recess In the counterwelght or pushed fom
behind the counterwelght bracket with a small-
bladed screwdriver. The counterweight adjusting
screw removal 1s easiest when the blades are In
some mid-range posttion.

Alongside the receas which held the index pin 1s
a scale which is calibrated In degrees and half-
degrees with an arbitrary scale ranging from zero
to ten. This scale 1s used to set the stop nuts on
the Index pin,

The propelier blade {ndex number (alsc known
as the base setting) should be stamped In a lead
plug located near the counterweight adjusting
screw recess. This number Indicates the maxi-
mum blade angle for which the propeller was
adjusted during iis last overhanl. This number
may be somewhere near 25 degrees and is used
to calculate where the stop nuts on the counter-
welght adjusting screw should be positloned.

If the blade Index 1s 25 degrees and the desired
blade angles listed In the aircraft speciflcations
are 17 and 22 degrees, the calculation is done in
the followlng manner: 25-17=8and 26-22=3.

SETTING

L__ e ———— e it -

Flgura 5-10, fismoving the counierweight adfusting
acrew from the propeller counterwelght

To set the low blade angle {17 degrees} Uie stop nut
1s positioned on the counterweight adjusting screw
so that the edge {oward the center of the counter-
weight adjusting screw will line up with the 8 mark
on the scale beside the counterweight adjusting
screw recess, The other stop nut is positioned so
that the edge lines up with the number 3. Set the
stop nuts for each counterweight in this manner,
With these settings the propeller blades should
have the approximate blade angles desired. Due to
the design of the counterwelght adjusting ecrew
and the counterwelght's recess, another stop nut
will have to be installed on the high blade angle
end. This s to prevent the counterweight adjusting
screw from cocking during operation and causing
the propeller to jam. Any time that a stop nut must
be positioned three degreea or more from the end
of the counterwelght adjusting screw, a third stop
nut must be inatalled. This is done to all counter-
weights on the propeller.

Once the counterweight adjusling screws are
set, the counterwelght cap Is screwed on. The
blades are moved through thelr full range of fravel
once and then positioned for high blade angle.
[Use a blade paddle on each blade when rotating
the blades.] Measure the angle of each blade at
the proper refcrence statlon {42 Inches on most
models) with a propeller protractor,

Now turn the blades to full low blade angle and
measure the blade angles, which may be ofl as
much as a full depree at this paint. The angles can
be corrected by placing the propeller in mid-range,
carefully removing the counterweight adjusting
screws eo as not to disturb thelr adjustment, and
adjusting the stop nuts. A good rule of thumb Is to
tumn the stop nut one-quarter turn for each 0.1
degrees change in biade angle desired. Reinstall
the counterweight adjusting screws and counter-
welght caps and measure the blade angles. Repeat
aa often aa necessary to get the blade angles within
acceptable limits.

The tolerance for blade angle adjusiments are-—
within 0.3 degrees of the desired blade setting for
the low blade angle: the blades must be within 0.2
degrees of each other af the low blade angle; the
high blade angle of each blade must be within 0.1
degrees of the desired blade angle. Some installa-
tons will have different tolerances, Refer to the
alreraft maintenance manual.

Once the blade angles are set correctly, reinstall
the counterweight cap clevis pins and safety them
with a cotter pin.
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The propeller should be removed from the engine
and all of the sludge should be remaoved with
approved sclvent (relubricate the propeller before
returning to service).

If the RPM fs tncorrect under atatic or filght con-
ditlons. the blade angles may be at the wrang setting
ar shudge may be bullding up in the propeller,

QUESTIONS:

1. What size shaft does a Hamilton-Standard
2D30-145 propeller fit?

2. What farce Is used te increase propeller blade
angle?

3. Is the cockpit propeiler control moved forward
or rearward ta increase blade angle?

10.

List the three reasons that o Hamilfon-Stand-
ard counterweight propeller (s shut doun in
high blade angle.

Which component of the propeller serves as the
retaining nut?

What are the stop pin setttngs for a ten-degree
range huo-position propeller indexed for 28
degrees and requiring angles of 27 degrees
and 21 degrees?

Whalt {s the tolerance Jur the high blade angle
setfing of the counterwelght propeller?

What are Welch bolts used for?
What is wet balancing?

When must g third stop nut be Installed on the
index pin?
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speeder spring 1s compressed, As the [lyweights are
tiited tnward by the increase in compression of the
spring, the pilot valve 1s lowered. When this occurs,
the blade angle 15 decreased and the RFM will In-
crease uniil the centrifugal farce on the lyweights
overcomes the force of the speeder spring and re-
turns the pilot valve to the neutral position.

The opposite acion will occur ff the cockplt
control 1s maoved aft, the speeder spring compres-
sion will be reduced, the flywelghts will i}t out-
ward, the pitot valve Is raised, and the blade angle
will increase untl the centrdfugal force an the
flyweights decreases and the pilot valve returns fo
the neulral pasition.

— Tk . SPEED ADJUSTING
7, @ CONTROL LEVER
v
LAFT ROD -
ADSUSTING WORM -
SPEEDER SPRING
FLYWEIGHT
r—p! J___._.....—-—u——' TBE
& e o
DRIVE GEAR SHAFT "
l\anme:mw HEAD
PILDT YBLVE (
PLUNGER ; BY-PASS PLUG
el ®
BY-PASS gt Wl
FLUB
Fa , 3
i ¥ a""‘
N L Ey
BELIEF VALVE el | LA -
A
F -y ,;L gr’*
- | AR /},«1
Uity o e PROFELLER
} CONTRADL LINE
EWGINE OIL INLET = I?
<~ PRESSURE

Flgure 10-2. Onspeed position of the governor fiyweights.
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10,

11

12.

13.

14.

15.

74

What {s an acceptable amount of cockpit cun-
trol cushion when rgging the governar?

What is the purpose of a governor balance
sping?

What would be the result of sludge building up
in the governor?

Presuming that all components are adjusted
correctly, what will cause momentary ocver-

speeding of the propeller during takeoff?

What farces are used to change the blade angle
of a McCauley constant-speed propeller?

What 15 the puwrpose qf the ofl-filled Rubs used
in some McCauley propeller designs?

How many times may the fiber lock nuts be
used to attach the propeller to the crankshaft?

18,

17,

18

15,

20,

214

232,

Where is an off leak most likely to cccur on a
newly mstalled McCauley propeller?

If otl s found coming from the dowel pin
breather hole in a McCauley propeller, what is
a likely cause?

What is the most apparent difference between
a Hartzell Compnct propeller and a Steel Hub

propeller?

What forves are used io operate a Hartzell
Compact propeller?

How is the low biade angle of a Hartzell Steel
Hub propeller adjusted?

What precaution should be taken before greas-
ing a Hartzell propeller blade?

What will cause grease to leak from the
Harizell propeller blades?
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Flgura ¥1-12. Typical scowmnulator Inetelistion.

5. Instaliation And Adjustments

The inatallation and adjustment of the feathering
praopeller and governor are basically the same as In
the constant speed models. If an accurnulator {s
installed, it is usually Installed in the engine com-
partinent In accordance with standard alr[rarne
practices, It is connected to the governor with
flexdble hose simillar to those wsed In hydraullc
systems (Figure 11-12).

6. Inspection, Maintenance And Repair

Inspection of the McCauley feathering propelier
i5 Lthe same as that of the conslant-speed pro-
pellers. However, specfal altention should be given
to checking the counterwelghts for sllppage and
security,

The governor should be inspected in the same
manner as lhe constant-speed governors. If an
accumutiator {s used, be sure to check the fittings
for security and leaks.

The accumulator should be inspected for
security of mounting, proper alr charge, and
leaks. Be sure to check the lines from the ac-
cumulator to the governor for condition, wear,
security and leaks,

80

The propeller should be averhauled at 1,200
hours or at engine overhaul. The governor should
be overhauled at 800 hours or at engine overhaul,
The accumulator should be overhaitled at engine
overhaul or as specifled by the manufacturer.

7. Troubleshooting

in addition to the troubleshooting procedures
discussed for constant-speed systems, the fea-
thering system may have some additional op-
erating dilllculties,

If the propeller will not feather in flight, the
problem may be that the governor low RPM stop
is set too high preventing the lift rod from raising
the pilot valve. It may also be caused by the
cockpit controls being rigged improperly or re-
stricted, preventing full movernent of the governor
lever arm.

If the propeller high blade angle is not correctly
set, the propeller may continue to windmil] after
the propelier feathers. Refer the propeller to an
overhaul facility to adjust the high pitch stop.

If the propeller falls to unfeather in flight and an
accumulator system is not used, the problem may
be that Lhe starter cannot generate suffictent RPM
to restart the engine or develop sufliclent ofl pres-
sire in the govermor to unfeather the propeller.
This is a common problem 18 sorme older alrcrail
and involves a change in pilot technigue and/or
the addition of accumulators. Some alreraft can be
unfeathered more eastly Il the afreraft is placed in
a shallow dive to Increase alrspeed, then rotating
the engine with the starter,

Il the propeller fails to unleather with an ac-
curnulator installed, one of Lthe following problema
may be the cause — a loss of alr pressure or
insufficient alr pressure in the accumulator, oif
leaking from the accumulator or lex hose causing
a reductivn in the oil pressure, or a leak [rom the
alr stde of the accurnulator to the oil side resulting
in a loss of alr pressure. External air leaks can be
located by pressurizing the system to norinal
operating pressure and checking for leaks with
soapy water.

To loeate the problem, simply follow these
guldelines, Ofl leaks are readily apparent. A loss
of air charge to the cil side of the accumulater
can be checked by draining the oil side of the
accumulator and checking for alr coming out of
the off line Atting. If alr is leaking to the oll side
of the accumulator, the accumulator should be
overhauled,
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{ BLADES IN FULL BEAR PRELDAD

FEATHER POSITCR ALIGNING SHM IN POSHTION
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Figure 11-45. Install the dome assembiy on the barref
using o liting handle on the dome.

If an electric head Is used on the governor,
governor rigging is simplified. Since the cannon
plug for the head needs only to be connected and
the high and low R'M limit switches sel.

The feathering pump, feather button, and
other sys{em components are installed and
adjusted according to the particular alrcrailt
service manual.

L

Figure 11-46. Remove the doma Iifting hendle and
install the dome plug and raquired sasis.
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6. Inspection, Maintenance And Repair

The propeller and governor are inspected and
repaired in accordance with the procedures dis-
cussed {n previotis chapters of t his book. The inspec-
Uon primarlly irvolved assuring proper operatlon,
checking for ofl leaks, and {nspecting the exxternal oll
lines for signs of deterioration and abrasion.

Otl leaks in the propeller are normally caused by
n faulty gasket or a loose nut or bolt, If oil covers all
of the propeller, the dome phug Is leaking. 1f ofl
appeara on the harrel inmediately behind the dome,
the dome gasket is leaking or the dome nut is loose.
These delective gaskets can be replaced in the fleld
and the nuts should be tarqued and safetied.

If ofl is coming frem the blade shank area or
from between the barrel halves, the hub bolts may
be loose or the gaskets may be defective. If no
tfrreguiaritles are found, Lhe bolts may be re-
torqued, The gaskeis must be replaced by an
overhaul facility.

- The propeller is lubricated by engine cperating
pil and does not need to be lubrceated during
maintenarnce,

7. Troubleshooting

Troubleshooting procedures and soluifons dis-
cussed for other sysiems are generally applicable
to the feathering Hydromatic® system,

If the propeller falls to respond to Lhe cockpit
propeiler control lever, but can be feathered and
unfeathered, the cause is most likely a [ailure of
the governor or governor control system. To locate
this problem, check the contral system first. If it
is functloning properly, replace the governor,

If the propeller fails to feather, check the system
Tor electrdcal faults or open wirlng to the electrical
coinponertts. Other causes may be a defeclive
fealherlng pump or a stuck high-pressure transler
valve in the governor. Replace the defective com-
ponent, desludge the governor, or replace the gov-
ernor, as appropriate.

If the propelier fails to unfeather after feathering
normally, the distributor valve is not shifting.
Replace 1he distributor valve,

If the propeller feathers and immedtately un-
feathers, the probiem may be a shorled line from
the holding cail to the pressure cutout switch or a
defective presstre cuiout switch. The same effect
will result if the feather button s shorted internal-
ly. The feather button or pressure entout swiich
may be replaced as necessary.,
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Sluggish movement of the propeller may be the
result of a bulldup of sludge in the propeller dome
or aworn out piston-to-dome seal In the dome. The
aludge can be removed by removing the deme and
cleaning with a solvent. A worn pliston-to-dome
aea] requires replacement by an overhaul facllity.

Erratic or jerky operation of the propeller Is an
indtcation of the wrong preload shim being used
between the dome and barrel assemblies. The
dome should be removed arul the proper shim
should be installed,

QUESTIONS:

1. What forces are used to feather the McCauley
propeller?

2. What is the purpese of the accunudator in the
light aircraft feathering systerns?

3. What are the two shapes of accumnulators?

4. [f an accurmdator is not used in a light aircrqft
Jeathering system, what pilot technigue may
help to unfeaiher the propeller tn flight?

5. What Is the approxdmale air presswre in an
accurralalor?

10.

11

2.

13,

14,

15,

What forces may be used to feather the Hartzell
Compact propeller?

. What cockpit procedure s followed to_feather

the propeller on a light atrcraft?

. What are the three major assemblies used in a

Hydromatic® propeller?

. Which Hydromalic® propeller assembly con-

tains the propeller pitch-changing mechanism?

What ts the purpose af the high-pressure trans-
fer valve on the Hydrumatic® governor?

Which Hydromatic® governor component auto
muatically terminates the feathering operation?

What force opposes governor oil pressurein the
Hydromatic® propetter?

During which Hydromatic® propeller operation
does the distributor valve shift?

What is the positian of the Hydromatic® pro-
peller piston when installing the piich stop
rings?

What is the position qf the Hydrornattc® pro-
peller blades when the dome assembly is (n-
stalled on the barrel assembly?
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for constant-speed operation, uslng a speeder
spring and ywelghts to control a ptlot valve which
directs oil flow to and from the propeller. A iilt rod
Is Incorporated In the governor lo allow feathering
of the propeller.

For Beta Mode operation the governor contalns
a Beta cordrol valve operated by the power lever
linkage and direcis ofl pressure generated by the
governor boost pump to the propeller or relleves
oll from the propeller {0 change Lhe blade angle.

3. System Components

A propeller overspeed governor is mounted on
the gear reductlon assembly and will release oil
from the propeller whenever the propeller RPM
exceeds 1009, The release of oil pressure will
restilt in a higher blade angle and a reduction in
RPM. The overspeed governor is adjusted on the
ground when the unit Is installed and cannot be
adjusted in flight, There are no cockpit controls to
this governor.

A power turbine governor 1s Inslalled on the
gear reduction assembly as a salely device In
case the other propeller poverning devices
should fail. When the power turbine RPM
reaches about 1055, the power turbine governor
will reduce (uel flow to the engine to prevent

<7
DIL OUMP TG
REDUCTION GEARBOX

FROM

I PROMELLER

Figure 12-21. Cross seciion of a PTG overspead
govemor,
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excessive engine RPM. The power turbine gover-
nor {s not controllable from the cockpit.

The engine fucl control unit is mounted on the
rear of the engine and is Hinked through a cam
assembly to the Beta control valve on the propeiler
governnr and to the slip ring on the propeller, This
Interconnectlon with tie fuel control unit 1a used
during Beta Mode operation,

4, Cockplt Controls

The cockpit controls for the PT6 turboprop In-
stallation consist of a power lever controlling en-
gine power output in all modes and propeller blade
angle in the Beta Mode. a propeller control lever
which adjusts systrin RPM in the Alpha Mode, and
a fuel cut-off lever which turns the fuel on and off
al the fuel control unit,

The power lever is linked to the cam assembly
on the side of the engine and {rom there, rearward
to the fuel control unit and forward to the propelier
governor Beta control valve, The power lever ad-
justs both engine fuel flow and propeller blade
angle in the Beta Mode (reverse to flight idle). In
the Alpha Mode, the lever only controls fuel flow
to the engine.

The propelier conirol lever adjusts systern RPM
In the Alpha Mode thruugh conventlonal governor
operation. Full ait movement of the lever will raise
the B rod in the governor and canse the propeller
to feather.

The fuel cut off lever turns the fuel {o the
engine on and off at the engine fuel control unit.
Some designs have an inlermedlate position,
called lo-idle, to limil system power while operat-
ing on the grourn«l.

5. System Operation

Beta Mode operation is generally in the range of
50 to 850 RPM, In this range the power lever Is
used to contro! holh [uel flow and propeller blade
angle. When the power lever is moved forward, the
cam assembly on the side of the engine causes the
fuel flow to the engine to increase, At the same time
the linkage to the propeller governor moves the
Beta control valve forward out of the governor
body. and ofl presstire in the propeller is released.
As the propeller cylinder moves inbeard in re-
sponse to Lhe loss of oil, the slip fAng on the rear
of the cylinder moves inboard and, through the
carbon block and linkage, rettsrns the Bela control
valve to a neutral position. This gives a propor-
tional muvement to the propeiler,
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Figure 12-32. Biade swich srrangement on the raversing Hydromatic® propeller.

The high-pressure transfer valve used in the
reversing governor. allows oll pressure to enter
the governor from the auxillary pump during
feathering, unfeathering, reversing, and un-
reversing operations and combines this auxiliary
oll pressure with the pressure from the governor
oll pump during reversing and unfeathering op-
erafions 1o change the blade angles, The gov-
ernor control mechanism which s used o direct
oll flow during these operaticns, ia not cut out of
the system as in the feathering Hydromatic®
praopeller.

A blocking valve is used to block the governor
oll pressure relief valve out of the system during
reversing and unfeathering operaticns, thereby
allowing the governor oil pump to generate high
oll pressures. This valve is positioned by the
auxiliary oll pressure and a solenoild operated
aelector valve. A spring retracts the blocking
valve when pll pressure is released by the se-
lector valve when reversing and unfeathering are
terminated.

An electric aclenold operated selector valve is
used to dlrect auxiliary oil pressure to the
positioning land on the top of the pllot valve
during feathering, unfeathering, reversing, and

unreversing operations to override the action of
the flyweights and speeder spring and hydrau-
lically position the pilot valve as neceasary for
the desired operation. The selector valve s also
used to position the blocking valve during the
reversing and unfleathering operations (see
Figure 12 37).

The governor centalns a pressure cut-out
switch which operates the same way that the
switch does on a feathering Hydromatic® pro-
peller. The switch is used to terminate the fea-
thering operation and to stop the auxiliary pump
when reversing the propeller.

3. Sysiom Components

Components, externat to the governor and
propeller mechanism, are necessary lor proper
operation.

An auxllary ol pump is used for all operations
other than constant-speed operation and is the
same as that used in the feathering Hydromatic®
gystem.

Blade switches and cam rings on the shank of
two of the propeller blades are used to terminate
the unfeathering and unreversing operations.
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Chapter XIII

Propeller Auxiliary Systems

Propeller auxillary systems Include systems
which Increase the efliclency of propeller operation
and previde automatic operation of governor and
feathering mechanisms to reduce the fatigue and

[—

Flgure 13-1. lee accumuistion on a8 propelfer.
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workload of the flight crew, One or more of the
systems dlscussed In this chapter may be found
on almost any alrcraft from light single-engine
airplanes to large transporis.

A, Ice Elimination Systems

Propeller ice elimination systems are used to
prevent or remove ice formation on propeller
blades dudng Might. If ice ia allowed to remain on
the blades, the elliclercy of the airfoil ls reduced,
the propeller becomes heavier, and develops an
out-of-balance conditlon. These condlHons can
generate vibrations and cause damage to the en-
gine and the ajrframe.

Two types of ice ellminatlion are used
leing and de-icing.

1. Anti-Icing

Antl-icing refers to any system which prevents
the formmatlon of ice on the propeller. The most
commonly used type of antticing system employs
a fluid which mixas with the molsture on the

anti-
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Figure 13-2. Propeller conirola mounted on the pliot’s control pedestal and flight englneer’s statlon on a

Lackheed Consitefiation.
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The slinger ring mounted on the rear of the
propeller hub holds fluid in its curved channel by
centrifugal [orce. The fluld flows out to the blades
through the blade feed tubes, which are outlets
welded onto the blade slinger ring.

Rubber feed shoes (anii-icing boots] which are
attached {o the leading edge of the propeller blades
by an adhesalve are oplional iterns and are not used
on all systems. The shoes direct the [luld dowing
along the leading edge of the blades as 1t comes
cut of the feed tubes and provide an even distribu-
tion of the fluld. The shoes often do not extend
beyond one-third of the blade length,

b. Bystem Operation

When the systern rheostat i1s turued on, the fluid
pump operates at the rate set on the rheostat by
the pilot. Fluid is drawn from the tank, through
the Dlter, and is forced out to the slinger feed tube.
Fluid flows from the stationary feed tube to the
rotating slinger ring on the rear of the propeller
where it flows through blade [eed tubes to the
leading edge of the blades at the shank. The @uid
flows out of the tube onto the blade surf{ace or boot
and moves along the length of the blade leading
edge by centrifugal force. The fluid comblines with
the moisture and the mixture flows ofl the blades
as a liquid.

c. Inspeation, Maintenance And Repair

The fluid level in the tank should be checked and
serviced before each flight during which the sys-
tem may be used. Due to the nature of alcohol, the
fluld level may be decreased by evaporation over
the period of a [ew days il the conditions are right
thigl: temperature, high altitude, ete.}. The system
should be serviced with the recommended Muiid.

The [liter should be cleaned at every 100 -hour
Inspeciion and annual inspection and as neces-
sary o assure proper operation.

All lines should be checked for condiiion, secur-
ity, and obstructions, especially for Unes clegged
by insects,

The fluid feed shoes should be inspected for
deterloration of the shoe materjal, damage to the
shues from sand, stones, efc,, and for separatlen
of the shoe from the blade. Inspect the area
around the shoes for any indication of corrosion
which may extend under the shoe. If corrosicn
1s found, the shoe should be remaoved [ollowing
the aircraft manufacturer's ingtruction, the area
of eorrosien treated by the mechanic or an over-
haul facility, as appropriate to the extent of

corrusion, and a new shoe installed lollowing the
manufacturer's Instructtons,

The systemn can be checked for proper operation
on the ground by first connecting a hose to the
[eeder tube on the engine nose case and placing it
In a calibrated container, Determine the rate of flow
that should occur and delermine the amount of
fluid thot should be pumped through the system
during some small time Interval, such as five min-
utes. As an exaunple: If the system should supply
three gallons of fluid in one hour, in five minutes
the system should put out ene guart of fluid. If the
amount of fluld pumped is substantially less than
that desired, the system should be checked for
defecttve components (see the troubleshooting sec
tion). The amount of luid pumped may be slightly
less than the amount calculated as the pump is
operating from battery voltege which may be 10%
lesa than generator voltage,

d. Troubleshooting

Troubieshooting of the fluid antl-icing system ls
falrly stralghtforward. If the systen) does not pro-
duce any fluld at the blades, any component of the
system may be the defective unit, The best way to
check the sysiem is to determine if fluld is being
deltvered by the pump. Loosen a fitting at the pump
outlet and note if fluld comes out around the loose
fitting when the gystem s turned on. If it dees, the
defective compenent 18 downstream of the pump
and {f not, the defective component is upatream of
the [itting used to check for fluid flow. Invesligate
further to locate the defective component.

Il the fluj is not being dellvered Lo one propeller,
one of the following ritay be the problem: a ine may
be blocked; the check valve may be stuck closed.

If one hlade does not ant-ice. the problein la a
blocked line belween Lhe slinger ring and the blade
feed tube outlet.

if the system fluld supply decreases in flight
when the systemn is not being used, check the
sysiem for jeaks and check to be sure that the
check valves are closed. Correct the leaks as ap-
propriate and repair or replace the check valve.

Il the system works properly when it is flret
turned on, but the flow rate generally decreases
and then stops and the fluid supply s sufflclent
and the pump is opermung, the tank vent may be
blicked. Tt will allow a vacuiun to build up in the
tank as fluld is being used until the fuid will no
longer gravity flow to the pump, and [low slops,
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d. Troubleshooting

When troubleshooting the system, remember
that the timer ls the central component common
to all propeller heating circuits. After the Umer, all
propellers have separate circuits and do not in-
terfere with cach other’s operation. Therefore, if
the systemn does not functlen properly for any
propeller, the problem is with the timer or its
electrical source,

If one propeller does not de-lce, the problem
may be with the ttmer contact, the wires between
the timer and the power relay, the brush block or
brushes, or the slip ring. The boots are not likely
Lo be a problem if no boot will heat. The problem
ts with a component that is common to all of the
boots.

Ilfone biade does not de-ice, the problem s efther
in the boot, the wires on the propeller, or the
terminal on the propeller.

B. Simultaneous Propeller
Control Systems

A simultaneous propeller control system
provides a means by which the RPM setting of all
engines can be changed by one control and/for a
means of seiting all engines at ilte same RPM,

1. Master Control System

A master control system allows the pilot to
change the RPM of all englnes an equal amount
by the use of one lever, called the master contral
lever, The system also has the capability of set-
ting all governors to their maxtimum RPM setting,

THE MoSTER CONTRRL 1S CONRECTED T0 & ROTARY COMTACT 6 & TMBEE WHEN THE
SANTRAL 15 MOVED, THE ROTARY CONTACT TAUCHES A BRUSH OF & FELLGW Ik ARM.
THiS EONNECTION SYARTS 0 0K MOTOR TURNING N THE JIRECTIN THE MASTER CON-
TRIL HAS HEEN MOYED. THE FOLLOW UP ARM ROTATES WITH THE DC MOTDR WHTIL 178
AR'SH MOVES OFF THZ HOTARY CONTACT

TiOT & MASTER
CONTRIL LEVER

BA'I5H
FHLLDW (P
MAM GEARED

TODG MRTOR

PULLEYS AND GABLE DT MDTOR

ELECTRICAL TIABRAM SHOW MG CYGLE SEQUEHCE. PRASE 2

Figure 13-10. Hamilton-Standerd master control saystem,
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Aa this system requires the use of electric gov-
ernor heads, it 1s most often used on transport
aireraft.

8. System Components

The master controt lever in the cockpit is used
to adjust the RPM setting of all the governors and
to set all governors at their maximum RPM sefting,
The lever moves through an arc in the same way
thal eable contrals move and indicates the ap-
proximale RPM seiting by ils position in the arc of
lravel.

A rotary contact is connected to the master
contro] lever through a cahle and moves when the
master conlrol tever is moved. The contact com-
pletes an electrical path to a DC motor through a
follow-up arm and causes the motor to drve the
governor control boxes and change the setting of
the governor head.

The reversible DC motor in the system is used
to drive the governor commutator switches in the
gavernot control boxes 1o reset the governor heads
to a higher or lower RPM, depending on the direc-
tion in which the control lever is moved. When the
DC motor rotates an amount proportional to the
signal from the rotary contact, the follow-up arm
moves olf the rotary contact and the motor stops,

b. System Operation

The master control system ls operational when-
ever the aircraft master control switch 1s turned on,

When the masier control lever is moved forward,
all engines will Increase their RPM by the same
amount. This s done by the rotary contact being
moved by movement of the master control lever
and directing electrical power to the DC motor,

FOREXAMPLE  ryE SPEEhs OF ALL ENGINES ARE SEY FOR 1907 #PM THE PI 97
. WISHES T INT REASE THEM BY 400 APM. SO HE MOVES THE
PILET'S CONTH
B tun FORWARD UNTIL THE RPH 5:TTiNGS COME 10 2200,

$ET FOR 1600 APM
. . hng PROT'S CONTROL . 2
(%"’f Y L WENEBTOIR- LT L ’f”
Bey ' TREASERPM w a0
Taze0 ™y
ti g o % 2z
LNEL ot #ap <'H£\ SO “
AL Ny LT
. -FP“ ' - m [l

IF ONE ENGINE WAS SET AT 1500 R WP AND "He D™HFRS AT 1800 RPM ANG THE MILDT §
TENTROU WAS MIVED TO INCnERSE THE SFEEJS 400 RPM (WS EWGINE wWOLLD
UPERATE AT AUPRGXIMATELY 2000 REM AND THE QTHERS AT 7700 RPM .

L .

Figure 13-11. Governor response to mavemen of the
masier conirol faver,
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¢. Inepection, Maintenance And Repair

Maintenance of synchronlzation system invol-
ves assuring that the system 15 clean, Jubricated,
and electrically sound.

An operational check should be performed tn a
manner shnllar to the following: with the engines
operating at a mid-range RPM, turn the synchronl-
zatlon system on and observe that the engine syn-
chronize. Reduce Lhe RPM of the master engine with
the master engine’s cockpit control and note that the
slave engines follow the master englne for about 100
REM. Resynchronize the system and reduce the RTM
of each slave engine in small increments noting that
the slave engine stays at the master engine RFM (or
returns to the master engine RPM when the toggle
switch is released] for a control moverment equal to
about 100 RPM. Outside of the 100 RPM range, the
system should go out of synchronization.

I a resynchronizatton button is in the system,
tum the system ofl and set the slave engines about
200 RPM different from the master engine RPM.
Turn on the system and note that the slaves move
toward the master RPM. Piish the resynchroniza-
tion button and the slave engines should mave
closer to the master englne RPM. Each time the
button is pushed, the slaves should move 100 RPM
toward the master engine RPM until all engines
are in synchronizatien.

d. Troubleshooting

For troub:leshooling of a system, refer to the
service manual for the parilcular system and
lnstallation.

3. Synchrophasing System

Synchrophasing is a reflnement of synchro-
nizatton which allows the pilot to set the blades
of the slave engines a number of degrees in ro-
tation behind the blades of the master englne.

phssE O pHast [ B0 ¢ pncg W
ANGIE AHGLE 7 HNGLE |
| |
. [ _!‘ ] ' v
4 H, S N D P e
£ip ¥ 7T fj; Ty R
[ b R
LI p e poy
¢

Figure 13-17. Synchrophasing sets the propeliers of
the sircraft a! different angles and keaps them at
the same RPM.
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Synchrophasing s used to further reduce the
noise created by the engines. The synchrophase
angle can be varied by the pllot to adjust for
different {light conditions and still achleve a min-
imutn nolse level,

A synchrophasing system may be ttsed on air-
craft as small as the Cessna 337.

a. Syetem Componecnts

A pulse generator is keyed to the saine blade
of each propelier (41 blade for example] and ihe
slgnal generated is used to determine if all #1
hlades are in the same relalive position at the same
instant, The pulse generator serves the same fune-
Uon as the tach-generator in lhe synchrontzation
system. By comparing when the signals from the
slave pulse generators cccur in relation to the
magler engine pulse, the mechanism will synchro-
nize the phase relationship of the slaves to the
master engine,

The synchrophaser electronic unit recelves the
signals from the pulse generators, compares them
1o the master englne signal, and sends a correcting
signal to the gavernors, This adjusts the control of
the slave engines to establish the phase angle
selected by the pilot.

A propeller manual phase control in the cockpit
allows the pilot 1o select ihe phase angle which will

[—— — -
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Flgure 13-18. A comparison of the Hamillon-Standard
aynchronleatien system and synchrophesing sysfem.
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and initlates the feathering operalion in the same
manner as {f the pilot had pushed the button.
When the button is actuated by the autofeather
systems, a red lght In the feather button {llu-
minates fo identlfy the feathered engine to the
plot, The button can also be operated In a normal
manner by the pilot at any time,

A blocking relay Is in the aysiem to prevent more
than one englne (rom autofeathering, This com-
ponent may be located between the master switch
and the throttle switch or may be incorporated In
the feather bufton circuit. If one engine auto-
feathers, some sysiemns can be reset to rearm the
autoleather system In case another engine should
fail. The pilof can feather any englne, at any tine,
hy pushing the button regardleas of whether or not
a propeller has been autofeathered.

A test switch is used to bypass the blocking relay
and throtile switch so that the system operation
can be checked on the ground without developing
high power settings.

2. System Operation

Before takeoff and landing, the system is armed
by turning on the systemn aster switch. As power
16 ndvanced for takeofl or during a missed landing
approach, the throttle switch closes and the torque
pressure switch Is armed, but the torque pressure
switch contacts are opem. If a loss of engine power
occurs, the torque pressure switch closes and, after
the prescribed time interval, the time delay unit
completes the circult energizing the holding roll an
the feather button, The button is pulled in inftjuting
the feathering operation. At the same time, the
blocking relay is actuated to break the circult for
the autofealher system on the other engines.

3. Inspection, Maintenance And Repair

An operational check of the system is the best
way to check the system for operation and defects.
Start the engines and arm the sysiem with the
autofeather systern masler switch, Advance the
throttles to develop Lhe requlred terque to arm the
torque pressure switch, Hold the test switch In the
position for the engine being checked and retard
the throttle to ldle, This should cause the torque
pressure switch and the time delay relay to close
and start the feathering operation by pulling in the
feather button and llluminating the light in the
buiten. Release the lest switch and pulf the button
oul to prevent the propeller from feathering. Note
that with his check the blocking relay and throtile
switch are not checked.
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if a complete system check is desired and s not
prechibited by the englne manufacturer, the same
procedure is followed as above, but the test switch
is not used and the throttle Is advanced far encugh
to close the throttle switch. The mixture control
can be pulled back to cause a loss in power and
the propeller should aulofeather.

System components should be inspected and
matritained in accordance with the alreraft service
manual. Units can be removed and replaced as
necessary (o correct systemn operation.

4. Troubleshooting

if the system indicator light does not illuminate
when the systemn is armed, the bulb may be burmed
out, the system master switch may be open, or
electrical power may not be getting to the systemn.

1f the system operates properly during a ground
test, but will not autoleather in flight, the throttle
switeh ur bloeking relay may be vpen or Incorrect-
ly adjusted.

I the system will not operate during a test or in
flight, but the armed lght is liluminated, the prob-
lemn is most likely the torque pressure swiich, the
time delay unit, the feathering button holding cofl,
or the feathering system.

D. Plich Lock

A piich lock mechanism is used on some large
iransport afrcrall to prevent an excessive engine
overspeed if the governor should fail, preventing
the blades decreasing Uieir angle by centrifugal
twisting moment. The pitch lock components are
mounted in the dome assembly and low pitch
stop-lever assembily In the Hamilton -Standard
reversing Hydromalie® propellers. The Harmilton-
Standard system is used for purposes of this dis-
cussion. Other systerns work In a slmdilar manmner.

1. System Components

A llyweight operated vaive is located on the for-
ward sectlon of the stop-lever assembly, ceniered
on fthe transfer lube, which is an oll passage
through the assembly to the outboard side of the
piston, The flyweight valve uses a spring to op pose
the centrifugal force on the [lyweights and sets the
sysiem so the valve will be moved onto the fransfer
{ube blocking the oil passage when the system RPFM
reaches about 95% of the englne rated RPM. This
prevents the engine oll pressure on the outboard
side of the piston (rom returning to the engine ol
pressure system and decreasing blade angle.
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Flgure 13-25. A front-viaw representstion of an IOCA.

A high pressure relief valve Is used to regulate
systern pressure as necessary to assure proper
propeller operatton,

A sump relief valve {s used to malntain a slight
air pressure in the systemn to reduce foaming of the
ofl during operation. Excess air pressure is vented
overboard by the vaive.

The main oil sump contains the system ofl
supply which 1s independent of the engine oil
system, An auxillary oil supply Is located on the
engine or in the nacelle to allow replenishment of
the sump in {light. The oil used may be engine oll,
hydraulic oll, or a special {luid, and may or may
not contain a corroslon Inhibitor.

_— !

External components mounted on the IOCA case
inclinde u governor, an auxiliary pump. and a brush
Llock assembly.

2. System Operation

Systemn operation for constant-speed, [eathering
and reversing operations s the same as for the
Hydromatic® system discussed in other chapters
of this book. A reserve supply of oil for feathering
is obtained by placing the auxdliary oll pump pick-
up below the level of the main pump pick-up.

If the system oll supply should become low In
flight, an Indicator light will come on i1 the cockpit.
The pilot must then throw a switch to release the
ofl from the reverse supply tanlk.
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Figure 13-26. A side-view representation of an IOCA.

3. Installation

The IOCA s Inslafled on the engine crankshalt,
which drtves the unit, and is bolted to the nose case,
The propeller s then installed and (he unit's carmnon
plugs and control cables are conmected. Foliow the
instructlons for the particular Installation.

4. Inspection, Maintenance And Repair

The primary job of the mechanic 1s 1o Install,
service, adjust and replace components on the IOCA.

Servicing of the unit conststs of replenishing the
ofl tanks, cleaning filteras and screens, and keeping
the brush blocks and propeller slip ring clean,

Adjustments include setting the governor RPM
limits and aligning the brushes to the slip ring,
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Some components on the IQ0CA can be removed
and replaced. These Include the governor, auxiliary
pump and the brushes in the brush blocks assembly.

Malnilenance Involving disassembly of Lthe [QCA
unit is usually referred to an overhaul facility.

Refer to the appropriate maintenance manual
for speciflc informatton concemning servicing of a
particular Installation,

B. Troubleshooting

Troubleshooting for the systemn s the same as
for the individual aystems in the I0CA, whether it
be the reversing system, the ice ellminaton sys-
tem, the synchrophasing system, etc.
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QUESTIONS:

1

Which tce elindnation system prevents ice from
Jorming?

2. What fluids may be used trn an antl-icing system?
3. What is the purpose of the rheostat in the

anti-ictng system?

. How are antt-icing feed shoes attached to the

propeller blades?

What is the purpose of the Full De-ice Mode tn
a de-icing system?

What components are used to transfer the elec-
trical power from the engine nase case to the
prapeller in a de-icing system?

Why is a nudl period included in the timing
sequence (n a de-icing timer?

8. Whutis the purpose of a master control system?
8. What is meart by culibrating the master control

10.

sysiem?

What devices may be used to sense system
RPM in a synchronization system?

11,

12.

13

14,

15,

I6.
17.

i8.

19.

20.

Which engine is normally the master engine on
a twin engine atrergft?

What is the purpose of the resynchrontzation
button?

What is synchrophasing?

Which components of the ardomatic feathering

system are hypassed during a normal ground
operafional check?

What is the purpose of the time delay unit in
the auto-feather systern?

What (s the purpose of the pitch lock recharism?

Which valve in the pitch lock mechanism closes
during narmal takeaf]?

What routine maintenance can be performed
ont the pitch lock components?

What fluids may be used from prupeller opera-
Hom with an IOCA?

Which compeonents on the IOCA may be re-
placed in the field?
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Glossary

This glossary of termns is provided fo serve as a
ready reference for the word with which you may
not be familiar. These definitions may differ from
those of standard dichionaries, but are in keeping
with shop usage.

accumulator A device to ald iIn unfeathering a
propeller.
aerodynamic twisting moment An operational

{orce an a propeller which tends to increase the
propelier blade angle.

angle of attuck The angle between the chord line
ofa propeller blade section and the relative wind,

antl-icing sgstern A system which prevents the
formation of ice un propeller blades.

automatic propeller A propeller which changes
blade angles in response to operational forces
and is not controlled from the cockpit. Trade
name; Aeromatic®,

back The curved side of a propeller airfoll scction
that can be seen while standing in front of the

adrplane.

blade One arm of a propeller from the hub to the
tlp.

blade angle The angle beiween the blade section
chord Hne uand the plane of rotation of the
propelier.

blade index number The maximum blade angle on
a Hamilton-Standard counterweight propeller.

biade paddile A tool used to turn the blades In
the hub.

blade root The portion of a blade which is nearest
the hub.

blade station A distance from the center of the
propeller hub measured In inches,

boots Ice eliminatlon components which are at-
tached to the leading edge of propeller blades,

bass The center portlon of a fixed-pitch propeller,

brush block The component of a de-lcing and/or
reverging system which Js mounted on the en-
gine nose case and halds the brushes which
transler electrical power to the slip oing.

centrifugal force The force on a propeller which
tenids to throw the bladea out from the propeller
center.

centrifugal tuisting moment The force on a
propeller which tends to decrease the propeller
blade angle.

chord line The lmaginary line which extends from
the leading edge to the tralling edge of a blade
alrfoll section.

comparison unit The unit in a synchronization
or synchrophasing system which varnpares the
signals of the master engine and the siave engine
and sends a signal to correct the slave engine
RPFM or blade phase angle,

cone The component used in a splined-shaft n-
stallation which centers the propeller on the
crankshaft.

constant-speed system A system which uses a
governor {0 adjust the propeller blade angle to
maintain a selected RPM.

controllable-pitch propeller A propeller whose
pitch can be chunged in flight by the piot’s
conilrof lever or switch.

eritical range The RPM rande at which destrie.
tive harmonic vibrations exist,

de-icing system An ice ellmination system which
aliows ice to form and then breaka it lcose In
cycles,

dome assembly The pitch-changing mechantam
of a Hydromatic® propeller,
effective ptich The distance forward that an alr-

craft actually moves in one revolution of the
propeller.

face The flat or thrust side of a propeller blade.

Sfeather The rotation of (he propeller blades toan
angle of about 90 degrees which will eliminate
the dmg of a windmilling propeller.

Sixed-pitch propeller A propeller, used on light
alreraft, whose blade angles cannot be changed.

JSflanged shaft A crankshall whose propeller
mounting surface forms a flat plate 90 degrees
to (he ghalt centerline,

Sfrequency generator The engine RPM signal
generalor for some synchronization systems.

geometric pitch The theoretlcal distance that an
afreralt will move forward In one revolutton of
the propelier.

governor The propeller control device in a con-
stent-speed systern,
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go no-go gauge A gauge used to measure wear
belween the splines of a splined crankshaft.

ground-adjustable propeller A propeller which
can be adjusted on the ground to change the
blade angles.

hub The central portlon of a propeller which is
fitled to the engine crankshalt and carrles the
blades.

Hydromatic® A trade name for one type of Hamil-
ton-Standard hydraulically operated propellers.

integral oil control assembly A self-contained
propeller contro] unit used on some iransport
ajreraft.

leading edge The forward edge of a propeller
blade.

overhau! facility An FAA approved facllity for
major overhauls and repairs,

pitch The same as geometric pitch. Often used
Interchangeably with blade angle,

piich distributlion The twist in a propelier blade
along its length,

pitch lock A mechanlsm used on some trans-
poris to prevent excessive overspeeding of the
propeller {f the governar fatls,

plane of rotation The plane in which the propeller
rotates, 90 degrees Lo the crankshaft centerline,

propeller A device for converting englne horse-
power tnto usable thrust,

propelier disc The disc shaped area in which
the propeller rotates,

propeller repair station See overhaul facility.

propeller track The arc described by a propeller
blade as the propeller rotates.

pulse generator The unit which generates an
RPM and blade position signal in a synchro-
phasing system.

radial clearance The distance from the edge of the
propeller disc to an object near the edge of the disc,
perpendicular to the crankshaft centerline.

reversing Rotation of the propeller blades to a
negative angle to produce a braking or reversing
thrust,

safetying The instaliation of a safety device such
as safety wire or a cotter pin.
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selector valve Propeller control unit in a two-
positlon propeller system,

shank The thickened portion of the blade near
the center of e propeller.

shoe See boot,

shoulder The (langed area on the butt of a pro-
peller blade which is used to retain lhe propeller
blades iry the hub.

slinger ring The fuid distribution unit on the
rear ol a propelier hub using an anti-iclng
gystem.

slip The difference hetween geometric pitch and
effective pitch,

snap ring A component of a splined or tapered
shalt installatlon which is used to ald In removal
of the propeller.

spider The central component cn many con-
trollable- pitch propellers which mounts on the
crankshaft and has arms on which the blades
are inslalled.

splined shaft A cylindrical-shaped crankshalt
extension which has splines on its surface to

_ prevent propeller rotatlon on the shaft,

static RPM The maxdmum RPM that can be ob-
tained af full throttle on the ground in a no-wind
condition.

synchronization system A system which keeps
all engines at the same RPM.

symchrophasing system A refined synchronlza-
tlon system which allows the pilot to adjust the
biade relative position as they rotate.

tachometer-generator The REPM-sensing unit of
some synchronization systems.

tapered shaft A crankshaft design whose pro-
peller -mounting surface tapers to a smatler di-
ameter and acts ke a cone geating surface.

thrust bending force An operaiional force which
tends to bend the propeller blades forward,

tip The portlon of the blade farthest from the hub.

torque bending force An operational lorce which
tends to bend the propeller blades in the direc-
tion opposite {o the directlon of rotatlon.

tweo-position propeller A propeller which can be
changed hetween two blade angles in [fifght,
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Answers to Study Questions

Chapter I

1.
2.
3.

oo

9,

Convert englne horsepower to useful thrust,
The curved side of the alrfoll section,

The angle between the airfoil section chord
line and the plane of rotation.

Pitch distdbutian,

A propeller whose blade angle can be adjusted
only on the ground.

. Reduced landing roll and improved ground

maneuverability.
Twu.
0.1 degree.

Mags off, throttle at {die, and mixture at ldle
cutolf.

10. Yes.
Chepter II

1. FAR 43,

2. Builder's name, model designation, serial

go

10.

Ne g

number, type certiffcate number, and produc-
ticn certificate number.

A no-wind condlition exists and the propelier
retafion Is not aided by the wind moving
through the propeller.

Throttle.
Red.
Seven inches,

A reserve oll supply must be available only to
the feathering pump,

Propeller repalrman’a certificate.
Major repalr,
A malntenance release tag,

Chapter I1

1,
2.

Tip.

The gradual change in blade angle from the
root to the tip.

3. Decrease.

4. Two to four dedrees,
5.
6
7

Centrifugal force.

. Ta reduce gperational stresses.
. Centrdfugal twisting moment,

B.
9.
10.

5ix Inches in from the tip.
A red arc on the lachometer.

The digtance that the aircraft moves forward
in one revolution of the propeller,

Chapter IV

I NI SR

. Yellow birch.

. Increase the structural strength of the tip.
. Release molsture,

. Cracks In the solder safety.

Can be repalred by an overhaul facility,

In a horizontal pesition in a cool, dry, dark
area,

More efficlent, better engine cooling, and re-
fulre less malpntenance,

To prevent a surface defect from developing
into & crack.

. Mild soap and water.
10.
11,
12,

The blade shank.
Major repalr,

1C172 basic design; DM mounting and deslgn
changes: 75 inch diameter; 53 inch pitch.

Chapter V

1L

10.
11.

@ NS

Prevent corrosion and allow easy propeller
removal.

. So that the propeller will stop in a convenlent

poaftion for hand propping.

Adapt the propeller for mounting on a tapered
or splined crankshaf,

70%.

Ald In remnoval of the propeller.

20%.

Center the propeller on the crankshaft.

When the rear cone apex prevents the propel-
ler hub from seating on the rear cone. Remove
tip 1/16-Inch from the apex of the rear cone.
When the cone botioms on the crankshaft
splines before the propeller hub seats on the
rear cone. Place a spacer of no more than
1/g-inch lhickness behind the rear cone.

/18 Inch.

Shims between the propeller and the hub or
flange on wood propellers.
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12, Clevis pin and cotter pin.
13. Uneven moisture distributlon io the propeller~

Chapter VI

1. With grogves in the hub mating with should-
ers on the blades.

Bolts.

The hub clamp rings or bolts and the propeller
relaining nut.

White Jead, red lead, or grease pencll.
Because of blade droop.

0.1 degrees.

The blade retention area.

When the engine s averhauled,

o

@ N e

Chapter VII
1. Centrfugal force and aerodynarnic lift on the
blade.
2, Alrspeed and RPM.
3. Increase.
4. To prevent the propeller blades from being at

different angles as the forces act lo change Lhe
blade angles.

5. Two coats of clear nitrate dope applied over
the defect.

Sluggish or erratic operation.
. FllI the hub with oll,
Added,

Because the airflow over the propeller coun-
terweighls may aflect propeller blade angle
change.

10, Adjust the track with shins on a flanged
installation or have the propeller overhauled.

o x N

Chapter VIII
1. A crank handle.

2. Through stops on the gear behind the propeller,

3. Binding or catching as the cockpit control Is
rotated,

4, No lubricant is used.

Chapter IX

1. 30.
2. Centdfugal force,
3. Rearward.
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10.

© ® N @

. Prevent congealing of the oil in the piston,

protect the piston [rom corroslon, prevent
starvation of Lhe engine bearings during en-
gine start,

. Pision.
. 1and 7.

0.1 degrees.
Balancing.
Final batancing of the propeller with grease.

When a stop nut Is positioned to set a blade
angle three degrees or more from the mini-
mum or maxiinum setting.

Chapter X

1.
2.

*=

10.

11.
12.
18.

14.
15,
i6.

17,
18.

18,

20.
21.

22.

N e oo e w

Governaor,

To control the flow of olf to and from the
propeller,

. Flyweight assembly.
. Decrease.

. Decrease.

Increase.

Caused by ofl or preservaiive in the governor
and no aclion is necessary,

Ralsed side of the screen toward the governor.
17a-inch,

To set the governor at a cruise setting #f the
control cable from the cockpit should break.

Sluggish operation.
Rapid opening of the throttle.

-Springs, centrifigal twisting {orce, and gover-

nor oil pressure,
Te provide a canstant dye penetrant inspection.
Once.

Between the engine crankshaft and the pro-
peller hub.
The pisten ofl seal is leaking,

The Steel Hub propeller has its pitch-changing
mechanism externally mounted.

Governor ofl pressure and centrifugal twisling
moment.

By rotating the blades in the blade clamps.
Remove one of the grease Qitlings in the blade
clamp.

Loose blade clamps, defective seals, zerk 0t~
tings loose or leaking, over lubrication,
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Chapter XI

1.

Springs and centrifugal force on the
counterwelighta,

2. Ald tn unfeathering the propeller,
3. Ball and cylinder,
4. Place the alreraift In a shallow dive.
5. 100 pal.
6, Alr pressure springs and centrifugal force on
the counterwelghts.
7. Move the propeller controf full aft.
8. Darrel assembly, dome assembly, and dis-
tributor valve,
9. Dorue assembly,
10. To block the governor out of the system when
feathering and unfeathering the propeller.
11. 'The pressure cutout switch.
12, Englne oll pressute,
13. Unfeathering.
14. Mid-range.
15, Feather,
Chapter XII
1. Decreased landing roll, reduced brake wear,

increaged ground maneuverability.

2. Insufllcient engine cooling when reversing.

3. Throttle or power lever.

e ® N O

10.

11,
12,
13.

. The landing gear must be extended and the

alreralt weight must be on the gear.

Springs and centrifugal force on the
coutterweights.

Underspeed governior and propeller governor,
Propeller pitch cantrol and propeller governor,
Oround operation.

Releases oll from the propeller.

RPM through the underspeed governor, REM
through the propeller governor.

PTE.
Propeller governor.
The pilot valve.

14,
5.
16.

17.
18,
19,

20.

Fuel {low and propeller blade angle.
Fuel flow.

et the low blade angle for constant-speed
operation,

Reverse and feather,
Governor ofl pump.

Prevent reversing before the alrcraft weight 1s
on the landing gear.

Unfeathering.

Chapter X1II

10.

11.
12,

13,

14,
15.

18,
18,
19,
29,

NP G A B

. AntlHeing

Isopropyl alcohol or phosphate compound,

To control the rate of fluid flow.

. With adhesives.
. Tode-1ce all of the propellers at the same timne.
. A brush block and a slip ring.

Sc that only one propeller will de-ice at any
one time.

. Toallow adjustment of all engine RPM setlings

with one control lever.

Setting all governors at their high RPM limits by
moving the master control lever full forward.,

A tachometer-generator or a {reguency
generator.,

Left engine.

To allow all governors to drive toward the
master englne RPM through {ull range each
tinte the button is pushed.

Synchronizing and setting the blades at a
speclfle angle in rotatlon behind the master

engine.
Blocling relay and throttle switch.

To prevent autofeathering of a prepeller dur-
ing momentary interruptions in engine power.

Prevent excesslve overspeeding of the engine,
Flyweight valve.

None.

LEagine oll, hydraunlc fluid, or special Auids,
Awvxdliary pump, governor, and brushes,
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Final Examination

Aircraft Propellers and Controls

Student

Grade

Place a circle around the letter for the correct
answer to each of the {ollowing questions.

1.

The constant-speed control unit ts also called a:
A. Accumulator,

B. Governor,

C. Selector valve,

D. Propeller pitch controf,

Which FAR lists the mintroum Inspections
requiired during an annual inspecton?

A. 23,

B, 25,

C. 43.

D. 65.

. Which of the followlng is not a condition

necessary 1o check the static RPM of an
Installalon?

A Alrcralt in a level attitude.

B. Maximum zllowable manifold pressure.
C. No-wind condltion.

D. The alrcraft is statlonary.

What is the minimum water clearance of the
propellers on a seaplane?

A 7 Inches.

B. 9 inches,

C. 18 inches.

. 24 inches.

Who may supervise the major repair of a

governor?

A A powerplant mechanic,

B. An A&F mechanic with an Inspection
Authorization.

C. A propeller repairman.

D. A powerplant repalrman,

. An airerall is equipped with a fixed -pitch pro-

peller. As alrspeed increases:
A The blade angle increases.
B. The lxlade angle decreases.
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10.

11,

12,

C. The blade angle of attack Increases.
D. The blade angle of attack decreases.

. Which force tends to decrease propeller blade

angle?

A Centrifngal twisling moment.
B. Aerodynamic iwisting moment.
C. Torque bending force.

D. Thrust bending force,

A horizontal imbalance in a wood propeller
may be corrected by:

A. Solder on the boss.
B. Sclder on ihe tip.
C. A plate on the boss.
D. A plate on the tip.

. The recommended maximum depth of repair

nn the trailing edge of an aluminum propeller
bhlade is.

A. 1/16-inch,
B. Y/a-inch.
C. 3/1s-inch.
D. 1/e-inch,

Which type of installation does not require the
use of Prussian Blue to check for seating?

A. Flanged shaft,
B. Tapered shaft.
C. Splined shalft.
D. All require a Prussian Blue check.

Which [orce 18 used to increase the propelier
blade angle of a Hamnilton-Standard twe-post-
tion propeller?

A Engine oil preasure.
B. Springs.

C. Centrifugal {orce.

D. Governor oll pressure,

Which blade angle 1s used for lakeofl In a
controllable pitch propeller?

A. Reverse,
B. Low blade angle,
C. High blade angle.
D. Fealher.
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i3,

iq,

15.

18.

What oppases the flywelghts In a governor?
A. Pilot valve.

B. Balance spring.

C. Transfer valve.

D. Speeder spring.

Which cockpit control is used lo make large
changes in manlfold pressure?

A Throttle.

B. Propeller control.

C. Mixture control.

D. None of the above.

If an ajrcraft is equipped with a constant-speed
system, which of the followlng will canse a
decrease in propeller hlade angle?

A. Moving the propeller control alt.
B. Moving the throttle forward.

C. Flacing the aircrafl in a dimb.
D. All of the abave,

What |s an acceptable amount of cushiot in
8 governar control lever?

A. 1/einch.
B. V/sinch.
C. 3/a.inch.
D. 1/z2-inch.

17.

18.

1g,

20.

What is the purpose of the high-pressure trans-
fer valve in a feathering Hydromatic® system,

A. Terminate the feathering operation.
B. Block the governor out of the system.

C. Shift oll passages to the propeller dome to
allow unfeathering.

D. Initiate the feathering operation.
Which turboprop control lever is used lo

control propeller blade angle in the Beta
Mode?

A. Speed lever.

B. Conditlon lever.

C. Propeller control lever.
D. Power lever.

Which of the following swiiches 18 not used
with a de-leing aystem?

A. Rheostat,

B. Full de-ice mode.

C. Cycle speed selector.
D. On-off switch.

A synchronfization systemn is not used during:
A. TakeofT,

B. Climb.

C. Cruise.

D. Descent.
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Answers to Final Examination

Aircraft Propellers and Controls

11.
13,
13.
14.
15.
18.
i7.
18.
19.
20,
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