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Propeller primer

It's easy and inexpensive to re-angle fixed-pitch propellers

Propellers convert the rotating
mation fram the engine crankshalt into
thrust, net ns o ywheel Tor e engine
reciprocating parts, and make nofsc.

The fixed-pich propello:

Fixed pitch propellers are a compro
mise where performance is concerned
widd u Boon whien ceonamics are nn-
portant, These seemingly prosaic pro
pellers are sized by lenprh din inches)
and angle, which is termed piicln The
angle is measured relative to the pro
peller plane of rodation at a specifie dis-
tance from the cotational center of the
propeller. For instance, the owner's
manual for Cessna 1724 through -1
iodels (8 Contnental six-evlinder 145-
horsepower O-300 engine) specifies a
MeCauley propeller with o 7a-inch
diameter and a 53-degree pitch. In 1965
the 172 got a new engine when Cessng
installed & Lycoming four-eylinder 1500
bup €-320. The propeller was changed 1o
a McCauley propeller that is one inch
shiestier, vet has the sume 53-degree
pitch (DTM7EE3), Sensenich, another
fized-pitch propeller manutacrurer,
spedilies a4 74-inch propeller with & 535-
degree pitch for the same airplane-
engine combination.

Filols Nving airplanes with fixed-
pitch propellers often ask why engine
rpm doesn'T reach redline at full thromle
ou the sround. The answer is simply
because the blade angle for most fixed
pitch installarions is a compromise
between takeoll and elimb perfor-
mance and cruise performance,

lach enging data plate lists the rai-
ed lip at a given rpom. Many Lycoming
0-320 engines are rated at 150 hp at
2700 rpom. 1T the hlades were pitched
flal enough to allow full rpm during
the takeolt and climb portons of
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S he Wright brothers thought that building a propeller would be a
~ cinch. What could be hard about it? They soon found that there’s

more to a propeller than meets the eye, |
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flight. the angle numbers would be
down in the high A0s or low 50s. An air-
plane with such a propeller would be
glonw in cruise but would accelerate and
climb with pusto when compared to
eneswith the compromise a6-degree-
angle propeller.

ILLUSTRATIONS BY STEVE KARP

The rotational speed of the fyweight
azsembly varies direetly with engine
speed and controls the position of the
pilot valve. Depending on [ts position,
the pilot valve directs oll flow to the
propeller, allows oil flow back from the
propeller, or assumes a neutral position
with no il flaw.

Pilots of Piper Super Cubs, the pick-
up trucks of Alaska, often remove their
MeCauley 74-inch-by-536-degres pro-
pellers and install special 8TCed
MecCauley A2-inch-by-11-degree pro-
pellers—ithe STCed version is 8 inches
longer and has 15 degrees less angle,
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I'hese Super Cuh pilots are willing tn
[orego cruise speed in order Lo obiain
fantastic acceleration and c¢limb per
formance. Sinee there are only a few
STCed replacement propellers for
lowver-horsepower alrplanes, most own-
era have little choice excepr tn live with
thelr existing compromise propellers,
Yel its an easy and inexpensive task to
re=piteh (re-anple) fixed-pitch
propellers, Unfortunately, this
propeller fine-tuning soluticn
T availahle on allairplines.

Nat all alrplane specifica-
tions listed In the type certifi
cate data sheels TODS) allow
the owner to change the blade
angle to better fit the pilot's
masl crronman missicn, Lat'y
gav you have made up youl
mind to give up your daily ur-
By conmmnle. Tnstend you've
decided to buy a litle famn, pu
in & landing strip, buy a capable
Lt adrplane (mnny cost less
than a well outfitted SUVY,
and commute into the ciry
Ly sdeplaie.

Light airplanes with fixed
piteh propeliers are almost per-

times, but not an this particular Cessna.
It this case, Cessna listed the piteh
iblade angle) serting in the prop-blade
model in the TCIIS. If a blade angle
is listed, that's the only angle that's
legal. If the TCDS lists only a blade
model and lengrh, and gives a staric
rpn range, the blade angle cin be resel
as long as the static rpm is within the
specified range. For your airplane’s
TCDS listing, visit the FAA Web site
fwwwefaa gov/certification/aircraft).
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fee] Tor this task. All goes well Pliot Valve
until vou realize that your air

plang, which performed well

enough in the spring and early Bllat v o Speeder
surmimer, has some real prob Contral Spring

lems clearing the trees during

e lottest days of sunuaner, Will

you have to sell your alrplane

[or something with a higper

engine? Not necessarily; often,

re-pitching the prop will solve

this provhlem.

The much-needed accelera-

tion and better climb rate are often

available [or less than 5200, 0in & shor

fliglit to the office. the loss of spoed

fand slightly higher fuel consumprion)

i% @ good trade-all for the incredass in

safety. Specification data immediately

under the prapeller listing in the TCDS

[y the Lveoming-eguipped Cessna 172

has a line sayving that the static rpm
| must bhe no higher than 2,370 and nao

lower than 2,270, Stalc rpem s the max-
| mum rpm the engine will produce with

the aircraft hrakes ncked.
| Does this mean thal a prep shop can
Bend the blade enough to reduce the
anple 38 necessary 8% long as the static
rpa is ne higher than 2,370% Seme-
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Govemaor in on-spesd conditions (top):
govemor in underspeed conditions [centear);
and governor in oversoesd conditions
{bottom).

The idesl sclution

Enough 1alk abour blade pitch changes.
Lels talk aboul constant-spasd pro-
peliers: Since we need all the power we
can ger at takeadl. and want high speeds
in vruise, why doesnt sumeone create s
propeller that is like the transmission of
a car—Ilow gears [oracceleraring and
Ligh gears for eruisin'? Tt has been
donewe call it a constant-speed prop.
1The constant-speed propeller [in com-
bination with a propeller povernor)

automatically adjusts the propeller
hlade angle to mainiain the tpm selecr-
ed by the pilot. Constant-speed pro-
pellers are maore versatile, more expen
SivE, TELLHME MOTE MEINTENANCe, s
be matched with the correct governor,
and are a lot heavier. Dut once a pilot
has experienced the advantapes of a
constant-specd propeller its hacd Lo go
back to a one-speed airplane.

Before we talk ahoul aulomatic pro-
pellers, it should be mentioned thal
many general aviation airplanes
have controllable piteh propell-
ers that aren’t automaatic. Pilols of
ellanea 14 104 airplanes could
change the pitel ol the blades
viaa handevank-driven linkage,

Farly Reecheraft Bonanza
evines had thee abaility o change
propeller blade angle by using o
stmple panel-mouanted topgle
awileh Uit send vlecivical powen
to a two direction all electric
mator eonnected o pirch-anpls
change mechanism.

[hese SVRLCTIA WETE O AT L
frosem Tised-pitech propellers bt
lacked a compensation meeha-
nism tor the varving engine loads
that ocenr with elimhbes, descones,
or engine power changes. Au-
matle propellers utilize o mech
amecal device (the propeller pov-
cioor) thal wdjusts the angle of
attack of the propeller blades as
necessary Lo maintain the pro-
peller rpm, regardless of the vary-
ing loads appliec,

The forces at waork
In the BAANS Afrframe and Power-
plaet Mechanic's Powerplont
Handbook a propeller blade is
described as "a twisted airfoll of
ircegular planform.”

Since a propeller blade is an airtoil
there are forces [one force is called the
veredrifiegal fadsting miorend ur CTM)
generated during rotation that tend to
drive the hlade to low blade angles,
Low blade angles are also called flal
pitch ar high rpm.

Fropeller manufacturers nse ane of
vwo methods to change prop picch,
Feathering propellers are designed to
autnmatically move rhe propeller
blades o a position thal's Deyond the
highest normal operating hlade an
gle—a positinn in which the blade
chovd is aligned with the slipstrean.
This position is called fearhar, and it's
acepmplished by using hlade-chang-




ing lorces suchas a compressed air
charge in the prop dome, a spring, and
counterweighis, These forces always
overcomne the CTM forces ina feather-
ing propeller.

This buill-1n disposition Lo auto-
matically feather the prop blades is a
safety feature—if the engine or gover-
nor fuils, the propeller will automati-
cally go into feather, reducing pro-
peller drag. The method used for non.
leathering propellers is 1o allow the
propeller blades to move toward flat
pitch using the CTM force already
menlioned, This movement is often
assisted by an internal spring.

The prapeller povernor is the engme
aceessory that conliols propeller rpm,
It bolted onto o mounting pad on the
slele ar rear of the engine and engapges g
dhrive: gear st larns the internol parts,
These parts include a small gear-type
oAl oy that hiwsts o] peessure [used
tor change blode angles) to approxi
mately 1,240 psi, an engine rpm maoni-
toring mechanism, andan il control
watlvar Lt direets oil 1o or from the pro
petler blade change mechanism

The speeder spring

When the pilat moves the propelier
control lever which could more aeeu-
ralely be called the englne speed con

frof) he 1, through a rack-and-pinion
mechanisim on he povernorn, clianging
thee length of the speeder spring, which
is insicde the governor. This spring hears
an the top of the pilof valee, which
lzoks like a tube with a series of drilled
passages, and supplies a foree tha
pushes the valve down wward the
crngine cnd of the governor,

A beveled pear an the engine end of
the governor meshes with an engine
geal directly linked to crankshaft
spead, Inging roTarion canses prver-
nor riotalion, which drives a set of
matched flyweizhts as the rpm of the
engine increases, centrifugal force
causes the Mvweighis 1o get “heavier,”
The flyweights are connected 1o the
pilot walve and, as enging speed
increases, Lhey apply an upwand force
that opposes the speeder spring’s
downward foree. When the downward
[oree of the speeder spring is equal o
the upward force of the flyweights the
plet valve is inoa neatral position and
U propeller is “on speed.” All oil pas
sapes in the pilot valve are blocked and
na oil flows to or returns from the
Iade-change mechanism in the pro
pieller bl

Ovarspesd and underspead

If the pilot decides Lo elimb without
touching the throttle or prop controls,
there will be an increase in the load on
the engine. Since the pilut hasn’t in-
creased engine power, the engine will
not be ahle to keep up wirh the in-
creased load and will start Lo slow
down. When the rpm decreases, cen-
trifugal force on the flyweight lessens.
Then the balance bebween the speeder
spring's downward force and the tly-
weight's upward force will be lost and
the speeder spring will push the pilot
vialve down.

When the pilor valve is moved wway
(ronn the neutral position. passages in
the pilot valve release oil from one side
of a pistan in the prop dome or direst
pressurized oil from the governor pump
to one side of a piston in the prop
dome, depending on whether the pro-
piller s feathering or nonfeathering,
The point Is to move the blades. The
resull is the same—during un un-
derspeed condition the blades will
automatically be moved 1o a higher-
rpm {less hlnde r11.§i1-:; position, there
will e less load on the propeller so the
crankshafr rpm will increase, the fly-
weights will “hecome heaviern," and 4
slate of equilibrium will be reached,
with the llyweighrs and speeder-spring
Tosrees in badlunce,

The same forces are at work during
an overspeed except that the flyweighty’
increasedd lilting fomee will overcome the
specder spring’s downward pressure
and move the pilot valve up and aut of
the balaneed neutml position. Ol will
be released or direcred to the propeller
and the piston in the dome will be
muowved in such 8 way that the blades
will move to a lower rpm positdon. The
engine will slow down zinee there’s a
preater load on the engine, the fly-
weights will lessen their upward force
on the pilotvalve, and equilibrinm will
be restored. And it all happens so fast
we never even notice it

Filot's responsibilities

Both McCauley {www.mccauley.
textron.eom)} and Hartzell (www.
harizellprop.com) have information on
the care and feeding of their pro-
pellers—and most of ii's free Tor Lhe
asking, Harlzell Senior Test Engincer
John Hartman recommends checking
the airplane tachomeler for ingceors-
cies. “If the tachometer is inaccurate, a
pilot may unintentionally be operating
in a restricted operating renge; which

will increase Lthe Wlade slresses,” says
Hartman. Inaccuracies of up to 200 rpm
are commaon in older mechanical-stvle
rachormerers.

Tames Dean, chief inspector for
American Propalierin Hedding, Cali-
fornia, suggesis that sticking to Lhe
manufacturer's maintenance schedule
gives the hest results and is cheaper in
the lorg o, “I0 pilots bring their two-
bladed MceCauley prop in every five
years, we can usially send il back out,
fully serviced, for 51,100 to 51,200, 11
they wait until the propeller starts act-
ing up, often the hub and hlades are
(ull ol corrosion and they'll end up
buying a new prop, which will cost
fram $3,500 1o %18, 500,"

Diean cites luck ol maintenance as a
problem in tixed pitch propellers, “As
lang as the propeller doesn'l il some-
thing, peaple think they can keep on
running them.”

Keeping propellecs clean and con-
ducting thinough preflight inspections
are the Hrst steps In achleving propeller
safer. A lighe application ol a corro-
ston-inlibiting lubricant sueh as LPS 1,
LPS-2, or Corrosion X keeps corrasion
at hay between flighls,

A qualified mechanic should always
be consulted whenever damapge or
etk are [onned during prellight. Rock
damage to a propeller leading edge 1s
nothing ro fool with—even whal ap-
pears o he slight propelle-blade dam-
age has a high potential for disastrous
consequeances,

Sinee propellors are subject Lo
tremendous forces during fight, even
the slizhrest vibration is imporoant,
[hear’t ignesre woesuad vr new vibrations,
Generally speaking, a vibration caused
by a propeller will he through the enlire
rpan ranpe—il the vibration is onlvat
ong particular rpm or within a limited
rpm range. the problem isa poor pro-
pellerfengine maleh, Ger vibrations
checked out by qualitied personnel
before further flight,

One propeller vibration trouble-
shooting test that pilots can do is prop-
tracking, The most commuon [and
sufest) method of prop Lracking is ta
first remove the top spark plugs, which
permits easy propellar ratalion by
B, Posilion soane solid object (o lad
der, work stand. or black of wond) so
that it is just rouching the frond orthe

back of the Lip of onc propeller blade, |

Then rotate the other propeller blade
intn the same position and measure the
distunce il is from the ladder or block,
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The track should be wilthin one-six-
teenthof an inch.

lartzell's Propeller Cumers Mol
recormmends dynamic prop balancing
to 0.2 TPS. A lower reading is desirable,
and if the prap cannnt he balancead 1o
the 0.2 1P level, it must be removed (o
have the staric balance checked, Bal-
ancing adjnsts the center ol halinee of
Lhe rotating prop with the trae center
point af the propeller,

lhese simple tps bl help vou
gt e best performance out of your
propeller. For turther Intormartion on
Hartzell propellers, conlacl Harbeell
Propeller Ine,, telephone 9357778 4200,
at visit the Web site [www,
hartzellpropacam) to gel your eopy of
Propeller Care and Maintenanes for
Pllats ar Propeller Care and Mafnte-
peeeniese fooe Etrenfisssierner s,

Full feathering vs.
constant speed

of travenl

Eirection

'

Ratation

Rpm is controlled by varying the pitch of
the propeller hlades—that is, the angls of
the hladas in relation to tha plane of
ratatian,

MeCauley service informarion
can be nhtained on the MeCauley
Web sile (www.
maocd LllE].-’. Lexron.
com) or at M-
Cauley Propeller
Systems rele-
phone 937/ BHI-
3246 orpr 8047
821-7767 /

HEn:ﬂ-‘.l‘lii'h Pry- shiml).
peller Manufac-
turing Company can he conracted
gt telephone 717 569-0435; or visil
thie Web site (wwwsensenich.com).
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