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FRONT AND BACK COVERS Originally com-
missioned Patrol Squadron 205 st Norfolk
a few months after the U.S. entered
World War 2, the sguadron that is now
VP-45 schooled 21 years in the jack-of-all-
trades duties of a seaplane squadron.
Operating PBM3 equipment the first 2
years, PBM5’s the next 10, and P5M’s the
next 9 years, the squadron saw only brief
Convoy Coverage duty (flying from™ Guan-
tanamo Bay) as Patrol Squadron 205. After
re-training and re-commissioning as Patrol
Bombing Squadron 205, they joined the
Pacific Fleet; istand-hopping from Hawaii
to Saipan to Okinawa to Japan in 1945,
their duties including ferry service, Search
and Rescue, Area-search, Barrier Patrol
Anti-submarine Patrol-Convoy Coverage, and
Surveillance in the latter days of the war.

Shortly after the war, they resumed
Carribean patrol duties {as Patrol Squad-
ron 5 — re-designated Patrol Squadron 45
in 1948) from Coco Solo. Bermuda, and
San Juan, working with Seaplane Tender
“USS Albemarle” and at various times with
NORTC Midshipmen, for whom they pro-
vided extensive ground training in addi-
tion to flying experience. VP-45 participated
in “Springboard '60" and worked, in 1961
and 1962, with Task Group Delta in the
development of both new equipment and
new tactics for Anti-Submarine Warfare.

Seven VP-45 aircraft were detached to
Guantanamo Bay in early 1963 to observe
some highly interesting cargo Cuba ex-
ported to USSR that year, and of course
they pulled intermittent life-guard duty
for the Project Mercury Astronauts who
splashed in VP-45’s pond during this period.

Given 9 new Orions in their twenty-first
year and assigned to NAS Jacksonville as
part of Fleet Air Wing 11, VP-45 became
operational with the P-3 in May 1964, and
promptly detached 5 aircraft to Argentia,
Newfoundland. There they are again prov-
ing themselves "specialists in everything”
by carrying out Ice Reconnaissance and Air
Surveillance duties efficiently and con-
currently with their ASW waork.
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changes, The following marks are reg-
istered and owned or reserved by Lockheed
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COPIES REQUIRED OR CHANGE OF ADDRESS
—Please send your name; present address;
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on a Digest envelope to:
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PROPELLER UTILIZATION OF TURBINE POWER

HEN THE FIRST POWERED GLIDER
staggered into the air, the propellers that
pulled it aloft were, of necessity, remarkably efficient
and highly developed aerodynamic components. Its
predecessor in the wind-and-shaft power business—
the windmill-—had served man since antiquity, but
considerable modification was needed to reverse the
windmill’s function and reduce its huge sails and shaft
to feasible proportions. The high degree of refine-
ment achieved in the 1903 model propellers is indi-
cated by their close similarity to propellers still in
use more than a half-century later. And it is doubtful
it any appreciable design improvement will ever ap-
pear on the fixed-pitch propellers of future genera-

tions of low-powered, low-speed aircraft, for it would
be difficult to conceive a more utilitarian device for
such cratt, or one less costly or easier to maintain.

But a propeller with a fixed pitch is confined to a
narrow scope of operation, and an aircraft fitted with
such an inflexible drive is much like an automobile
with direct drive. If there is no means of altering
the ratio between the rotational speeds of crank-
shaft and wheels, the only alternative is to utilize an
optimum gear ratio approximating the second gear
of a 3-speed transmission. Aircraft with fixed-pitch
propellers are handicapped in the same way by the
limited range of operating conditions in which thrust
is produced with reasonable efficiency.
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To escape this inherent limitation, the obvious
solution was to mechanize the propeller so that the
angle at which the blades meet the air could be
varied. This was done in a numbper of different ways,
one of the most successful being a 2-position propel-

ler that allowed the engine to be reasonably efficient
in two operating regimes; a “fine” pitch (low blade
angle) allowing the engine to develop high rpm for
best power at takeoff, and a coarser pitch (high blade
angle) better suited to flight.

Since the propeller must convert varying incre-
ments of torque into thrust in such a variable medium
as air, it 1s obvious that the propeller should have
more than two operating positions. It must, ideally,
assume whatever position these variables dictate.

This goal was realized in the variable pitch,
constant-speed propeller by building into the propel-
ler certain faculties to receive information and act ac-
cordingly; in short, the propeller was given the traits
of a servo-mechanism. With this type of propeller,
the operator commands a certain rpm and the pro-
peller control continually senses its own rpm, and
acts automatically to correct any off-speed discrepancy
—either relieving the engine load (decreasing prop
pitch) if too slow, or burdening it (increasing prop
pitch) it too fast.

Aircraft with powerful reciprocating engines and
constant speed propellers are able to approach Mach

T
5

i
Gere

1, but in this range any and all propellers encounter
a natural (and apparently insurmountable) obstacle
due to the fact that the blade tips inevitably reach
sonic speed before the aircraft does. The supersonic
segment of the blades incur such a variety of aero-
dynamic penalties that it is practically impossible to
obtain additional thrust for further acceleration.

A final development in the exploitation of the
variable-pitch propeller was the “reversible” propel-
ler, a propeller whose blades assume negative angles

and supply reverse thrust to supplement braking in
the landing roll.

Inevitably, the propeller became more complex
with each evolutionary step. Any variable-pitch pro-
peller whose pitch range includes very low positive
and even negative blade angles could produce an
excessive drag or “windmill” at hazardous rpm if
malfunctions occur during flight. Consequently, the
designer must first devise a control that is exception-
ally sure and positive, then assume that it is neither
fail-proof nor foolproof and incorporate a variety of
safeguards to ensure that the propeller will not un-
duly handicap a flight in any event. A dependable
“feathering” capability should also be provided,
whereby the entire power plant can be secured after
an 1n-flight failure so that it does not encumber the
aircraft or suffer further damage due to “windmill-
ing” propeller rotation.




With these basic control capabilities plus refine-
ments (de-icing, synchronization, etc.) the propeller
matured into the near-ideal thrust converter for use
with the reciprocating engine.

The turbine engine was developed for aircraft use
because the jet-thrust principle offered a means of
overcoming the natural limitations of the recipro-
cating power plant. In the latter part of World War
II, turbo-jet aircraft demonstrated a marked superi-
ority in terms of altitude and top speed. Its inherent
properties are ideally suited for these criteria, but the
turbo-jet does not produce thrust efficiently at low
altitude or low speed and it is very difficult to obtain
the adroit thrust control needed for good airport
performance with turbo-jet powered aircraft.

HAMILTON STD./ALLISON PROP-JET

The prop-jet power plant was developed to com-
bine the superior qualities of the turbine engine
with the superior qualities of the propeller. This
entailed no really drastic change in the turbine en-
gine. Examining the internal structure of the Orion’s
Allison engine reveals conventional compressor and
combustion sections; the turbine is somewhat en-
larged to convert more heat energy to torsion, and a
drive-line incorporating a decoupler and a large re-
duction gear box is added. The gear box provides
mounting facilities with various drive ratios for
engine-driven accessories—the principal “accessory”
being the propeller. The ratio of the prop-shaft drive
1s sharply reduced (13.54 to 1) to allow both com-
ponents to turn at the widely diverse speeds they
require for efficient operation.

The propeller designer faced a more challenging
job in adapting the propeller to this new power
source. The range cf every factor that affects pro-
peller design was larger with the single exception
of rpm, which for the first time was fixed*, but this
was not an unmixed blessing. To permit the airplane
to attain speeds near Mach 1, the prop drive shaft
1s geared to turn at the lowest practicable rotational
speed, 1020 rpm, and since the propeller cannot work
faster (increase rpm) to do more work (produce more
thrust), a very broad blade is needed to obtain high

*Although most turbo-prop power plants have a rather wide
operating-rpm range, the Allison T-56 Series engines vary
so little that they are comsidered to be constant speed
engines with a special provision for "LOW” (72.5%) rpm
operatton. It should be noted, however, that there will be
minor fluctuations when abrupt power changes are made
during “NORMAL” rpm operations, and also that the
fuel governor schedules speeds slightly below 100%,
generating tachometer readings of 96 to 99% during some
operating phases, described later in this article, when the
propeller governor does not have full control of blade angle.

thrust at low airspeed. The turbine engine develops
shaft power in excess of 4000 hp, and power changes
may be made very rapidly. This requires a stronger,
more massive propeller, capable of fast pitch-changes
in response to tast power changes.

Due to the inherent differences between piston and
turbine engines, there is need for an exceptionally
positive and dependable prop control. Since the tur-
bine must have a quick responding, broad-bladed pro-
peller, and since the control of any “constant-speed”
propeller is basically a device that increases the blade
angle when shaft power increases and decreases blade
angle when shaft power decreases, this highly efh-
cient thrust producer has the potential to quickly pre-
sent a very effective windmill to the slip stream if
an engine fails. As this windmill attempts to “crank”
the engine back up to “on speed” rpm, the energy
extracted from the slipstream represents drag on the
airframe. The drag of a defunct reciprocating engine,
due mostly to its running friction, is little more than
a nuisance compared to the many thousand shaft
horsepower needed to keep the Allison compressor
section “on speed”’, and if the prop-to-compressor
drive line remains intact, the wide-bladed windmill
could produce such a high drag that the airplane
would be uncontrollable.

To protect against such a contingency, an auto-
matic mechanical device is incorporated (the Nega-
tive Torque System) that can override the constant
speed governor control if an appreciable windmilling
tendency develops. In case the NTS cannot control
the windmilling tendency, the Allison engine drive
shaft is ficted with the “de-coupler,” a sort of clutch
that disconnects the prop-to-compressor drive line
automatically when a high negative torque is devel-
oped by the propeller, and the prop is let to turn free
of the cranking drag. Many additional safeguards
are provided in the propeller design to protect against
diverse types of failures.

For all these reasons and more, the prop-jet pro-
peller is radically different from the piston engine
propeller. Coupled to a turbine, the propeller be-
comes a more useful device, but it also is necessarily
more complex.

POWER PLANT CONTROL Despite this additional com-
plexity, the Orion power control system is funda-
mentally simpler than most reciprocating engine con-
trols insotar as the flight crew is concerned, for
there is no occasion to “juggle” rpm, mixture, and
throttle. The tactors that determine thrust are syn-
chronously adjusted by the simplest and most instinc-
tive type of control-—one lever per engine that is
pushed forward to go faster and pulled aft to go




slower. Through this simple and instinctive acticn
on the pilot’s part signals are transmitted mechanic-
ally to both the engine and the propeller controls,
and through purely mechanical and self-generated
hydraulic means the fuel control and the propeller
control re-adjust fuel flow and propeller pitch as
necessary to provide the demanded thrust. There are
so many variable factors which affect power develop-
ment on aircraft that the fuel control and prop con-
trol are necessarily very complex servo-mechanisms,
and to provide extremely accurate control, electrical
and electronic components are added to both. These
are normally used, but they are nos essential to safe
operation.

Although the pilot routinely positions a few
switches and uses only the power levers to control
thrust, a multitude of devices are involved, and if a
malfunction occurs the flight crew must be prepared
to quickly identify the character of the trouble in
order to act appropriately. This requires more than
a casual acquaintance with the various systems, and
with the protective devices built into these systems,
for in some circumstances the situation will deterio-
rate if the wrong action is taken. Maintenance crews,
too, must know and understand the controls in order
to trouble-shoot and repair the systems efficiently.
Of course, both the Maintenance Instruction Manual
and the NATOPS Flight Operating Manual contain
procedural instructions for various circumstances, but
it 1s difficult to foresee every contingency and memo-
rize lengthy procedures without some “working”
knowledge of the design.

In this article we will describe the Hydromatic
propeller, its manual and automatic controls, and
explain the features and procedures most important
to this closely integrated part of the Orion power
plant. With such a broad scope, it will not be poss-
ible to provide the sort of accurate detailed descrip-
tions suitable for the propeller specialist, and the
reader is forewarned that, in order to show the
scheme of the operation clearly, we have greatly sim-
plified the schematic illustrations and foreshortened
many descriptions. The center-fold pages of this mag-
azine contain a Master Schematic which integrates
all the major electric, hydraulic, and mechanical com-
ponents. Supplementary schematics attend the vari-
ous discussions in the text, but readers are urged to
refer to the Master Schematic frequently to become
familiar with the integration of functions and com-
ponents.

We have deliberately avoided citing specific meas-
urements, adjustments, maintenance procedures, and
operating procedures wherever it is possible to do so
without obscuring the logic of the design and the

operational function. In some cases, it is not possible
to impart information and ignore tolerances or the
sequence of operational steps, and in such cases the
information reflects that given in the current Navy
documents at the time of writing. Of course, we can-
not forecast modifications which may be made here-
after, nor can we foresee the procedural changes that
modifications or the necessity for non-standard opera-
tion may dictate. Readers are urged nof to act on
any of the information herein without first consult-
ing the current official Navy document.

HYDROMATIC PROPELLER
OPERATING PRINCIPLES

Despite the array of control changes that have
been implemented, the fundamental design concept
of the mechanism that changes the pitch on the
Hamilton Standard 54HG60-77 propeller is not great-
ly different than that used on their reciprocating en-
gine propellers with which many readers are familiar.
Heavy, beveled gear teeth on the four blade butts
are meshed to a single ring gear inside the hub. The
ring gear has a cylindrical skirt that extends forward
into the propeller dome. Spiral cam tracks in the
walls of the skirt convert the linear travel of a large
hydraulic piston into rotary motion of the ring gear.
The relationship of the pitch control piston to blade
angle is such that afc motion of the piston drives the
blades towards higher pitch, ending with the pro-
peller feathered; forward motion drives the blades
towards lower pitch, ending with the propeller in
negative (reverse) pitch. Mechanical stops limit the
travel of the pitch-change mechanism to 86.65°
(teather) and minus 14.5° (reverse) as measured at
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Figure 1 Net Effect of Twisting Moments on Blades During Static
Ground Running and Typical Flight Operation



the blade index point. This point marks a chord-
section of the blades, 54 inches from the center of
the hub, that is approximately parallel to the plane
of rotation when the propeller is producing no thrust
at zero airspeed. Prop span is 13 ft., 6 inches.

When a propeller rotates at normal operating
speed, its blades experience a stress that tends to
twist them towards flat pitch. This twisting moment
is a natural dynamic phenomenon that affects blades
of every design, and its total effect is the sum of prop
speed, load, and friction factors. It is more directly
related to the centrifugal forces generated by the
whirling mass than to aerodynamic loads, but with
the reversible propellers the blades tend to pivot
from either positive or negative pitch towards the
zero-moment blade angle as shown by the curve in
Figure 1. This force is generally identified only with
its chief contributing factor—the Centrifugal Twist-
ing Moment; abbreviated as “"CTM.” However, the
variable airload moment is of major importance to
the control of a propeller which has a fixed operat-
ing rpm. Therefore this discussion must consider the

total Twisting Moment and use the shorter abbrevia-
tion “TM.”

In self-governing operation, the rotational speed
of the propeller is sensed by a fly-weight assembly in
the governor that converts the fly-weights’ centrifu-
gal force into linear force. This linear force acts on a
sliding “pilot” valve against the opposing force of
an extremely sensitive spring, known as a speeder
spring, that is carefully calibrated so that a given
rotational speed of the propeller results in the spring
being compressed to a predictable position. In the
Orion Hydromatic propeller, an excursion of the pilot
valve re-positions a setrvo valve, and the servo valve
controls and directs hydraulic flow to the pitch con-
trol piston in the propeller dome. On Hydromatic
governors used with reciprocating engines, the speeder
spring can be re-adjusted to varying degrees through
a manual flight station control to establish a desired
engine speed. There is no such direct control on the
Orion, for the engine speed need not be varied to
obtain better power or better efficiency for any phase
of flight. The pilot valve in the Orion governor has
a single "ON SPEED” position, where it stabilizes
when the TM, acting to force the pitch control piston
towards low pitch, is exactly countered by hydraulic
force on the front (increase pitch) side of the pitch
control piston. Of course, this pressure is made to
increase and overcome the TM when the slightest
over-speed causes the pilot valve to move against
the speeder spring. Conversely, a small underspeed
sensed by the governor relaxes the “increase pitch”
hydraulic force and allows the TM to move the blades

towards low pitch until the propeller returns to “ON
SPEED”. In a more severe underspeed, the governor
can augment the TM with “decrease pitch” hydraulic
power.

From the start of the take-off roll to touch down,
the Orion propeller functions as a self-governing
unit at all times, and in governing its own speed
it automatically governs engine speed as well. For
ground operation, the pilot valve is “trapped” by a
mechanical linkage that leads the pilot valve as nec-
essary to produce specific blade angles, and the pro-
peller is neither self governing nor speed sensitive
except for severe overspeed during ground operation.

During flight, the propeller operates always in a
fairly high pitch range (13 to about 55 degrees).
Blade angles lower than this are plainly not compat-
ible with the flight speed range of the Orion, and a
mechanical “low pitch stop”, very similar to those
used with piston engine propellers, is incorporated
in the propeller dome to ensure that the TM cannot
reduce propeller pitch to a lower level in the event
that either engine power or hydraulic control power
is lost.

DESIGN CONSIDERATIONS As noted earlier, there are
many inherent traits in the turbine engine which
require that the propeller be very closely integrated
in order to hold the engine on speed and to preserve
the aircraft’s controllability if malfunctions and fail-
ures occur. In some respects there is a resemblance to
the reciprocating engine power control, but in the
main the turbo-prop is unique.

It will greatly facilitate the later discussions, which
describe the mechanics of the propeller, to first re-
view the over-all design concept and identify the
components and sub-systems as to the purpose they
serve in both normal and emergency situations.

As noted previously, it is essential for safety’s sake
that the engine be de-coupled from the propeller
automatically in the event a series of malfunctions
result in the propeller “motoring” the engine com-
pressor to the point that drag becomes excessive. In
such a case, it could happen that the engine, the pro-
peller, or both may continue to revolve for an inde-
terminate time. To ensure that the separated compo-
nents are not subject to further damage, it is obvi-
ously necessary for each to be self governing and
self lubricated. For this reason, the engine has its
own speed governor and lubrication system, both of
which operate from direct mechanical gear drives.
Similarly, the power plant segment forward of the
de-coupler can operate indefinitely as an autonomous
unit, driven by the airstream. The reduction gear box



has a gear driven lubrication system pump that is
completely separate from the engine system except
that they share a common reservoir. The propeller
has its own hydraulic oil supply and gear driven
pumps that provide the necessary lubrication and the
hydraulic power for pitch controlling.

In addition to the normal speed-governing fly-
weight assembly, the propeller incorporates a speed
sensitive safety mechanism, known as the pitch lock
assembly, attached directly to the propeller pitch-
change mechanism. This device also has the faculty
to sense the operability of the propeller’s hydraulic
power system. If the propeller’s hydraulic power sys-
tem fails to maintain pitch control pressure, or if
the propeller overspeeds for whatever reason at nor-
mal flight speeds and power settings, the pitch lock
assembly blocks the pitch change mechanism against
travel towards low pitch at a blade angle well within
the range compatible with P-3 flight speed; before it
reaches the low-pitch stop at 13°.

A mechanical coordinating linkage, operated by
the power lever cable system, interconnects the pri-
mary engine control, the tuel control assembly, and
the primary prop control component, a cam shaft in
the control assembly known as the “alpha shaft”
(see Figure 2). This positive inter-locking control is
linked to the pointer of a coordinator quadrant on
the engine fuel control assembly which is graduated
from 0° to 90° and serves as the primary index to
which the power control system is related as follows:

1. At 0°, the power lever is at its aft extreme. The
normal speed sensing faculty of the propeller
governor is blocked by a cam on the alpha shaft
which artificially induces a “decrease pitch” sig-
nal until the prop reaches its full reverse position
and the fuel control will automatically supply as
much power as is needed to maintain the selected
engine speed. As the power lever is advanced
through the first 33° of coordinator travel, con-
trol cams cause the propeller pitch to traverse
from its maximum negative angle (minus 14°)
through 0° (marked “START” on the power
lever quadrant) to about plus 10°, and the fuel
control continuously furnishes whatever incre-
ment of fuel flow is needed to maintain engine

speed.

2. At 34" coordinator, the power lever drops down
a ramp 1nto the flight operating range. In this
range, the request for power is sensed initially by
the fuel control, and the propeller pitch changes
automatically to utilize the power and maintain
engine speed. The pitch angle is not predictable,
for it varies with power and airspeed, but after
sufficient power has been applied to advance blade

angle past the point at which the low pitch stop
levers latch, blade angle will be no less than the
low pitch stop position (13°), and at top speed
and power the blade angle will be approximately

55°. With the power lever full forward at TAKE-
OFF position, the coordinator will be at 90°.

3. The power lever/fuel control/coordinator linkage
cannot be moved past TAKEOFF position, but
the propeller control, that is, the linkage from
the coordinator to the “alpha” shaft, can be turned
past this position by the Emergency Engine Shut-
down control. When the shutdown handle is
pulled, 2 cam on the alpha shaft mechanically
positions the feather valve in the propeller con-
trol, and a separate mechanical linkage, indepen-
dent of the normal fuel control, mechanically
closes the fuel shut-off valve.

Thus, there are two ranges of propeller pitch con-
trol divided by the low pitch stop;* ground operat-
ing range and flight operating range. The propeller
pitch is not controlled directly by the power lever
in flight range, this being a function of airspeed and
power, but there is a lower limit established by the
low pitch stop. Actually, if the propeller pitch is
reduced this far in flight, it is due to the fact that
the engine is not producing enough power to drive
the compressor, and the propeller is windmilling
to supply the balance, thus producing a small drag.
This drag is most useful to offset the tendency of
the aircraft to accelerate during descent, especially
during the final approach, but it is extremely impor-
tant that the power control not be reduced into the
ground operating range during flight. In ground
range, the propeller is made to assume such low
blade angles that at flying speeds it will produce
a windmilling drag, possibly over-speed, probably
decouple, and certainly prejudice the controllability
of the aircraft.

Once the airplane touches down, however, wind-
milling drag is very useful, for it acts simultaneously
as a brake and as a spoiler of wing lift, allowing
the aircraft weight to settle on the wheels so that
wheel braking is effective early in the landing roll.

The power control system is blocked mechanic-
ally in two places to ensure that the power lever is
not retarded into ground range during flight. The
lever linkage in the flight station has a ramp stop
that requires the pilot to lift the lever to retard it

*Note that there is a 3-degree increment between the highest
positive blade angle directly scheduled for ground operation
(+10°) and the lowest angle permitted for flight opera-
tion (+ 13°). This range is proper for neither operation,
and operation here is transitory.
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into ground range, and the propeller linkage at the
alpha shaft has a solenoid operated “flight idle stop”
that operates from the MLG shock strut scissors
switch. The flight idle stop is actually a spring-loaded
detent, designed so the pilot can over-ride the stop
by applying about a 12-1b. pull at the power lever
in the event that the electrical signal from the scis-
sors switch does not materialize when the aircraft
touches down.

When the propeller pitch enters the ground oper-
ating range at -+ 10", a switch in the propeller assem-
bly actuates, illuminating an advisory light identified
“BETA” in the flight station. In aerodynamic calcu-
lations, the Greek letter Beta is used as a symbol of
propeller blade angle, and this nomenclature is car-

FORCES EQUAL AND OPPOSITE WHEN
PROPELLER IS "ON SPEEDY

Figure 2 Propeller Mechanical Control Schematic

ried over into the advisory light identification. The
term 1s also applied to the nomenclature of many

components and is used in functional descriptions

to indicate that the subject component, system, or
function is directly concerned with propeller pitch.
Thus, the Beta operating range is the ground operat-
ing range of the power controls in which the posi-
tioning of the control sets the blade angle. Similarly,
a cam shaft in the propeller control is geared to the
No. 1 blade butt, and since its position is a direct
indication of propeller pitch, it is known as the Beta
shatt. It should be noted, however, that this shaft
operates throughout the full range of pitch control,
and it is »o? exclusively associated with the Beta
(ground operating) pitch control range.
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The reduction gear box incorporates two devices
that react to deviations from the normal develop-
ment and transmission of power from engine to
propeller.

One device actuates the Thrust Sensitive Switch
when propeller thrust drops to less than 500 1b,,
thereby triggering an automatic engine shutdown
and feathering cycle, if this system is armed and if
the power lever is at or near take-off position.

The other device 1s the NTS mechanism men-
tioned earlier that responds to negative torque, that
is, when the propeller begins to turn the prop shaft.
When negative torque reaches a pre-set value, a ring
gear inside the gear box is forced forward against a
spring load, driving a mechanical linkage against
the striker of the NTS push rod in the propeller
control. If the power lever is in flight range, the NTS
rod engages an internal linkage in the prop control
assembly that levers the feather valve towards fteather
position. All available hydraulic power is diverted
by the feather valve into the “increase pitch” lines
until the excessive negative torque is relieved, at
which point the NTS plunger retracts and the pro-
peller becomes self-governing again. If engine power
is still too low for the prevailing air speed, prop pitch
will decrease, windmilling will resume, and the N'TS
will repeat its cycle.

At all times during flight, the NTS serves as an
automatic protective device that prevents the propel-
ler from 1mposing a serious drag due to a diminution
of engine power, regardless of the cause of the power
reduction. Note that if the engine actually dies, the
NTS has the capability to continually increase pro-
peller pitch to the point that the prop’s rotational
speed and the resultant windmilling drag are both
held to safe, low values—incurring just enough wind-
milling drag to produce NTS actuation. In this re-
spect, the N'TS has the nature of a completely auto-
matic, purely hydro-mechanical auto-teather system.
Since it serves also to limit drag due to a deliberate
reduction of power through the flight station con-
trol, the NTS is one of the most important features
in the adaptation of the engine and propeller to the
needs of the airframe.

PROPELLER ASSEMBLY

Ignoring the spinner and the stationary afterbody
tairing, the propeller comprises three main sub-
assemblies: the barrel assembly, the dome assembly,
and the control assembly.

The barrel assembly is the hub of the propeller
which 1s mounted on the propeller drive shaft at the
front of the reduction gear box. It serves as a struc-
tural foundation for the propeller blades (which
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are the only moving parts of this assembly) and
for the dome and the control assemblies. The hub
is mounted on centering cones, and retained by a
splined-wrenching nut. The pitch lock assembly is
mounted in the center of the hub. The nut and pitch
lock assemblies provide the oil passages needed to
transmit hydraulic power from the control assembly
to the dome.

The dome assembly incorporates the pitch control
piston and the cam-and-gear train which converts
linear travel ot the piston into rotary motion to
drive the bevel gears on the four blade butts.

Although the control assembly is mounted on the
aft side of the propeller hub, it does not turn with
the hub, being held stationary by a torque retainer
fixed on the front housing of the reduction gear box.
The control assembly is roughly cylindrical, and is
divided into top and bottom housings. The lower
housing, known as the pump housing, contains two
oil sumps (one “dry” sump known as the atmos-
pheric sump, one “wet” sump known as the pressur-
ized sump) and it contains five separate gear-type
pumps. Three are driven by rotation of the prop hub;
two (which are actually combined in a single stacked
unit) are motor powered. The pump housing also
contains relief valves, filters, flow sensing devices
and all the other components necessary to a hydrau-
lic power pumping system.

The upper part of the control housing is detach-
able—without removing the propeller. It is known
as the “valve housing,” and it contains the governor
and all the valves needed to regulate the hydraulic
power system and to direct the pitch-control flows.
The alpha shaft, which is actuated by the power lever
and emergency shut-down controls, is located in this
assembly adjacent to the Beta shaft, which feeds-
back an indication of blade angle to the control.

The hub assembly and the dome assembly are
similar in their operation to the reciprocating engine
design which has been in use for years. The control
assembly and the pitch-lock mechanism are unique,
however, and we will discuss them here in some
detail.

MAJOR CONTROL
ASSEMBLY COMPONENTS

The pump housing assembly, comprising the lower part
of the control assembly, has one gear-driven pump
that scavenges the “dry” atmospheric sump and
maintains a constant pressure of about 20 psig in the
pressurized sump to ensure against cavitation within
the hydraulic power system.

The atmospheric sump simply acts as a scupper
to collect oil which leaks or is bled from the pres-

surized components. In Figure 3 we have portrayed
the scheme of the hydraulic pumping system. Its
total capacity is 25 quarts of MIL-H-6083, Type 1.
Alternatively, equal parts of MIL-H-6083, Type 2
and MIL-H-5606 may be used.

All the pumps in the control section are positive
displacement, and output flow does not vary except
that the pumps that are gear-driven from the propel-
ler shaft will only produce 72% of rated flow dur-
ing "LOW" (72%) rpm engine operation. Aside
from a small metered bleed flow and normal leak-
age, the hydraulic power system constitutes a “closed”
system 1n connection with the pressurized sump. The
capacity of the scavenge pump is more than adequate
to return these normal losses. The excess scavenge
flow is bypassed back to the atmospheric sump
through a pressurized sump relief valve, set at ap-
proximately 20 psi.

There are two mechanically driven power pumps,
a main and a standby pump, that operate in parallel,
A constant output flow is proof of pump operability,
and the output is monitored continually by individ-
ual flow-sensitive switches that close and illuminate
the associated “PROP PUMP” light on the center
instrument panel in the flight station if pump flow
deteriorates below a pre-set quantity. The warning
lights, identified No. 1 for the main pump, No. 2
tor the standby, do not pinpoint the reason for flow
loss, but it must be assumed that a serious malfunc-
tion is indicated if one or both lights illuminate for
any appreciable length of time during “NORMAL"
rpm operation.

The term “main pump” denotes the duty of this
pump, not its capacity. Actually, the main pump
produces only half as much flow (5 gpm) as the
standby pump (10 gpm). In normal operation, the
main pump flow is more than sufficient for propeller
control unless a sharp power transient requires a
substantial pitch change. In such a case, as much of
the standby pump flow as is needed is channeled to
the pitch change piston, and when the propeller
comes back “ON SPEED”, the standby pump flow
1s phased out and the main pump maintains the pres-
sure needed to hold the propeller in its new attitude.

As shown in Figure 3, the other two pumps in the
lower part of the control section are motor-driven.
One pump element, known as the auxiliary scavenge
pump, is plumbed in parallel with the gear driven
scavenge pump. The other pump is known as the
teather pump, and it is plumbed in parallel with the
main and standby pumps. The motor that drives
these pumps is generally referred to as the feather
pump motor, although some documents term it “aux-
iliary” motor, and properly so, for it is routinely used

11
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as an auxiliary source of hydraulic power to cycle
the propeller when the engine is not operating, thus
allowing a great deal of check-out work to be car-
ried out without running the engine. It is used in-
flight for both unfeathering and feathering, serving
to complete the feather operation after the propeller
has nearly stopped. (A motor-driven pump is needed
to stop windmilling completely, for obviously the
output of the mechanically driven pumps is reduced
in proportion to rpm.) The feather motor power con-
trol circuit is routed through a pressure sensing
switch that de-energizes the motor automatically
when a sharp pressure rise in the “increase pitch”
hydraulic power line indicates that the pitch control
piston has bottomed at its full-feather position.

There is no fixed operating pressure in the hydrau-
lic power system of the propeller. The system has a
demand type regulator—the main and standby regu-
lator valve—that maintains pressure in the pump
manifold 150 psi higher than the pressure required
for pitch control. There is a high pressure relief

~valve, but it is set to relieve at a pressure well above

the normal operating range, and serves only to pro-
tect against the development of destructive pressures
due to a malfunction.

The valve housing, comprising the top part of the con-
trol unit, contains the propeller’s “brains”, that is,
those components which sense the pilot’s command
and the propeller’s condition and convert any dis-
parity between the two into hydraulic actuation to
restore the balance.

The command is delivered mechanically via the
power lever control which positions the alpha shaft.

The condition is sensed, 1), as rotational speed
by the governor fly-weight assembly, which has a
fixed-ratio gear drive from the prop shaft, and 2), as
pitch angle by the Beta shaft, which is turned by a
complex differential gear train driven by a gear seg-
ment on the butt of No. 1 blade.

The actuation hydraulic power is directed either
to the “increase” or the “decrease” pitch line by the
governor servo valve assembly, but the effectiveness
of the controlling power (rate and pressure) is deter-
mined by main-and-standby regulator.

FLIGHT OPERATION — SELF GOVERNING To describe
the inter-action of the wvarious components in the
course of normal flight operation, we will follow the
train of events that occur from the initial cause to
final effect. Figure 4 is arranged to illustrate the
function of the various basic components clearly, and
it should be noted that we have made no effort to
portray the actual components.

Also, for purposes of illustration, we will assign
certain arbitrary values to the hydraulic forces which
prevail at certain points in the system when the pro-
peller is stabilized “ON SPEED”, that is, when the
hydraulic pressure acting on the “increase pitch” face
of the pitch control piston is exactly countered by
the TM tending to decrease the pitch. For simplicity,
we will refer to this as “demand” pressure.

If this “"demand” is known to be 300 psi, the pres-
sures at the other key points are predictable.

Power system pressure will be 150 psi higher than
demand, due to the metering piston in the main and
standby regulator valve. Note that demand pressure
plus a spring force equal to 150 psi acts on one face
of the metering piston; pressure in the pumping sys-
tem acts on the other face, and a stable condition is
achieved only when these forces cancel, that is, pump
pressure 1s 150 psi above demand.

The pump pressure, 450 psi, in turn, is utilized as
a reference by the servo spool in the governor valve
assembly; one face of the spool is always under pump
pressure, the other—and larger—face is under “bal-
ance  pressure. For simplicity, we will assume the
larger end of the servo to be precisely twice the area
of the smaller, and therefore the balance pressure
must be 225 psi (450x.5) in the stable “ON SPEED”
conditions of our example. The pilot valve’s sole
function is to control this balance pressure. Speed
variations alter the balance, and as the pilot valve
seeks always to re-establish the balance, pitch control
pressure is altered as necessary to eliminate the speed
error.

Assuming, now, that the pilot has just pulled the
power lever back to the flight idle ramp, so that
engine power is too low to sustain the propeller at
normal speed at the high pitch angle shown:

1. The fly-weight assembly loses rpm as the engine
drops slightly underspeed, and the diminished
centrifugal force allows the speeder spring force
to move the pilot valve to the right.

2. This shift causes balance pressure to drop below
225 psi, and the opposing 450-psi pump pressure
shifts the servo towards the right also.

3. This shift causes a severe pressure drop in the
“increase pitch” line which has two effects:

A. The main-and-standby regulating valve
senses that the demand (previously 300 psi)
is less, and pump pressure (450 psi) shifts
the regulating piston against the diminish-
ing force of its demand reference, thereby
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by-passing more pump output to return so
that pump pressure falls below its previous
value of 450 psi.

TM drives the pitch control piston towards
the relaxed torce ot “increase pitch” pres-
sure, the decreasing pitch begins to relieve
the over burdened engine and its speed be-
gins to increase. Note that, if the under-
speed is sudden and severe, the servo may
eliminate “increase pitch” pressure alto-
gether and divert pressure to the “decrease
pitch” lines to augment the TM effect and
facilitate the pitch change. However, this
supplemental pressure is limited sharply
when the blade angle drops below about
27 degrees, tor at this point a cam-operated
valve, known as the “back-up” valve, closes,
and reference pressure from the “decrease
pitch” lines to the main and standby regu-
lator is blocked. In effect, the regulator
senses that demand has dropped to zero, and
at zero demand the spring force alone will
create only 150 psi pump pressure. There-
tore with the power lever at Flight Idle, even
though the servo shifts to its extreme “de-
crease pitch” position, it cannot port more
than 150 pst to the “decrease pitch” lines

MASTER SCHEMATIC AND IN GROUND
(UNLOCKED) CONFIGURATION OM FIGLRE 8.

while blade angles are in the low flight opet-
ating range for the simple reason that the
regulator is insensitive to the demand, and
the pumping system cannot produce more
than 150 psi unless a hydraulic pressure “de-
mand” signal augments the regulator spring
force.

4. When the engine returns to normal speed, the
pilot valve returns to its "ON SPEED” position,
but when it stabilizes there, the servo valve re-
mains shifted slightly to the right of its previous
position, creating a new set of pressure values
throughout, keyed to the lower “increase pitch”
demanded to counter the lower TM at reduced
power.

If we assume the lower TM is exactly countered
by 50 psi in the “increase pitch” line, the other key
pressures are altered thus:

1) Power system pressure will be reduced the same
value as demand. Demand is now 50 psi, there-

fore power system pressure is now 200 psi (150
plus 50).

2) The power system pressure, acting on one end
of the servo spool, is countered by a balance pres-

sure of exactly 1% acting on the larger face of
the spool (200x.5=100).

13



In summation, it can be said that when the propel-
ler control is in its “speed governing” (flight operat-
ing) range, it governs power plant speed by provid-
ing the exact “increase pitch” hydraulic pressure
needed to counter the propeller’s TM. In the fore-
going example, the TM/"“increase pitch” balance
was destroyed by a reduction in engine power, but it
should be noted that if aircraft speed is reduced by
adding drag with the flaps or by inducing a climb,
the underspeed will occur and the “increase pitch”
pressure will be reduced by the governing system in
exactly the same way.

If the reverse situation occurs, that is, if the engine
overspeeds slightly due to increased power or in-
creased airspeed, the entire process is reversed, and
when the power plant comes back “ON SPEED”,
pump pressure, balance pressure, and “increase pitch”
pressute will all be elevated in proportion to the
increase in the twisting moment of the propeller

blades.

The foregoing step-by-step explanation is apt to
be misleading, for it gives the impression that there
is a substantial lag in propeller response. Actually,
the corrective action begins immediately; in fact, the
control has a faculty (which we will describe later)
to sense that an off-speed condition is imminent and
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COORDIMNATO
NRKAGE

REVERSE ADJUSTMENT

BETA FEEDBACK ADJUSTING SCREW

to 1nitiate the proper corrective action before the
off-speed occurs. The high order of sensitivity in
prop control allows design simplification elsewhere,
for example, the ac generators can be driven directly
from the engine without fear of damaging electrical
components with alternating current too high or
too low in frequency.

GROUND OPERATION—MANUAL BETA CONTROL The
propeller’s hydraulic power control system functions
exactly the same during ground operation as it does
during flight operation, except that the governor
pilot valve is under direct manual-mechanical con-
trol and cannot respond to rpm variations, except for
extraordinarily high over-speed.

The highly simplified schematic in Figure 5 shows
the general “plan” of mechanical pilot valve control.
Note that during all operation with the power lever
in ground range, the speeder spring on the governor
pilot valve is “trapped” between a pawl operated
by the Beta Speed Set cam (which “resets” the spring,
making the governor steadily less sensitive to over-
speed as the Alpha shaft turns towards reverse) and
a pawl whose position is a function of both demand
(indicated by the Beta Set cam on the Alpha shaft)
and response (indicated by the Follow-Up cam on
the Beta shaft).
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When the power lever is advanced as shown in
Figure 5 to near Flight Idle, the Beta Set cam action
drives a pawl against the pilot valve "“bridle” and
compresses the speeder spring, thus inducing a spuri-
ous “overspeed’ motion of the pilot valve, that is,
the pilot valve 1s displaced from "ON-SPEED” to-
wards "INCREASE PITCH” position. Just as in
flight operation, this upsets the hydraulic pressure
balance across the servo spool, hydraulic force moves
the spool to follow the pilot valve, and pressure
builds up in the “increase pitch” lines. |

As the prop moves towards a higher pitch, the
Beta Follow-Up cam action withdraws the pawl that
induced the “overspeed” motion, and the highly
compressed speeder spring returns the pilot valve
towards its “ON SPEED” position. The increasing
propeller pitch tends to slow the engine, but the
tuel control governor meters more fuel to recover
the lost speed, and eventually a stable condition will
be reached in which the higher blade angle selected
by the operator has induced higher TM, and this is
exactly countered by a pressure increase in the pump-
ing system,

For quieter, more economical operation on the
ground, the operator can select “LOW” (72.5%)
engine speed during ground operation. This is done
electrically, by re-adjusting the fuel governor speeder
spring, and since the propeller has no speed sensing
faculties while the power lever is in ground range,

Figure 5
Hydro-Mechanical
Blade Angle Control
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“LOW” rpm engine operation has no effect on the
propeller except to reduce rpm and thrust.

When the power lever is moved out of ground
operating range, Alpha shaft cam action releases the
prop governor’s speeder spring from entrapment,
and the free-floating pilot valve can respond to “"OFF
SPEED” rpm. Whereas the fuel control governor
holds rpm within about 4%, that is, between 96
and 105% at "NORMAL” speed, the propeller gov-
ernor i1s much more sensitive, It will seldom permit
rpm to deviate more than about 29 (98 to 102%)*
while the power lever is in flight range, and therefore
it serves as the “prime” control for the entire power
plant, and the tuel control governor serves as a
“standby”, during flight range operation.

*¥The Speed Trim adjustment of the prop governor allows
governing control speed to be pre-set to within 0.20% of
“NORMAL” rpm, and the hydro-mechanical governor will
bold rpm almost exactly at the pre-set speed except for
brief excursions when abrupt power and airspeed transients
occur. A strobe light or comparably accurate laboratory
equipment will wusually be required to determine the
remaining small off-speed increment, or to detect the brief
excursions which normally occur. Speaking practically,
however, since tachometers are allowed an accuracy toler-
ance of plus or minus 1%, and since their readings reflect
small surges when abrupt power changes are made, a
spread of about plus or minus 2% wmight be observed at
some stage of any flight. We have adopted this APPAR-
ENT range in this article simply to further the discussion
without precipitating a flood of unwarvanted prop and/or
tach rejections.

in Ground Operation
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Figure 6 Flight Operating Configuration at Threshold of Beta Follow-up Actuation

BETA FOLLOW-UP

The cam-and-lever arrangement in the control
assembly that “captures” the governor pilot valve
during ground operation and “leads” it as necessary
to obtain a specific pitch angle for any given power
lever position also serves a dual purpose during
flight. In these flight range roles, it is referred to as
the “Beta follow-up system”.

As can be seen in Figure 6, when the power lever
is advanced through the flight-idle ramp, the speeder
spring tension is set to command 1009 rpm. When
sufficient power has been applied to turn 1009% at
10" plus blade angle, fly-weight force will move the
pilot valve away from the leverage control pawl to
its "ON SPEED” position, and the free floating valve
gains full control of power plant rpm. Thereafter,
the leverage action will react to changes in power
demand and pitch response in the higher power and
blade angle ranges, but under normal circumstances
it does not take an active part in the control. How-
ever, at any time during high power operation in

flight range, if the propeller pitch angle (as sensed
through the Beta shaft) becomes excessively low in
comparison to power demand (as sensed by the Alpha
shaft), the pawl action will intercede, and force the

governor pilot valve towards "INCREASE PITCH”
position.

To ensure that Beta follow-up action does not
interfere with ground checks of flight range opera-
tion, the effectivity of the Beta follow-up system, that
is, the angular variation it will allow before it nudges
the pilot valve, is calculated to make allowance for
the effects that air speed, density, and/or reasonable
engine inefficiencies have in determining pitch. For
example, a specific power lever setting applied to an
engine of minimum efficiency while parked in a tail
wind at sea level will require a much lower blade
angle than results when the same power lever set-
ting is applied to a highly efficient engine in high-
altitude, high-speed flight, and the Beta follow-up
is designed to tolerate the lowest blade angle that
might reasonably result in the former instance,




If the pitch is obviously too low, the Beta follow-
up will take effect in response to:

1) A rapid power lever advance. In this case, the
system 1s said to “anticipate’ the imminent power
surge, and by mechanically dumping the full
capacity of the hydraulic pumping system into
the “increase pitch” lines before the governor
actually has any oft-speed tendency to rectify, the
propeller is enabled to contain the power burst
without overspeeding.

2) A sharp drop in pitch, not accompanied by a
reduction in power setting. In this circumstance,
the Beta follow-up system serves as a sort of
adjustable low pitch stop. At take-off power set-
ting this system becomes effective at about the
21° blade angle—8° before the mechanical low
pitch stop.

In its function as a stop, the Beta follow-up sys-
tem control of blade angle is not purely mechanical,
as the low pitch stop is, for it is dependent on a func-
tional hydraulic power and control system. Its spe-
cial purpose is to stop the controlled deterioration
ot pitch caused by a relatively gradual loss of engine
power from a fairly high power setting. The follow-
up stop can be advanced well into the pitch range
normal to low power, low speed flight, and for
ground-check of the propeller it provides a measure
of manual pitch control whereby the blades can be
cycled in the lower flight range angles (up to 21°)
just as they are throughout the ground range, with-
out running the engine.

In the event of a fast power loss in flight, it is
more likely that the propeller will begin to windmill,
and the negative torque mechanism will limit the
decline by sporadically activating the feather system.,

TRANSITION FROM
FLIGHT TO GROUND OPERATION

In the ground range of operation, the prop’s brak-
ing capability is as important as its capability to
produce positive thrust, and after touchdown the
windmilling drag potential of the propellers becomes
a most valuable asset. This form of braking is par-
ticularly well suited for the landing roll-out because
its effectiveness is directly proportional to speed, and
the pilot who lands a little hot, either through neces-
sity or inadvertently has the benefit of more effective
propeller braking,

After touch-down it is necessary to disarm the N'TS
-— which functions to limit windmilling drag during
flight — to ensure that the propeller is not prevented
from following the power-lever commands for pitch
changes during roll-out. Obviously, if windmilling
were to cause the NTS to operate the feather valve,
it would override the power lever demand for “de-

crease pitch” toward reverse range and propeller
braking would be badly impaired.

The NTS is disarmed by a cam on the alpha shaft,
which mechanically extracts a vital link from the
actuating linkage of the NTS when the power lever
is brought past the flight idle stop into ground oper-
ating range. Simultaneously, rotation of the two me-
chanical control cams on the Alpha shaft — Speed
Set and Beta Set — increases the Speeder Spring ten-
sion and retracts the pawl so the pilot valve is forced
to an extreme under-speed” position. This results
in the full power of the pumping system being ported
into the “decrease pitch” lines, driving the propeller
back below its normal flight range towards the low
pitch stop. As mentioned previously, at low flight-
range blade angles, the main and standby regulating
valve is prevented from developing more than 150
psi “decrease pitch” pressure while the power lever
is in flight range. This is but a fraction of the pressure
required to unlatch the low pitch stop. Therefore,
when the power lever is brought back into ground
operating range, a cam on the Alpha (demand sens-
ing) shaft will re-open the Back-up valve as the Fig-
ure 4 Inset shows, permitting the regulating valve to
sense the demand for elevated pressure in the “de-
crease-pitch” lines. Thus, when the pitch control
piston encounters the obstruction of the low pitch
stop, the hydraulic power system pressure rises
sharply, the extraordinarily high “decrease pitch”
pressure automatically unlatches the low pitch stop,
and the propeller is permitted to enter the low-angle
ground operating range. (The low pitch stop actua-
tion is schematized in Figure 8.)

The propeller will move rapidly to the angle
requested by the power lever position, and when the
response, as indicated by the cam on the Beta shaft,
satisfies demand, as indicated by the cam on the
Alpha shaft, the pawl will have advanced sufficiently
to retrieve the governor pilot from the induced under-

speed (decrease pitch) excursion and the pilot valve
will be exactly at its “ON SPEED” position.

The Pilot should have a sure indication of the prop
blades’ successful transition from one operating range
to the other, and this is furnished by a Beta shaft
cam-operated switch that illuminates an advisory
light on the center instrument panel (marked
“BETA”) when the propeller is in the ground oper-
ating range, below 10° blade angle.

The switch that illuminates the Beta light when
the propeller transits from flight to ground operating
range 1s also instrumental in the automatic pitch-
lock safety mechanism, but before discussing pitch-
lock in connection with this transient phase of
operation, we will describe its principal operating
tunction.
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THE PITCH-LOCK

GENERAL ‘The pitch-lock provides the surest type of
automatic, mechanical protection against the hazard
of an uncontrollable, runaway propeller. Its funda-
mental components are two gears; one is splined to
the ring gear that drives (or is driven by) the blades
during pitch change, the other is splined to the barrel
so that it turns with the prop shaft but is not affected
by the pitch change. The gear turned by the pitch
change mechanism is spring loaded to mesh with its
mate, and since the mating teeth are raked, the gears
provide a ratchet type of coupling when they mesh
which does not prevent the pitch-change mechanism
from turning towards high pitch, but positively blocks
rotation towards low pitch.

Cams are machined on the mating faces of the
gears, and at both the high and low extremes of the
pitch-change range these cams overlap, presenting a
positive inteference which prevents the ratchet halves
from engaging. In these pitch ranges the pitch lock
is said to be “cammed-out.” Pitch control hydraulic
power enroute to the dome is fed into an annular
pitch lock control actuator that provides the force
necessary to prevent pitch-lock engagement in the
median range, the range normal to flight operation.

Obviously, if 4/l pitch control power is lost during
flight, the pitch lock control actuator will be depres-

surized, the lock will engage and prevent the TM
from turning the blades to a dangerously low angle.

A valve operated by a fly-weight assembly is incot-
porated in the pitch lock. If the propeller overspeeds
beyond its normal governing range, the fly-weight
valve opens, the pitch lock actuator is depressurized
and the pitch change mechanism is blocked just as
effectively as when all pitch control power is lost.

It is important to understand the simple schematic
of the pitch lock shown in Figure 7 to understand
its capabilities and reactions.

A small valve, known as the pressurizing and
regulating valve, creates a small constant pressure in
the fly-weight cavity, drawing on eitther the “increase”
or “decrease” power line for the purpose. The pitch
lock actuator piston also receives the full pressure
of either control power line through a 2-position
servo valve. It can be seen that when the fly-
weights overspeed, the fly-weight cavity pressure is
dumped against the servo and as the servo shifts it
blocks the pressure supply line to the pitch lock
actuator piston and ports it to return.

Thereafter, the spring load on the pitch-lock gear
will keep the ratchet engaged until, 1) “increase
pitch” pressure is provided by the governor, and,
2) the prop rpm comes back to normal so fly-weight
cavity pressure is removed from the servo.



At first glance, it would seem that if the propeller
dropped slightly underspeed causing the governor to
supply “decrease pitch” pressure, this pressure would
unlatch the pitch-lock and the propeller would again
be self-governing. Actually this cannot occur, for
the pitch-lock teeth are slightly undercut, and the
torque given the rotatable gear (by both TM and
“decrease pitch” pressure acting on the pitch change
piston) tends to secure the lock so strongly that it
cannot be forced by the “decrease pitch” pressure on
the pitch lock actuating piston.

The reason that the pitch lock is “cammed-out” in
the high pitch-angle range is now obvious. It would
be impossible to unfeather the propeller in flight if
the pitch lock was engaged, because “decrease pitch”
pressure cannot disengage the interlocked gear teeth.

The logic of the pitch-lock design is based on the
premise that the propeller should be blocked promptly
from going to low pitch at the first sign of control
loss during flight, and it should remain blocked until
the power and control systems demonstrate a posi-
tive ability to resume control.

To ensure that pitch lock will occur promptly after
normal governing malfunctions, the pitch lock fly-
weight is set to initiate the pitch lock about 39
above normal prop governing rpm. However, the
pitch lock teeth will permit pitch angle to deteriorate
a few degrees as they mesh, and if an in-flight pitch
lock occurs it is to be expected that rpm will rise
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further, to the point at which the fuel governor be-
comes effective and reduces engine power to con-
trol rpm.

The pitch lock is cammed-out in ground oper-
ation. These cams become effective at the lower flight
range angles, actually, disarming the pitch-lock
mechanism so it cannot engage after blade angle is
reduced to within a few degrees of the low pitch
stop. Normally, the propeller reaches this minimum
position during final approach, when power and air-
speed are both very low. H::}wever if a takeoff is
aborted or if a “power-on” or high speed approach
is made, the propeller may be well up into its normal
flight operating range at the time the pilot quickly
pulls the power lever back into ground operating
range. This puts the fuel governor in control of rpm,
and since the fuel governor allows speed to vary
much more than the propeller governor does, the
propeller may overspeed enough to trigger the pitch
lock. If the pitch lock should engage, locking the
blades in flight range while the power control is in
ground range, the fuel control will blindly supply
high power to maintain engine speed, and the pro-
peller will produce a high positive thrust at the very
time maximum propeller braking is most sorely
needed.

To prevent this nasty situation from developing,
the pitch-lock governor is “reset” during the transi-
tion period, so that it is more tolerant of overspeed.

Figure 7
Pitchlock Engaged
due to Overspeed

During Flight Without Loss
of Hydraulic Power
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POWER LEVERS

PITCH-LOCK RESET As shown in Figure 8 a pitch-
lock reset solenoid valve receives pressure directly
from the hydraulic power manifold. The solenoid
is controlled through 3 switches in series. Two of
these are operated by the power lever system, and
they close in unison when the lever is retarded below
Flight Idle.* The third switch is a double-throw
switch that is actuated by a Beta shaft cam just as the
blade angle enters the ground operating range; open-
ing the pitch-lock reset circuit and coincidentally
closing the "BETA” advisory light circuit mentioned
previously.

Thus, the solenoid is energized when the power
lever is in ground operating (fuel governing) range
unless or until the blade angle is also within the
ground operating range, that is, 10° or less. The
opening of the solenoid valve ports a high hydraulic
pressure to a small 2-position servo valve, known

*¥This 2-switch arrangement provides a safety factor. If
only omne switch was provided, a single mal-adjustment or
switch malfunction could result in the pitch lock operating
“reset” constantly. If the pitch lock is not triggered in
high speed flight before rpm reaches 109%, the blade
angle, which 15 already far below normal, will be so far
reduced before the ratchets engage as to permit a truly
serious overspeed.
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as the pitch lock reset actuator. When the servo
shifts, it ports fly-weight chamber pressure to a small
“bias” piston, and the force of a small supplementary
spring is added to the normal speeder spring. The
added spring force "resets” the governor, and the
pitch-lock will tolerate an overspeed of about 9%
until the fly-weight chamber pressure is removed
from the bias piston. Of course, this is done auto-
matically by operation of the “"BETA” switch as
the propeller is forced rapidly down into ground
operating range, and the total duration of the “reset”
operating cycle is very short. During this interval,
it the pitch lock rachets have not reached their cam-
out range the pitch lock will operate as usual in
response to a total loss of pitch-control hydraulic
power, but it will not be triggered by the less strin-
gent speed governing of the fuel control during the
critical transition period unless rpm exceeds 109%.
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Figure 9

Feathering Operation Initiated by

Pulling Emergency Engine Shutdown Handle.
Colored phantom circuitry

indicates electrical response.
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NTS AND MANUAL FEATHERING

Both of these functions mechanically operate the
teather valve. The subsequent operation is identical,
but due to the different means by which they are
actuated the NTS is generally cyclic whereas feather-
ing is, of course, sustained until the blades are
“stream-lined”.

As mentioned previously, the reduction gear box
is designed to react to a reversal of power flow, and
position a simple mechanical linkage that bridges the
gap between engine gear box and propeller control.
This reactive signal is derived, as shown in the Master
Schematic, by providing a flexible coupling between
the gear case and the large ring gear that serves as a
race for three planetary gears which drive the prop
shaft. The ring gear is mated to the gear case with
helical splines, that is, the splines are broached at
an angle, so that the ring gear is permitted a short
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“spiraling” travel fore and aft. Springs load the ring
gear aft, and normal “positive” power flow from drive
shaft-to-prop shaft supplies a torque to the ring gear
that also forces it to its aft extreme. When the power
flow is reversed (prop shaft-to-drive shaft), the torque
applied to the ring gear by the planetary gears is
also reversed and, at about 325 hp negative,* the

*Although the negative torque required of the propeller to
operate the NTS 15 held to a narvow tolerance, and does
not vary according to engine position, the range (as shown
on the HP Indicators in the flight station) can vary from
minus 150 to minus 500, and generally outboard engines
will NTS nearer to 500 than the inboard engines. It should
be noted that the hp indicator only reflects torque trans-
mitted through the engine drive shaft and is accurate only
at 100% rpm. Therefore, when the propeller windmills,
the power requived to drive the engine accessories is not
semsed at the drive shaft torquemeter, and the amount of
unregistered power varies with the number of accessories
and the load on them, producing the wider apparent range
at the H.P. Indicators when the system is tested in flight.



ring gear spirals forward against its spring load,
driving forward a plunger that protrudes an "NTS
actuator rod” through the front gear case wall. This
action is carried through an adjustable leverage
system into the propeller control as a probing motion
of a push rod that cams a limit switch closed and
strikes a stepped pawl, forcing the feather wvalve
spool from “normal” to “teather” position. The NTS
check switch is closed in all cases, illuminating the
individual "NTS” advisory light in the flight station,
but the stepped pawl will be contacted and made to
operate the feather valve only if the power lever is in
flight range, as shown in the Master Schematic.

The stepped pawl is moved into position by a cam
when the Alpha shaft is turned into flight range and,
as mentioned in the Touchdown-Transition discus-
sion, this pawl is withdrawn when in ground range to
a position beyond the reach of the NTS “probe”.

As shown in Figures 2 and 9, another lobe on
this Alpha shaft cam drives the pawl to a third posi-
tion, where it operates the feather valve, with or
without the aid of the NTS probe. This is effected at
the extreme position of the Alpha shaft, beyond the
range of power lever control, obtained only by oper-
ation of the emergency engine shutdown lever. This
arrangement provides the Orion with a positive,
hydro-mechanical manual feathering cycle that is
not dependent on power except the propeller’s self
generated hydraulic power system.*

R i S T TP

*As indicated on Figure 9, pulling the Emergency Shut
down handle also initiates the Hydro Electric feather
cycle discussed in the next chapter.

:  POWEN LEVER
T SWITCH NO. 4 _
G e s G T

The feather valve controls the line between the
pump pressure manifold and the governor servo, and
also the pitch control lines between the governor
servo and the dome. In its normal position the feather
valve has no effect on these flows, but when it is
shifted to feather position it blocks all pump pres-
sure flow to the main-and-standby regulator and the
prop governor, and dumps the full pump flow directly
into the “increase pitch” line. At the same time, it
connects the “decrease pitch” line to return. Since
it eliminates the possibility for oil to by-pass through
the pressure regulator, the full, unregulated power of
the pumping system works to produce a high-rate
pitch change towards feather. The pressure relief
valve, which 1s tapped oft the pump manifold, will
prevent excessive pressure buildup.

The mechanical actuation of the feather valve to
“feather” position closes a limit switch that is con-
nected to the NTS advisory light circuit (see Figure
10). A 2-position switch (NTS CHECK/FEATHER
VALVE CHECK) is located adjacent to the indicator
lights on the pilot’s overhead control panel. When
in its NTS CHECK position, the switch directs the
check circuit through a selt-holding relay to the NT'§-
operated switch in the propeller control, and the
light provides a lasting record of any N'TS operation,
no matter how fleeting. When the switch is moved to
the FEATHER VALVE CHECK position, the NTS
holding relay is de-activated and the light circuit is
directed to the feather valve operated limit switch,
providing a direct indication of mechanical valve
operation (cyclic during NTS, steady after the
Emergency shutdown handle is pulled).
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Miscellaneous Monitoring
and Control Circuitry

23



A L R T TR U R H R e L B T o B B e S i e e e e e i
,",-1-1::1.'17:.'-1-::EF===""'"~' SR E R S T s s e B R g it PR '1'5.1351:'EE-E!II e R i e R R R ‘E'i‘:r-._ltﬁ‘ ‘-":3'-"55:-"::.-5:5'=ll52._‘-. ':;_

NOTE: THE COLORED SYMBOLS (sme™ ON THE ELECTRICAL SCHEMATIC
ARE SHOWN ALSO OM THE HYDRO CHAMICAL SCHEMATIC g
TO THE RIGHT

11
L

T

LEFY AND RIGHT JBE 1 i e g
T EMERGENCY P
EMGINE P TS
SHUTDOWM
HAMD _*....._.-/

STATION -

Bt

ik

E=H

:
2=
Iyt
frens
T15a
S
=1
Liara
4
i
5t

TR

£

: i
oot ot

i

e

POWER LEVER
:

l‘-

NTS SIGNAL
HOLDING REL, e T
OPER, =
POWER

&

SWITCHES : 5 W T
{ SEE TABLE) FLIGHT 1DLE -
STOP SCLENGID

VO
FEATHER VALVE CHECK

§ O .. NO, 1
8 |NSTRUME

PUMP LOW
PRESS, CALUT,

.. MO, 2

BETA IMND, LIGHT

ENGINE "’

i
115y AC r ACTOR luﬁ EEBWIESN 2
. 51 b e E—:t
L:‘:;“HT:;HG +UH:ZAJHER i;; :ﬁfb_a*c Lol - COORDINATOR

H Y . i g L
5k i % MR
; | =S ey . ~ (%
£l Hﬂ \ '*‘:E:' Fi FLLE YRRt o _#ﬁ et
_E% FEATHER e ) e - l_;g,.-f st 13-.-.;=!,~_=_=Hg]1 FULL ﬁ o MELA
S ._Ei-’tm
— ALY

i e
FEATHER ik FEATHER it PWR. _

PUMP L _ S
= BUTTOM 113% POWER -111l : '?.:.:.:“... Dt

g reaTH, Hf RELA gl BETA
i '1 T H LA i L HEl CONTROL
i CUTOUT s . fizH 6:
e .T-.-M'n. i

s OVRIDE, SW. T it i i
A . PLANETARY. . (N
ET"P' N ,;ﬁ@m I_g_l i lJ_ GEAR 1N
- ENGINE ;

] L]
1335 Y Y :
B 2 reaTies » DRIVE B FUEL SHUTOFF VALVE
S ALVE - SHAFT:  DE-COUPLER E(ELECT. & MECH. ACTUATED)
. T souEeOin
' awstan bR eer
CONTROL i | )ﬂ@%

4 o
RELAY

MNTS INOP. WRN, LT.

o

g

q D

d b

LI
';u {

1

it

&
S
M
{

------

" PULL=IN* AMND i :
S " HOLD-IN* SOLENOID i i
I i it §
hil £ SUN |
i i * OFF ow  j i GEAR ===

it i 3 i
Liglow 197 el . i

a1 aauto

I FEATHER

| - !
BOYWER B ot E I | -
: lGN:' ol vy e i!ll ~
nI A S BJﬂE P : - ]
T = g AT o =
ST gﬂ e B -
. —— :

i FUEL AND ik
iGNImoN  ON i
i SWITCH it

, | B POWER PLANT —
AT BRIl (ENGINE AND PROP) o

s ENGIMNE I
i L =5 <{sHUT DOWN i
F £ Hit RELAYS n‘H
A SWITCHES ﬂﬂ'

I]%II

aq
.....

-----
1

NRIGHT . fobob il P

EMERGENCY & i i
hiss ENGINE ;c:. *{ :
SHUTDOWN il = L i

RING GEAR

:Jdl.. H rems s Rt

i FUEL CONTROL poe—
' RELAY i34 EMNGI
- i SENSE .

Jﬂn SWITCHES
=t SHUTOFF

“e FLIGHT _ MAIN ELECTRIC
STATION ICE CENTER

S PilrueL

I

131
Tyt pid |

i

il

;uf Ta5iy
%:;“5.1:,7:::::::13:;;3.;1".;}'-;:}. : :] 1] e TR R W T FIER T A ji R P T R R !]1:_
e e R e R e s e R e shitan ] iﬁ sl i

Prop Control Master Schematic. The schematic configuration she
. flight operating range to illustrat



LEGEND
HYDRAULIC

ATMOSPHERIC SUMP

00000000000000]

. i Sl 1 o LIS ALVE ' FLYWEIGHT ©
':-'SFEEB_EH ﬁHlHG N R IMNC, PITCH 4= @ DEC. PITCH

GROUMD  OPERATE: © " i e o
I | ANMDBETA. FOLLOWUPR, " w707 B % s
CONT, LEHEAGE R L AP L e 1

iy PRESSURIZED SUMP

ik ABSEMBLY .

PUMP MAMIFOLD PRESSURE (PLUS MAIM & FEATHER TRIBUTARIES)

DGGC}D{)DGGG{}GGD
SPEED BIAS SERVO)

&

sadpee STAMNDEY PUMP PRESSURE

CCANTICIPATION ©

{ i et BALANCE PRESSURE

gl s ..
[TE

A e e e R

[Eraed AT == rr]

By

- ML ALPHA mms | POTENTIOMETER - T 1 R
. 2 P ﬂLPHﬁ- i o PRI | i
O G L e TERRONGH ST i Al {:ms e st INCREASE PITCH PRESSURE
 BETA SEY | FEATAER ANDE = REG s by M s = SR | L i
DISARM CAM : B 4 DECH 'M_r.:; 1 1 Wi DECREASE PITCH PRESSURE

Sigmii s S0 FLYWEIGHT CHAMBER PRESSURE
e < i MECHANICAL
RESETE'H'HTCH of : i STATIOMARY COMPONENTS

»
»
T

SHAFT [)—-

FF'T!:HLC!-CE PR _
<AL BETA cms
{am 5mr DEt‘;H

it -FEATHEE. e DRSNS T S 2t
11 oo ocuTour. R B

SPTEPEE S
l-l‘-.l—
2 g s

RS

s PROP SHAFT - DRIVEN COMPONENTS

: .m,:HLﬂc,,; g i (ROTATE WITH FROP SHAFT ONLY)

| i
RESET . - . T 1-Fi HHEH PITCH CHANGE - DRIVEN COMPONENTS
=
E

' BLADE AMNGLE o, .
it iNDIEATDR ﬁ-Hﬂ i ; B .]N':-._"-_
i .-*'.':f:ESS : _ B b S
: 1{}':' o Aoy BETA i
PROP COMTROL ; “ 1 Li40 R BACKUP-.
HOUSING TORLGHIE ¥ *.."- B II:,A,M 2
RET ATRIER: :

'ﬁND EE‘[# ) N
LIGHT 5W1Tﬂi'_i_ (TURM DMLY WHEN BLADE ANMGLE CHAMNGES)

g PROP SHAFT AND PITCH CHANGE - DRIVEM COMPONENTS
(ROTATE WITH PROP SHAFT AND/OR BLADE AMGLE CHAMGE

b
L
Y
o
[
=
-
-
-
-

CADEC, INC./

: %

E : F-I BET.A. :' A : 1 v B T

g FDLLDWLJF CAM. ; JZ--‘-"W”‘:” ﬂ"""“" i J 55 il a3
A , ot SN c e
- - - L 1T SN |1
) . .mm-mn Sl B i O
HTS CHECK SwWiTeH V'll A7 5 STANDEY . := R i
' a1 REGULATOR . Ji g4

S vALET e ;

] R T P s i | e i

I

s
]
PITCHLOCK GEAR
i i AMD CAM (FIXED
i i TO HUB ASSEMBLY )
e
.t HE
i
A Y e PITCHLOCK GEAR AMD CAM
e e e (FIXED TO PITCH CHANGE
e : e RING GEAR
 CHECK SWITCH LI 1 }
3
T

- i T - EEE.:" : s
R ad SRR i G L

: i i ﬁiﬂ’r e

EHER I EH D EE‘}J e HH ) Ko
BELLEVILLE i el et i :
SPRINGS
EXTEMDED

e SHAFT FOSITION
AT LESS THAN
500 LB, THRUST :
SHAFT POSITION

AT MORE THAN
SO0 LB, THRLUGST

— BELLEVILLE SPRIMNGS
COMPRESSED

THRUST
) - SEMSITIVE

? SWITCH

' RANGE OF ACTUATION

{DEGREES COORDINATOR)
10 20 30 40 S50 &0 T A0 90 J

Bl 'Etfh | IDLE SOLENOID

EE S

il EEE“’;WEEEEW* iitig i
:::!BEEEEIEF| ]ﬁ;:i E Hii !1 Il IE El ? HDF S‘IINCH

jﬁliﬁ' 3 (AUTO FEATHER)

FEATHER

4 FLIGHT IDLE STOP AHET
Ol COOLER IMNDUCED

5 WATER INJECTION

pEs R TEY e dd e

arshrki4)
& 1
. - v

ELahll

1+H+FI+i4priaia

i iEE“[{‘ & PITCH LOCK RESEY

POWER LEVER SWITCHES ACTUATION PERIODS

liquiiiit: fiti |i :1_1 ! i 'Ei'm' i

| is normal to cruise except that blade angle is higher than normal
cam-out of the pitch lock ratchets when blades advance towards feather. 0%



26

HYDRO-ELECTRIC FEATHERING

The teather motor-pump provides hydraulic power
tor pitch control when the propeller is static or turn-
ing so slowly that its gear driven pumps may be
ineffective. The feather pump motors are powered
by the Main AC Buses; Engines 2 and 3 pumps from
Main AC Bus A, Engines 1 and 4 from Bus B, except
that if necessary the pilot can transfer the 1 and 4
loads to Bus A by actuating a guarded selector switch
adjacent to the feathering buttons. This transfer
capability is given the outboard powerplants because
they are routinely feathered during “loiter” operation
and loss of power at Bus B would otherwise prevent
“air start”.

Control power for feathering the outboard propel-
lers is taken from the Monitorible Ess. DC Bus, and
from the Extension Main DC Bus for the inboard
propellers.

A single relay is used in each motor power circuit,

but the control of these relays is quite involved, for
there is need for an intricate system of interlocking
circuits to ensure that the feather pumps can be used
only under the proper operational circumstances. We
have not discussed all the intricacies of the circuits,
but the following pages describe the fundamental
logic of the circuit as shown in the Figure 11
schematic.
The feathering cycle is initiated for a routine (loiter)
engine shut down by pushing the feathering button.
Note that the feather switch has a solenoid that be-
comes energized (through feather switch contacts
10-20) when the button is pushed, and the switch is
magnetically (and also mechanically) “latched” in
feather position until the button is manually pulled
back to “NORMAL” or beyond to “"UNFEATHER”.
Switch contacts 18-8 transfers dc power to the feather
pump power relay, the relay closes, energizing the
feather pump motor and illuminating a red light in
the feathering button. Another branch of the 18-8
circuit energizes the feather solenoid; the solenoid
circuit finding a certain ground through contacts
17-7 of the feather switch and possibly through the
contacts of the air start control relay also, depending
upon the pitch angle of the blades.

The feather solenoid valve ports pressure from the
pump manifold to one end of the feather valve spool,
forcing it to “feather” position, and feathering pro-
ceeds exactly as described previously in the “Manual
Feathering” discussion.* However, there is one addi-

*Due to the fact that the Feather valve check switch is
operated by the linkage that mechanically actuates the
feather walve, it is not actuated during hydro-electric
feathering, and therefore the advisory light in the flight
station cannot be utilized to check the performance of the
feather valve if the elecivical feather cycle is initiated by
pusihing the feather button.

tional hydraulic system factor to consider in the
electro-hydraulic feathering cycle which does not
affect the manual-mechanical cycle because the me-
chanically driven pumps stop automatically as prop
shaft rotation stops. The auxiliary pump motor is
not designed for continuous and prolonged oper-
ation, and it is necessary to provide a “cut-out”
circuit to retite the pump automatically when the
cycle is complete. As can be seen on Figure 9 sche-
matic, the cut-out relay provided for this purpose
will be actuated: 1 — after the blade pitch reaches
a point well above the normal flight range and actu-
ates a limit switch, and 2 — when a steep rise in
“increase pitch” pressure occurs (indicating that the
pitch change mechanism has bottomed on the full
feather stop), closes a pressure switch and completes
the cut-out circuit. Relay actuation de-energizes the
feather pump power relay, the feather button light,
and the feather valve solenoid. Note that the cut-out
relay (see Figure 11) has a self-holding solenoid
similar to the feather button switch, and even though
the declining hydraulic pressure allows the original
“cut-out” circuit to re-open, the cut-out relay will
remain actuated until its source of dc power is re-
moved. A Pressure Cutout Override button switch,
adjacent to each feather button on the pilot’s overhead
panel, performs this function, allowing the crew to
continue operation of the feather pump should the
automatic control actuate before windmilling stops
completely.

Obtaining the exact feathering angle is more diffi-

cult with the turbo-propeller than with the reciprocal
power plant due to the larger blade dimensions and
the turbine’s low break-away torque. A prop shaft
brake in the reduction gear box is applied auto-
matically when lubrication pressure dissipates, but it
cannot be too positive, for it would interfere with
starting. A mechanical detent in the dome assembly
engages the pitch change mechanism and retains it
in feather position.
Unfeathering is accomplished by pulling and holding
the teather button switch. Assuming that the feather
button has been “latched” in its feather position, and
that the cut-out relay has been “latched-in” also, it
can be seen that the cut-out relay will be de-energized
when the feather button is pulled from “FEATHER”
to "NORMAL", enabling the feather pump power
relay to be energized through feather switch con-
tacts 19-9 when the button is pulled from “NOR-
MAL"” to "UNFEATHER”. The governor pilot valve
will be at its extreme underspeed (decrease pitch)
position, and full pump power will be ported to the
“decrease pitch” line, forcing the pitch change mech-
anism through the feather position detent. Subsequent
events are closely related to the “Flight-Start” cycle,
and we will discuss them in this connection.
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NOTE

MANY OF THE FOLLOWING DISCUSSIONS
DEAL WITH VERY IMPORTANT IN-FLIGHT
FUNCTIONS. THE TEXT WAS CAREFULLY AU-
THENTICATED BEFORE PUBLICATION, BUT IT
SHOULD BE REGARDED ONLY AS A SOURCE
OF GENERAL INFORMATION, NOT TO BE
APPLIED UNLESS BORNE OUT IN OFFICIAL
NAVWEPS DOCUMENTS CARRYING THE LAT-
EST REVISIONS.

FLIGHT STARTING

(See NATOPS procedure, Figure 12) The integrity
of the system is partially demonstrated before un-
teathering by pressing the Cut-out Override (thus
operating the feather pump) for a few seconds with
the Feather button in “FEATHER” position. The
output of the feather pump is routed through the
NO. 1 (Main) PUMP flow switch, and it will pro-
vide sufficient flow to extinguish the related caution
light on the center instrument panel. Thus it is
proven that the oil reserve has not been depleted
through an external leak during the shut-down
period, and a few seconds of pump operation will
circulate oil through the dome to “bleed” off any
vacuities caused by internal leakage. This ensures
that the propeller will have positive hydraulic power
for pitch control, and the feather button should be
pulled to “"UNFEATHER” immediately after releas-
ing the Cut-Out Override button.

The acceleration of the engine provided by the
wind-milling propeller must be carefully controlled
and gradual. Since the nature of the propeller gov-
ernor s to drive the propeller rapidly towards low-
pitch until the propeller comes “ON SPEED” and
TM also supplies an ever-increasing “decrease-pitch”
force as the propeller accelerates, it can be seen that
the cranking torque of the propeller would build up
at an explosive rate if normal speed governing pre-
vailed during the flight start.

The NTS overrides the governor and provides the
necessary restraint during this critical period, and the
operator should select “FEATHER VALVE CHECK"
position of the test switch in order to monitor the
operation. When the propeller’s cranking torque
surpasses the N'TS tolerance, the reaction of the NTS
linkage mechanically repositions the feather valve
to “feather”. As the propeller pitch increases, crank-
ing torque decreases, the N'TS rod is withdrawn, and
the propeller is permitted another slight pitch reduc-
tion. The cycle is indicated by the flashing check
light, and it repeats continuously as the propeller
accelerates and stabilizes at the maximum speed it
can attain through negative-torque cranking. No

specific value can be given for either the rpm or the
blade angle at which the balanced condition will oc-
cur, for the density altitude and many other factors
influence this. However, in the speed range recom-
mended for air starting, 170 to 210 knots, the blade
angle will be more than 50° when the engine reaches
a “stable” motoring speed (generally between 35 %
and 45% rpm) and the fuel and ignition can be
turned on with full assurance that the propeller con-
trol is operable.

It the NTS does not effectively control the accel-
eration rate during air start, there is every likelihood
that the hydraulic power system is seriously at fault.
If propeller control seems questionable, the engine
should not be started and every effort should be made
to arrest the blade angle decline and to return the
propeller to feather. This action is initiated auto-

 matically if the blade angle drops as low as 45°, for

at this point the air-start switch (shown in the Master
Schematic) will close; actuating the air start control
relay which energizes the feather solenoid valve and
illuminates a red “NTS INOP” warning light in the
flight station.

This reverses the unfeather cycle and the entire
hydraulic power resources of the propeller are di-
rected to hydro-electric feathering. Of course, with
the teather button held in “UNFEATHER”, the air-
start switch will open and interrupt feathering as the
blades pass 45°, and it is essential to pull the Emer-
gency Shutdown handle immediately, if the “NTS
INOP” light illuminates, to ensure a positive and
permanent displacement of the feather valve to feath-
er position. Otherwise even if the feathering capability
1s pertectly operable, the prop can only cycle around

the 45 blade angle position as long as the feather
button is held at “UNFEATHER.”

The propeller can be feathered, unfeathered and
then returned to ground operating range for ground
check out purposes by pressing the Cut Out Override
button (thus de-energizing the Air Start Control
Relay) after the blades reach the 45° position. Obvi-
ously, the Override button should #ot be held in
during Flight Start, for this would defeat the auto-
matic safety feature of the air start control relay.
When it is necessary to use the feather pump to check
the power lever control of blade angle in the ground
operating pitch range and the low flight pitch range,
it 1s essential to hold the Override button in and the
feather button at “UNFEATHER.” If the Override
button is not held in, the blades will go to 45° and
cycle around that position.
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AUTOMATIC FEATHERING As shown in the Master
Schematic, once the system is armed the auto-feather
cycle will be triggered by a Thrust Sensitive Switch
on the forward face of the reduction gear box if thrust
falls to less than 500 lbs. while the power lever is
at or near take-off position. If thrust drops this low,
Belleville springs inside the gear box actually retract
the propeller shaft about .10 in., the Thrust Sensitive

Switch closes, and if the power lever is forward of e i

the 75% coordinator position, this energizes the Auto > MAIN ELECTRICAL
Feather Relay and, in turn, the feather button “Pull- LOAD CENTER
in and Hold-in” solenoid. Thereafter, the feather
cycle proceeds as described under “Hydro-Electric
Feathering.”

Although it is not shown on the Figure 11 or the
Master Schematic, there is a complex network of
inter-locking circuits through other (not shown)
contacts of the feather button switches. The arrange-
ment is such that: 1) if any single engine receives
an auto-feather signal, or if it receives a signal in
advance of signals from other engines, it will auto-
teather and disarm the auto-feather system; 2) if
thrust switches on more than one engine close simul-
taneously, the inter-lock of the auto-feather circuits
establishes a priority sequence (4, 1, 3, 2), only one
engine will auto-feather, and the others must be fea-
thered manually just as if the signals had been trig-
gered sequentially rather than simultaneously.

It is considered very unlikely that a situation will
arise that requires more than one engine to be
teathered during takeoff, but some malfunction, possi-
bly of a minor and transitory nature, could con-
ceivably “trick” the auto-feather system into feather-
ing more than one engine if it were not for the inter-
lock arrangement. The auto-feather sequence gives
least priority to the inboard engines, for they do not
present as serious an asymmetric-thrust problem prior
to feathering, and if an inboard engine were to be
auto-feathered inadvertently and unnecessarily, one
normal source of electrical power would -be lost. Of
course, the automatic and excellent control of prop
“drag” provided by the NTS makes auto-feathering
less imperative on the Orion than it is on reciprocat-
ing multi-engine aircraft.

The auto-feather system will usually be “armed”
during the take-off period, but it should be manually
disarmed during climb-out. If the system is not dis-
armed, any situation such as a refused landing which
requires a fast power lever advance from Flight Idle
to Take-off may close one or more of the “75°”
switches before enough thrust has developed to com-
press the Belleville springs, and one engine will auto-
teather at a most inopportune time.
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o AL .. & With a properly adjusted speeder spring (see
| 3 T “Speed-Trim Adjust” in the Master Schematic), the
N SRR hydro-mechanical governing system described to this
W Y < N point will hold engine speed practically constant and
very near 1009% during flight in reasonably smooth
air with reasonably smooth power lever manipula-
tion. In fact, electrical power is not required for safe
control during any phase of operation from full
reverse to full take-off power under normal circum-
N SiEaEnEs . stances.® Even closer speed tolerances are obtained
. KR w ] TG NIt I by use of the small "Speed Bias” motor (see Figure
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*Of course, the pitch-lock reset function, which ensures

against an inadvertent pitch-lock being induced by a too-

rapid transition from high power to ground range opera-
: tion, may be important in special circumstances and does
4 require 28-V power. For this reason, the pitch-lock reset
s power is taken off the surest bus in the atrplane — the
Flight Essential DC Bus, which is connected directly io
the battery, Of course, if the battery is the only source of
power and its charge is questionable, the pilot should be
_ particularly circumspect when transitioning from flight to
{22 g ground range, and not make the transition until airspeed
e d e 15 below 125 knots. At this speed, the pitch lock will be
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13 and the Master Schematic) mounted inside the
prop control housing, and it is normally used con-
stantly after takeoft. This is a reversible, ac servo
motor which can quickly add a small and varying
supplemental spring force to the governor speeder
spring or subtract a like force. As its name implies,
this servo-mechanism can bias the nominal control
speed of the prop governor, that is, it can hold the
governor slightly off the mechanically pre-set con-
trol speed, and it also receives and acts upon tran-
sitory control signals to improve prop reactions in
unstable operating conditions.

We will discuss the various sources of servo-control
signals only briefly here, for it is beyond the scope
of this article to explain all the electronic intricacies
of these sub-systems. As shown on the Figure 13
Simplified Schematic, the “reference winding” of
cach speed-bias servo is energized from Main AC
Bus A through two switches in series: a manually
actuated Sync-Servo switch (shown also in Figure
14) that is closed when in “NORMAL” position,
and a power lever actuated switch that is closed when
the power lever is forward of Flight Idle. When
either of these switches are open, the speed bias servo
15 ineffective and prop governing is purely hydro-
mechanical,

If it is necessary for test purposes, electronic gov-
erning can be utilized with the airplane parked, but
it 1s primarily intended for in-flight use and its func-
tion should, in most cases, be tested in flight. The
performance of electronic governing on a parked
aircraft is not representative of its performance in
flight, for the close proximity of the ground causes
aerodynamic disturbances at the blade tips which do
not otherwise occur.

In normal flying operations, electronic governing
is put into service (by a set procedure described under
the "Propeller Indexing” heading) during climb-out
after takeoff.

The Speed-Derivative Governor Damping System. As
noted previously, hydro-mechanical governing holds
quite close tolerances on engine rpm, and to simplify
the discussion we have portrayed it as capable of hold-
ing steadily "ON SPEED” when power and airspeed
are constant. Actually, the propeller may deviate a
fraction of a percent within its narrow tolerance
range. Obviously, when #ny power or air-speed tran-
sient occurs, an off-speed excursion of rpm must
occur before the governor can begin to compensate,
and sensitive though it is, the governor cannot in-
stantly eliminate the compensating pressure when the
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Figure 13 Speed Bias Servo Control Schematic. Inboard engines are shown, with No. Z selected as master.

prop comes back “ON SPEED”, and diminutive rpm
excursions normally occur. Generally such excursions
as do occur during “steady state” operations will be
too small to produce any visible fluctuation of the
tachometer indicator,

These indicators “count” the frequency of current
alternations generated by a small 3-phase generator
driven by the engine’s reduction gear box. Two phases
are tapped and utilized as a reference by a segment
of the bias motor control known as the “speed de-
rivative” system. This system translates a frequency
change (caused by a fluctuation in engine rpm) into
a corrective signal to the speed-bias motor, The signal
is sustained as long as rpm is changing and when the
change stops and reverses, a reverse corrective signal
is instantly fed to the speed-bias motor.

The electrical sensing of rpm changes is more
acute than the flyweight sensing mechanism and the
bias motor response is fast and effective enough that
governor reflex 1s much accelerated. Thus during
steady state flight the Orion has a near-pertect con-
stant speed power plant.

The speed derivative system functions continuously
as an adjunct of the Synchrophasing system, but its
signals are weak in comparison to the signals derived
from other control circuits which may be impressed
on the servo control windings, and any given speec
damping cycle may be cancelled, reversed, or aug-
mented by an over-riding signal. Both the “Speed
Derivative” circuit and the “"Power Change Anticipa-
tion” circuit (discussed later) are activated by turning

the Sync-Servo switch for the individual engine to
"NORMAL.”
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speed change has been made. This limitation is im-
posed to prevent a malfunction that affects Master
engine rpm from severely influencing slave engines.
The nominal control speeds of the four engines will
rarely be beyond this range, but if one or more slave
engines do not automatically come into synchroniza-
tion with the Master after a few seconds operation,

the pilot can obtain a second 2% corrective increment
by actuating the “"RESYNC” switch.

When the “RESYNC” switch is actuated, the mag-
netic clutches of the three slaved speed-bias servos are
actuated. This locks the biasing mechanism, (thus re-
taining the incremental spring force adjustments that
have been achieved) and disconnects the servo motor
from the mechanism, allowing it to run free in re-
sponse to control signals. However, the "Resync”
actuation also interrupts all control signals from the
sync (magneto-pulse) systems, and the remaining
principal control signal for each servo will originate
from its own feed-back potentiometer. If the feed-
back potentiometer wiper of any slave has been driven
off center by the preceding synchronization period,
the wiper will supply a potential to the servo motor
that will run the motor, and thereby return the poten-
tiometer wiper back to center, at which point resync
potential drops to zero. This will require about 2 sec-
onds if the feed-back potentiometer was full travel
off-center (a 2% rpm correction had already been
made) and therefore, it is customary in such a circum-
stance to hold the Resync switch at least 2 seconds
to ensure that all slave feed-back potentiometers are
returned to neutral.

When the Resync switch is released, the servo mo-

tors are re-connected to the biasing mechanism, the
Synchrophasing circuits are reconnected to the servo
motors, and slave correction will resume.

The resync operation can be repeated as required,
but note that mechanical stops prevent the speed-bias
mechanism from driving the governor speeder spring
tension more than plus 6 or minus 4% off its pre-set
(ground adjusted) value. This range (109% total) is
many times as wide as is required with properly ad-
justed and indexed propellers under any normal cir-
cumstance, but the power-plant can operate safely in
this range and in fact the servo is deliberately run to
the 106% stop to make the “Fuel Governor/Pitch-
lock” check discussed later.

After the slave engines’ rpm is synchronized with
the master, the proper phase relationship is attained
by a separate Synchrophaser circuit that operates by
sensing the slave pulse lag or lead in respect to the
master pulse. |

The speed-bias servos for individual engines are
de-activated automatically by Power Lever Switch No.
2 when the power levers are retarded into Ground
Operating range. Turning “OFF” the individual Sync
Servo switches, mounted adjacent to the Sync Master
selector switch, performs the same function. By use
of these switches during Flight Range operation, the
control can be switched from servo-bias control to
purely hydro-mechanical governing. Thus, it is poss-
ible to compare the performance of prop governing
with speed-bias to the performance without it, or a
single propeller with a malfunctioning speed-bias
control can be “isolated” from the others and operated
on hydro-mechanical governing alone.
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Fuel “Topping” Governor (RPM Limiting) Adjustment

Power-Change Anticipation. As shown in Figure 13
and the Master Schematic, an “anticipation potenti-
ometer  1s connected directly to the alpha shaft, and
every motion of the power lever moves the wiper.
Movement of the wiper produces an actuation signal
at the servo motor whose intensity, polarity, and dura-
tion are directly proportional to the speed, direction,
and amount of change in power setting. A slow ad-
vance may not produce any noticeable effect, but a
tast change to high power will produce an instant
and equally fast action of the governor pilot valve
towards “increase pitch”, blade angle will begin to
increase before the engine power actually increases,
and, thus prepared, the propeller is enabled to absorb
the rising torque without a substantial overspeed.
Retarding the power lever has the opposite effect.

By anticipating abrupt power changes, the prop
governor control of engine speed is well stabilized
as the changes develop, but it should be noted that
the pilot valve action is not actually a result of speed
changes, and the natural reaction of the hydro-mech-
anical governor is being interfered with. If the power
lever is rapidly advanced and immediately retarded,
the power burst may not develop until 4fter the antici-
pation system has produced a strong control signal
to decrease pitch. The propeller is thus prevented
from absorbing the high power, and a momentary
over-speed may trigger the pitch-lock. If this occurs,

the engine will subsequently drop underspeed, and
the pilot must either increase power on the pitch-
locked engine or increase air speed (thereby regaining
rated rpm) to regain propeller control. As described
in the previous discussion of the pitch lock, “decrease-
pitch” pressure will not disengage the pitch-lock
ratchet.

Fuel Governor/Pitch Lock Check. (see NATOPS pro-
cedure, Figure 15.) The propeller governor normally
prevents engine speed from exceeding 102% during
operation in the flight range, but if it fails to do so
the pitch-lock will trigger at about 103 %, preventing
the propeller from further reducing the engine load,
and at about 104% the fuel governor will begin to
trim fuel flow to reduce engine power as necessary
to prevent further rise in rpm. These stand-by safeties
are extremely important, and their operability should
be ground-checked regularly. Obviously, it is neces-
sary to turn the engine faster than normal prop-gov-
erning will allow to test the standby controls, and the
individual Fuel Governor/Pitch Lock check switches
provide this capability. This check is made with the
aircraft parked and the engine operating, initially,
at Flight Idle. When the check switch is actuated, the
speed-bias servo motor receives a continuous over-
riding signal which drives the mechanism full travel
towards “decrease pitch”, and the prop governor’s
speed-sensing mechanism cannot create ‘“‘increase-
pitch” pressure unless rpm reaches about 106%.
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Next (Step 7 on Figure 15), the power lever is
advanced to maximum power position. At this point
in the procedure the pitch lock should have triggered
(at about 103%), the fuel governor should be con-
trolling rpm (at less than 106 % ) and the Beta follow-
up system should have mechanically manipulated the
pilot valve and increased the blade angle to 21 to 22°
—well into the normal flight range where the pitch-
lock is effective. Of course, if the fuel governor fails
to assume control, the propeller governor will regain
control at about 106 % . The upper fuel governor tol-
erance may be so near 106% that the rpm indicator
cannot be trusted to show which governor is control-
ling, but in such a case the fuel flow, which should
be far below normal, provides the most reliable indi-
cation ot tuel governor control. If the fuel governor
is controlling in the 105.5 to 1069% range, the indi-
cated fuel flow will be substantially lower than when
the propeller is governing engine speed at the 90~
coordinator position. The MIM (July 1963 revision)
specifies that fuel flow should not exceed 1650 pph
while rpm is 105.59%, and should not exceed 1250
pph while rpm is 1069

There 1s no indication of pitch-lock engagement at
the take-off power setting. Therefore, the power lever
must be retarded until rpm deteriorates to 100% to
complete the check. With the pitch lock engaged,
holding the propeller at about 21°, and with fuel
governor control the engine will produce about 1800
hp at 1009% rpm. Variables, chiefly environmental,
may subtract as much as 300 hp from the normal,
but if the pitch-lock has not engaged, the propeller
will come back beyond 21" towards the low pitch
stop (137), and hp will be substantially less than
1500 at 100% rpm. Any hp indicated in excess of
1500 proves the operability of the pitch lock mech-

ANn1sm.

Thereatter, the Test switch is returned to “NOR-
MAL” (the overriding 106% signal is removed from
the speed-bias servo) and the power lever is once
again advanced towards high power to ensure that
the pitch lock disengages and the prop governor
maintains 100% rpm in normal fashion. The pro-
cedure at this point (Step 10) calls for the power
lever to be advanced to at least 900°C on the TIT
indicator.

The remainder of this procedure (see Figure 15)
merely tests that the power plant’s capability to pro-
duce reverse thrust is within tolerance—it has no di-

rect connection with the Fuel Governor/Pitch Lock
check.

Figure 15
Fuel Governor, Pitchlock, and Reverse
Horsepower Check Procedure — NATOPS, Current as of June 1965
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OPERATING PRACTICES

NTS CHECK The operability of this important func-
tion is to be checked during engine shutdown at the
end of each flight, and an in-flight check is to be made
prior to feathering a propeller in-flight for any reason
except emergencies.

The ground check is performed simply and auto-
matically at shutdown by turning “OFF” the Fuel
and Ignition switch with the power lever at ground
START position and the NTS/Feather Valve Check
switch at NTS CHECK position. With the power
lever at START there is very little air drag to stop
prop rotation. When the fuel is shut off, the prop’s
inertia will be immediately braked by the engine com-
pressor and generally enough negative torque will
develop to produce actuation of the NTS rod. Even
a briet rod actuation will momentarily close the N'TS
check switch in the propeller control housing, the
appropriate self-holding relay will close and the en-
gine’s individual advisory light will glow continu-
ously until its power supply is interrupted.

i
2
i
e
)

Note that, when the engine is shut down at Low
(72.5%) RPM, the amount of negative torque cre-
ated by propeller inertia is marginal, and in some
cases the NTS may not actuate. In such cases the
engine should be re-started to Normal RPM and shut
down again. If the additional inertia does not produce
an N'TS actuation, it must be assumed that the system
is not airworthy.

Since the NTS is disconnected from the feather
valve while the power lever is in ground operating
range, the NTS rod actuation will not affect blade-
angle when the ground check is made.

The in-flight check (see NATOPS procedure, Figure
17) is to be made below 8000 ft. at 170 knots. Since
the power lever is in flight range, the NTS should
actuate the feather valve, and therefore the check
switch should be selected to “FEATHER VALVE
CHECK?” position beforehand. Then, with the power
set to 800 hp or more, all the wing de-icer switches




re turned to ON,” the engine’s anti-ice switch 1s
turned to "ON,” and its bleed-air switch is turned to
"OPEN.” A high-rate air bleed from the compressor
results, which has the net effect of sharply reducing
the hp delivered to the propeller, and by cautiously
retarding the power lever towards Flight Idle, the
HP Indicator will quickly drop below zero into the
minus (negative torque) hp range as the propeller
begins to windmill. At some point between minus
150 and minus 500 hp, the HP Indicator should be-
gin to cycle and the Feather Valve advisory light
should begin flashing, indicating that the N'TS is intet-
mittently actuating the feather valve. If there is no
NTS reaction before reaching minus 500 hp, the
check should be discontinued, for the NTS is not
operating properly. Since it is unsafe to air-start an
engine with an inoperable NTS, the engine should
never be shut-down deliberately with the intent of
re-starting it before landing. Of course, the engine can
be shut down in an emergency.

n and subsequent
-a functional test of

 the engine except

i . d . : FR. . e Kt

switc

i:s

rt

L

ving deicers start modulat-

Figure 17
in-Flight NTS Check Procedure — NATOPS,
Current as of June 1965

wot Figure 16
<= Engine Shutdown Procedure —

itenance is required if a satis eck  NATOPS, Current as of June 1965.

The “After Landing” Procedure, just prior to this

in the NATOPS Manual, includes step
“8. NTS-FEATHER VALVE SWITCH — NTS (E).”
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d.

e.

ineffective (the Sync-Servo switches are holding
open the circuit to the reference winding of all
servo motors, therefore control signals cannot
run them).

Resync Switch — RESYNC {until step e)

This energizes the clutch solenoids of the three
slaved servo-motors (they are disengaged from the
speed bias spring mechanism), and blocks all
Synchrophaser control signals to the servo-motors,
but the circuit from the feed back potentiometer

of each slave to its own servo motor remains
closed.

Sync-Servo switches (3 slaved engines) — NORMAL

This provides a “reference” potential to the
slave servo-motors, and any slave feed back poten-
tiometer which is not at “NULL” position will pro-
vide control potential (of the correct polarity) to
run its servo-motor. The servo will drive the wiper
of the feed-back potentiometer to "NULL,” thus
eliminating its own control signal. If slave feed-
back potentiometers are full travel off null, it will
require a few seconds for them to reach that posi-
tion, and it is best to:

NOTE
Maintain Resync Switch at “"RESYNC' approximately

4 seconds after Sync Servo Switches are positioned
at NORMAL.

Due to the fact that the servo is declutched, the
motor action has no eftect on any of the prop gov-
ernor speeder springs, and the propellers continue
to control themselves with hydro-mechanical gov-
erning at 100%, plus or minus 0.209 . Note that,
although the slave bias springs are still discon-
nected from their servo-mechanisms, at this point
in the procedure all speed-bias springs are nulled

and the slgrved servo-bias mechanisms are also
nulled.

Resyne - NORMAL

This engages the slave clutches (connecting the
nulled bias spring mechanisms to the nulled servo-
mechanisms on the three slaved prop governors)
and re-establishes all tributaries of the servo-con-
trol circuit for the slave prop governors. At this
point in the procedure, three propellers are slaved
to a master which is being controlled by hydro-
mechanical governing, and local turbulence or

Master engine power lever manipulation may pro-
duce small fluctuations of all tachometers. It any
slave tachometer is widely at variance with the
master, it is good technique to return the Resync

Switch to "RESYNC” briefly, but if there is no
improvement it will be best to turn the slave’s

Sync-Servo switch to “OFF” and proceed without
electronic governing on that propeller.

NOTE
If the inboard slave is not governing properly at this
time, it may be advisable to terminate the indexing
procedure. Carrying out the remaining steps of this
procedure could result in mis-indexing of all propellers.
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f. Resync Switch — RESYNC (Hold until step i).
The three slave propeller speed-bias clutches
are disengaged, and all engines are again operat-
ing on independent, hydro-mechanical governing.

g. Sync Master switch — Select other engine as master,

The new Master propeller has heretofore been

slaved, but when it is selected as Master its clutch

is automatically engaged and the clutch of the

former Master is disengaged. The servo-bias con-

trol of the former Master engine is not operative
as yet because its Sync-Servo switch is "OFF.”

h. Sync-Servo switch of inboard slave — NORMAL
At this point, the servo-motor of the former
Master (which is now slaved and de-clutched)
will receive a “reference” potential, and the motor
will act upon the control signal from its own feed-
back potentiometer if it is off “NULL.” The motor

will run the feed-back potentiometer as necessary
to “NULL” position.

NOTE
Hold Resync Switch at RESYNC approximately 4 sec-
onds to ensure indexing is complete,

i. Resync switch — NORMAL.

This puts the entire system into normal opera-
tion, and all engines should come into synchront-
zation with the Master. The actual reading on one
or more slave tachometers may be slightly at vari-
ance with the Master due to the fact that the tach-
ometers are allowed a plus or minus 1% tolerance,
but the apparent variation should not exceed 2%
and there will generally be an audible improve-
ment in the sound of the engines shortly after the
Resync switch is released to “NORMAL” as the
Synchrophaser system brings the individual pro-
pellers into synchronization.

NOTE
Allow 2 minutes for the system to stabilize.

i. Resync switch — RESYNC and release to NORMAL.
This step is necessary because the feed back
potentiometers of the slave engines will be driven
slightly off “null” during the synchronization cy-
cle. This feeds-back a small confusion factor into
the synchrophaser system and, although the pro-
pellers will synchrophase, the blades will probably
not be at the optimum angle for minimum “noise.”
A brief "RESYNC” interval will essentially elimi-
nate the troublesome feed-back signal. When the
switch is returned to "NORMAL,” the blades will

assume their correct relationship, and generally
there will be audible improvement in the sound of
the propellers.

It is good technique to repeat Step (j) occasion-
ally on long flights to realign slaves with the mas-
ter engine, for the master may “drift” slightly off
its original rpm and regenerate a small confusion
factor in the Synchrophaser circuits.

PITCH-LOCKED OPERATION. Since the pitch-lock fea-
ture protects against such a variety of propeller con-
trol malfunctions, pilots should have a thorough
grasp of its operating details and understand both
the direct effects that a pitch-locked propeller will
have on power control and the indirect effects on
aircraft control.

If a pitch-lock occurs on the runway, there will be
cbvious indications that the propeller has been locked
in flight-range when the power lever is retarded nto
ground range. In fact, if a pitch-lock has occurred in
flight, the yawing tendency due to asymmetric power
will probably be evident in final approach, and cet-
tainly so when the power levers are brought back to
Jow flight power or ground operating positions. The
abnormally high power and the failure of a Beta light
to illuminate will further identify the pitch-locked
propeller and, if the aircraft is to be stopped, it is
imperative to shut off fuel to the engine by pulling the
Emergency Handle. Of course, this will also operate
the manual feather mechanism, but in this circum-
stance it is of little note whether or not the propeller
feathers successfully. The primary concern is to shut
off the fuel to the power plant whose propeller is
locked at high pitch, and the Emergency Handle shut-
down is preferred because it closes the fuel shut-oft
valve by both electrical and mechanical means. Even
at the lowest possible pitch-locked blade angle, a
power plant can produce about 1700 hp at zero air-
speed, and the threat to controllability is obvious.

When a pitch-lock occurs during flight, there is
more opportunity {(and more reason) to analyze the
indications and plan remedial action.

If rpm tends to follow the power lever, power does
not respond normally to power lever advance, and no
pump flow warning lights are illuminated, a pitch
lock due to malfunction of the prop governor or the
pressure regulating system is indicated.
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PROPELLER MALFUNCTIONS.

The more serious propeller malfunctions generally
result in some degree of offspeed. Normally, under
conditions of overspeed the propeller should be fea-
thered. Conditions may arise, however, when feather-
ing should not be attempted. When loss of control oil
pressure occurs, feathering and NTS capabilities are
lost. Under these circumstances, an attempt to feather
may result in engine decoupling and may be followed
by a greater overspeed even though the pitchlock
is engaged. The only indication of o loss of oil pres-
sure is given by the propeller pump warning lights.
If either or both of these lights are on during an over-
speed, feathering should not be attempted.
Following are detail procedures for various propeller
malfunctions.

Propeller Overspeed During Tukeoff.

If engine rpm exceeds 104 percent and remains off
speed before reaching Vy (refusal speed):

1. Abort the takeoff.

2. Pull emergency shutdown handle.
If overspeed occurs after Vi, not accompanied by pro-
peller pump warning lights, continue the takeoff.

1. Pull emergency shutdown handle.

2. If propeller fails to feather, leave power
lever in the takeoff position so that the Beto
Follow-Up system will magintain the higher blade
angle setting. Maintain airspeed not above 150
knots by retarding the power levers of the re-
maining engines. Proceed as follows:

1. Turn off fuel and ignition switch.

2. Push in emergency shutdown handle to
provide oil for the engine and gear box lubri-
cation.

3. Pull oil shutoff valve circuit breaker.

4. Pull emergency shutdown handle.

Propeller Overspeed During Flight.

if engine rpm exceeds 104 percent with sync servo
switches in NORMAL and remains off speed with pro-
peller pump warning lights not on, proceed as follows:

1. Sync servo switch~-QOFF {on affected en-
ginel.
iIf rpm returns to normal governing range, con-
tinue operation with propeller in mechanical
governing. If the above procedure does not cor-
rect the overspeed:

2. Emergency shutdown handle—Pull.
If engine rpm exceeds 104 percent and remains off
speed, and either propeller pump warning light is on,
the propeller is pitchlocked. Do not feather.

Note

An attempt to feather the propeller with insuffi-
cient oil pressure after overspeed and pitchlock
may not be successful and may result in engine
decoupling. This could result in excessive over-
speed and high windmilling drag.

Operation With Pitchlocked Propeller (With One
or More Propeller Pump Lights On).

1. Maintain engine operation at fuel govern-
ing rpm (above 104 percent] by use of the power
lever.

2. Do not allow indicated horsepower to be-
come negative. (Horsepower will increase with
a reduction in speed or altitude.)

3. Proceed to nearest available airport.

4. Before landing, as airspeed and power be-
come insufficient to maintain more than 95 per-
cent rpm, or, when airspeed is down to approxi-
mafely 130 knots, move fuel and ignition switch

to OFF.

Note

This should be accomplished far enough from
the runway so that power and control changes
can be established before touchdown.

Methods of Detecting a Pitchlocked Propeller.

a. RPM stabilizes at higher than governing
limit (above 103.5 percent).



b. RPM increases and decreases with power
lever movement.

¢. RPM increases and decreases with changes
in altitude and airspeed.

Propeller Pump Warning Lights.

If either No. 1 or No. 2 propeller pump warning light
comes on, not accompanied by overspeed or surging,
pull emergency shutdown handle.

If propeller fails to feather, proceed as follows:

1. Commence reducing airspeed by refarding
power on remaining engines.

2. Turn off fuel and ignition switch.

3. Push in emergency shutdown handle to
provide oil for the engine and gear box lubri-
cation,

4. Pull oil shutoff valve circuit breaker.
5. Pull emergency shutdown handle.

Decoupling.

If decoupling occurs shut down engine with emer-
gency shutdown handle.

Note

The tachometer is driven through the propeller
gearbox and does not reflect engine power sec-
tion rpm while engine is decoupled.

RPM Fluctuation in Flight (With Propeller Pump
Warning Lights Out).
1. If engine rpm fluctuates during flight move
propeller sync servo switch to OFF.

2. If condition persists move temperature
datum control switch o NULL.

3. If condition still persists pull emergency
shutdown handle.

If one or both propeller pump warning lights are
on, do not feather, but monitor the propeller
closely.

It should be noted that pitch-lock trigger speed,
103.5 9% rpm, is within the control range of the speed-
bias servo, and before feathering it is always best to
de-activate the servo control (by turning “OFF” the
Sync Servo switch) to test that the servo-motor has
not malfunctioned and set the nominal governing
speed beyond pitch-lock range. If this fails to correct
the situation and if there is no reason to question the
feathering capability, the simplest course is to shut-
down with the Emergency Handle.

Note that stable governing at about 106% is not
in itself a compelling reason to feather the engine,
indeed, if either pump flow warning light is illumi-
nated, the feathering capability is highly suspect and
attempting to feather may worsen the situation. If
the pumping system supplies a sporadic flow and does
not complete the feather cycle cleanly, short bursts
of “increase pitch” pressure may reach the pitch
change mechanism, providing sufficient force to dis-
engage the pitch-lock ratchets briefly but not suff-
cient force to overcome the TM. Thus the blade angle
is permitted to deteriorate, possibly to the point at
which windmilling will commence. If the negative
torque becomes severe, the de-coupler may operate
and, although the drag will be substantially allevi-
ated when the propeller is relieved of the braking
effect of the engine, it may go appreciably overspeed
it airspeed is high.

Theretore, it is best to prevent operation of the
feather valve if there is evidence of a hydraulic power
fault until favorable circumstances are obtained. The
engine can be used to reach the vicinity of the nearest
suitable airport by manipulating the power lever as
necessary to maintain engine speed at fuel governing
rpm (about 104% or more), preventing the NTS
from operating the feather valve. The pitch-locked
engine will labor increasingly as speed and altitude
are reduced, and eventually it may not be possible
to prevent the engine from dropping underspeed
if pitch-locked at a high blade angle. When the
point 1s reached at which it is not possible to main-
tain 95 % rpm, the engine should be shut down with
the Fuel and Ignition switch. If pitch-locked at a low
blade angle, the effects of descent and decelleration
on rpm can be off-set with the power lever, and the
Fuel-and-Ignition shutdown should be made at 130
knots. When shut down in this way, engine lubrica-
tron is not interrupted, and the NTS will automatic-
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ally streamline the prop blades to the extent of its
ability. The low airspeed is not likely to induce de-
coupling or a high drag that would be bothersome,
and the aircraft can be re-trimmed for a 3-engine
landing, unencumbered by an engine that produces
more and more thrust as airspeed diminishes.

The airspeed/power situation is extremely impot-
tant at the time of shutdown. If a pitch locked engine

is at high power when it is shut down, the blades are

obviously at a relatively high angle for the prevailing
airspeed, windmilling drag will be moderate after
shutdown, and the prop will windmill at less than
1009%. Conversely, if little or no power is required
to maintain rpm, the blade angle is relatively low for
the prevailing flight speed and windmilling drag
could be severe (assuming the N'TS does not succeed
in advancing the blade angle after the fuel is shut
oft) unless airspeed is low. If windmilling is quite

i

G
e
5 .. .

e . :. %
AR %ﬁ f%*% % -=:

@ﬁﬁ%w';@f

severe, the de-coupler may operate, and the prop may
overspeed.

Incidentally, we must emphasize one effect of an
Emergency shutdown that differs from shut-down via
the Feather button or Fuel and Ignition switch. The
oil supply to both the engine lubrication system and
the reduction gear box system is shut off at the oil
reservoir when the Shut-down handle is pulled. If
feathering is not completed and the engine and/or
the reduction gearbox are driven by propeller wind-
milling, it is essential to restore engine lubrication.
It the engine was shut-down with the Emergency
handle, it will be necessary to turn “OFF” the Fuel
and Ignition switch, push the Shutdown handle in
(thus opening the oil shut-oftf valve), pull the Oil
Shut-off Valve circuit breaker, and then pull the Emer-
gency Shut-down handle again in order to restore
and preserve the necessary lubrication. A A

: :@L ﬁ:""
SRR

G
.




roduct S U p 'z:.:- r . rg- a n l Z a t ' 0 n

.._a.':chﬂmpbell Hanager;;gzg

 CUSTOMER SUPPLY DIVISION _
W. C RHSSBH

{;;:_pmnmema! Projects Bapt'
Navy Projects Dept. = . =
'USAF and F-104 Projects Dept.
j_:!,;%r“i'eﬂhmcai SUPPIY Bﬁpt.

Transport  Projects Dept

:;E:Mam’tenance Tra.mmg ﬂept

'5’;';-“"‘1"3 Anmtiss .
P0. Box 218, NATC

..i5_5';ff-i'ﬁ'atuxent Hhi‘ﬂf ﬂh‘l’ﬂ
'Haryland

Fatuxent Rlver RATC
Marylanl:t

{-fj:;f.i}f;ff; Hnrfufk r»ms vfrgmia

P.0. Box 218, NATC
__Zg{}ffatﬁxent Rmer Maryland 206?{]

~ P.0. Box 8127, Ocean mew Staﬂnn
Nﬂr‘fnlk ’s’irglma 23503 - _

_{Barber Resident Rep.

'_'f.-i-ffﬁ?f???{f Jacksunvlliﬁ an
"-'--'-j:-;::_::!nrma _

_ﬁ.;:.ﬁlpsan, Resident REP

l(ey West NAS Fiurfda:-;f?@ -"\57'-'?53 Brﬂwn Reaidant Rep. a

=:=;‘ff-f?.¥}:;Lﬂckneed P. 3A Office -

"-_5;'{Mnﬁ&tt Fleld NAS {:aEifﬁ:.i-'_ig;?s}fx.jj_fi_i?-F '-*‘-“:Hays R&sfdent Ren

e ;__ﬁjf':;;f-HAS Moffet: Field Calif
fi}f'f'?‘;.-fNurth }stanrl NAS - P.0. Box 525 '
San ﬁlegg

......

.J;.f_f;:.;}iunnlulu, Hawaf l p t} Bm. 409

ri-'fj?'i?:fi?P 0. Box 409

v Sneilmg, aeslffent ﬂeﬁ

nululuHawali '5;:;_:

B“rba“k*ﬂﬂ”fﬂmla R 'E" Kanaﬂen Su en;isur' EQr?ifLaf.rf:Id‘: aed Ballfn rnla Bnmpmny.

P3 Frﬂ;&ct Gustnmer Service__é_ Cionm

CUSTOMER SERVICE [ mwsmﬂ .
Patrol Projects Dept. . - f‘:’j5355fiif?j:":':-5;-'.‘-

F-104 ?m;e t:ts B Ept _.;

” ::';ZI{PIB Bﬂx 1330 Yukunr Flurfda

5__ji:Zf:';_-:§:;FPﬂ san Franmsr:u, canf 95511

T E Masan Manager
Rl Rmhards
c R P!ttman
J P Bartz
_;:f.:.-:_ZH R Keaﬂay

A . Volintear & 3111

-j_:'_:;z;Fatuxe nt Rwer Maryland 2[15 ?G oo Tend 648 or 281 -

L Volunteer 33111
o BLMSrs]

5835111

o g
NAS Jacksnnwlle_ -
P a Bux ma? l(ay West Flnﬂda 294,441?

o Unit: One P.O., General Deiwery -.;---Muuntam ‘Jiew

:._';:_'.Cﬁflfﬂi"nlﬂ -
1----:'-;__:ﬂuf{ma£fu, {lahfumla 92113 .,_Ext 12?2
s -.'-3_1:'_"-.:'430 66126
:::_::'_Hunaiuiu Hawau
L NAS Barbers .
:--'i._---'-'.___'-ant Hawan . :

. v

: 0. Box 351, Burbank, caufnrma 91503.'5_?_?}-f'?';:f:ﬁfi‘-"fj'-:i:}"5:;'f:'-..f':.:B.arbank Calit,

47



s

E it ] REH -
i T i
TR

i
bl .-'Il
: ;‘-:_':"‘-.--{-:-._-:'f
Ert \::._.\,-_-:-,;\-_-\.-\..- -
= e,

Rl
FEE LD
o

LOCKHEED CALIFORNIA COMPANY

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION



