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.49 b gﬁam a land-plane squadron.

m{f ﬁ‘? gmefﬂ twgrﬂ:y yeﬁfs agﬂ fheeﬂ* 3 ;_%
a@@ﬁa@frm was designated Patrol Sqaaqdmﬁ‘- e

»ﬂmﬁ%&gﬁ Within one month their flyin
~boats were conducting missions within 1

“mikes of the Japanese mainland and, shortly

- thereafter, in support of the lwo Jima
‘taa‘lp’m‘gm Most sigmfwan{ of the squad-
- fon's. immediate post-war activities were
awwegs leading to thE famous “Operation
~ Crossroads” at BIKTI’?I In 1946 the squadron
~ reported ‘to the Atlantic coast where it
\ﬁpamed two years as Medium Seaplane
- Squadron Nine — before Its redesignation -

" as P&tmi Squadron Forty-nine in 1948, June
E%& saw VF—&H m@ua to i‘he lsfaﬂd p:.aradlse- -

ﬁf Bermuda.

. After taking up resxdem:e in Bemuﬂ‘a the
squwmn ranged the Atlarntm and the Carib-
. bean, participating in exercises and special
asmgnments 50 numerous that only a few of
- the most important can be mentioned: Back

~ in 1955 PATRON 49 assisted with evaluation

10

14

17

18

frsajg of our first nuclear submarine, the
- - Nautilus. During the Mercury program VP49
~ went game hunting, successfully vectoring

- surface units to the splash peint of “Enos,”

ﬁmermﬁa space ape. The squadron atsn-
artﬁrmeﬂ shipping surveillance flawlessly

dﬂﬁﬁ ‘the recent uaraﬁtm& of Communist %
8&113 While fulfilling its many commit-
mts,, Patrol Sguadrun Forty-nine claimed .

ﬁatm Navy “F's” for Excellence and the
1960 ﬁrﬂiﬂd Jay Isbell trophy. |

ALT st’ 1963 found VP-49 moving from
bﬁau‘trfui Bermuda to Patuxent River, Mary-
Ir—md for familiarization and trammg with
_the P-3A Orion: meanwhile, VP-8 reluctantly

@p&ﬁt part of the winter in Bermuda.

- Now Patrol Squadron Forty-nine has ’returnad
fq Bermuda for deployment, and with new
. “equipment their motto ""No Sanctuary in the

,Bﬁ‘*en’* can lae demonstrated even more
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MONG ITS MANY attributes the P-3 Orion
is noted for its agility. To the casual observer
the Orion seemingly leaps into the air from the
runway, and it lands on the proverbial dime. This
aircraft can swiftly reach its destination, but it also
will cruise at drastically reduced speed for hours
on end. The incorporation of Lockheed-Fowler type
flaps in the design of the P-3 has helped make
possible this wide range of performance by enab-
ling the effective wing area to be increased for low
speed flight.

The P-3 has one large flap panel on each wing
which moves on tracks attached to the wing rear
beam. When retracted into bays in the aft wing
structure, the trailing edges of the flaps become part
of the wing trailing edge. The flaps are extended
and retracted by telescoping ballscrew type actuators
connected through a series of torque tubes to two
hydraulic motors located in the aircraft’s hydraulic
service center. Since the torque tube system (includ-
ing the flap drive output shaft) is continuous from
the outboard end of one wing flap to the outboard
end of the other, the flap panels are driven sym-
metrically.

During the first portion of flap extension, flap
movement is aft with a gradual downward deflection
following the general camber of the wing to increase
the wing area. At 40 percent flap extension (MAN-
EUVER position) the flap deflection is merely 10
degrees, and at 77 percent flap extension (TAKE-
OFF-APPROACH position) the deflection increases
to only 18 degrees. However, further extension of
the flaps results in more rapid flap deflection until
at 100 percent extension (LAND position) the
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Figure 1 The Flap Position Selector Lever, Indicator,
and Asymmetry Signal Light Are Located on
the Right-Hand Side of the Flight Station

flap deflection is 40 degrees. The airspeed limits are
275 knots IAS when the flaps are set at MANEUV-
ER, 190 knots IAS at TAKEOFF-APPROACH,
and 170 knots IAS when the flaps are fully extended
(LAND).

Flap position is selected by moving the airfoil-
shaped control lever located on the right side of
the pilot’s control pedestal to the desired flap setting.
Adjacent to the control lever on the pedestal is a
placard for the common flap settings. Lever move-
ment is transmitted through a cable system to the
Flap Position Selector Valve in the hydraulic service

center where all flap system hydraulic components
are located. This selector valve ports fluid from
two separate 3000-psi hydraulic systems to two
reversible hydraulic motors which drive the flap
mechanical system. Each flap motor uses fluid from
a separate hydraulic system. Since either motor is
capable of driving the flaps independently, failure of
one system would not render the flaps inoperative.

The direction of flap movement is determined by
the direction of flap motor rotation. When the de-
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sired flap position is reached, the Wing Flap Drive
Follow-up Unit turns off the flap position selector
valve. This stops hydraulic flow to the flap motors
and, in effect, stops flap movement. Mounted on
top of the follow-up unit is a smaller unit composed
of the Rudder Booster Shutoff Gearbox and the
Wing Flap Rudder Booster Shutoff Valve Switch.
Actuation of this switch shuts off the No. 2 hydraulic
system pressure to the rudder booster when the flap
position is less than 60 percent while either of the
No. 1 hydraulic system pumps is selected "ON".
The purpose of this Wing Flap Rudder Booster
Shutoff Valve circuit is to reduce the boosted power
available to move the rudder during high flight
speeds. Note that this circuit will still function, even
if the No. 1 hydraulic system is inoperable, so long
as one of the No. 1 system pump switches is

selected "ON.”

Mounted on top of the Rudder Booster Shutoff
Gearbox is an autosyn transmitter that senses flap
position. An indicator located on the co-pilot’s in-
strument panel shows the flap position as percentage
of flap extension. There is an input from the Wing



Flap Position Transmitter to the elevator control
channel of the autopilot system. The signal from
this circuit is used to give the aircraft a nose-down
attitude when the flaps are lowered while the auto-
pilot system is in use, thereby preventing the air-
craft from ballooning.

A “calibrated eyeball” means of determining the
degree of flap deflection (not flap extension) is also
present. Painted on the upper surface of each flap
are the numbers 10, 18, and 40, plus index lines,
to show approximate flap deflection in degrees. These
markings may be viewed through the aft observation
windows.

Should an asymmetric flap condition — unequal
flap extension or retraction, or a skewed flap — begin
to occur during flap operation, flap asymmetry detec-
tors will electrically close a hydraulic valve (Asym-
metry Shutoft Valve), turning off hydraulic power to

the flap drive system. When the Asymmetry Shutoff

Valve closes, it also energizes the FLAP ASYM signal
light located on the vertical signal light assembly
in the cockpit. In addition, disc brakes located at the
extremities of the torque tube system are applied
to prevent further rotation of the torque tubes, thus
preventing further flap movement. The shutoff valve
and both flap brakes will remain actuated until they
are manually reset.

FLAP SYSTEM COMPONENTS

The wing flap panel assemblies are of aluminum al-
loy construction. Each one is approximately 29-feet
long and has a total area of 104.05 sq. ft. Five
carriage assemblies are attached to the leading edge
of each flap panel, enabling the flaps to ride fore
and aft on the flap tracks, The main non-metallic
parts of the flap panels are the rub strips on the
flap trailing edge. These rub strips, made of teflon,
prevent the wings from abrading the trailing edges
of the flaps. One flap panel "is mounted on each
side of the aircraft, and the basic panels are inter-
changeable. As installed on the aircraft, the left and
right wing flaps do have minor differences. On the
inboard upper flap surface of both flaps are painted
markings that indicate the approximate degree of
flap deflection (see Figure 3). Each flap also has an
asymmetry detector cable anchor and a fairlead at-
tached to it slightly outboard from the center of

the flap. The only other item is a fuel deflector that -

is mounted on the inboard trailing edge of the left
flap. The cable anchor, the fairlead, and the fuel
deflector can easily be installed, removed, or relo-
cated. The markings can be added during installa-
tion of the flap panel.
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Figure 2 Wing Flap Drive Unit Installation in the Hydraulic
Service Center

Deflection — Not Percent of Flap Extension

Five flap tracks, located in each flap bay, are attached
to the flap track ribs and the wing rear beam, pro-
viding a path and guide for the wing flap carriages.
The tracks are fabricated from high heat-treat steel
torgings that have an inverted “T” cross section. The
flap tracks have a constant arc that causes the flaps
to deflect gradually and maintain the general camber
of the wing during the first 77 percent of flap
extension. A cam which is integral with the aft end

" i

Figure 3 Markings on Wing Flaps Indicate Degree of Flap
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of each flap track increases the downward angular
flap deflection to 40 degrees at the limit of flap
extension.

Five carriage assemblies support each wing flap pan-
el, transferring the static and aerodynamic loads
from the flaps to the wing structure. Each carriage
assembly is made up of two side frame assemblies
that are joined by spacers and bolts, two weight
reaction spring assemblies, and a bellcrank assem-
bly. Figure 4 depicts the operation of a carriage
assembly.
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Two pairs of laterally-mounted needle bearing
rollers are mounted on each side frame, one pair at
the forward end and the other pair near the center.
These rollers ride the upper and lower surfaces of
the wing flap tracks. One roller of each pair can be
adjusted to compensate for flap track wear. Each
carriage side frame assembly also has two guide
rollers that contact the sides of the flap track, con-
trolling the lateral position of the flap assembly.
There are no provisions for adjustment of these
guide rollers since it has been determined that the
light running loads do not cause any appreciable
side track wear.

A bellcrank is mounted on each carriage assem-
bly on the lower of the two carriage center spacers.
The forward bellcrank arm supports a wide roller
that rides on the lower surface of the flap track.
The other arm of the bellcrank is anchored to a
bracket on the flap front beam by an adjustable tie
rod. As the flaps are extended or retracted, the roller
on the forward arm of each bellcrank follows the
contour of its flap track cam. Bellcrank rotation
forces the flaps to pivot around the bellcrank attach-
ment points, changing the angular deflection of the
flaps as they move along the flap tracks.

Because the flaps are supported at their leading
edges, they have a tendency to droop around the
carriage attachment points. To counteract this ten-
dency, two weight reaction spring assemblies (spring
loaded cartridges) are mounted between each car-
riage and the bottom of the wing flap front beam.
The spring force is transmitted by the flap to the
bellcrank assemblies, forcing the forward bellcrank
arms against the flap tracks.

The wing flap control lever is located on the right aft
side of the pilot’s control pedestal (see Figure 1).
The lever handle, formed like a flap airfoil, is readily
distinguished from other handles by its unusual
shape. “WING FLAPS” is also inscribed upon the
handle.

The flap lever may be moved when the release
button located on the right side ot the lever 1s
depressed. Depressing this button relieves the fric-
tion load imposed upon the flap lever quadrant by
a wedged roller locking device. When the lever is
moved to the TAKEOFF-APPROACH position (77
percent flaps), a detent is engaged, giving a feeling
of restraint upon lever movement and making it
unnecessary to visually locate this position. The
MANEUVER position (40 percent flaps) has a half
detent that can be felt only when the lever is moved



towards FLAPS DOWN. Lever motion is trans-
mitted from an arm on the lever assembly, through
a linkage, to the wing flap and emergency brake
control quadrant which drives the flap control cable
system.* The cable system extends from the flight
station to a cable drum in the hydraulic service
center, transmitting lever movement to the hydraulic
control valve through the follow-up mechanism.

The follow-up unit starts and stops the flap motors
by opening and closing the wing flap hydraulic
control valve, This unit, a sub-assembly of the flap
main drive gearbox, contains a planetary gear train
driven off the main drive gear output shaft at a gear
reduction ratio of 326 to 1, as measured at the cam
on the planetary ring gear.

When the flap position selector lever is moved,
a cable drum rotates the follow-up unit planetary
gear train, rotating the ring gear. Movement of the
ring gear causes the cam on this gear to disengage
itself from an operating mechanism connected to the * '« N R L L e D
flap hydraulic control valve, rotating this mechanism = SEbaafabibislniiaidiialiaiiin i e it
and the valve to 4» “open” position. (Note that there Figure 5 Wing Flap Control System
are fwo open positions). The mechanism is held open
by an over center spring. When the control valve

is opened, fluid is ported to the hydraulic motors, the OME OF TWO

main flap drive is set in motion, and the flaps move. PO
Rotation of the flap main drive returns the follow- SELECTOR

up ring gear to its original position. As the gear VALVE

reaches this position, its cam engages the hydraulic . P

control valve operating mechanism, returning the e 3 o [T OUTPUT SHAFT

valve to the “closed” position and removing hydrau- pos o i T i

lic pressure from the flap motors. s . e __

w . T | HYDRAULIC

In effect, what has happened is that the flap < s, ¢ | SR

motors have been turned on through the follow-up
mechanism and the flaps have been moved to the
selected position, at which time the follow-up unit
stops flap actuation by turning the flap motors off.
The control cable drum can be rotated in either direc-

tion, permitting extension or retraction of flaps. Ro- </ e il iia i R

tation of this drum is limited by adjustable stops. In Figure 6 Wing Flap Drive Unit — Flap Position Transmitter and
this manner the range of flap travel is controlled. Rudder Booster Shutoff Switch and Gearbox not Instalied
The operation of the follow-up unit is shown in

Figure 8.

The wing flap hydraulic control valve (flap position se-
lector valve) is a spool-type dual control valve and
manifold assembly that ports hydraulic fluid from
the No. 1 and No. 2 hydraulic systems to the desired
side of the No. 1 and No. 2 flap drive motors. The
single-spool valve is segmented, keeping the fluids of

*The “emergency brake control” portion of this nomencla-
ture 15 a relic from the past when usage of dive brakes was
being evaluated (and subsequently abandoned when found
superfiwouns) on the P-3's commercial antecedent, the
Electra. For the same rveason, a switch which presently is

connected to nothing is mounted on this guadrant. Pro- the two hydraulic systems separate. When the con-
posals that involve the use of this switch are under con- trol valve operating mechanism is rotated by the
sideration by Lockheed's Engineering Departnient. f{}llmw-up unit ring gear cam, 1t rotates a shaft in the



control valve housing which moves an actuating arm The manifold has two check valves, one between

attached to the valve spool. This moves the spool the pressure and return ports of each hydraulic sys-
to either an open or closed position. The maximum tem. If one hydraulic system is shut down or fails.
torque necessary to operate the control valve is 2.5 1b. the check valve allows the fluid to recirculate between
in. when 3000 psi hydraulic pressure is applied. the motor of the inactive system and the control

valve while the flaps are being driven by the other
motor. The flap hydraulic system is shown on the
Wing Flap System Master Diagram in the center of
this magazine.

Two wing flap main drive filters are part of the
control valve and manifold assembly—one filter for
each hydraulic system. These filters, made of convo-
luted stainless steel wire cloth, are designed to re-
move foreign particles that are 10 microns or greater
in size. The control valve and manifold assembly is
designed so that the filter elements can be removed
tor cleaning or replacement. Each filter is rated at
a maximum rate of flow of 4 gallons per minute,
and must be able to withstand a differential pressure
of 3850 psi without structural failure of the element.

Vickers Hydraulic Motor.
Motor shown is similar

to those used on PG IYDRAULIC MOTORS ARE SHOWN DRIVING
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Two Vickers hydraulic motors convert hydraulic flow to
the rotary mechanical motion that is required to
operate the wing flaps. These motors are constant
displacement type motors, are interchangeable, and
may be operated intermittently or continuously, sud-

denly reversed, or stalled without incurring motor &= Myl - 48 R e .
damage. The motors are set into motion when pres- TE__ebees e TitiT . ek & SHUTOFF GEARBOX

g RUDDER BOOSTER

sure 1s directed to one of the ports on either or both
motors. A Vickers hydraulic motor similar to those
used on P-3 aircraft is shown in Figure 7.

Each motor has two main ports from which lines
are run to the flap control manifold, and a clearly
marked drain port from which a return line is routed
to the hydraulic reservoir of the system that drives
the motor. When pressure is applied to one of the
main ports, the other main port serves as a return
port.

Naturally, the most efficient situation is when
pressure is directed to both motors. During normal
conditions (both hydraulic systems operable) the flaps
may be fully extended or retracted within approxi-
mately 20 seconds at airspeeds up to 170 knots.
However, one hydraulic motor is adequate to fully
extend the flaps within 33 seconds if the airspeed is
reduced to 132 knots. Since air loads tend to retract
the flaps, failure of one hydraulic system would not
be of great significance with regard to flap retraction
during flight.

Each motor has nine radially arranged cylinders
in a block assembly that is canted 30 degrees with
respect to the motor output shaft, and the pistons in
these cylinders are coupled to the output shaft by a
universal linkage. The rated operating speed for this
motor is 6300 rpm for continuous operation at a
continuous hydraulic pressure of 3000 psi. At the
rated operating speed, each motor will produce 39.0
in. Ib. torque with 2500 psi input pressure, 45.0 in.
Ib. torque at 3000 psi, and 54.0 in. Ib. torque (maxi-
mum) at 3450 psi.

The wing flap drive gearbox consists of the main hous-
ing and gears and the follow-up gear train sub-
assembly. The main housing of this assembly is made
of magnesium alloy, while the gears are made of
nitralloy.

The gears are arranged to drive the torque tubes
at a reduction ratio of 7.5 to 1 between the motor
input shaft and the gearbox output shaft (to which
the torque tubes are connected). The gear configura-
tion is as follows: (1) the nput shaft extends between
the mounting pads of the two hydraulic motors; (2)
a gear on the input shaft drives a gear on the conns-
ershaft in the housing; (3) another gear on the coun-

Shutotf Gearbox in Hydraulic Service Center — Flap
Drive Unit Installation Not Shown

tershaft meshes with a gear on the ouput shaft; and
(4), the output shaft extends through the housing
to drive the torque tube system.

The output shaft also has a worm which drives the
follow-up system worm gear. The gear shaft drives
the tollow-up unit planetary system. The worm gear
also drives an auxiliary shaft that drives the flap
position indicating system transmitter and the rudder
booster shutoff gearbox gear train. Figure 8 shows
the operation of the flap drive system.

Wing flap position 1s indicated by an autosyn system.
The indicator is located on the co-pilot’s instrument
panel in the flight station, while the position trans-
mitter is mounted on top of the rudder booster shut-
oft gearbox in the hydraulic service center. The
transmitter senses flap movement from a splined
shaft that extends from the flap drive mechanism
through the rudder booster shutoff gearbox. This
information is sent to the indicator, where it is re-
peated on a dial as percentage of flap extension.

The flap position transmitter also sends a signal
to the autopilot elevator control channel to prevent
perverse changes of aircraft attitude if the flaps are
operated while the autopilot is engaged.

The rudder booster shutoff gearbox is mounted on top
of the follow-up unit. The same splined shaft that
drives the flap position transmitter drives the rudder
booster shutoff gear train. The gear train mechanic-
ally operates a double-pole, double-throw switch
mounted on this gearbox which is a component of the
rudder booster shutoff valve circuit. The rudder
booster shutoff system is treated in detail in Issue
No. 8 of the Orion Service Digest,
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SECOMDARY SCREW S

The torque tube system transfers power from the flap
main drive, outboard through the fuselage wall along
the wing rear beam to the gearbox of each inboard
flap actuator, and continues to the gearbox of each
outboard actuator. The torque tubes are held in place
by support assemblies fastened directly to the wing
rear beam. These support assemblies have self-align-
ing sealed ball bearings which prevent the torque
tubes whipping when they are rotated.

A universal joint is installed on each side of the
torque tube system just outside the fuselage, allowing
the torque tube line of drive to follow the wing
dihedral. The tubes are supported by bearing and
housing assemblies where they pass through the fuse-
lage wall, the housings being part of the fuselage
structure. The bearing seals also serve to minimize
escape of cabin pressure from the hydraulic service
center.

Telescoping screw type actuators (jackscrews) are op-
erated by rotary motion of the torque tubes and two
are used to drive each wing flap panel. A segment
of the torque tube system extends from the gearbox
of each inboard actuator to the gearbox of each out-
board actuator. The actuators are trunnion mounted
on the wing rear beam, and their yoke ends are
connected to brackets on the flap panel front beam.
Each actuator consists of a gearbox (the housing of
which incorporates the trunnion), a telescoping screw
assembly, and the yoke (see Figure 10).

The gearbox has an input shaft that extends com-
pletely through the gearbox. The pinion gear on the
input shaft drives a bevel gear at the end of the pri-
mary screw of the telescoping screw assembly at a
reduction ratio of 2.2 to 1. The major components
of a typical gearbox are shown in Figure 11.

The telescoping screw assembly consists of a
primary screw and ballnut and a secondary screw
and ballnut. The primary screw is mounted in the
gearbox and rotates within the primary ballnut which
1s integral with the secondary screw of the actuator
assembly. The secondary screw rotates within the
secondary ballnut which is integral with the actuator
yoke (see Figure 10). The balls in the ballnuts recircu-
late through the ball-race tubes and act as threads
for the actuator screws. The actuators convert the
rotary motion of the torque tubes to linear motion
at the actuator yokes, making it possible to extend or
retract the flaps.

During actuator operation, the ball-race nut that
offers the least resistance will travel along its screw
unit until it reaches its stop, at which point actuator
movement will continue with travel of the other ball



nut over its screw. Stops are located at the end of the
primary and secondary screws to preclude excessive
screw rotation. The yoke, which attaches to the flap
panel front beam, is equipped with rubber bushings
to absorb shock transmitted through the yoke by
jackscrew actuation.

The jackscrews are exposed to dirt when the flaps
are extended, particularly during takeoff and land-
ing. Since dirt that adheres to jackscrew threads will
be carried to the ballnuts and accelerate jackscrew
wear, frequent maintenance is necessary to prolong
the service life of the actuators. The Daily and Calen-
dar Maintenance Requirements Cards provide instruc-
tions for servicing the flap actuators,

Actuator backlash is another factor that must be
considered. If an actuator is permitted to wear beyond
its prescribed limits (as measured in backlash), the
actuator may continue to function with apparent nor-
mality. However, use of an actuator with excessive
backlash results in jackscrew wear that can become
so excessive that the jackscrew portion of the actu-
ator would be rendered irreparable. The backlash
of an actuator that has been removed from an air-
plane can be accurately measured with a special |
backlash test machine available at A-level mainte- Sl e
nance facilities at NAS Norfolk, Virginia and NAS
Alameda, California. Figure 12 shows a test machine Figure 12 Flap Actuator Test Machine Demonstrated by Inventor

similar to those presently in use. Dirk Bodemeijer (1) of Service Engineering
and John Feola (r.), Section Supervisor of Lockheed’s

Customer Support, Repair, and Overhaul Unit.
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Figure 13
Diagram of
Two Asymmetrical

Flap Conditions —
(a) Unequal Flap
Extension and

(b) The Skewed Flap
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FLAP ASYMMETRY

The purpose of the flap asymmetry system is to
detect an abnormal mis-match of flap position or
alignment during flight, and then to automatically
prevent further abnormal operation of the flaps long
before flight attitude can be seriously affected. Two
chain-driven asymmetry detectors, one mounted near
the center of each flap well, are the heart of the asym-
metry system. If an asymmetrical condition is detected,
a circuit is completed through the detectors, actuating
a solenoid operated dual shutoff valve (asymmetry
shutoff valve). Actuation of this valve cuts off hydrau-
lic pressure to the two flap motors, stopping further
extension or retraction of the flaps. At the same time,
a signal light in the flight station is illuminated and
will remain so until this valve is manually reset, or
until the signal light circuit is de-energized.

Should an asymmetrical flap condition occur dur-
ing flight, no hydraulic power would be available to
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maintain flap position after the asymmetry trip. In
fact, the loads on the flap surfaces would tend to drive
the flaps toward the retracted position. To prevent an
asymmetrical condition from increasing in magnitude
through unwanted flap retraction, a multiple disc
brake is installed adjacent to the outboard flap actu-
ator of each flap panel. These brakes are applied
whenever the asymmetry detectors sense an asym-
metric flap condition, bringing the flap torque tube
system to an immediate halt. The flap system remains
immobilized until the brakes and shutoff valve are
reset. In-flight maintenance to correct flap asym-
metry is not possible because most of the components
that would have to be checked are not accessible
during flight. This task belongs to the ground crew.

Figure 13 shows two asymmetrical flap conditions:
(a) unequal flap extension, and (b) the skewed flap.
Either of these conditions will result in an asymmetry
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trip when the detector chain movement of one flap
lags enough to put the two asymmetry detectors’
circuitty in phase and actuate the asymmetry system.
This difference of chain extension varies somewhat,
but it always is less than an inch. Do not confuse
chain extension with flap extension, because chain
extension is linear while flap extension follows the
camber of the wings for about 77 percent of the flap
travel and then abruptly deflects downward,

In Figure 13a the difference of extension of the
two detector chains and the two pairs of flap actu-
ators is the same because both actuators on one flap
have stopped at the same time. When only one
actuator malfunctions as is shown in Figure 13b,
the remaining actuators must travel approximately
twice as far to produce the difference in chain exten-
sion required to actuate the asymmetry system. This
distance is still less than two inches.

The wing flap asymmetry detector consists of a switch
assembly and a sprocket. Two of these detectors are
requited for the asymmetry system, one mounted
near the center of each flap well on the wing rear
beam. Each detector unit sprocket is driven by a
chain, one end of which is attached with a turnbuckle
to the flap panel, while a cable lead on the other
end of the chain is attached to one of the flap car-
riages. The routing of the chain is shown on Figure

14.

The two detectors are installed out of phase with
respect to each other and are electrically connected
in series so that at least one switch or contact in
each of six circuits is open when flap movement is
symmetrical. Should an asymmetrical flap condition
develop, a circuit will be completed through the two
detectors to the flap asymmetry electrical system,

actuating the asymmetry shutoff valve, the two flap
brakes, and the FLAP ASYM signal light.

Presently two types of asymmetry detectors may
be found in the flap wells. The older units, made by
Western Gear Corporation, utilize a 1:4 planetary
gear system to drive a camshaft which actuates the
detector’s six limit switches. On these earlier units,
the drive sprocket is a separate part of the asymmetry
detector unit. Furthermore, there are left-hand (P/N
1098E82) and right-hand (P/N 1098E83) detectors
which are nor interchangeable.

Recently, detector units made by Bendix have been
incorporated into production. These newer units have
a rotary switch arrangement that vaguely resembles
that of an automobile distributor. Rather than opera-
ting switches with a planetary gear-driven camshaft,
this unit has a rotor that is driven directly by the
shaft connecting to the sprocket. In addition, the
sprocket is integral with the detector assembly. Like
the earlier detectors, Bendix makes left-hand (P/N
3124365) and right-hand (P/N 31243265-1) units.
The Bendix left-hand unit has an additional electrical
receptacle for asymmetry circuitry test purposes.
Again, left-hand and right-hand units are %oz inter-
changeable. However, Western Gear and Bendix
left-hand units are interchangeable, as are the right-
hand units.

In the future another Bendix asymmetry detector
(P/N 3124365-101) of improved design will be
incorporated into production, This unit will be simi-
lar to the earlier Bendix units, but it can be mounted
in either flap well and can be used as a replacement
for any left-hand or right-hand asymmetry detector
previously installed on an Orion aircraft.

Flgure 14

Routing of the
Flap Asymmetry
Detector Drive
Chain and
Cable Assembly
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Periodic tests of the detector units are scheduled
as part of the maintenance requirements of P-3 air-
craft. Use of a switch test unit is necessary to perform
the test procedures set down in the Maintenance
Instruction Manual and the Maintenance Require-
ments Cards. Instructions for local manufacture of
this flap asymmetry switch tester are also provided
in the Maintenance Instruction Manual NAVWEPS
01-75PAA-2-2.

The wing flap brakes are solenoid operated multiple
disc brakes. One brake is attached to the outboard
drive shaft of the outboard flap actuator in each flap
well. When an asymmetrical flap condition is sensed,
a circuit is completed to each brake solenoid, actuat-
ing the brakes.

Each brake unit has two sets of brake discs. One
set is coupled by a splined shaft to the outboard actu-
ator and rotates when the flaps are extended or re-
tracted. The other set of brake discs is retained by
the brake unit housing. These stationary discs are
sandwiched between the rotating discs. A pressure
plate is spring-loaded toward the discs, but is retained
by a ball-locking device. When the brake solenoid
is energized it releases the ball-locking device, the
pressure plate is forced against the two sets of discs
by the spring, and the brake is applied.
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If the flap brakes have been applied, they must be
reset manually. Note that this must be done in con-
junction with the procedures discussed later in this
article under “CLEARING ASYMMETRY TRIPS.”
However, as far as the brake unit itself is concerned,
it is reset by cutting the lockwire retaining the knurled
knob on the end of the brake, rotating the end
counterclockwise until the red-tipped shaft is flush
with the end face of the unit, and then backing oft
the knurled knob against spring pressure as far as
it will go. The last 172 turns will be stiff. After the
brakes have been reset, lockwire the brake knobs.

The wing flap asymmetry shutoff valve is a solenoid op-
erated dual spool valve which will permit fluid from
both No. 1 and No. 2 hydraulic systems to flow to
the two flap motors when the flaps are operating
normally. If an asymmetrical flap condition occurs,
the shutoff valve solenoid is energized. This actu-
ates the valve to the closed position and shuts
off pressure to the flap motors. A spring loaded over-
center device prevents the valve from opening unless
it is manually reset.

The valve is reset by pushing a lever on one end
of the valve inward. Pushing the lever rotates the
over-center device back to “normal” and opens the
valve. However, one must remember to reset the flap
brakes before attempting to reset the shutoff valve,
otherwise a circuit between the flap brakes and the
shutoff valve solenoid will remain closed and the
shutoff  valve solenoid will remain energized. This
means that the reset lever will pop right back out if
you attempt to reset the shutoff valve while the brakes
are applied and the flap asymmetry control circuit 1s
energized. A diagram of this shutoff valve i1s on the
Flap System Master Diagram.

When Lockheed’s designers devised the circuit be-
tween the flap brakes and the shutoff valve it was
not their intention to infuriate maintenance person-
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- R popping back out,” On the contrary, the purpose was
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T ' nel with “that miserable little black knob that keeps
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Figure 15 Wing Flap Brake Installation

A transparent window is located in the end of each
brake unit so that a quick visual ground check can
be made to determine if the brakes have been applied.
If a small red-tipped shaft protrudes from the end
face of the brake unit, the brake is on. However, it
the end of the shaft is flush with the end face of the
unit, the brake is off. A diagram of a flap brake is
included on the Flap System Master Diagram in the
center of this magazine.
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to prevent the flap drive system from functioning
after an asymmetry trip, as it has been demonstrated
that under some circumstances the hydraulic motors
can exert enough force to override the flap brakes.
Efforts to circumvent the protection afforded by this
circuitry might only result in a set of ruined brakes,
but they could cause the flaps to move to a configu-
ration that would have a pronounced adverse affect
on the aircraft’s flight characteristics. Thoughts to
defeat the intent of this flap brake/shutoff valve
circuit should be entertained only after considering
the possible consequences.



Figure 16
Schematic of Flap Position Indicator Circuit

8 b g o e b o
© G . FLAF BOSITION

fe i 5 %
U UTRANSMITIER e
& & F P s B &
BB : e A

FLIGHT STATION HYDRAULIC SERVICE CENTER

WING FLAP ELECTRICAL SYSTEM

Up to this point the discussion has encompassed
the general theory of operation of the wing flaps and
the mechanical aspects of the flap drive and flap asym-
metry system components, although supplementary
material concerning the electrical nature of some of

these components has been included for the sake of
clarity.

Examination of the flap asymmetry system com-
ponents will show that many of them are electro-
mechanical devices, while a review of the flap drive
system reveals that the only devices of this narure
are the flap position transmitter and indicator. The
flap drive system also has an electrical appendage
to the rudder booster shutoff valve, but it has no
affect on the function of the flap system circuitry.

FLAP POSITION The position of the wing flaps is
indicated by an autosyn system. The transmitter is
located in the hydraulic service center while the indi-
cator 1s mounted on the co-pilot’s instrument panel.
System power comes from the 26-Volt Instrument
AC Bus No. 1 in the forward load center. A 1-ampere
fuse, labeled FLAP POS IND, is located on the for-
ward load center panel, protecting the flap position
indicator system circuitry. Another circuit runs from
the flap position transmitter to the autopilot ampli-

fier computer. This portion of the indicator circuitry
is powered from the autopilot power supply and
monitor. A schematic diagram of the circuitry is
shown on Figure 16.

FLAP ASYMMETRY Components of the flap asym-
metry system are installed in the wing flap wells, the
hydraulic service center, the flight station, and the
main cabin. The Flap System Master Diagram shows
a schematic of the asymmetry electrical system about
to be discussed.

The flap asymmetry system is powered from the
28-Volt Main DC Bus in the main load center
through the 15-ampere L & R BK FLAP and 5-
ampere LATCH RELEASE circuit breakers on the
Main DC Bus circuit breaker panel. The 28-Volt
Monitorable Essential DC Bus provides power in a
rather devious manner to the flap asymmetry signal
light in the flight station on the center instrument
panel signal lights strip. Power from the dc bus goes
through the 7.5-ampere SIGNAL LIGHTS CONT
circuit breaker on the Monitorable Essential DC Bus
circuit breaker panel, through the light control assem-
bly, back to the Monitorable Essential DC Bus circuit
breaker panel where it goes through the 5-ampere
SIGNAL LIGHTS INST circuit breaker, to the FLAP
ASYM signal light (which has dual lights).
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If an asymmetry trip occurs, a circuit is completed
from the 28-Volt Main DC Bus through the phased
contacts of the two asymmetry detectors to ground.
Completion of this circuit energizes the flap asym-
metry latching relay, which in turn energizes the flap
brake relay. (Both of these relays are on the flap
asymmetry control test panel in the hydraulic service
center.)

When the latching relay is energized, a circuit is
completed from the Main DC Bus through the
LATCH RELEASE circuit breaker to the asymmetry
shutoff valve and energizes the valve’s solenoid.
Movement of the solenoid is transmitted to the valve
spool through an over-center linkage, which places
the valve in the closed position and keeps it there.
Motion of this mechanical linkage also closes a
switch in the flap asymmetry signal light circuit,
completing the circuit to ground and causing the
signal light to glow. The circuit will remain closed
until the asymmetry shutoff valve is manually reset,
at which time the switch i1s mechanically moved to
the open position and the circuit is broken. Of course
the signal light circuit can also be interrupted by

pulling out either the SIGNAL LIGHTS CONT
circuit breaker or the SIGNAL LIGHTS INST circuit
breaker on the Monitorable Essential DC Bus panel
in the flight station.

Meanwhile, the energized brake relay completes
a circuit to the solenoid of each wing flap brake.
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Movement of the brake solenoid redeases a ball-lock-
ing device, thereby releasing a spring loaded pressure
plate which applies the brake. Both brakes are ap-
plied simultaneously.

When a brake is applied, movement of the spring
loaded pressure plate actuates two limit switches that
are part of the brake assembly. Actuation of the first
of these switches interrupts the circuit to the brake
solenoid. Actuation of the other switch completes a
“back-up” circuit from the Main DC Bus through the
LATCH RELEASE circuit breaker to the asymmetry
shutoff valve to ensure that the valve solenoid will
remain energized whenever either or both of the flap
brakes are applied and electrical power is present. A
conscious effort must be made to defeat the intent of
this “back-up” circuit.

CLEARING ASYMMETRY TRIPS

An asymmetry trip is defined as actuation of the
flap asymmetry system. Any one of a number of
possible flap system component malfunctions can
cause an asymmetry trip, but a trip may also be
artificially induced for maintenance purposes by simp-
ly energizing the asymmetry system and then pulling
downward on one of the detector drive chains. Never-
theless, once an asymmetry trip has occurred, regard-
less of the cause, the asymmetry system must be reset
before the flaps can be safely operated.



There is always the possibility that the asymmetry
system could be tripped inadvertently. This sort of
thing can cause no end of perplexity to the mechanics
called upon to cure the problem. The first portion of
the instructions for clearing an artificial asymmetry
trip may be performed to establish if the trip was
inadvertently induced or if further maintenance ac-
tion 1s required. This quick check can be performed
without risk to man or machine because it is unne-
cessary to move the flaps manually or mechanically.
Following the section on artificially induced asym-
metry trips 1s the full treatment when the cause of
an asymmetry trip is due to component malfunction.

CLEARING ARTIFICIALLY INDUCED ASYMMETRY TRIPS
The first step in clearing an artificial trip is to
provide electrical power to the asymmetry system cir-
cuitry. Next, open (pull out) the L & R BK FLAP
circuit breaker on the Main DC Bus circuit breaker
panel. Gain access to the hydraulic service center and
reset the flap asymmetry latching relay by momen-
tarily holding the reset switch to “RESET”, and then:

Reset both brakes in accordance with the instructions
in the Maintenance Instruction Manual (NAVWEPS
01-75PAA-2-2). The brakes are reset (released) if
the red indicator pin viewed through the window
on the end of the knurled reset knob is flush with the
outer shatt, Close L. & R BK FLAP circuit breaker.
(If the brakes trip again at this point in the procedure,
there is a malfunction in the flap drive or the asym-
metry system. Reset the system as outlined under
“Clearing Fault Induced Asymmetry Trips.”)

Energize the signal lights circuitry in the flight
station. The FLAP ASYM signal light on the signal
light strip must be illuminated. Reset the asymmetry
shutoff valve by depressing the valve lever. This ac-
tion should turn off the FLAP ASYM signal light.
Check the red indicator pins. If the brakes are re-
leased, safety wire the arming knobs of both brakes.

CLEARING FAULT INDUCED ASYMMETRY TRIPS Before
any attempt is made to determine the cause of the
asymmetry trip, open (pull out) the L & R BK FLAP

and LATCH RELEASE circuit breakers. This re-
moves electrical power from the asymmetry system.

Next the flap brakes must be reset. Refer to the
Maintenance Instruction Manual (NAVWEPS 01-
75PAA-2-2) when resetting the brakes. It is impera-

tive that the brakes be released before any trouble-
shooting is attempted, otherwise the brakes could be
ruined if the flap drive is actuated.

Determine the cause of the asymmetry trip and
take whatever corrective action is necessary. When
reasonably certain that the cause of the asymmetry
trip has been corrected, close (push in) the LATCH
RELEASE circuit breaker. At this point, be certain
that the Main DC Bus is energized. Momentarily
hold the reset switch to the “RESET” position, and
then close the L & R BK FLAP circuit breaker.

Manually drive the flaps at least two inches in
both directions to ascertain if the flaps operate prop-
erly. This can be done by looping two or three turns
of rope around one of the torque tubes, then rotating
the torque tube system with the rope. In order to
manually drive the flaps, the hydraulic power must
be OFF and the flap position selector must be preset
at some position past that shown by the indicator
in the dirvection that the flaps are to be moved. If this
is not done the flaps cannot be driven in the desired
direction because the flap motors will be hydraulically
locked. If the brakes trip again, something is still
wrong with the flap drive or asymmetry system, and
the preceding procedure must be repeated until the
situation is rectified.

If all is well at this point, reset the asymmetry
shutoff valve. As in the procedure for clearing an
artificially induced asymmetry trip, this should ex-
tinguish the FLAP ASYM light on the signal lights
panel in the flight station which has been glowing
all this time.,

Set the flap lever to the approximate position
shown on the position indicator, energize one hydrau-
lic pump, and carefully cycle the flaps. This opera-
tion requires one man in the flight station to manipu-

- late the flap handle and two observers outside the

aircraft—one by each wing flap. If anything of a
suspicious or extraordinary nature should occur, the
observers should immediately signal the man in the
flight station to turn off the hydraulic pump.

As a final precautionary measure, check both flap
brake indicators. If the brakes are engaged, repeat
this reset procedure in its entirety. If the brakes are
not engaged, safety wire the reset knobs and ground
check the flaps through their full range of travel with
tull power. A A
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