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ABBREAVIATION:

FLT-Flight

PCU – power control unit

RSEP – rudder system Entancement Program

1. INTRODUCTION

  Whenever an airplane changes its flight attitude or position in flight, it rotates about one or more of three axes, which are imaginary lines that pass through the airplane’s center of gravity. The axes of an airplane can be considered as imaginary axles around which the airplane turns, much like the axle around which a wheel rotates. At the point where all three axes intersect, each is at a 90° angle to the other two. The axis, which extends lengthwise through the fuselage from the nose to the tail, is the longitudinal axis. The axis, which extends crosswise from wingtip to wingtip, is the lateral axis. The axis, which passes vertically through the center of gravity, is the vertical axis. (see fig. 1.1)The airplane’s motion about its longitudinal axis resembles the roll of a ship from side to side. In fact, the names used in describing the motion about an airplane’s three axes were originally nautical terms. They have been adapted to aeronautical terminology because of the similarity of motion between an airplane and the seagoing ship. In light of the adoption of nautical terms, the motion about the airplane’s longitudinal axis is called “roll”; motion about its lateral axis is referred to as “pitch.” Finally, an airplane moves about its vertical axis in a motion, which is termed “yaw”—that is, a horizontal (left and right) movement of the airplane’s nose.

The three motions of the airplane (roll, pitch, and yaw) are controlled by three control surfaces. Roll is controlled by the ailerons; pitch is controlled by the elevators; yaw is controlled by the rudder.(see Fig 1.2)
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                                                                                                                 Fig 1.1
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                                                                                                             Fig  1.2

Ailerons: The two ailerons, one at the outer trailing edge of each wing, are movable surfaces that control movement about the longitudinal axis. The movement is roll. Lowering the aileron on one wing raises the aileron on the other. The wing with the lowered aileron goes up because of its increased lift, and the wing with the raised aileron goes down because of its decreased lift. Thus, the effect of moving either aileron is aided by the simultaneous and opposite movement of the aileron on the other wing.  Rods or cables connect the ailerons to each other and to the control wheel (or stick) (see Fig 1.3)  in the cockpit. When pressure is applied to the right on the control wheel, the left aileron goes down and the right aileron goes up, rolling the airplane to the right. This happens because the down movement of the left aileron increases the wing camber (curvature) and thus increases the angle of attack. The right aileron moves upward and decreases the camber, resulting in a decreased angle of attack. Thus, decreased lift on the right wing and increased lift on the left wing cause a roll and bank to the right.
Elevators: The elevators control the movement of the airplane about its lateral axis. This motion is pitch. The elevators form the rear part of the horizontal tail assembly and are free to swing up and down. They are hinged to a fixed surface--the horizontal stabilizer. Together, the horizontal stabilizer and the elevators form a single airfoil. A change in position of the elevators modifies the camber of the airfoil, which increases or decreases lift. Like the ailerons, the elevators are connected to the control wheel (or stick) by control cables. When forward pressure is applied on the wheel, the elevators move downward. This increases the lift produced by the horizontal tail surfaces. The increased lift forces the tail upward, causing the nose to drop. Conversely, when back pressure is applied on the wheel, the elevators move upward, decreasing the lift produced by the horizontal tail surfaces, or maybe even producing a downward force. The tail is forced downward and the nose up. The elevators control the angle of attack of the wings. When back pressure is applied on the control wheel, the tail lowers and the nose raises, increasing the angle of attack. Conversely, when forward pressure is applied, the tail raises and the nose lowers, decreasing the angle of attack.
Rudder: The rudder controls movement of the airplane about its vertical axis. This motion is yaw. Like the other primary control surfaces, the rudder is a movable surface hinged to a fixed surface which, in this case, is the vertical stabilizer, or fin. Its action is very much like that of the elevators, except that it swings in a different plane--from side to side instead of up and down. Control cables connect the rudder to the rudder pedals(see Fig 1.3).
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                                                                               Fig 1.3

Generally, the primary cockpit  flight controls are arranged as follows:
   1.A control yoke (also known as a control column), centre stick or side-stick (the latter two also colloquially known as a control or joystick), governs the aircraft's roll and pitch by moving the ailerons (or activating wing warping on some very early aircraft designs) when turned or deflected left and right, and moves the elevators when moved backwards or forwards

2. Rudder pedals, or the earlier, pre-1919 "rudder bar", to control yaw, which move the rudder; left foot forward will move the rudder left for instance.

3.Throttle controls to control engine speed or thrust for powered aircraft.
2.INTRODUCTION  TO  PRIMARY FLIGHT CONTROLS OF BOEING B737CL

   The primary flight control system uses conventional control wheel, column, and pedals linked mechanically to hydraulic power control units which command the primary flight control surfaces : ailerons, elevators and rudder. The flight controls are powered by redundant hydraulic sources: system A and system B. Either hydraulic system can operate all primary flight controls. The ailerons and elevators may be operated manually if required. The rudder may be operated by the standby hydraulic system if system A and system B pressure is not available.

PILOT PRIMARY CONTROLS:

· two control columns 

· two control wheels

· two pairs of rudder pedals

· AILERON trim switches

· RUDDER trim control 

· Yaw damper switch

[image: image4.png]The columns and wheels are connected through transfer mechanisms which allow
the pilots to bypass a jammed control or surface.




[image: image5.png]There 1s a rigid connection between both pairs of rudder pedals.




[image: image6.png]Flight Control Surfaces

Pitch control is provided by:
* two elevators
+ amovable horizontal stabilizer.
Roll control is provided by:
* two ailerons
« eight flight spoilers. (see Fig2.1)
Yaw control is provided by a single rudder. During takeoff. the rudder becomes
aerodynamically effective between 40 and 60 knots.




3. ROLL CONTROL
[image: image7.png]The roll control surfaces consist of hydraulically powered ailerons and
flight spoilers. which are controlled by rotating either control wheel.




[image: image8.png]Allerons

The ailerons provide roll control around the airplane’s longitudinal axis.

The ailerons are positioned by the pilots' control wheels. The A and B FLT
CONTROL switches control hydraulic shutoff valves. These valves can be used
to isolate each aileron, as well as the elevators and rudder, from related hydraulic
system pressure.The Captain’s control wheel is connected by cables to the aileron
power control units (PCUs) through the aileron feel and centering unit.

The First Officer’s control wheel is connected by cables to the spoiler PCUs through
the spoiler mixer. The two control wheels are connected by a cable drive system
which allows actuation of both ailerons and spoilers by either control wheel.
With total hydraulic power failure the ailerons can be mechanically positioned by
rotating the pilots' control wheels. Control forces are higher due to friction and
aerodynamic loads..




[image: image9.png]Aileron Transfer Mechanism

If the ailerons or spoilers are jammed, force applied to the Captain’s and the First
Officer’s control wheels will identify which system, ailerons or spoilers, is usable
and which control wheel, Captain’s or First Officer’s, can provide roll control. If
the aileron control system is jammed. force applied to the First Officer’s control
wheel provides roll control from the spoilers. The ailerons and the Captain’s
control wheel are inoperative. If the spoiler system is jammed, force applied to the
Captain’s control wheel provides roll control from the ailerons. The spoilers and
the First Officer’s control wheel are inoperative.




[image: image10.png]Aileron Trim

Dual AILERON trim switches, located on the aft electronic panel, must be pushed
simultaneously to command trim changes. The trim electrically repositions the
aileron feel and centering unit, which causes the control wheel to rotate and
redefines the aileron neutral position. The amount of aileron trim is indicated on
a scale on the top of each control column.

If aileron trim is used with the autopilot engaged. the trim is not reflected in the
control wheel position. The autopilot overpowers the trim and holds the control
wheel where it is required for heading/track control. Any aileron trim applied
when the autopilot is engaged can result in an out of trim condition and an abrupt
rolling movement when the autopilot is disconnected.
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                                                                                                                 Fig 3.1
[image: image12.png]Roll Control Schematic
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                                                                                                          Fig 3.2 
4. PITCH CONTROL
[image: image14.png]Pitch Control

The pitch control surfaces consist of hydraulically powered elevators and an
electrically powered stabilizer. The elevators are controlled by forward or aft
movement of the control column. The stabilizer is controlled by autopilot trim or
manual trim.




[image: image15.png]Elevators

The elevators provide pitch control around the airplane’s lateral axis. The
elevators are positioned by the pilots’ control columns. The A and B FLT
CONTROL switches control hydraulic shutoff valves for the elevators.

Cables connect the pilots’ control columns to elevator power control units (PCUs)
which are powered by hydraulic system A and B. The elevators are interconnected
by a torque tube. With loss of hydraulic system A and B the elevators can be
mechanically positioned by forward or aft movement of the pilots’ control
columns. Control forces are higher due to friction and aerodynamic loads.




[image: image16.png]Elevator Control Column Override Mechanism

In the event of a control column jam. an override mechanism allows the control
columns to be physically separated. Applying force against the jam will breakout
cither the Captain’s or First Officer’s control column. Whichever column moves
freely after the breakout can provide adequate elevator control.

Although total available elevator travel s significantly reduced, there is sufficient
elevator travel available for landing flare. Column forces are higher and exceed
those experienced during manual reversion. If the jam exists during the landing
phase. higher forces are required to generate sufficient elevator control to flare for
landing. Stabilizer trim is available to counteract the sustained control column
force.




[image: image17.png]Elevator Feel System

The elevator feel computer provides simulated aerodynamic forces using airspeed
(from the elevator pitot system) and stabilizer position. Feel is transmitted to the
control columns by the elevator feel and centering unit. To operate the feel system
the elevator feel computer uses either hydraulic system A or B pressure,
whichever is higher. When either hydraulic system or elevator feel pitot system
fails, excessive differential hydraulic pressure is sensed in the elevator feel
computer and the FEEL DIFF PRESS light illuminates.




[image: image18.png]Mach Trim System

A Mach trim system provides speed stability at the higher Mach numbers. Mach
trim is automatically accomplished above Mach .615 by adjusting the elevators
with respect to the stabilizer as speed increases. The flight control computers use
Mach information from the ADIRU to compute a Mach trim actuator position.
The Mach trim actuator repositions the elevator feel and centering unit which
adjusts the control column neutral position.




[image: image19.png]Pitch Control Schematic
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                                                                                    Fig  4.1
5. YAW  CONTROL
[image: image21.png]Yaw control is accomplished by a hydraulically powered rudder and a digital yaw
damper system. The rudder is controlled by displacing the rudder pedals. The yaw
damping functions are controlled through the stall management/yaw damper
(SMYD) computers.




[image: image22.png]Rudder

[B737 modified rudder - not installed]

The rudder provides yaw control about the airplane’s vertical axis. The A and B
FLT CONTROL switches control hydraulic shutoff valves for the rudder and the
standby rudder.

Each set of rudder pedals is mechanically connected by cables to the input levers
of the main and standby rudder PCUs. The main rudder PCU is powered by
hydraulic system A and B. The standby rudder PCU is powered by the standby
hydraulic system. At speeds above approximately 135 kts, hydraulic system A
pressure to the rudder PCU is limited by approximately 50%. This function limits
full rudder authority in flight after takeoff and before landing.

The standby rudder PCU is powered by the standby hydraulic system. The standby
hydraulic system is provided as a backup if system A and/or B pressure is lost.
With the standby PCU powered the pilot retains adequate rudder control
capability. It can be operated manually through the FLT CONTROL switches or
automatically. (Refer to Chapter 13, Hydraulics, Standby Hydraulic System)




[image: image23.png]Rudder Trim

The RUDDER trim control. located on the aft electronic panel, electrically
repositions the rudder feel and centering unit which adjusts the rudder neutral
position. The rudder pedals are displaced proportionately. The RUDDER TRIM
indicator displays the rudder trim position in units.




[image: image24.png]Rudder (with Rudder System Enhancement Program (RSEP)
installed)

[B737 modified rudder- installed]

The rudder provides yaw control about the airplane’s vertical axis. The A and B

FLT CONTROL switches control hydraulic shutoff valves for the rudder and the
standby rudder.




[image: image25.png]Each set of rudder pedals is mechanically connected by cables to the input levers
of the main and standby rudder PCUs. The main PCU consists of two independent
input rods. two individual control valves. and two separate actuators: one for




[image: image26.png]Hydraulic system A and one for Hydraulic system B. The standby rudder PCU 1s
controlled by a separate input rod and control valve and powered by the standby
hydraulic system. All three input rods have individual jam override mechanisms
that allows input commands to continue to be transferred to the remaining free
input rods if an input rod or downstream hardware is hindered or jammed.

At speeds above approximately 135 kts. both hydraulic system A and B pressure
are each reduced within the main PCU by approximately 25% each. This function
limits full rudder authority in flight after takeoff and before landing.

The main rudder PCU contains a Force Fight Monitor (FFM) that detects opposing
pressure (force fight) between A and B actuators. This may occur if either system
A orBinput is jammed or disconnected. The FFM output is used to automatically
turn on the Standby Hydraulic pump. open the standby rudder shutoff valve to
pressurize the standby rudder PCU. and illuminate the STBY RUD ON. Master
Caution, and Flight Control (FLT CONT) lights.

The standby rudder PCU is powered by the standby hydraulic system. The standby
hydraulic system is provided as a backup if system A and/or B pressure is lost.
With the standby PCU powered the pilot retains adequate rudder control
capability. It can be operated manually through the FLT CONTROL switches or
automatically. (Refer to Chapter 13, Hydraulics. Standby Hydraulic System)




[image: image27.png]An amber STBY RUD ON light illuminates when the standby rudder hydraulic
system is pressurized. The standby rudder system can be pressurized with either
Flight Control switch, automatically during takeoff or landing (Refer to Chapter
13. Hydraulics. Standby Hydraulic System) or automatically by the Force Fight
Monitor. The STBY RUD ON light illumination activates Master Caution and
Flight Control warning lights on the Systems Annunciation Panel.

Rudder Trim

The RUDDER trim control. located on the aft electronic panel, electrically
repositions the rudder feel and centering unit which adjusts the rudder neutral
position. The rudder pedals are displaced proportionately. The RUDDER TRIM
indicator displays the rudder trim position in units.




[image: image28.png]Yaw Control Schematic

[RSEP not installed]
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                                                                                                                   Fig  5.1
[image: image30.png][RSEP installed]
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                                                                   Fig 5.2
6. FLIGHT CONTROL PANEL
[image: image32.png]Flight Control Panel

710
V)
J

Ve





                                                                                  Fig 6.1
[image: image33.png]- FLIGHT CONTROL Switches

STBY RUD - activates standby hydraulic system pump and opens standby rudder
shutoff valve to pressurize standby rudder power control unit.

OFF - closes flight control shutoff valve isolating ailerons. elevators and rudder
from associated hydraulic system pressure.

ON (guarded position) - normal operating position.

"2 Flight Control LOW PRESSURE Lights

Illuminated (amber) -

« indicates low hydraulic system (A or B) pressure to ailerons, elevator and
rudder

« deactivated when associated FLIGHT CONTROL switch is positioned to




[image: image34.png]STBY RUD and standby rudder shutoff valve opens.




[image: image35.png]| 3 Flight SPOILER Switches
ON (guarded position) — normal operating position.
OFF — closes the respective flight spoiler shutoff valve.

Note: Used for maintenance purposes only.

- YAW DAMPER Light

Tlluminated (amber) — yaw damper is not engaged.

|5 YAW DAMPER Svitch
OFF — disengages yaw damper.
ON—

* engages main yaw damper to main rudder power control unit if the B FLT
CONTROL switch is in the ON position

+ engages standby yaw damper to standby rudder power control unit if both
the A and B FLT CONTROL switches are in the STBY RUD position.

6 STANDBY HYD Lights
STANDBY HYDRAULIC LOW QUANTITY Light




[image: image36.png]Tlluminated (amber) -
* indicates low quantity in standby hydraulic reservoir
+ always armed.

STANDBY HYDRAULIC LOW PRESSURE Light

Tlluminated (amber) -

* indicates output pressure of standby pump is low

« armed only when standby pump operation has been selected or automatic
standby function is activated.

STBY RUD ON Light

+ Tlluminated (amber) - indicates the standby rudder system is commanded
on to pressurize the standby rudder power control unit.

|7 ALTERNATE FLAPS Master Switch

OFF (guarded position) — normal operating position.

ARM - closes TE flap bypass valve, activates standby pump. and arms the
ALTERNATE FLAPS position switch.




[image: image37.png]8  ALTERNATE FLAPS Position Switch
Functions only when the ALTERNATE FLAPS master switch is in ARM.




[image: image38.png]UP -
« electrically retracts TE flaps

+ LE devices remain extended and cannot be retracted by the alternate flaps
system.

OFF — normal operating position.

DOWN (spring loaded to OFF) —

+ (momentary) fully extends LE devices using standby hydraulic pressure
+ (hold) electrically extends TE flaps until released.

|9 Feel Differential Pressure (FEEL DIFF PRESS) Light
Armed when the TE flaps are up or down.

Tluminated (amber) -
« indicates excessive differential pressure in the elevator feel computer.

Note: Excessive differential pressure can be caused by erroneous activation of
the Elevator Feel Shift module.




[image: image39.png]10 Speed Irim Failure (SPEED TRIM FAIL) Light

Nluminated (amber) —

« indicates failure of the speed trim system

« indicates failure of a single FCC channel when MASTER CAUTION
light recall is activated and light extinguishes when Master Caution
System is reset.

- Mach Trim Failure (MACH TRIM FAIL) Light

Nluminated (amber) —
« indicates failure of the mach trim system

« indicates failure of a single FCC channel when MASTER CAUTION
light recall is activated and light extinguishes when master caution system
is reset.




[image: image40.png]12 Automatic Slat Failure (AUTO SLAT FAIL) Light

Tlluminated (amber) —
+ indicates failure of the auto slat system
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                                                                                                                 Fig 6.2
[image: image42.png]- Rudder Pedals
Push—

« controls rudder position
+ permits limited nose gear steering up to 7 degrees each side of center.

- Rudder Trim Indicator
Indicates units of rudder trim.

|3 Rudder Trim OFF Flag

Tlluminated (amber) (in view) — rudder trim indicator is inoperative.

- Rudder Trim Control (spring-loaded to neutral)
Rotate — electrically trims the rudder in the desired direction.




[image: image43.png]5 YAW DAMPER Indicator

« Indicates main yaw damper movement of rudder
« pilot rudder pedal inputs are not indicated.




[image: image44.png]Aileron / Elevator / Flight Spoilers





                                                                                                                       Fig 6.3
[image: image45.png]1 AILERON TRIM Indicator
Indicates units of aileron trim.

2 AILERON Trim Switches (spring-loaded to the neutral position)

Movement of both switches repositions the aileron neutral control position.

- Control Wheel

Rotate — operates ailerons and flight spoilers in desired direction.

- Control Column

Push/Pull —
+ operates elevators in the desired direction
+ movement opposing stabilizer trim stops electric trimming.




[image: image46.png]Flight Control Surface Position Indicator
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                                                                                                                          Fig 6.4
[image: image47.png]1 MFD System (SYS) Switch
Push - SYS

« displays flight control surface position indications on lower DU: or if the
lower DU is unavailable. displays it on upper DU or inboard DU based on
the position of the display select panel selector

« second push removes indications on the respective DU.

"2 Flight Spoilers (FLT SPLR) (white)
Indicates related (left/right) flight spoilers position:
« top mark depicts flight spoilers fully deployed

+ bottom mark depicts the spoilers down.




[image: image48.png]- Aileron (AIL) (white)
Indicates related (left/right) aileron position:

+ top mark depicts maximum up position
« center mark depicts neutral position
+ bottom mark depicts maximum down position.




[image: image49.png]- Elevator (ELEV) (white)

Indicates elevator position:
+ top mark depicts maximum up position

« center mark depicts neutral position when on the ground and trimmed in
the green band

+ bottom mark depicts maximum down position.
Note: Elevator neutral position varies with stabilizer position, flap position and
Mach. The center index mark is set for nominal takeoff conditions. With

certain airplane nose up trim settings, the pointer will be somewhat
displaced.

- RUDDER (white)

Indicates rudder position:
 left mark depicts maximum left position
« center mark depicts neutral position
« right mark depicts maximum right position.




7. CONCLUSION
 The aircraft  is controlled  by primary controls  for  movement in three motions of the airplane (roll, pitch, and yaw). Primary , because of primary need. In case  of  failure of any of elements of this controls leads to loss of controllability, and  high probably  to the aircraft crash.  So it is very important to provide safe and reliable work of controls.
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