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GENERAL



SYSTEM DESIGN PHILOSOPHY This module highlights the new concept of the AutoFlight System and presents the relationship with the Electrical Flight Control Systems and the Full Authority Digital Engine Control ( FADEC ). Introduction The purpose of this module is to explain basic system design aspects included in a modern AutoFlight System. This module is not an introduction of all the functions of the system. General Concept The AutoFlight System calculates orders to automatically control the flight controls and the engines. The system only computes orders. These orders are not executed by actuators ( exept FAC for Rudder Control ) belonging to AFS but by systems which usually control the surfaces and the engines when the AFS is not active i.e. : side sticks and thrust levers. Navigation A fundamental function of AutoFlight System is to calculate the position of the aircraft. When computing A/C position, the system uses several aircraft sensors giving useful information for this purpose.



AFS/Fly by Wire The control wheel steering mode which existed in previous AutoFlight System is now ensured by the manual fly by wire mode of the Electrical Flight Control System. On conventional aircrafts the Control Wheel Steering ( CWS ) mode consists in maintaining the A/C attitude once the control wheel is released. In any case, when the automatic control of surfaces is active, if the pilot moves the stick, it disengages. System Design To meet the necessary reliability, the AutoFlight System is built around four computers. Two Flight Management and Guidance Computer ( FMGC 1 and FMGC 2 ) and two Flight Augmentation Computer ( FAC 1 and FAC 2 ). Each FMGC and each FAC has a command part and a monitor part: it is a fail passive computer. In Approach or Go Around the AFS is automaticly fail operative, if both APs are engaged.
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Flight Plan The system has several flight plans in its memory. These are predetermined by the airline. A flight plan describes a complete flight from departure to arrival, it includes vertical information and all intermediate waypoints. It can be displayed on the instruments ( CRTs ). Operation There are several ways to use the Auto Flight System. The normal and recommended way to use the AFS is to use it to follow the flight plan. Knowing the position of the aircraft and the desired flight plan ( chosen by the pilot ), the system is able to compute the orders sent to the surfaces and engines so that the aircraft follows the flight plan. The pilot has an important monitoring role. Note : during AFS operation, side sticks and thrust levers do not move automatically.
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Figure 1 FRA US/T hz May 1999



System Design Philosophy Seite: Page: 3



 Lufthansa Technical Training



AUTOFLIGHT GENERAL



A 319 / A 320 / A 321 22-00



CONTROLS AND INDICATIONS IN THE COCKPIT Controls  ( 1/18 )  ( 6/11 )  ( 7/10 )  (8)  ( 17 )



Flight Control Panel Multipurpose Control and Display Units ( MCDU ) Radio Management Panels ( RMP ) for Navaid selection. Rudder Trim Panel Flight Control Unit ( FCU ).



Indication  ( 2/15 )  ( 3/14 )  ( 13 )  (4)



Navigation Display ( ND ) Primary Flight Display ( PFD ) Engine Warning Display ( EWD ) System Display ( SD ).
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Miscellaneous  ( 5/12 ) Takeover and Priority pushbutton switches  ( 9 ) A/THR Instinctive Disconnect pushbutton switches  ( 16 ) AUTO LAND warning lights and Paravisual Display  Warnings: MASTER WARN and MASTER CAUT lights.
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LOCATION OF THE FMGC‘S AND FAC‘S
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AUTOFLIGHT SYSTEM PRESENTATION 1. General The auto flight system ( AFS ) installed on the aircraft is made up of two types of computers : - the flight management and guidance computer ( FMGC ) - the flight augmentation computer ( FAC ) and two types of control units : - the flight control unit ( FCU ) - the multipurpose control and display units ( MCDU ). The functions of the FMGC are : - autopilot ( AP ) - flight director ( FD ) - automatic thrust control ( A/THR ) - flight management.



- acquisition and hold of a flight path - guidance of the aircraft at takeoff by holding runway axis and speed ( available in the FD as long as the aircraft is on ground ) - automatic landing and go around. The autopilot generates the following orders : - position of the control surfaces on the three axes : pitch, roll and yaw - position of the nose wheel during roll out. These orders are taken into account by these computers : FACs, ELACs, SECs and BSCU. The flight director generates guidance orders used in manual control. These orders are displayed on the PFDs ( primary flight displays ) through the DMCs ( display management computers ).



The functions of the FAC are : - yaw damper - rudder trim - rudder travel limiting - calculation of the characteristic speeds and flight envelope monitoring - acquisition of the yaw AP order.
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The MCDUs linked to the FMGCs enable : - the introduction and the modification of the flight plan - the display, the selection and the modification of the parameters associated with the flight management function. The FCU is used for : - the engagement of the AP/FD and A/THR systems - the selection of flight parameters ( altitude speed/Mach, vertical speed/flight path angle, heading/track ) - the selection of AP/FD modes. This system description describes the autopilot ( AP ) and the flight director ( FD ) functions, which are : - stabilization of the aircraft around its center of gravity when the AP/FD system holds vertical speed or flight path angle and heading or track
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Figure 4 FRA US/T hz May 1999
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ELECTRICAL POWER The AFS components are supplied by electrical power supply systems as defindet on figure 5. ”CAT 3 DUAL” is indicated, if contactor BTC 1 (11XU1) and BTC 2 (11XU2) and 1PC2 (DC BAT BUS - DC BUS 2) are open.
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The APU-generator is not accepted for ”CAT 3 DUAL” operation.
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FMGC - INPUT / OUTPUT DISCRETES
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AUTO FLIGHT DISCRETES/ANALOG INTERFACES FMGC-INPUT / OUTPUT DISCRETES
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Figure 6 FRA US/T hz May 1999
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AUTOPILOT / FLIGHTDIRECTOR



AUTOPILOT INTRODUCTION General The autopilot is engaged from the Flight Control Unit by the related pushbuttons. The autopilot guidance modes are selected from the Flight Control Unit or the Flight Management and Guidance Computer. The autopilot function is a loop after a comparison between real and reference parameters, the FMGC computes orders which are sent to the Flight Controls. The loop is closed by real values coming from sensors and given by other systems ( ex : ADIRS ) to the FMGC. When the autopilot is engaged, the load thresholds on the side sticks and pedals are increased. If a side stick is overriden or the Takeover and Priority P/BSw is depressed the autopilot disengages. When AP is engaged :  on the side sticks, the pitch and roll load threshold changes. Any force exeeding this tresholds disengages the AP.  on the rudder pedals, the load threshold changesalso in the artificial feel and trim unit. Exeeding this threshold results on AP disengagement.
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22 - 10 AUTOPILOT INTRODUCTION ( CONT. ) Modes There are lateral modes and vertical modes. Basically, one of each is chosen by the pilot or by the system. The AP being engaged, a lateral mode and a vertical mode are simultaneously active. According to the flight phases, the lateral mode controls the aileron via Elevator Aileron Computers (ELACs), the spoilers via ELACs and Spoiler Elevator Computers (SECs), the rudder via Flight Augmentation Computers (FACs) and the nose wheel via ELACs and the Braking/Steering Control Unit (BSCU). The vertical mode controls the elevators via ELACs. Autopilot Operation on Ground For maintenance purposes, the autopilot can be engaged on the ground only with both engines shut down. Hydraulic power is not required. When an engine is started, the autopilot disengages. Autopilot Operation at Take-Off The autopilot can be engaged in flight, provided the aircraft has been airborn for at least 5 seconds. Before autopilot engagement, take-off modes can be active for the flight director.
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Autopilot Operation at Cruise In cruise, only one autopilot can be engaged at a time. Ailerons and Spoilers execute the orders of lateral modes, Elevators execute the orders of vertical modes. Engaging a second AP in cruise disengages the other one. Note : The rudder is not controlled by the AP, but by Flight Augmentation Computer ( FAC ) functions.
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Autopilot Operation during Landing If the airfield is equipped with ILS installations, the autopilot can perform a complete landing, roll out included. In addition, the autopilot controls the rudder via the Flight Augmentation Computer.  ILS approach : AP is able to perform a complete landing with descent, flare and roll out. A second AP can be engaged (AP 1 active, AP 2 backup ). After landing, the autopilot gives steering orders for the nose wheel.  Roll out : Steering order to rudder and nose gear depend on aircraft speed. Ailerons and spoilers AP orders are null. Note : spoilers are directly controlled by SECs as airbrakes. During roll out, at low speed (about 60 kts), the pilot normally disengages the AP function(s) by pressing a take over pushbutton located on the side stick. If the airfield has no glide slope installation, the pilots can select a LOC or a NAV approach, but the autopilot is disengaged at a given altitude.  LOC (without glide) or NAVigation approach : same principles as for cruise. Pilots have to disengage AP at a given altitude in order to land manually.
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AUTOPILOT INTRODUCTION (CONT.) Nose wheel control Each ELAC receives a nose wheel steering command from the two FMGCs :  DELTA ( δ ) NOSE WHEEL The ELACs select one off the two commands in function of :  AP engagement The selected command is sent to the BSCU. The BSCU uses this command associated with commands from the control wheel and rudder pedals to compute nose wheel control angle. The command from the FMGC and the command from the rudder pedals are limited with respect to the speed. The command from the FMGC is used after landing during rollout. The BSCU generates four discretes ( BSCU HEALTHY ) whose validity is taken into account :  For capability computations  In the ROLL OUT logic. It also supplies 2 discretes (wheel speed ) for the ROLL OUT logic.
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Using the ‘Pedal Disconnect P/B‘ on the Handwheel prevents nosewheel movement e. c. during full ruddertravel in Take off ( Crosswind ).
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22 - 10 FD INTRODUCTION Interface with DMCs and Reconfiguration Each DMC receives : - a bus from each FMGC on which are routed : the FD orders, the AP/FD engagements, the AP/FD modes, the landing capabilities, - a wired discrete per FMGC giving the engagement status of the FDs, - a bit on a discrete label of the FCU corresponding to the action on the FD pushbutton switch associated with the PFD. A logic inside the acquisition module selects the FMGC bus(es) required to present the FD orders and the FMA messages. In normal operation : - the DMC 1 transmits data to Capt PFD - the DMC 2 transmits data to F/O PFD. Each DMC is linked to its associated PFD by two connections ( a normal one and an alternate one). The alternate connection is used for different types of changeover. DMC / PFD Reconfiguration In the event of a DMC failure, the DMC 3 in standby can replace the faulty DMC after action on the EIS DMC selector switch. In the event of a PFD failure, the data are transferred automatically from the PFD to the ND ( data on PFD have priority ). This transfer can also be made manually in two ways: - by turning the PFD potentiometer to ” OFF ” - by action on the PFD / ND XFR pushbutton switch.
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Automatic Selection of FMGC Bus for the FD Orders Each DMC makes a selection depending on the side on which it is installed and on the validity of each FD, in function of: - the engagement wired discretes - the status matrices (SSM) of the labels which the FD orders are routed. So the DMC1 (2) selects the FMGC1 (2) bus if the FD1 (2) is valid. The PFD1 (2) therefore displays: - the FD1 (2) message on the FMA - the FD orders from the FMGC1 (2).
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Automatic FD Reconfiguration If an FD1 (2) validity loss is detected by the DMC1 (2) through: - loss of the FD1 (2) ENG condition - non refresh of FMGC1 (2) labels - status matrix of FMGC1 (2) labels coded at F/W status the DMC1 (2) will select the data from the FMGC2 (1) automatically and will display: - FD2 (1) message - the FD orders from the FMGC2 (1). FD Order Removal All the FD orders can be cleared by the DMC in one of the following cases: - action on the corresponding FD pushbutton switch on the FCU - validity loss of both FDs. The DMC clears a given FD order when the associated label is NCD. Selection of FMGC Bus for Display of AP/FD Modes and Landing Capabilities This selection depends on the engagement of the AP/FD systems.  FD only engaged : Each DMC utilizes the bus selected for the FD orders as per the logic described in ” Automatic Selection of FMGC Bus for the FD Orders ”.  Only one AP engaged : Each DMC utilizes the FMGC bus which corresponds to this AP. Each PFD displays : - AP1 or AP2 message depending on the AP engaged, - the modes corresponding to this AP, - the landing capabilities from the FMGC corresponding to the AP engaged.  Both APs engaged : Each DMC is associated with the corresponding FMGC. Therefore the Capt (F/O) PFD displays : - AP1 + 2 message, - the modes corresponding to AP1 (2), - the landing capabilities from the FMGC1 (2). FD Flag ( red ) In case of both FMGC‘s failure or both FD disengaged with FD pushbutton ” ON ” and attitude valid, a red FD - flag is displayed.
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AUTOPILOT / FLIGHT DIRECTOR - MODES Modes General Engagement Principle : The engagement of the cruise modes on the AP/FD follows the operational utilization principle of Automatic Flight System ( AFS ). When the pilot wants to control a flight parameter manually, he must select the required value on the FCU then pull the associated selector knob. Then, the AP/FD mode of the manual control of this parameter is engaged.



Disengagement Principle : The disengagement of a lateral mode is caused by the engagement of a new lateral mode. During RUNWAY LOC sub-AFS mode ( FD Roll-Takeoff mode ) when a discrepancy between CMD and MONG channels leads to FD disengagement. The disengagement of a longitudinal mode is caused by the engagement of a new longitudinal mode. Each mode ( lateral or longitudinal ) is disengaged at the engine running on ground or at the confirmed loss of AP/FD for more than 0.6 s.



In order to have a flight parameter controlled by the FM part of the FMGC the pilot must push the associated selector knob. The automatic control is then armed or activated. Synchronization of Modes between FMGCs : So as to ensure a consistent operation of the AFS, it is mandatory to have the two FMGCs in operation of the same modes active and armed. The logic for the selection of the FMGC which has priority takes into account the engagement of the AP/FD and A-THR functions ( see Fig. on next page ).



For Training Purposes Only



In cruise phase there is at least one AP/FD engaged, the FMGC which has priority imposes the cruise modes active and armed to the FMGC which has no priority Engagement on the Ground : In order to facilitate the AFS test, certain cruise modes can be activated on the AP and on the FD, on the ground when the engines are stopped. All these modes are disengaged at engine start-up on the ground and this causes the return to a configuration in conformity with the takeoff phase.
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AP ENGAGEMENT
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” - ” means: whatever the state Figure 11
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22 - 10 AUTOPILOT / FLIGHT DIRECTOR - MODES ( CONT. ) Mode Selection Principle A mode can be selected through one of the following possibilities :  Automaticly, e.g. the altitude acquisition mode is always armed, exept in some cases ( approach ).  Action on pushbutton switch located on the FCU.  Push or pull action on one of the reference selection knobs ( speed / mach, heading / track, altitude, vertical speed/flight path angle ) on the FCU. CRUISE FLIGHT



 LONGITUDINAL
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 Cancellation of an engaged mode.  Position of the throttle control levers ( selection of TO or GARD modes ). AP - A/THR Mode Compability The AFS is such that the AP/FD system or the A/THR function always control the speed. The AP/FD has the priority. To do this, the modes of the A/THR system are function of the AP/FD-longitudinal modes. The table below presents the Cruise Modes.



MODE



AVAILABILITY



PHASES



NOTE



- Vertical speed ( V/S ) ( Acquisition and Hold )



AP / FD



HOLD



Automatic or V/S - FPA select knob



- Flight path angle ( FPA ) ( Acquisition and Hold )



AP / FD



HOLD



- Altitude acquisition ( ALT ACQ )



AP / FD



- Altitude hold ( ALT )



AP / FD



HOLD



- DES - OP DES



( Descent ) ( Open Desct )



AP / FD AP / FD



ARM - HOLD HOLD



- CLB - OP CLB



( Climb ) ( Open Climb )



AP / FD AP / FD



ARM - HOLD HOLD



- Heading ( HDG ) - Track ( Acquisition and Hold )



AP / FD AP / FD



HOLD HOLD



- Navigation ( NAV )



AP / FD



ARM - CAPTURE



ARM - HOLD



Armed automatically



Automatic on selected Altitude Altitude select-knob



Automatic or HDG / TRK selectknob ( pulled ) HDG / TRK selectknob ( pushed )
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COMMON MODES ( Takeoff, Landing, Go Around )



COMMON MODES



TAKEOFF



LONGITUDENAL MODES All engines operational : Speed Reference System ( SRS ) : Holding of V2 + 10 kts



( TO )



LATERALE MODES



AVAILABILITY



Runway ( RWY ): - Holding of LOC centerline up to 30 ft RA,



FD



- Track above 30 ft RA One engine fail :



PHASES



HOLD AP*/ FD ( *AP only 5 sec after lift off )



SRS : Holding of Va if Va > V2 V2 if Va < V2 ( Va : Actual Speed ) GO AROUND ( GA )



SRS : Holding of Va if Va > Vapp or Vapp if Va < Vapp
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LOCALIZER ( LOC )



APPROACH ( APP )
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Glide capture, track ( GS ), Flare, Rollout or Final desct ( FINAL ) according to the profile determined by the FMGC ( Appr. Page )



Track



AP / FD



HOLD



LOC capture and track



AP / FD



ARM - CAPT - TRACK



LOC capture and track Align and Rollout or R - NAV approach or VOR approach



AP / FD



ARM - CAPT - TRACK
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AUTOPILOT / FLIGHT DIRECTOR - MODES ( CONT. ) The operational use of the AFS is based of the following principle :  The short-term pilot orders are entered through the FCU  The long.term pilot orders are entered through the MCDU. This principle leads to two distinct operations : Selected and managed controls. Selected Control The aircraft is controlled using reference parameters entered by the pilot on the FCU ( heading / track, vertical speed / flight path angle, speed / mach, altitude ). These parameters are taken into account ( acquisition and then hold ) as follows:  Modification of the parameter by means of the corresponding selector knob on the FCU.  Pull action on the selector knob.
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Managed Control The aircraft is controlled using reference parameters computed by the FMGC which takes into account the pilot data selected on the MCDU. A parameter is selected in managed control by pushing the corresponding selector knob. In this case the parameter value is called out by means of a dashed line on the FCU ( exept altitude which is always displayed ) and a white indicator light comes on near the coresponding referens display.
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22-10 AP ENGAGEMENT General The AP is engaged through two pushbutton switches ( AP 1 and AP 2 ) located on the center section of the FCU. In cruise only one AP can be engaged at a time ( priority to the last AP engaged ). Both APs can be engaged when APPR and GO AROUND modes are selected. In these cases, the AP 1 has priority and is active. The AP 2 is in standby and becomes active if the AP 1 is lost. When these modes are released, the AP 2 is disengaged automatically. The AP can be engaged on the ground in any mode with engines stopped. The AP disengages when one engine is started. An AP can be engaged again 5 s after lift-off : - In active FD modes ( if at least one FD is engaged ) - In HDG and V/S modes ( if no FD is engaged ). At AP engagement, the load thresholds on the side stick controllers and on the rudder pedals are increased. AP engagement is indicated by the illumination of the corresponding pushbutton switch ( three green bars ) and by the AP 1 or AP 2 indication in the status column on the PFDs.
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The pilot can disengage the AP in different ways: - By action on the engagement pushbutton switch, with the green bars on. - By action on one takeover and priority pushbutton switch on the side stick controller.



AP-engage hardware logic Principle: A part of the AP engage logic is accomplished through the hardware. It takes into account the following signals : - AP ENGD boolean generated in the software - FG HEALTHY logic signal - AP SW wired discrete from the FCU. The AP-engage hardware logic utilizes the command and the monitoring channels. Each output discrete takes into account the conditions generated by each channel. During the safety tests ( at power up ) the AP SW signal is inhibited prohibiting engagement through the pushbutton switch. The disengagement takes place in the hardware logic : - Upon loss of one of the AP ENGD and FG HEALTHY signals after confirmation of 200 ms - Through action on one takeover and priority pushbutton switch located on the side stick controllers - Upon detection of Long Power Failure ( LPF ) by the power unit . In the event of short interruption, the engage signal maintains its pre-cutoff state. The final circuits are therefore supplied with back-up current ( VS ). They are isolated from the other signals during the cutoff ( SW RESET signal active ). The AP ENGD wired discretes obtained are used by: -The Elevator Aileron Computers ( ELAC ) ( selection of AUTO mode ) -The FCU ( illumination of the corresponding AP pushbutton switch ) -The opposite FMGC ( disengagement of associated AP if in cruise modes, selection of the FMGC having priority ) -The FMGC OWN ( engagement wrap around ). -The FWCs ( generation of the AP warning ).



Loss of the AP is indicated by an aural and visual warning.
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Confirmation and Trouble Schooting Data



∗ ∗ LPF - Long Power
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Failure



CONFIRMATION AND TROUBLE SHOOTING DATA



Figure 13 FRA US/T hz May 1999



CONFIRMATION AND TROUBLE SHOOTING DATA



AP-Engage Hardware Logic Seite: Page: 29



 Lufthansa Technical Training



AUTOFLIGHT AUTOPILOT / FLIGHTDIRECTOR



A 319 / A 320 / A 321 22-10



AP ENGAGEMENT ( Cont. ) AP-engage software logic. Engagement conditions. This signal is at 1 ( F/F set ) if all the engagement conditions are activated : - Action on the engagement pushbutton switch. - Ground conditions; engagement possible in any mode only if all engines are stopped. - Flight conditions; engagement possible 5 s after lift-off. - Conditions specific to the AP : AP COND. - Conditions common to the AP/FD : AP/FD COND. - Conditions common to the AP/FD and A/THR : AP/FD, A/THR COND.
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Disengagement conditions. These are : - Action on the engagement pushbutton switch, the associated AP being already engaged - or action on one takeover and priority pushbutton switch - or one engine start on the ground - or loss of one condition: either AP COND, or AP/FD COND or AP/FD/A/THR COND - or in the event of landing in dual-AP operation, disengagement of AP 2 only when the LAND or GO AROUND mode is released - or engagement of the opposite AP if the AP is not in LAND or GO AROUND mode.
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AP-specific conditions Disengagement through AP takeover and priority pushbutton switches. Availability and validity of peripherals. These are peripherals which utilize the AP commands.  FAC : - Availability of at least one FAC ( CMD and MON FAC HEALTHY wired discretes ). - confirmation of FAC operation in AUTO mode further to AP engagement by the FAC - engagement of the yaw damper function - engagement of the rudder trim function. Loss of one of the above five logic conditions is not taken into account in LAND TRACK, between 100 ft. and the ground.  ELAC : Each ELAC generates ELAC AP DISC discretes. The AP disengages only upon a command from the two ELACs. - The pilot takes control by overriding the load thresholds of the side stick controller - or both ELACs not healthy - or servoloops not healthy - or high or low speed protections are reached - or the Alpha floor protection is active - or the roll angle is > 45 ° - or the EFCS abnormal laws are engaged ( direct or alternate ). . The disconnection command from only one ELAC results in a reduction of landing capability.
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Confirmation and Trouble Shooting Data



∗
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∗



LPF - Long Power Failure



CONFIRMATION AND TROUBLE SHOOTING DATA



Figure 14 FRA US/T hz May 1999
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SIDE STICK CONTROLLERS AND RUDDER PEDALS Increase of load thresholds on side stick controllers and rudder pedals When the AP is engaged, the command and the monitoring channels supply the relays which control the side stick lock solenoids ( the command channel provides the +28 V, the monitoring channel provides the ground ). Each control has its own solenoid. Each AP has its own relays and can therefore lock the controls.  Side stick controllers: The loads are increased on both axes. Any load on the side stick controller which exceeds these values, results in AP disconnection ( wired discrete from the ELACs ).
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 Rudder pedals: The load is applied on the rudder artificial feel ( addition of a spring in the artificial feel and trim unit ). Exeeded load results not in an AP disconnection.
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WARNINGS AP Warnings When the AP is disengaged,a warning is provided:  If the disengagement is manual through the TAKE-OVER-PB on the SIDE STICK, the visual and associated warnings are temporary.  If the disengagement is due to a FAILURE, an ACTION on the FCU PB or FORCE on the SIDE STICK the visual and audio warnings are continuous.
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Autoland Warning When ” LAND ” appears in green and at least one AP is engaged, the AUTOLAND red light appears on the glareshield when the aircraft is below 200 ft RA and one of the following events occurs:  The APs are lost, or  the aircraft gets too far off the beam, or  the localizer or glide slope transmitter or receiver fails, or  the difference between both radio altimeter indications is greater than 15 ft.



FRA US/T hz May 1999



Seite: Page: 34



 A 319 / A 320 / A 321 22-10



For Training Purposes Only



Lufthansa Technical Training



AUTOFLIGHT AUTOPILOT / FLIGHTDIRECTOR



Figure 16 FRA US/T hz May 1999
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FLIGHT DIRECTOR ENGAGEMENT The Flight Director ( FD ) generates guidance orders used in manual control and displays these orders on the Primary Flight Display. Engagement The Flight Director is engaged upon energization. Energization on the GROUND : - After the safety tests at power rise :  Both FDs engage if no failure is detected by internal monitoring automatically.  The white ”1 FD 2” indication appears on each Primary Flight Display ( PFD ), but the FD bars are removed.  If a FD does not engage ( FMGC failure detected by internal monitoring ), both PFDs are automatically switched to the valid FD ( FD indication: ”2 FD 2” if FD #1 fails or ”1 FD 1” if FD #2 fails on both PFDs ). Let us see the FD engagement in case of energization in flight.



Display Logic There are three types of FD bars :  PITCH BAR,  ROLL BAR,  YAW BAR. The horizontal PITCH BAR does not appear if there is no active vertical mode or in rollout phase of LAND mode. The vertical ROLL BAR does not appear in ROLLOUT mode or in RUNWAY mode up to 30 feet. The YAW BAR only appears in RUNWAY mode, up to 30 feet, and during LAND mode, align or rollout phases. This bar is said to be centered when just below the central yellow square.



Energization in FLIGHT : The safety test at power rise is not performed. The two FD‘s engage in Vertical Speed ( V/S ) and Heading ( HDG ) modes if no AP is engaged.
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Flight Director Pushbutton FD pushbuttons, located on the EFIS control panels of the Flight Control Unit, allow the Flight Director symbols to be removed from the Primary Flight Display.
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HDG - V/S SELECTION



TRK - FPA SELECTION
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FLIGHT DIRECTOR DESCRIPTION OPERATION ( CONT. ) Bar Display The Flight Director bars can be used provided heading/vertical speed is selected on the FCU. HDG / VS displayed at power up. AP/FD modes are correctly followed, when the FD bars are centered on the fixed aircraft symbol of the PFD. The FMGCs can send a command to the DMCs to make the FD bars flash for 10 seconds. The FD pitch and roll bars flash in the following conditions :  When one AP or FD is engaged, when no AP/FD were previously engaged  If V/S and HDG modes are engaged with approach modes engaged or in the NAV mode associated, with RNAV approach  When the glide data is lost above 100 feet with approach modes engaged the PITCH BAR flashes  When the LOC data is lost above 15 feet with approach modes engaged the ROLL BAR flashes.



Flight Path Director ( FPD ) Symbol The Flight Path Director can be used provided track/flight path angle ( TRK/ FPA ) is selected on the FCU. The Flight path director symbol shows the pilot how to intercept and fly the vertical and lateral flight path. Flight Path Vector ( FPV ) Symbol The Flight Path Vector symbol represents the track and flight path angle actually being flown. When the pilot superimposes the FPV and the FPD symbols, the aircraft is flying the commanded trajectory.
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Yaw Bar Symbol The yaw bar appears in take-off and landing phases and is identical to the FD bar case. It only appears in RUNWAY mode up to 30 ft RA and during align ( at 30 ft ) and rollout phases of LAND mode on ground.
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HDG - V/S SELECTION



TRK - FPA SELECTION
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Figure 18 FRA US/T hz May 1999
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FMA DESCRIPTION AP, FD, A/THR ENGAGEMENT STATUS



FLIGHT MODE ANNUNCIATOR ( FMA )
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The flight mode annunciator ( FMA ), which is just above the primary flight displays, shows the status of the autothrust, the vertical and Iateral modes of the autopilot and flight director, and the approach capabilities, and the engagement status of the AP/FD and the autothrust. After each mode change, the FMA displays a white box around the new annunciation for ten seconds. In the three Ieft columns: The first Iine shows the engaged modes in green. The second Iine shows the armed modes in blue or magenta. Magenta indicates that the modes are armed or engaged because of a constraint. The third Iine displays special messages: —Messages related to flight controls have first priority :  MAN PITCH TRIM ONLY in red, flashing for 9 seconds, then steady  USE MAN PITCH TRIM in amber, pulsing for 9 seconds, then steady —Messages related to the FMGS have second priority.



Figure 19 FRA US/T hz May 1999



The fourth column: Displays approach capabilities in white. Displays DH or MDA / MDH in blue. The fifth column: Displays the engagement status of AP, FD, and A/THR in white. Displays a box around FD for 10 seconds in case of automatic FMGC switching. Displays A/THR in blue when autothrust is armed but not active. Note: When one AP is engaged, the master FMGC drives both FMAs. If no AP is engaged, each FMA is driven by its onside FMGC. (The onside FD pushbutton must be ON to display AP/FD modes and approach capabilities).
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LANDING CAPABILITY CONDITIONS Landing Capabilities Whatever the flight phase, each Flight Management Guidance Computer ( FMGC ) computes its own automatic landing capability according to the availability of the varius sensors and functions. According to this capability, each FMGC computes the landing capacity which takes into account information from both FMGC‘s. When the AP and FD are disengaged for one FMGC, the landing capability corresspons to the category of the only FMGC likely to provide automatic landing. When the AP or FD is engaged for the two FMGC’s, the landing capability corresponds to the lowest category coming from the two FMGC‘s. The master FMGC then sends the category of landing to be displayed on both Primary Flight Displays ( PFD, on FMA ) via the Display Management Computers ( DMC ). The LAND 3 FAIL OPERATIONAL capability is obtained, when both FMGC‘s have the LAND 3 FAIL OPERATIONAL category. In this configuration, the objective is to continue automatic landing in spite of the simple failures which might affect the various systems used during this phase. NOTE : Below 100 ft RA, LAND 3 FAIL PASSIVE and LAND 3 FAIL OPERA TIONAL categories are memorized, until the LAND TRACK mode is disengaged or the 2 AP‘s are disengaged.
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A failure occurring below 100 ft does not cause any capability down grading. The CAT 1, CAT 2, CAT 3 SINGLE and CAT 3 DUAL messages are displayed on the FMA according to the landing capabilities send by the FMGC‘s.
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LAND 2 Capability One Autopilot engaged involves the validity of at least one Elevator Aileron Computer (ELAC) and one Spoiler Elevator Computer (SEC) including hydraulic condition. The output ”LAND 2 CONDITION” is used in the logic of the land 3 ”fail passive” capability. LAND 3 FAIL PASSIVE Capability Land 3 Fail Passive Capability is frozen below 100 feet as long as one Autopilot remains engaged in LAND TRACK. A failure occuring below 100 feet does not cause any Capability Downgrading. For details and meaning of the ” LAND 2 COND ” input refer to the logic of land 2 capability. The ” RESET CAPABILITY ” output is used in the logic of land 3 ” fail operative ” capability.
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LAND 3 FAIL OPERATIONAL Capability Each command/monitoring FMGC channel performs Landing Capabilities. Land 3 Fail Operational Capability is frozen below 100 feet as long as one Autopilot remains engaged in LAND TRACK. A failure occuring below 100 feet will thus not cause any Capability Downgrading. Note that the ” EFCS in FAIL OP status ” means that there is a redundancy of hydraulic systems and of surfaces. POWER SUPPLY SPLIT condition means that both power supplies must be dissociated and provided by independent buses. The ” RESET CAPABILITY ” input is detailed in the logic of land 3” fail passive ” capability. Capacity Downgrading Display Land category INOP messages are displayed on ECAM status page, on the right column. Downgraded land category messages are displayed on ECAM STATUS page, on the left column.
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FLIGHT CONTROL UNIT Purpose In general, the Flight Control Unit (FCU) provides the short term interface between the crew and the Flight Management and Guidance System. The FCU comprises three panels : - one center panel (auto flight control section) which features the controls and the displays associated with the AFS. - two symmetrical panels (EFIS control sections) located on the left side and on the right side of the center panel. These panels include the controls and the displays associated respectively with the Captain and the First Officer EFIS display units. The FCU it is located on the glareshield. The FCU is the main interface to engage functions and guidance modes and to select parameters. The FCU allows:  Engagement of Autopilots, Flight Directors and Autothrust.  Selection of Guidance modes; e.g. Heading,Vertical Speed or Track Flight Path Angle.  Selection of Flight parameters; e.g. Speed, Altitude, Mach.
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FCU-Reconfiguration The FCU consists of two identical computers ( FCU #1 and #2 ) totally independent. The computers ( SIDE 1 and SIDE 2 ) have separate power supplies. Each side is associated with the controls on the front panel of the unit. The display is common to both sides, whereas the signals are routed via separate paths. Only one is active at the time, the other is in standby for AFS but controls his Baro-correction. When both channels fail, all FCU controls are inoperative. AUTOTHRUST, AP/FD 1 AND AP/FD 2 are not available.
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FLIGHT CONTROL UNIT (CONT.) Changeover In order to ensure segregation of barometric selections and displays, the CAPT and F/O BARO parameters are controlled, in normal operation, independently by the two different FCU - processors. If both FCUs are healthy, the FCU 1 is active and controls Capt BARO selection, AFS display, AFS and EFIS pushbutton switches as well as ARINC 1 bus. The FCU 2 controls only F/O BARO selection and ARINC 2 bus. When FCU 1 is failed, there is a changeover on FCU 2 which becomes full active. It then controls the whole FCU.
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When FCU 2 is failed, FCU 1 remains active and also controls F/O BARO selection and ARINC 2 bus.
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FCU PHILOSOPHIE The guidance targets and their associated modes are of two types:  managed by the FMGS  selected by the crew Those managed by the FMGS are indicated by dashed windows with the associated dot illuminated white. Those selected by the crew are displayed on the windows with the associated dot extinguished. Note: ALTITUDE WINDOW IS NEVER DASHED AND ALWAYS DISPLAYS PILOT SELECTED ALTITUDE.



FCU PANEL DESCRIPTION



There are four selector knobs:  SPD-MACH  HDG-TRK  ALT  V/S-FP A Selector knobs can be turned and pulled or pushed ( exept on A 320 V/S-FPA which cannot be pushed ).



APRR mode engagement P/B Sw Arms, disarms, engages or disengages approach modes.



AP 1 - AP 2 Engage P/B Sws Engages or disengages autopilot functions. Illuminated green when the AP is engaged. A/THR - Engage P/B Sw Arms, activates or disconnects the autothrust functions. Illuminated green if the A/THR is armed or active. Meter selection P/B Sw Used to display the FCU selected altitude target and QNH in meters on ECAM.



LOC mode engagement P/B Sw Arms, disarms, engages or disengages the LOC mode.



 In order to arm/engage managed guidance the pilot must push the associated selector knob e.g. HDG selection knob pushed = NAV mode engaged/ armed.  In order to engage a selected guidance mode, the pilot has to turn (to set the required value) then pull the selector knob to engage the mode on the selected target.  In managed guidance (window dashed), turning the selector knob (without pulling it) dispays the set value for 45 seconds ( A 320 for 10 seconds) in the HDG-TRK and V/S-FPA windows and 10 seconds in SPD/MACH window
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SPEED/MACH control area



Lateral control area



AP-A/THR control area



Vertical control area



SPEED/MACH WINDOW



HDG/TRK WINDOW



AP1-AP2 pb



ALTITUDE WINDOW



-shows selected SPD or MACH in ”selected guidance” -shows after PWR UP: SPD 100



-shows selected HDG or TRK in ”selected guidance” -shows after PWR UP: ---”---” in ”managed guidance” -Display range: between 0 -359 deg.



-engages or disengages autopilot function



-always displays a target value selected by the crew. The window is never dashed



HDG TRK selector knob



A/THR pb



-”---” in ”managed guidance” -Display range: between 100 and 399 KT for speed, between 0.10 and 0.99 for MACH number SPD/MACH selector knob



-Knob pushed: armes/engages NAV for ”managed guidance”



-Knob pushed: engaged SPD/MACH for ”managed guidance”



-knob pulled: engages HDG or TRK in ”selected guidance”



-Knob pulled: engaged SPD/MACH for ”selected guidance” SPD/MACH pb



-illuminated green when the AP is engaged



-arms, activates or disconnects the autothrust -illuminated green if the A/THR is armed or active



Altitude selector knob (outer and inner) -outer knob has 2 selectable positions: 100ft or 1000ft -inner knob sets the altitude in the FCU window - knob pushed: CLB / DESCT. - knob pulled: OPEN CLB /OPEN DESCT. ECAM meter selector push button -is used to display the FCU altitude target in meters on the ECAM



LOC mode engagement pb Arms, engages or disengages the LOC mode



V/S-FP A window -shows selected V/S or FPA in ”selected guidance” -shows ”---” in manged guidance



-Depressing this pb changes SPD target to corresponding MACH target and vice versa (automatic on FL 305)



V/S-FP A selector knob -turning sets V/S or FPA value to be displayed in the V/S/FPA window. V/S range: -6000 +6000 ft/min FPA range: -9.9 +9.9 deg. -knob pushed: engages an immediate Level Off (V/S or FPA=0)
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-knob pulled: engages V/S or FPA mode APPR push button -arms, disarms, engages or disengages approach modes MANAGED DOT



HDG-V/S/TRK-FP A PB SPD/MACH PB



ECAM METER SELECTOR PB
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ECAM - FCU Warnings.



For Training Purposes Only



Lufthansa Technical Training



AUTOFLIGHT AUTOPILOT / FLIGHTDIRECTOR



FRA US/T hz May 1999



Page: 56



 Lufthansa Technical Training



AUTOFLIGHT AUTOPILOT / FLIGHTDIRECTOR



A319 / A 320 / A 321 22-10



FCU 1 AND 2 FAULT



FCU 1 (2) FAULT
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CAT 2 only
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Purpose The autothrust ( A/THR ) system is part of the auto flight system .The autothrust system ensures the functions below through the control of the thrust :  speed hold ( selected by the pilot : ”manual control” or computed by the FMS: ”auto control” )  Mach hold ( selected by the pilot : ”manual control” or computed by the FMS: ”auto control” )  thrust hold  thrust reduction during flare-out ( RETARD )  protection against excessive angle of attack ( ALPHA FLOOR protection ) The A/THR is integrated in the Flight Management and Guidance System. The Engine Interface Units ( EIUs ) and the Electronic Control Units ( ECUs ) / Electronic Engine Control ( EECs ), ensure the link between this system and the engines. The use of digital engine control units permitted to simplify the autothrustsystem through :  the deletion of the autothrottle actuator ( use of a digital link between the FMGC and the ECUs/EECs )  the deletion of the limit thrust computation ( already performed by the ECUs/EECs )  the deletion of the limit thrust panel ( the ECUs/EECs make this selection automatically depending on the position of the throttle levers ).  the deletion of the TO/GA levers ( the engagement of these modes is made through push action on the throttle control levers ).
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A 319 / A 320 / A 321 22-30 -----------------------------------------------------------------------------! ENGAGEMENT OF AP ! ENGAGEMENT OF FD ! A/THR ACTIVE ! !---------------!------------!-------------!--------------! ! ! 1 ! 2 ! 1 ! 2 ! ! !---------------!------------!-------------!--------------!------------------! ! ON ! * ! * ! * ! A/THR 1 ! !---------------!------------!-------------!--------------!------------------! ! OFF ! ON ! * ! * ! A/THR 2 ! !---------------!------------!-------------!--------------!------------------! ! OFF ! OFF ! ON ! * ! A/THR 1 ! !---------------!------------!-------------!--------------!------------------! ! OFF ! OFF ! OFF ! ON ! A/THR 2 ! !---------------!------------!-------------!--------------!------------------! ! OFF ! OFF ! OFF ! OFF ! A/THR 1 ! ! ! ! ! ! (OR A/THR2 IF ! ! ! ! ! ! A/THR 1 FAIL) ! !----------------------------------------------------------------------------!
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* either ON or OFF
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DESCRIPTION AND OPERATION Engagement The engagement of the Autothrust function can be MANUAL or AUTOMATIC. The Autothrust ( A/THR ) is engaged MANUALLY by pressing the A/THR pushbutton on the Flight Control Unit ( FCU ). This is inhibited below 100 feet RA, with engines running. The A/THR is engaged AUTOMATICALLY : - when the Autopilot/Flight Director ( AP/FD ) is engaged in TAKE-OFF or -GO AROUND modes, - or - in flight, when the Alphafloor is detected ; this is inhibited below 100 feet RA except during the 15 seconds following the lift-off. Note: To effectively have A / THR on engines, the engagement of the A / THR is confirmed by a logic of activation in the Engine Control Unit ( ECU ).
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A/THR Loop Principle To perform the A/THR function, the Flight Management and Guidance Computer ( FMGC ) communicates, on the one hand, with the FCU and, on the other hand, with the ECU via the FCU and the Engine Interface Units ( EIUs ).
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22-30 Description and Operation (Cont.) Thrust Levers The thrust levers are manually operated and electrically connected to the Engine Control Units. Each lever has 4 positions, defined by DETENTS or STOPS, and 3 operating segments. Note that the thrust levers never move automatically. The Engine Control Units compute the thrust limit which depends on the position of the thrust levers. The thrust levers can be moved on a sector which includes specific positions : - ”0” : corresponds to an IDLE thrust, - ”CL” : corresponds to a CLIMB thrust, - ”FLX/MCT” : corresponds to a FLEXIBLE TAKE-OFF thrust or a MAXIMUM CONTINUOUS thrust, - ”TO/GA” : corresponds to a MAXIMUM TAKE-OFF/GO AROUND thrust. The thrust reverser levers only allow REVERSE thrust to be performed. If a thrust lever is in a detent, the thrust limit corresponds to this detent. If a thrust lever is not in a detent, the thrust limit corresponds to the next higher detent. The FMGCs select the higher of the ECU1,and ECU2 thrust limits.
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A/THR Function Logic The A/THR function can be ENGAGED or DISENGAGED. When it is engaged, it can be ACTIVE or NOT ACTIVE. DISENGAGEMENT case : - the thrust levers control the engines, - on the FCU, the A/THR pushbutton light is OFF, - the Flight Mode Annunciator ( FMA ) displays neither the A/THR engagement status nor the A/THR modes.
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When the A/THR engage logic conditions are present, the A/THR can be engaged. It is active or not active depending on the thrust lever position. A/THR is ACTIVE if : - setting thrust levers between CL and IDLE detents ( with two engines running ) - or between MCT and IDLE detents if one engine inoperative - selecting the FCU A/THR pb on while the thrust levers are in the A/THR active range - activation of ALPHA FLOOR regardless of A/THR initial status and thrust levers position. Note : While A/THR is active: - If at least one thrust lever is set out of the CL detent anywhere within the A/THR active range, A/THR remains active. ASYM amber message is displayed on FMA. When the A/THR function is ENGAGED and ACTIVE : - the A/THR system controls the engines, - on the FCU, the A/THR pushbutton light is ON, - the FMA displays the A/THR engagement status ( in white ) and the A/THR mode. A/THR is NOT ACTIVE if ; - as soon as one thrust lever is placed outside the active range, the two engines are controlled by the position of the thrust levers. This lasts as long as the ALPHA FLOOR protection is not activated. When the A/THR function is ENGAGED and NOT ACTIVE - the thrust levers control the engines, - the A/THR pushbutton light is ON, - the FMA displays the A/THR engagement status ( in cyan ) and the A/ THR mode. Note that in case of one engine failure, the A/THR activation zone becomes between ”MCT” and ” > 0” stop. Seite: Page: 62
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Description and Operation (Cont.) Modes The A/THR function works according to modes and their related reference parameters. The reference parameter can be : - a SPEED or a MACH NUMBER; in this case, the source is either the FCU ( value chosen by the pilots ) or the FMGC itself, - a THRUST; in that case, the sources are either the ECUs ( which compute the thrust limit ) when the thrust limit is needed, or the FMGC itself. The possible Autothrust modes are SPEED, MACH, THRUST, RETARD and ALPHAFLOOR - PROTECTION. The choice of the mode is made by the FMGCs : - SPEED or MACH mode, the reference which are selected on FCU or managed by the FMGC, - THRUST mode, where the reference corresponds to a thrust limit computed by the ECUs ( according to the thrust lever position ), idle thrust in descent or optimum thrust computed by the FMGC, - RETARD mode : a thrust reduced to and maintained at idle during flare, - ALPHAFLOOR - PROTECTION : a TO/GA thrust setting to protect the aircraft against excessive angle-of-attack and windshear.



Alphafloor The A/THR function protects against an excessive angle of attack. The Alphafloor signal is detected by the FACs or ELACs. In case of excessive angle-of-attack, the FACs send an order to the FMGCs which activate the Alphafloor protection. The Alphafloor detection automatically engages and activates the A/THR function, whatever the thrust lever position and the A/THR engagement status : the engine thrust becomes equal to Take-Of f / Go Around thrust. When the A/THR is active with the Alphafloor protection active, the amber message ” A. FLOOR ” is displayed on the Flight Mode Annunciator. When the A/THR is active with the Alphafloor protection active but, with the Alphafloor detection no longer present in the FACs, the amber message ” TOGA LK ” ( LK for LOCK ) is displayed on the FMA. The Alphafloor protection can only be cancelled through the disengagement of the A/THR function, via the A/THR pushbutton or the A/THR instinctive disconnect switches.
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The A/THR modes depend on the active vertical mode of the Autopilot or Flight Director. When no vertical mode is engaged, the A/THR operates in SPEED / MACH modes except : - when THRUST mode engages automatically in case of Alphafloor, - when, A/THR being in RETARD, APs and FDs disengage, the A/THR function remains in RETARD mode.
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Description and Operation ( Cont. ) A/THR Operation in Flight The Aircraft is on GROUND and ready for take-off. Neither AP nor A/THR are engaged. The engines are controlled by the thrust levers. To TAKE-OFF , the pilot sets the thrust levers to the TO/GA stop or to the FLEX/MCT detent if a flexible temperature is selected on the MCDU. This engages the A/THR function ( but it is not active ). At THRUST REDUCTION ALTITUDE, a message on the Flight Mode Annunciators indicates to the pilots that they have to set the thrust levers in the CL detent. As soon as the thrust levers are in ” CL ” detent, the A/THR is active. Then, the thrust levers remain in this position until the approach phase. If only one thrust lever is set into ” CL - MCT ” area, a message on the FMAs warns the pilot to set the thrust lever to ” CL ” detent ( LVR ASYM ). The A/THR remains active. During AUTOMATIC LANDING, before touch down, an auto call out, ” RETARD ”, indicates to the pilot that he has to set the thrust levers to the ” IDLE ” stop. When he does it, the A/THR disengages.



Disconnection Besides the normal A/THR operation, the A/THR function is disengaged either by pilot action or in case of a system failure. The A/THR function can be disengaged either by pressing at least one of the two red instinctive disconnect switches on the side of thrust levers 1 and 2 or by pressing the A/THR pushbutton on the FCU. A/THR disengagement can also be due to an external system failure. When the A/THR function is active, the actual engine thrust does not necessarily correspond to the thrust lever position. Consequently, it is important to know what happens after Autothrust disconnection. - As long as a thrust lever remains in its detent, the thrust on the corresponding engine is frozen at its last value just before the disconnection. - As soon as a thrust lever is moved from the detent, or if it was not in a detent, the thrust on the corresponding engine is smoothly adapted to the thrust lever position.



For Training Purposes Only



This allows the automatic activation of the ground spoilers if they are in armed condition. Then, on GROUND, the pilot sets the thrust reverser levers to the REVERSE position.
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Description and Operation ( Cont. ) Isolation of the Engines from the A/THR System A separation of the ECUs from the FMGCs after a disengagement, is done through the wired discrete that the ECUs receives directly. This disconnection can be done in two different ways:  Standart disconnection; - depress the INST DISC P/B on thrust levers, or - set all thrust levers to IDLE detent.  Non standart disconnection; - depress the FCU A/THR P/B while A/THR is active ( no effect in LAND TRACK ), or - loss of the arming conditions ( e.g. failure condition ). Action on one of the two INST DISC P/B forces the relays of FMGC and ECU to the separat the systems. Action of one of the two INST DISC P/B for more than 15 sec. inhibits any engagement of the A/THR function, what ever the reason ( FCU A/THR P/B switch, Alpha floor protection etc. )
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Recovering is only possible at next computer power up.
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FLIGHT AUGMENTATION



Functions The FAC performs the functions given below : - yaw damper - rudder trim ( manual or automatic ) - rudder travel limiting - monitoring of the flight envelope and computations of maneuvering speed - achievement of yaw autopilot order using power loops of yaw damper and rudder trim. In addition the FAC 1 performs the BITE function of the AFS. Operating principles The FAC is a dual-dual type system for yaw damper, rudder trim and rudder travel functions ( fail operational ). FAC 1 and 2 can be engaged at the same time through FAC 1 and FAC 2 pushbutton switches on the overhead panel. Only one system is active at a time : FAC 1 has priority, FAC 2 being in standby and synchronized on FAC 1 orders. An automatic changeover occurs on FAC 2 in case of disengagement or failure of FAC 1. Partial changeover per function ( yaw damper, rudder trim, RTL ) is possible. The following functions are achieved upon energization independently of FAC pushbutton switches : - monitoring of the flight envelope - computation of maneuvering speed.
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The FMGCs and the PFDs receive these information signals as follow: - FMGC 1 and Capt PFD normally use data from FAC 1 - FMGC 2 and F/O PFD normally use data from FAC 2 In the event of failure, the FMGCs and the PFDs use the data from the active FAC. Yaw Damper The yaw damper provides : - manual yaw stabilization. The ELACs compute the corresponding data and transmit them to the rudder FRA US/T hz May 1999



surface via the servo loop of the yaw damper ( FAC ). - alternate law for Dutch roll damping when the ELAC no longer computes normal yaw stabilization. - Dutch roll damping ( including turn coordination ) when the autopilot is enga ged in cruise only. - engine failure recovery when the autopilot is engaged ( the ELACs provide this function in manual flight ). Rudder Trim The rudder trim provides : - manual control via a rudder trim control switch located on the center pedestal. In addition the ELACs compute a command signal for rudder deflection ( normal yaw damping law including recovery of engine failure ) performed by the trim sub-system in manual flight. Reset of the rudder trim position is possible using a pushbutton switch located on the center pedestal. - automatic control when the autopilot is engaged which provides the accomplishment of yaw autopilot command and the recovery of engine failure. Position of the trim is indicated on the center pedestal. Rudder Travel Limitation This function provides the limitation of the rudder travel by displacement of a stop as a function of the speed. Monitoring of flight envelope and computation of maneuvering speed This function provides the primary flight display ( PFD ) with different data displayed on the speed scale. The FAC also computes the conditions of activation of the alpha floor mode of the A/THR functions (angle of attack protection in case of windshear). BITE function of the system The FAC 1 performs BITE function of the whole AFS / FMS. Each computer includes its own BITE function and is linked to the FAC 1. The MCDU displays the content of the maintenance data via the CFDIU.
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ARTIFICIAL FEEL



YAW DAMPER ACT (YELLOW) YAW DAMPER ACT (GREEN) RUDDER POSITION TRANSDUCER UNIT



Figure 36 FRA US/T hz May 1999
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Figure 37 FRA US/T hz May 1999
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26 V AC POWER SUPPLY The rotary variable differential transformers ( RVDT ) and the linear variable differential transformers ( LVDT ) associated with the FAC1 are supplied with 26V/400 Hz : - from the 115VAC ESS BUS 4XP through the 26VAC ESS BUS 431XP.A via 3A circuit breaker 14CC1. The components associated with the FAC2 are supplied with 26V / 400 Hz : - from the 115VAC BUS 2 2XP through the 26VAC BUS 2 231XP-A via 3A circuitbreaker 14CC2.
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HEATER



This CB supplied also the heater of the RTL unit



Figure 39 FRA US/T hz May 1999
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ENGAGEMENT - DESCRIPTION AND OPERATION General Each flight augmentation computer ( FAC ) includes two independent computation channels with digital processors. The engagement and monitoring principles ensure : - safe operation through the failure detectors - maximum availability through the automatic reconfigurations further to failures. System Description Each FAC comprises the following devices for function monitoring : - an engagement device per FLT CTL/FAC pushbutton switch common to the yaw damper, rudder trim and rudder travel limiting functions. - global internal monitoring of the computer in software ( real-time monitor ) and hard-wired circuitry ( FAC HEALTHY, watchdog ). - Monitoring of reconfiguration of certain peripherals - monitoring of sensors. The result of the failure is memorized in flight only. The logic circuits common to all the functions lead to the total loss of the FAC with illumination of the FAULT legend. The result of the failure is memorized. The reset will be possible only upon manual action by the pilot on the FLT CTL / FAC pushbutton switch.
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The Flightcontrol function can be disengaged through action on the pushbuttonswitches, but not the flight envelope protection.



Connection with FLT CTL/FAC Pushbutton Switches Each FAC is associated with an engagement pushbutton switch located on the FLT CTL panel, on the overhead panel. This pushbutton switch serves for : - The engagement or the disengagement of all the flight control func tions, engagement status : no indication on the pushbutton switch, disengagement status : the OFF legend is on. - The indication of FAC failures with the FAULT legend. This authorizes a pilot action ( FAULT/OF F ) to reset the digital section of the FAC. If the action is operative, the FAULT legend goes off and the system can be re-engaged. Therefore in normal operation the legends are off. In abnormal operation these indications are given : - computer not energized or not installed : FAULT legend on ; ECAM warning. - FAC failures specific to one function : FAULT legend off ; ECAM warning. - Common FAC failures which can be reset : FAULT legend on with possible reset by the pilot ; ECAM warning. - Power-supply transient failures : FAULT legend on with possible reset by the pilot. - FAC failures on the ground with engines shut down : FAULT legend with automatic reset at failure suppression.
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Warnings - FAC Faults
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FAC 1 (2) Fault
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FAC 1 and 2 Fault



CAT 3 DUAL



Figure 41 FRA US/T hz May 1999
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CONFIGURATION AND OPERATIONAL SPEED COMPUTATION - DESCRIPTION AND OPERATION General The flight augmentation computer ( FAC ) fulfills several functions independently of the engagement status of the FLT CTL/FAC pushbutton switches. These functions are necessary for : - the control of the speed scale on the primary flight displays ( PFDs ). - the adaptation of gains of the flight management and guidance computer ( FMGC ) and elevator aileron computer ( ELAC ). - the distribution of signals for the FMGC control laws - the protection of the flight envelope in automatic flight ( speed limits for the FMGC, alpha-floor for the autothrust ) - the display of the rudderposition input.
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The FAC therefore computes : - the weight and the center of gravity - the characteristic speed data - the aerodynamic flight-path angle ( Gamma actual ) and the potential flight-path angle ( Gamma command ) - the alpha-floor protection - the position of the rudder trim for the ECAM system. - the windshear detection. - the low energy warning.
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Defination and Symbols The signification of the different speed data is given below : - VSW : stall warning speed - VALPHA PROT : speed corresponding to angle-of-attack reached when ELAC Alpha Protection is triggered. - VALPHA LIM : minimum speed which can be reached in ELAC Alpha Protection - VLS : lower selectable speed for a given configuration - VMAN (Green dot) : maneuvering speed : This speed represents the drift down speed which corresponds to the optimum speed (max. lift-to-drag ratio) in the event of engine failure. - V3 and V4 : minimum flap and slat retraction speed V3(F) = minimum flap RETRACTION speed V4(S) = minimum slat RETRACTION speed - VMAX : maximum allowable speed It determines a maximum value not to be exceeded. It represents, depending on the configuration, the smallest value of the following : VFE = maximum flap and slat extended speed VLE = maximum landing gear extended speed in clean configuration VM0/MM0 = maximum operating limit speed
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- VMAXOP : maximum selectable speed - VC TREND : airspeed tendency. It corresponds to the speed increment in 10s with the actual acceleration of the aircraft - VFEN : in landing phase, it corresponds to the VFE at next flap/slat position.
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B



SPD LIM FLAG



A



Appears when both FACs are inoperative. In this case, the following PFD information is lost : - VSW, VLS, S, F, Green Dot, Speed Trend, VMAX, VFE, VFE NEXT.
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B



FLT / CTR IN PITCH ALTN OR DIRECT LAW



FLT / CTR IN PITCH NORMAL LAW



Figure 43 FRA US/T hz May 1999
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DETECTION OF ALPHA FLOOR Computation of Alpha Floor Protection The alpha floor protection is calculated in the FAC. This function enables : - To protect the aircraft against excessive angle-of-attack. To do this, a comparison is made between the aircraft angle-of-attack and predetermined thresholds function of configuration. Beyond the thresholds the FAC transmits a command signal to the autothrust which will apply full thrust. - To protect the aircraft against windshear in approach by determining a wind acceleration ( deduced from the difference between ground acceleration and air acceleration ).
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The ELAC direct computation of the alpha floor protection is taken into account directly as soon as the first detection is made either by the FAC or by the ELAC.
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FAC 1/2
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ELAC 1/2



Figure 44 FRA US/T hz May 1999
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WINDSHEAR DETECTION



ENERGY AWARENESS



General The windshear is a sudden change in wind direction and / or speed over a relatively short distance in the atmosphere. This can have an effect on aircraft performance during takeoff and landing phases. In windshear conditions, the principle is to reduce the detection threshold according to the detected windshear in order to get the possibility of performing a go around maneuver sooner.



General It is the generation of an aural warning from FWCs in the cockpit, telling the crew that with the current thrust, it won‘t be possible to recover flight path angle through pitch control. The only warning is. ‘ SPEED SPEED SPEED ’ ! Whenn this low energy warning appears, thrust must be increased until warning disappears, or alpha floor may be triggered. This warning is available only with flaps and slats in configuration 3 or Full and with radio altitude between 100 ft and 2000 ft. The alpha floor function inhibits the low energy warning. The low energy warning is triggert if the A/C angle of attack is greater than the computed ‘ low energy ‘angle of attack. The latter depends on A/C configuration, deceleration rate and flight path angle.



Warning The windshear warning is only active at takeoff and at landing below 1000 ft. During the landing phase the warning is inhibited at 50 ft. The crew is informed of a windshear by activation of the following warnings: - Red ” WINDSHEAR ” legend displayed on the PFDs at least 15 s - ” WINDSHEAR ” three times announcement generated by the FWC.



The computation is performed in the FACs, and relies only on ADIRU avaibility.
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In case of warning inhibition in both FACs, the ” WINDSHEAR DET FAULT ” message appears on the upper ECAM display unit during TO or landing as soon as the slats are extended.
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WIND SHEAR



Figure 45 FRA US/T hz May 1999
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22-60 RUDDER TRIM - DESCRIPTION AND OPERATION Components There are two rudder trims. All components are duplicated exept the RUDDER TRIM selector and RESET button. The rudder trim function is achieved by ;  an electromechanical actuator which comprises 2 asynchronous motors connected to a reduction gear by rigid linkage and 4 Rotary Variable Differential Transduceres ( RVDT ).  a RUD TRIM selector for manual trim control.  a RESET pushbutton.  a rudder trim indicator located to the left of the RUD TRIM selector.  two Flight Augmentation Computers ( FAC 1 and FAC 2 ). General The rudder trim function has two modes: Manual Mode, when the autopilot is not engaged and Automatic Mode when the autopilot is engaged. The autotrim order is computed by the laws, whereas the manual trim order transits through them. The order is then sent to the actuator. This order is reproduced at the rudder pedals. Priority is given to the rudder trim of FAC 1; a changeover logic enables to the switch to FAC 2 in case of failure. If both rudder trims fail, the last deflection is maintained The rudder position is displayed on the RUD TRIM indicator and on the ECAM display unit.
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Power Loop During the autotest triggered by the FAC power up the internal actuator monitoring checks the actuator servo-loop and monitor circuit validity, and the enabling signal reception. Then the changeover logic enables the trim motor to be supplied and the rudder trim laws control it. The laws compute the trim order and sent it to the actuator’s motor via the Electronic Control Circuit. The feedback in the power loop is provided by two Rotary Variable Differential Transducers ( RVDT ) for each side. Monitoring The computation and the power loop are monitored by comparators. The input parameters are also monitored. The computation is monitored by the comparators between the FAC Command and Monitor parts. The FMGC and ADIRS peripheral inputs are always monitored. The power loop is monitored by the the comparators between the rudder trim order and the position feedback signal.



Manual Mode When the autopilot is not engaged, the rudder trim order is given by the RUDDER TRIM selector. Note : The RESET pb. enables to return the rudder to the neutral position. Automatic Mode With the autopilot engaged, the Flight Augmentation Computer calculates the trim order using Flight Management and Guidance Computer and Air Data Reference System data. Note : At touch-down, the AUTO RESET function moves the rudder to the neutral position.
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Figure 46 FRA US/T hz May 1999



Rudder Trim Schematic Seite: Page: 89
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Warnings - Rudder Trim faults
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RUD TRIM 1 AND 2 FAULT



RUD TRIM 1 (2) FAULT
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AP 1+2



Figure 47 FRA US/T hz May 1999
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22-60 YAW DAMPER - DESCRIPTION AND OPERATION Components There are two yaw dampers. In normal operation both are engaged, but only one is active. Yaw damper 1 has priority. The yaw damper function is achieved by :  2 electrohydraulic actuators with an external centring element. Each actuator comprise 1 jack, 1 Linear Variable Differential Transducer ( LVDT ), 2 Electro Valves ( EV ), 2 Bypass Valves, 1 Pressure Switch ( PS ), 1 Servo Valve ( SV ).  2 Flight Augmentation Computers ( FAC 1 and FAC 2 )  2 Rotary Variable Differential Transducer ( RVDT ). General Yaw Damper one and two operate with the changeover logics.The yaw damper actuators does not move the rudder pedals. The Yaw Damper function operates as follows : Order is computed by the laws and sent to the rudder via the related yaw damper actuator. YD actuator 1 is powered by the green hydraulic system. YD actuator 2 is powered by the yellow hydraulic system. Manual Mode In manual mode, the autopilot is not engaged and the Elevator Aileron Computer sends the turn coordination, and the dutch roll damping yaw orders to the FAC.
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Land Mode When the land mode is engaged, the yaw order is computed directly by the FMGC. Power Loop The yaw damper laws control the servovalve and the changeover logic enable to pressurize the jack. The feedback in the power loop is provided by a Linear Variable Differential Transducer ( LVDT ) for the Command side and a Rotary Variable Differential Transducer ( RVDT ) for the Monitor side. In case of dual monitor loss, a centring spring rod moves the rudder to the neutral position. Monitoring At power up, the yaw damper function safety tests are initiated. The continuity between the standby yaw damper and its servo valve is tested. The computation is monitored by the comparators between Command and Monitor part. The ELAC, FMGC and ADIRS peripheral inputs are always monitored. The power loop is monitored by a comparator between the yaw order and the rudder position feedback. In flight, the hydraulic pressures are monitored by the FAC. The LVDT‘s and the RVDT‘s are always monitored.



Manual Alternate After a dual Elevator Aileron Computer failure, turn coordination is lost and a simplified alternate law of dutch roll damping is computed by the FAC. Auto Mode In auto mode, the FAC computes the dutch roll damping in clean configuration, the engine failure recovery in take-off, go-around and runway modes. The turn coordination law is computed by using roll orders from the FMGC.
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Turn Coordin. , Yaw damp.
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Yaw damping Align, Rollout



Figure 48 FRA US/T hz May 1999



Yaw Damper Schematic Seite: Page: 93
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YAW DAMPER DESCRIPTION AND OPERATION (CONT.) Pressure Switch Function The table shows the reaction of the Pressure Switch depending of the engagement-state of the electro valve #1 and #2. You see also the actuator modes.



EV 1



EV 2



0



0



0



1 0



1



1



PR.SW



0 BY PASS



1 Y/D FAIL



1 ACTIVE



0
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ACT
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YAW DAMPER 1 (2) FAULT



YAW DAMPER 1 AND 2 FAULT
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Figure 49 FRA US/T hz May 1999



Warnings - Yaw Damper Faults Seite: Page: 95
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RUDDER TRAVEL LIMITING DESCRIPTION AND OPERATION Components The Rudder Travel Limiting function is dual. All the components are duplicated. The Rudder Travel Limiting function ( RTL ) is achieved by ; - an electromechanical rudder travel limitation unit with two motors. - two Rotary Variable Differential Transducer ( RVDT ) integrated in the unit. - two Flight Augmentation Computers ( FAC 1 and FAC 2 ). General The Rudder Travel Limiting function acts through a control law, which is a function of the corrected airspeed, and returns to the low speed limitation in case of failure. Normal operation :



The return to low speed logic connects the motor for 30 sec directly to 26 VAC in order to recover full rudder deflection. Monitoring The computation and the power loops are monitored by comparators. The computation is monitored by the comparator between the FAC Command and Monitor channels. The ADIRS parameters ( Vcas ) are monitored by a two-by-two comparison and then one of them is selected. The power loop is monitored by the comparators between the Rudder Travel Limiting order and the RTL unit position feedback.



Rudder Travel Limation Unit



The RTL law in the command channel of the FAC 1 ( active side ) controls the limitation unit stops through a motor. Return to low speed : If both Rudder Travel Limiting function fail when the slats are extended, the full rudder deflection is obtained. Priority is given to RTL of FAC 1; a changeover logic enables to switch to FAC 2 in case of failure.
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Laws The Rudder Travel Limiting control law generates a rudder deflection order in relation to the corrected airspeed. Power Loop The Rudder Travel Limiting law controls the unit’s motor, and the changeover logic enables the motor to be supplied. The return to low speed function has an independent power supply. The law computes the RTL order and sends it to its motor via an electronic control. The feedback in the power loop is provided by one Rotary Variable Differential Transducer ( RVDT ) for slaving and monitoring.
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Figure 50 FRA US/T hz May 1999



Rudder Travel Limiting Schematic Seite: Page: 97
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Warnings - RTL Faults
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Rudder Travel Limit 1 (2) Fault



Rudder Travel Limit 1 and 2 Fault
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CAT 3 Single only



Figure 51 FRA US/T hz May 1999



CAT 3 DUAL



Warnings - Rudder Travel Limitation Faults Seite: Page: 99
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22-70



FLIGHT MANAGEMENT



Purpose The Flight Management part has several functions linked to the flight plan such as lateral and vertical guidance, or displays.The FLIGHT MANAGEMENT function of each FMGC, in association with the FCU and two MCDUs, performs ; - aircraft position computation, - radio nav tuning, - flight planning, - lateral navigation and flight phase management, - speed management, - performance data, - displays of flight management data ( on MCDU, ND and PFD ). Flight Plan The flight plan is defined by various elements which indicate the routes the aircraft must follow with the limitations along these routes. The elements are mainly taken from the data bases or directly entered by the pilot. The limitations are mainly speed, altitude or time constraints originated by the Air Traffic Control (ATC). The function that integrates these elements and limitations to construct a flight plan is called FLIGHT PLANNING. In addition to this, the FM part provides the aircraft position and the follow-up of the flight plan, this is called NAVIGATION. Everything can be prepared prior to the take-off but can also be modified quickly and easily during the flight operation. In case of a FM problem, the remaining valid FMGC can be used as sole source to command both MCDUs and NDs ( single mode ).



This data base is updated every 28 days. Besides this, some room is kept to allow manual entry of 20 navaids, 20 waypoints, 3 routes and 10 runways. The data base cannot be erased, however, the manually entered data can be erased. Two cycle data bases can be inserted, the selection is made automatically using data from the aircraft clock. Navigation The navigation process provides the system with current aircraft state information consisting of present position, altitude, winds, true airspeed and ground speed. This is achieved using inputs from the inertial reference system, air data sensors and navigation radios ( Global Positioning System (GPS) can also be used if it is installed ).



Navigation Data Base The navigation data base provides all necessary information for flight plan construction and follow-up. The pilot will either select an already assembled flight plan ( company route CO ROUTE- ), or will build his own flight plan, using the existing data base contents.



FRA US/T hz May 1999



Seite: Page: 100



 Lufthansa Technical Training



AUTOFLIGHT FLIGHT MANAGEMENT



A 319 / A 320 / A 321 22-70



For Training Purposes Only



FMGC 1



Figure 52 FRA US/T hz May 1999



FM - Schematic Seite: Page: 101
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FM - DESCRIPTION AND OPERATION (CONT.) Lateral Flight Plan The lateral flight plan provides the sequential track changes at each waypoint within 3 main sections. Departure : initial FIX (origin airport), SID... En Route : waypoints, navigation aids... Arrival : STAR, approach, missed approach, go around... The lateral steering order can be followed by the pilot or the autopilot through the NAV mode selected on the Flight Control Unit (FCU).



Vertical Flight Plan The vertical flight plan provides an accurate flight path prediction which requires a precise knowledge of current and forecast wind, temperature and the lateral flight path to be flown. The vertical flight plan is divided into several flight phases : PREFLIGHT : fuel / weight / V2 insertions. TAKE-OFF : speed management, thrust reduction altitude, acceleration altitude. CLIMB : speed limit, speed management. CRUISE : top of climb ( T / C ), cruise altitude, top of descent ( T / D ).
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APPROACH / MISSED APPROACH / GO AROUND : thrust / acceleration altitudes. The vertical steering order can be followed by the pilot or the autopilot. Any level change in the vertical profile is initiated after a push action on a level change selector.
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Performance The performance data base contains optimal speed schedules for the expected range of operating conditions.



Display According to the pilot selection on the FCU, the flight plan is shown in relation to the aircraft position on the ROSE-NAV or ARC modes.



Several performance modes are available to the operator with the primary one being the ECONOMY mode. The ECON mode can be tailored to meet specific airline requirements using a selectable COST INDEX ( CI ). A Cost Index is defined as the ratio of cost of time ( $ / h ) to the cost of fuel ( cts / pds ). The speed and the thrust values associated with a given Cost Index are used to determine the climb and descent profiles. FUEL and TIME are the main ”actors” in this particular part of the FM function and direct the airline choice.



The aircraft model is fixed and the chart moves. The difference between the two modes is that the half range is available when the Navigation Display ( ND ) is set to ROSE mode as there is only frontal view when it is set to ARC mode. In PLAN mode, the flight plan is shown, with NORTH at the top of the screen, centered on the TO waypoint. Depending on the selected range, the aircraft may or may not be visualized on this display.
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The PLAN display can be decentered by scrolling the flight plan on the MCDU. The Primary Flight Display ( PFD ) shows the FM guidance following engagement of the AP / FD lateral and longitudinal modes.
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FLIGHT MANAGEMENT PRIORITY LOGIC FM OPERATING MODES There are three operating modes : DUAL, INDEPENDENT, SINGLE. At FM initialization, that means at power up, both FM parts exchange information. Initial cross-comparison is made on the following parameters :  Nav data base  Perf. data base  FM operational program software part numbers  A/C and engine type  Pin program. If the Flight Management ( FM ) parts agree, DUAL mode is active. When keys are pressed, they are immediately processed by both FMs, regardless of the MCDU from which they originate. If the FM parts disagree, INDEPENDENT mode is automaticly active. Each FM part manages its own Multipurpose Control and Display Unit. If one FM part has failed, SINGLE mode is active. Both MCDUs are driven by the remaining FM part. An independent configuration results in the MCDU - messages ” INDEPENDENT OPERATION ” . MODE OPERATION In DUAL mode, the FM part receives the master / slave activation from the Flight Guidance part. The Master computer imposes the following parameters upon the Slave computer :  Flight phase  Flight plan sequencing  Active performance mode and speeds  Clearence and maximum altitudes  ILS frequencies and courses, if any. After a flight plan change, there is a comparison on the active leg and, every second, on the active performance mode and active guidance mode.
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If it is different, the slave computer will synchronize itself to the master one by copying the master values. In DUAL mode operation three parameters are computed independently by each FMGC. This parameters, aircraft position, gross weight and target speeds from master and slave computers are compared every second. If the difference is greater than 5 Nm, 2 tons or 2 Kts respectively, an appropriate message is displayed on the MCDUs : - FMS1 / FMS2 POS DIFF - FMS1 / FMS2 GW DIFF - FMS1 / FMS2 SPD TGT DIFF Note :In some dynamic conditions, vertical and lateral computations may temporarily disagree and may be evident on the ND. In this case, the flight director and autoflight system use the master FMGC for tracking. In INDEPENDENT mode, there is no interaction from one system to the other one. The FMGCs only send their status information to each other (e.g. in this case, the INDEPENDENT mode). In SINGLE mode, both MCDUs are driven by the same FM part, but they can still display different pages. Messages linked to the navigation process are displayed on both MCDUs.
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FLIGHT MANAGEMENT PRIORITY LOGIC (CONT.) MCDU As already presented in the FM OPERATING MODES topic, the MCDUs work differently.  In Normal mode, the MCDUs can be used simultaneously on different pages. Any modification or entry on one MCDU is transmitted to the other MCDU via the FMGC crosstalk.  In INDEPENDENT mode, both MCDU‘s operate separatly. The message ” INDEPENDENT OPERATION ” in the scratchpat indicates this operation.  In SINGLE mode, both MCDUs basically work as in normal mode, but with the only valid FMGC. This mode is indicated with the message ” OPP FMGC in PROCESS ” on the corresponding MCDU.



If both FMGCs fail, the crew must use the Radio Management Panels to select the frequencies and courses.



For Training Purposes Only



Displays Flight Management information is displayed on Navigation Displays and on Primary Flight Displays. For FM information, in DUAL or INDEPENDENT modes, FMGC1 supplies PFD1 and ND1, FMGC2 supplies PFD2 and ND2. In SINGLE mode, the remaining FMGC supplies all the displays.



Radio Navigation The schematic shows the architecture of the radio navigation receivers controlled by the FMGCs in DUAL or INDEPENDENT modes. For the selection of radio navigation frequencies and courses, in DUAL or INDEPENDENT modes, each FMGC controls its own side receivers through a Radio Management Panel ( RMP ). Only the actual frequencies and courses from the receivers are displayed on the PFDs and the NDs. In case of a FMGC failure, the valid FMGC controls its own side receivers as usual, through a Radio Management Panel, but also the other side receivers, directly without going through a RMP.
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MULTIPURPOSE CONTROL AND DISPLAY UNIT Purpose The Multipurpose Control and Display Units ( MCDU ) provide access to the following : -



FMGC ( Flight Management function ) DATA LINK ( ACARS )-optional CFDS ( Centralized Fault and Display System ) AIDS-optional.



They are composed by a keyboard and a screen for entry / display between the pilot or the line maintenance.
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The 2 MCDUs are located on the center pedestal.
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MCDU 2



AIDS



ACARS



Figure 55 FRA US- T hz 27.7.98
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Front Panel Annunciators There are three annunciator lights on the MCDU front panel.  The ” FAIL” annunciator comes on amber when the MCDU has failed.  The ” FMGC” annunciator comes on white when the FM is not the active system and it has sent an important message to display. In this case, any page key can be pressed to return to the Flight Manage ment related display. Important messages are those displayed in amber.
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 The ” MCDU MENU” annunciator comes on white when a system, linked to the MCDU, other than the FM, requests the display.
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EFIS FM - DISPLAY FM Display on PFD The Primary Flight Display ( PFD ), as main guidance instrument, displays the data computed or inserted on the Multipurpose Control and Display Unit. This data can be ECON speed targets and target altitudes in managed guidance modes, V1 and V2, Decision Height ( DH ) or Minimum Descent Altitude ( MDA ) in approach. At the top of the Primary Flight Display, the Flight Mode Annunciator ( FMA ) provides the pilot with the DH or the MDA. The speed scale displays the Flight Management data such as the speed target and V1. The altitude scale displays the altitude constraint from the Flight Management ( FM ) part and the linear vertical deviation with respect to the FM theoretical vertical flight plan ( F-PLN ). Landing elevation is also indicated by a blue horizontal bar on the altitude scale.
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EFIS DISPLAY (CONT.) FM Display on ND The Navigation Display works in six different modes selected on each Electronic Flight Instrument System ( EFIS ) control panel of the Flight Control Unit ( FCU ). In ROSE-NAV, ARC and PLAN modes, the Navigation Display ( ND ) displays the flight plan computed in the FM part at a scale defined by the range selected on the FCU. The ND represents basically : the aircraft position, the flight plan data, the range selected on the FCU, autotuned navaids. Note : The aircraft position is fixed in all display modes except in PLAN mode, where it moves along the flight plan. There is correspondance between the flight plan displayed on the ND and the MCDU FLIGHT PLAN page if no scrolling has been done on this page.



Note : Wind speed and direction, ground speed and track are computed by the FM part and transmitted to the Display Management Computers ( DMC ) which also receive the same data from the Air Data and Inertial Reference Units (ADIRU). In accordance with the pin programming, the DMC selects the ADIRU data to be displayed on the ND. Radio navaids are displayed in cyan when they are autotuned by the FM part. Specific symbols can appear, along the flight plan, corresponding to some maneuvers such as Start of Climb ( S/C ) in white, Top of Climb ( T/C ) in cyan, Top of Descent ( T/D ) in white, holding pattern and turn procedure.



The TO waypoint characteristics are displayed in the top right hand corner of the Navigation Display ( ND ) :  ident ( in white ) and bearing ( in green ),  distance to go ( in green ),  Estimated Time of Arrival ( ETA ), ( in green ).
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The rest of the flight plan line and waypoints is displayed in green. A crosstrack deviation, if any, is also provided, in green, on the left or right hand side in nautical miles.
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ILS
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EFIS DISPLAY (CONT.) Data Base Display P/B By pressing these five interlocked pushbuttons : WPT, VOR.D, NDB, ARPT and CSTR, different information from the Navigation data base is available in magenta. Note that these options are exclusive and the priority is given to the last which has been selected. When the WPT pushbutton is pressed in, all waypoint locations in the related range, are transmitted to the ND to be displayed. When the VOR.D pushbutton is pressed in, all VOR and / or DME stations locations in the related range, are displayed on the ND. When the NDB pushbutton is pressed in, all Non Directional Beacon station locations in the related range, are transmitted to the ND to be displayed. When the ARPT pushbutton is pressed in, all airport locations in the related range, are transmitted to the ND to be displayed.



For Training Purposes Only



When the CSTR pushbutton is pressed in, all speed, altitude and time constraints ( if any ) on one or several waypoints, are transmitted to the ND to be displayed. For example, the constraints on BGN waypoint are : - the flight level is constrained to below ( - ) FL180, and the - speed is constrained to below ( - ) 250 kts.
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BITE AND FIDS DESCRIPTION AND OPERATION General The Auto Flight System is a type 1 system, able to maintain a two-way communication with the Centralized Fault Display System. It comprises a system BITE located in FAC 1 called Fault Isolation Detection System ( FIDS ). Basically, the faults detected by the computer BITEs are concentrated in the system BITE called Fault Isolation Detection System ( FIDS ), and can be accessed through the MCDU and the CFDS. Like for other systems, the CFDIU works in NORMAL MODE and MENU MODE ( see ATA 31 - CFDS ).
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A FIDS card is fitted in each FAC. Both FACs are interchangeable, but only the FAC 1 FIDS is active due to side 1 signal. Note : When the FIDS has failed, BITE‘s continue to work, the results can be read in the shop after FAC 1 change.
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BITE AND FIDS DESCRIPTION AND OPERATION (CONT.) MCDU BITE The MCDU performs tests on its processor, memory and display unit; If a failure is found by the MCDU BITE. - the ” FAIL” annunciator comes on in amber and the display is blank - no snapshot is taken - the MCDU FAIL output discrete is set and sent to FG 1 and FG 2 parts.
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FCU BITE Each FCU BITE computes the maintenance status of its related part and permanently sends this maintenance data to the FG part.
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Operation Normal Mode: The use of the system in normal mode is described in ATA REF 31-32-00. Menu Mode: Access to the main menu of the FIDS : chaining of the operations enabling display of this menu is described in the next figure.
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Menu Mode The menu mode is relevant to a specific operation enabled only on the ground. It is based on an interactive dialogue betweenthe FIDS and the MCDU. The functions of the system in menu mode are described in the next figure:
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GROUND SCAN This function is accessible from the MCDU when the system is in menu mode The three following functions can be accessed when the AFS / GROUND SCAN page is displayed: - GROUND REPORT - PRESENT FAILURES SCAN - PROGRAM GROUND REPORT function This function enables the failures recorded in the ground area of the FIDS memory to be displayed. The content of the ground area is erased during computer power up and engine start . The failures memorized and visible in the GROUND REPORT are the ones which occurred after the last ground area initialization. Two types of content can be displayed:



PRESENT FAILURES SCAN function (GROUND SCANNING) This function is used to isolate failures present when the function is selected. Therefore an inhibited failure will not be announced. Once the function is activated ( push action on the line key adjacent to the PRESENT FAILURES SCAN indication ), a wait message is displayed for 40s while the system isolates the present failures. After this time, the messages are displayed on the GROUND REPORT page. NOTE : As soon as the PRESENT FAILURES SCAN function is selected, the ground contexts previously recorded are erased and thus definitely lost.



 Only the internal failures that occured on ground are normally displayed by the GROUND REPORT function.
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 After selection of the PRESENT FAILURES SCAN function ( Ref. para. PRESENT FAILURE SCAN ) all internal and external failures ( considering a limit of three contexts ) found during this operation are seen in this report. As selection of the PRESENT FAILURES SCAN function erases the content of the ground area, it is highly recommended, prior to this selection, to display this content using the GROUND REPORT function. Failures are presented with the following data: - the flight counter ( Leg - 00 ) which indicates that the failure occurred on the ground. - the ATA reference ( AMM PGBK. 400s ) and the associated Failure message. - the computer which identified the failure. Additional information can be obtained by selecting the TROUBLE SHOOTING DATA item. FRA US/T hz May 1999
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AFS TEST The purpose of the AFS TEST is to check the integrity of the AFS after replacement of an LRU ( line replaceable unit ). The AFS TEST completes the AFS computer monitoring and safety tests. This test, which is performed in the FACs and the FMGCs ( FM and FG sections ) consists in:  using the computer safety test results ( FAC, FG, FM, FCU and MCDUs )  the test of symmetrical discrete inputs : FAC COM and FAC MON, FG COM and MON  the test of the symmetrical ARINC inputs  the plausibility test of the information delivered by: - the RUD TRIM/RESET pushbutton switch - the rudder trim control switch - Capt A/THR instinctive disconnect pushbutton switch - F/O A/THR instinctive disconnect pushbutton switch - Capt takeover and priority pushbutton switch - F/O takeover and priority pushbutton switch - FAC engagement pushbutton switch.
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LAND CAT 3 CAPABILYTY TEST The purpose of the test is to verify the capability of the involved systems to perform a CAT 3 fail - operational automatic landing. It also verifies the takeover and priority pushbutton switches, the A/THR instinctive disconnect pushbutton switches and the warnings associated to the automatic landing. The LAND TEST function is mainly performed in the FIDS and utilizes FG failure detection ( snapshot, analysis and reporting ). Consequently, the LAND TEST efficiency is identical to the FG BITE efficiency. Test Principle This test consists in checking the correct operationof the systems inside and outside the AFS and involved in CAT 3 automatic landing ( correct operation of BITE‘s, system reception, self - test results, interconnections validity ).



Test Running If a failure occurs prior to the acceptation phase, the test is refused. If a failure occurs after the acceptation phase, the FMGCs remain in LAND TEST condition. From AFS / LAND TEST-4 page, the operator must answer questions by YES or NO via the MCDU. NOTE:Please answer by YES if agree with sentence, NO if disagree. If the answer is YES, the test continues until the last page is displayed ( AFS / LAND TEST-9 ) with TEST OK final message. If the answer is NO, an analysis is made at the level of the AFS BITEs in order to detect and isolate the failure. A failure message is displayed on the AFS / LAND TEST REPORT page requesting to check the system concerned by the analysis. NOTE:Each AFS / LAND TEST page displays an END OF TEST indication. Pressing the line key adjacent to this indication results in the transmis sion of an END OF TEST FIDS command to the four FG BITEs. Reception of this command causes loss of the LAND TEST ACCEPTA TION condition for each BITE.
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Chaining of the various pages of the Land Test are described in the next figure.
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FLIGHT WARNING SYSTEM



ALTITUDE ALERT Operation An altitude warning ( ” C ” chord sound and altitude window of PFD pulsing yellow or flashing amber ) is generated by FWC when A/C approaches a preselected altitude or flight level. This warning is based on comparison of altitude ( ADIRS ) with preselected altitude displayed on FCU. Continuous ” C ” chord is cancelled by  a new altitude selection or  the EMER CANC pushbutton of the ECAM control panel or  the MASTER WARN pushbutton.
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The altitude box frame flashing is extinguished by  a new altitude selection. The altitude alert is inhibited  when the slat are out with L/G selected down or  in approach after capture of glide slope or  when L/G is downlocked.
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PARAVISUAL INDICATING ( PVI )



PVI DESCRIPTION AND OPERATION Principle The PVI is a roll out piloting aid system when on runway, during take-off and landing phases below 30 feet, in reduced visibility conditions. The PVI is installed on the Captain side of the glareshield and generates a head up paravisual image for the Captain. The electronic and display modules are integrated in a single unit.The autoland indicator is also integrated in this unit. The Liquid Cristal Display consists of two fixed stripes and moving box. The Captain can correct the aircraft trajectory following the PVI indication. Components The PVI is provided for the Captain only. The electronic and display modules are integrated in a single unit. The autoland indicator is also integrated in this unit. ON/OFF Switch An ON/OFF switch controls the PVI. When it is set to OFF the PVI display is black.
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PVI in Standby When the PVI is ON and guidance command presentation conditions are not fullfilled, fixed marks are displayed. The conditions of display are :  PVI ON  no PVI internal failure  correct reception of Yaw Flight Director control  AP/FD modes and engagement such as RUNWAY LOC mode or ROLL OUT mode.
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PVI in Guidance Command Presentation The PVI displays a moving symbol and a fixed mark. When the moving symbol is on the right, the Captain has to correct on the right. Opposite for the left. When the moving symbol is centered, no action is required. External Failure When a non valid signal input is detected, the PVI display is white. Internal Failure When the PVI integrated test detects a failure, a black display appears. Test Condition The test can be performed when the PVI is not in guidance command presentation. The test can be performed when :  PVI is ON  not in RUNWAY LOC mode  not in ROLL OUT mode. Test without Failure To perform the test the PVI has to be switched on. The test P/B has to be pressed. The AUTOLAND and the PVI display are tested. The autoland light comes on red. The moving symbol moves from the center to the right, then to the left, and so on until the test pushbutton is released. Test with Failure To perform the test the PVI has to be switched on. When a failure is detected by the power up test, the PVI display is black.
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Test A self test controlled by a pushbutton is integrated in the PVI. When the test pushbutton is pressed in, a discrete signal is transmitted to each Flight Warning Computer. The autoland lights comes on red.
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Note: If the ILS switches on the EFIS control panel are ON, the LOC / GS scales and indexes are flashing too.
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APPENDIX TAKE OFF SEQUENCE Take Off Mode This mode provides lateral guidance function, at takeoff, on the runway centerline by means of the LOC beam and by following an optimum longitudinal flight path after rotation. The mode is engaged when the pilot selects the takeoff thrust by positioning the throttle control levers beyond the MCT / FLX TO gate. Engagement of the mode is shown by the green SRS ( Speed Reference System ) and RWY indications in the Flight Mode Annunciator ( FMA ) columns corresponding to the longitudinal modes. The pitch guidance law enables holding of V2 + 10 kts in normal engine configuration. Prior to mode engagement, the pilot must select speed V2 on the TAKE OFF page of the MCDU or on the FCU if the FM is faulty.



NOTE : In engine fail detection, the law enables to hold:  The aircraft speed ( Va ) if it is greater than V2 when the engine failure occurs, or  V2 if the aircraft speed ( Va ) is lower than V2 when the engine failure occurs. In addition, the guidance law includes:  An attitude protection to reduce the A / C nose-up attitude during this phase.  A flight path angle protection to ensure a minimum climbing rate.
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With V2 selected, the managed speed control is activated and the TO longitudinal mode ( SRS ) can be engaged. Without V2 selection on the MCDU, the mode is not engaged on this axis. The guidance law on the lateral axis provides guidance of the aircraft on the runway centerline by means of the LOC beam. For this, the FM or the pilot selects the ILS frequency associated with the takeoff runway. This selection can be made:  Implicitly by selecting the takeoff runway or departure procedure on the MCDU.  Expressly by selecting the frequency on the RMP or the MCDU. The laterale TO ( RWY ) mode can be engaged when the aircraft is at the end of the runway and receives the LOC deviation signals. If the ILS is not available or if the ILS frequency is not selected, theTO mode is not engaged on this axis.
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APPROACH AND LANDING LOC Mode Localizer capture shall be achieved with only one overshoot followed by a constand convergent heading ( if needed ) under the following conditions:  A track angle error of between 20 and 60.  Capture initiated at a distance of at least 10 nautical miles from the runway threshold.  Aircraft ground speed of 200 kts.  LOC beam sensitivity of 75 mA per degree. Still in air the LOC beam shall be tracked to within 7.5 mA.
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GLIDE The overshoot on glideslope beam capture shall not exeed 75 mA. If the capture is initiated when the aircraft is on, or above the beam center line, the overshoot shall not exeed 150 mA providing that the capture altitude is above 1500 ft. Still in air the glideslope beam shall be tracked to within 20 mA.
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Approach and Landing Sequence - ILS Approach Seite: Page: 146
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GO AROUND On the laterale axis, the engaged mode enables to hold the track followed by the aircraft. On the longitudenal axcis, it ensures managed speed control.The speed reference of the guidance law is the aircraft speed when the mode was engaged ( the lower limit of speed is the approach speed ). This mode is available on the AP and the FD. It is engaged when the pilot selects the maximum thrust by positioning the throttle control levers in the TO / GA gate. Engagement is indicated by the green ”SRS” and ”GA TRK” indications displayed in the FMA sections corresponding to the longitudenal and lateral modes.
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