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Abstract

This study involved the collection and analysis of data concerning the reliability and
maintenance experience of flight control system electronics currently in use on a contem-
porary passenger carrying jet aircraft.

Two airlines (United Airlines and Pan American World Airways) B-747 airplane fleets
were analyzed to assess the companent reliability, system functional reliability, and
achieved availability of the CAT II configuration flight control system. Also assessed
were the costs generated by this system in the catagories of spare equipment, schedule
irregularity, and line and shop maintenance.

The results indicate that although there is a marked difference in the geographic location
and route pattern between the airiines studied, there is a close similarity in the reliability
and the maintenance gosts associated with the flight control electronics.
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FLIGHT CONTROL ELECTRONICS
RELIABILITY/MAINTENANCE STUDY

W.W. Dade; R.H. Edwards; G.T. Katt; K.L. McClellan; and H.A. Shomber

Boeing Commercial Airplane Company
1.0 SUMMARY

The flight control electronics reliability/mainteriance study is a modification of the ARCS
(Airborne Advanced Reconfigurable Computer) program (NASA Contract NAS1-13654).
This study expands the effort involving the collection and analysis of data concerning the
relability and maintenance expeérience of flight control system electronics currently in use
on today’s passenger-carrying jet transports.

United Airlines was selected to provide information on rehabmty, availability and mainte-
nance parameters on the flight-control electronics system of their fleet of Boeing 747 air-
planes. This study was further expanded to include operational data from the Pan American
World Airways 747 fleet. These two airlines operate in different areas of the world and
with widely different route systems. Major differences if any in the reliability/maintenance
cost between these two airlines might be due to these operating differences. '

The resulis show that there is a close similarity in component failure rates and even closer *
similarity in system reliability as it relates to Category 11 Auto land capability.- Tle actual
in-servic'e CATII availability for both airlines shows little clifference. :

Time between removals was tabulated as well as time between failures. The fmlure datd
supports the assumption of a Poisson process using the chi squared test.

There are some difierences in the maintenance assessment, particularly in the component

overhaul category. Any relationship between these differences and the operating environ-.
ment for each airline as described in this study could be rationalized. However, there are

" many other influences that bear on costing fisures such as accounting procedures level of
1n-house repalr cap.lblhty and size and matunty of zurplane ﬂeets



20 lNTRODUCT;oN :

: Thls study isa follow—on to +he Auborne Advanced Reconﬂgurable Computer System or’ o
ARC'S program (NASA contract NAS1-13654) and expands the effort involving the collec- _

" tion and analysis of data concerning the reliability and maintenance expenence of fh"ht
- control system electronics currently in use on today’s passenger- carrying jet trauspo_rts :

- The ARCS program was a one year study; part of which was to apply methods for assessing
potential benefits and’ costs of fault tolerant computer technology as applied to future com-
... mercial transport avionics. Sponsorship was from NASA Langley Research Center under the-
" Terminal Configured Vehicle (TCV) program. ‘The program joined a team of zurhne afrcraft
manufacturer and avionic systems manufacturer personnel to formulate a new fault-tolerant - -

' 'urborne computer system architecture. The resulting conceptual design was compared wu:h
:contemporary system technology to determme 1ts imp act on zurhne proﬁtablhty :

It was understood tnat a need ex1sted io estabhsh a baselme assessment of flight control-'

) system av10n1cs which mcluded operat1onal aSpELtS as well as a reh.lbﬂlty aualys1s TR

Follow—On Study

The scope of this follow—on study was to bring t o"ether spemﬁc mformatlon on reliability, -

avallablhty and maintendnce parameters fora selected avionic control system and identify

-how they are influenced by the maintenance philosophy-and policy of the using airline.
' Umted AIrhnes was 1dent1f' ed as the source for tlus a1r11ue operatlonal data

- “If 1t isa fact that gach alrlme s mamtenance and operaung methods chffer W1de1y, then the
reliability and maintenance assessment established in this study would only be representa-«
tive of an airline whose operating methods closely match those of United. With the above

R statement held to be true, the ARCS follow-on study was further modified to include Pan -

American as a second source airline to provide operational data. With United being a
domestic operator and Pan American an oveiseas 0perator any difference in mamtenance
and operatmg pracmces should stand out clearly : - : L

The purpose of tlus mod1f1ed study was to present the. aqalyses for the two alrlmes w1tl1 a -

'v1ew to hzgthht dlfferences where they ex:st
' Report Structure .

: Tlus rep ort is orgamzsd into four major sectlons W1th a concludmg cost summary a-lcl

B several appendixes. -Section 3 covers the Automatic Elight Control S ystem (AFCS) desonp-

tion with emphasis on individual component identifications and their relationship with the
7 AFCS system and other systems. Section 4 describes the operating environment for each of
. the two airlines that provided data support involving flight control electronics. In Section 5

- "the AFCS component failure rates are established and the system. rehabﬂlty is caleulated in

" terms of functlonal failure of the Category Om 1toland capability. Sectlon <] presents the

af
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‘basic cost elgﬁehtsﬁuch as manhours and 'friat'e-riai expéndifﬁre and delay oosts as part of -

the maintenance agsessment. The last section gives a summary of the total costs associated

-with _the_ﬂig_htrco:ntroll system glec_tron_ics_. ‘

line records, much of this material is presented as appendixes. -

As the analysis and results of this study :ﬁ’.:':ere_ dependent on raw data extraction froni air- :

" The BOeihé Cofﬁinétci'al_'Airpiahe Cor'ri_p'any"iu'r'ish:eé-to acknowledge United Airlines arid - : i
~ Pan American World Airways for their support dusing this program. Messrs. A. Miller and -

R Valeika of Pan American and Mr. H. Takeuchi of United deserve recognition for their

*t ‘contributions involving their airline operating procedures and maintenance philosophies.

PRI E e




/3.0 747 SYSTEM DESCRIPTION
“The ﬂanht:eont:rol electronics for the 747 airoiene eo1lsxets oi‘ four separate ‘automatic con-

- trol systems: antopllot/ﬁlght director system, automatm stabilizer trim system, yaw damper
" system, and auto throttle system. These systems provide automanc airplane stabilization

R _:about the pitch, roll'and yaw axes ind control the dirplane with selective guidance from™

radio, compass, inertial navigation, and afr data command inputs. The autopilot system is a

. : two-axis (pitch and roll) system which operates the elevators and ailerons to automatically.

maintain altitude, airspeed and/or guide the airplane to desu_,nated locations and make

- . automatic landings. - Controt functions are also translated into flight. director commands for -
* display on the pilots attitude director indicators (ADI’S), thereby providing the pilots ﬂwht_ 7

attitude commands clurmg manual operatxon or allowing the pilots to monitor autopilot

- operation. The yaw damper system operates the rudders to correct any PEI’IOdlC yaw osc11-.

" lation (dutch roll) and assists in makmg corrdinated tumns. Automatic stabilizer trimming’
relieves sustained elevator loads which misht be incurred due to fuel burnoff.. The auto
throttle system automatically maintains selected airspeeds and assists tlu. autopllot when

-]-makmv automatm landmgs by ald,]r.lstm‘r engine i‘hrust levers UL : :

" The following dxscussx_on' has been subdivided mto f1ve subsections dealing with the -
Autopilot/Flight Direction System (section 3.1), Automatic Stabilizer Trim System (section
3.2), Yaw Damper (sectzon 3. 3) Auto Tlhottle (sectmn 3 4), and Cate ory:II. Operation™ <. & .
_(sectlon3 5) o _ R AR

3 1 AUTOPILOT/F LIGHT DIRECT OR SYSTEM

| Fhe Sperry :’Z-l faﬂ passwe autopﬂot/ﬂ1g11t dlrector (AP/FD) systeru as il ustrat.ed in
figure 3-1,4s an integrated autopilot and flight: dlrector syetem using comnton coinputa-

" tiomad components ‘The AP/FD system provides three independent F/D channels and two .

- A/P chanhels (brickwall). Either AfP channel, as selected on an AP/FD mode select panel,

* can couitrol the zirplane roll and pitch axes control surfaces to selected antomatic path’ .

guidance commands for all cruise modes of operation. Duil channel engagement is allowed

. only for automatic landing. ‘' A. flight controller with pitch und turn knobs is provided for

- manual autopilot guidance. Any one of the three F/D channels can be selected by the .
‘captain or first officer for flight director °u1dance commands as mdlcated on att1tude
dlrector mdloators :

_ _Independence of each AP/FD ohannel is assnred by xso]atlon of power supphes SEnsors,
* computers, aircraft wire bundles and shelf wire harnesses. Two hydraulic systems supply
- pressure for the elevator power control units (PCU’s) zmd aﬂeron central control actuators
' *(CCA’S) which’ ase: controﬂed by the autopilot: channels

Output of the aut0p110t syqtems control eIectrohydrauhc transrer valves on aut0p110t
-~ modules which are part of the PCU’s and CCA’s. Output of the modules mechanically
control the hydrauhc actuators through linkage which is balanced against sprmg—loaded
~detents in each module, Duringdual channel approaches, control surface commands
generated by each A/P control module are force-summed into a nonjammable mechanical
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least value voter. The mechanical voter linkage is balanced against the feel unit; failure of
one channel is force-summed by the linkage to provide a least value movement of the
control surfaces. A failure of any component is balanced out by the mechanical voter there-
by preventing unwanted control surface movement. During single channel or dual channel
A/P operation, the pilot can override any unwanted commands without disengaging the

AP system(s) by moving his control wheel/column with sufficient pressure to cam-out

the A/P module(s). Pressure transmitted through the control cables and feel unit causes

the spring-loaded detents to unlock the mechasical linkage of the A/P module for as long

as the pressure is held above the detent range. Releasing control wheel/column pressure
allows the linkage to be locked by the springloaded detent and operation returns to normal.
This same cam-out action is what ailows the two A/P modules to operate together and
operaie as a least value voter during dual channel operation.

The relationship between the Autopilot system and the primary or manual control system
(ATA 27) is illustrated by the lateral and elevator control system block diagrams in figures
3-2 and 3-3 respectively. _ Lo

The major electronic elements comprising the autopilot/flight director system for the 747
aircraft are the following:

AP/FD mode select panel (1)
Flight controller (1)

Flight mode annunciators (2)
Pitch computers (3)

Roll computers (3)

Monitor and logic unit (1)
Autopilot accessory boxes (2)
Normal accelerometers (2)

Each autopilot/flight director channel is integrated into the airplane navigation systems
(ATA 34) to provide the required variety of autopilot functional capabilities. These sys-
tems, though not a dedicated part of the AP/FD system, provide navigational information
required for aircraft path command computation. The following sensor systems interface
with the antopilot/flight director systems: ' - :

Centrdl Air Data Computer System (CADC)
Magnetic Heading Reference System (MHRS)
VOR/ILS Navigation System (NAV)

Low Range Radic Altimeter (LRRA)
Inertial Navigation System (INS)

There ars two each of these sensor systems in the basic 747 ai'r'c’ra_ftﬁ R
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The autopilot/flight director block diagram, shown in figure 3-4, illustrates the interference
between the various dedicated and shared elements of the 747 system. It should be noted
here that, as was shown in figure 3-1, for the dualized sensor systems the number one or
«p® channel sensor interfaces with both the “A” and “ channel AP/FD computer while
the nurnber two or “B” channel provides data only to the B channe) AP/FD computer.

Control and Display

For the following discussion refer to figures 3-5 and 3-6 for control and display component
Jayout and location.

Mode Select Panel-The AP/FD mode select panel (MSF) is centered on the lightshield
section above the instrument panels and contains all switches required for autopilot and
flight director mode selection, flight director operation and autopilot engagement. The
MSP contains two solenoid held-three position A, ? engage switches, two flight director
switches, one auto throttle switch with speed rontrol and indicator, two course select
controls with indicators, a three-position solenoid held course select switch, a rotary five-
position mode select switch, a solenoid held back beam switch, an altitude select control
with indicator, a three-position solenoid held altitude switch, and a three-position solenoid
held TURB/speed switch. Associated green indicator lights illuminate when the auto
throttle switch is on, back beam is on, or the altitude switch is positioned to ALT SEL or
ALT HOLD.

Flight Controller—The flight controller is installed on the aft electronic section of the con-
trol stand. A turn knob and two pitch wheels on the controller provide attitude commands
proportional to their position during manual control of the engaged A/P channel. The
controller is normally used when one A/P channel is eugaged in MAN.

Flight Mode Annunciator Panel-One AP/FD flight mode annunciator panel is installed on
the captain’s and one on the first officer’s instrument panel. Each panel is compsed of two
sections; one section provides F/D flight mode annunciation, the other AP warning and
flight mode annunciation. An auto throttle warning light is on the left side of the annunci-
ator panel. The flight director annunciators on the left side are; ALT SEL,NAV, G/S,
FLARE and GO-AROUND. The autopilot annunciators on the right side area: ALT SEL,
NAV, G/S, and FLARE. One A/P warninglight is on the right. One AUTO THROT warning
light is on the left. ]

. Pitch Channel Description and Operation

The autopilot/flight director (AP/FD) pitch channel essentially comprises an electronic
computer and a hydraulically operated control unit to automatically control the airplane
in the pitch axis during autopilot operation. During flight director operation, the pitch
channel visually relates to the pilot through instrumentation readout, the proper method
to manually control the airplane in the pitch axis.

ORIGINAL PAGE IS
OF POOR QUALITY



Figure 3-4.—AP/FD Component Interface Block Diagram
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The pitch channel comprises the AP/FD pitch computer, two linear variable differential
transformer (LVDT), an autopilot transfer valve, autopilot engage solenoid valve, time deiay
bypass valve, two flight director go-around mode switches and two flap actuated switches.
The three AP/FD pitch computers are identical. Computers A and B are connected to
autopilot/flight director channels A and B, while computer C is used for flight director
operation only.

The pitch control channel receives input data from the following sources:

Central air data computer (CADC)

Low range radio altimeter

VOR/ILS receiver

Normal accelerometer

Inertial navigation unit (Pan Am oniy)
Pitch attitude gyro

Pitch rate gy1o

Flight controller (pitch command wheels)

The pitch channel computes the input data to a composite command that is nsed to actuate
the following indicators and controls:

Attitude director indicator (AD1)
Flight mode annunciator lights
Autopilot warning lights
Elevator control surfaces

As the PCU positions the elevator control surfaces in response to the composite command
signal, the autopilot and elevator LVDT positions are electrically compared at a summing
point. Any difference between their positions greater than the design tolerance is fed back
through the pitch computer to ejualize both LVDT outputs {during dual channel LAND
mode). The autopilot LVDT signal is also fed back to null out the comriand signal.

The pitch computer is designed using solid-state devices and integrated circuits. The com-
puter contains a pitch rate gyro and eight subassembly plug-in component cards. The plug-
in cards are: power supply card, pitch logic card, vertical path conditioner card, flare card,
gain calibrator card, gain control and sensor card, pitch servocontrol card, and flight direc-
tor card. The signal flow section of the pitch computer is of the analog design which
computes a command from three basic airplane derivatives: displacement, rate, and accelera-
tion. The command signal computation relies on the use of high-gain operational amplifiers,
summing amplifiers and integratoxs. The various input sensing signals are amplified,
summed and integrated where necessary (with respect to time) to provide the composite
command signal to the PCU and ADI inputs. Pitch synchronization modulation, demodula-
tion, and loop feedback also assist the command signal in accurately controlling the aireraft.
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The pitch computer contains common circuits for autopilot and flight director operation
up to a separation point at which the command signal is applied to the PCU for autopilot
operation and to the ADI for flight director operation, Pitch interlocks are solid-state
digital circuits provided for all operating modes.

Roll Channel — Descripticn and Operation

The roll A/P and F/D automatically controls the airplane in the roll axis during AP opera-
tion. During F/D operation, the Roll Computer provides a display CMD to aid the pilot in
manually controlling the airplane in the roll axis.

The roll channel receives input data from the following sources:

True airspeed from the central air data computer

Altitude data and logic from the low range radio altimeter
Deviation signals from the VOR/ILS receiver

Roll attitude gyro signals from the inertial navigation system
Roll rate from the roll rate gyro (in Roll Computer)

Manual roll commands from the flight controller turn knob
Track and drift data from the inertial navigation system
Magnetic heading from the magnetic heading reférence system

Course and heading select synchro inputs from the mode select panel

The Roll Computer supplies a command to the central control actuator {CCA) package.
As the CCA positions the aileron and spoiler control surfaces in response to the composite
command signal, the A/P and aileron LVDT positions are electrically compared by the
Roll Computer (during dual channel LAND mode) and any differences between their posi-
tions greater than a predetermined tolerance is fed back through the Roll Computer to
equalize both LVDT outputs. The A/P LVDT output is also fed back to null out the CMD
signal. The F/D commands are displayed on the ADI. Flight mode annunciator lights and
warning lights display the roll channel status.

The operating modes for both the A/P and F/D as controlled by the Roll Computer are the
following: INS, heading hold with turn ceatrol (MAN) and heading select (CMD), VOR/
LOC, ILS, and LAND. Additional modes for F/D commands are go-around and back-beam
control.

The Roll Computer contains computing and logic circuitry that translates information
received from the airplane sensors intoc commands that control the autopilot (A/P) aileron
hydraulic package and the flight director (F/D) attitude director indicator (ADI). The Roll
Computer contains common circuits for A/P and F/D computations up to a separation point
at which the command (CMD) signal is applied to a F/D CMD section and an A/P CMD
section for further processing.



The signal computation portion of the Roll Computer is of analog design and functions to
compute a CMD signal from three basic airplane derivatives, displacement, rate, and accelera-
tion. The command signal relies on the use of high-gain operation amplifier, summing
amplifiers, and integrators. The various input sensing signais are amplified. summed. and
integrated to provide the composite command signal to the A/P and F/D sections.

Monitor and Logic Unit

The monitor and logic unit controls operation of the warning lights and autopilot engages
switches. As a result, itis involved in both engage requirementsand in the disengage/warning
circuits.

The unit contains logic circuits for single and dual-channel status monitoring and provides
signals to actuate the autopilot warning lights and wailer (Aural Warning Device).

Antopilot Accessory Boxes

Two autopilot accessory boxes provide the necessary switching and signal conditioning
required for autopilot operation. Accessory box no. 1 provides the following functions:

Yaw damper—autopilot gain change interlock

Compass coupler synchro excitation switching

Standby power interlock—autopiiot disconnect

Dimming control and dimming override of flight mode annunciator lights

Resistive loads for pitch and roll attitude gyro, elevator LVDT no. | and go-around
swiitches

Back beam-ADI localizer needle bias interlock
Accessory box no. 2 provides the following functioh"s;,

Dimming control for antopilot and auto throttle disengage warning lights
Disengage and flasher control for auto throttle warning lights
Instrument transfer interlock return A/P switch to MAN

Mav test inhibit when A/P radio mode selected _

Low range radio altimeter (LRRA) test inhibit when glide slepe captured
Flare arm and flare initiate controal for auto throtile system

Glide slope and localizer arm control for central instrument warning system (CIWS)
computer _ :

CIWS inhibit by LRRA 50-foot trip
VOR/LOC antenna transfer after localizer capture

Resistive loads for nav receiver accelerometers, roll and pitch attitude gyros and,
elevator LYDT no, 2.
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3.2 AUTOMATIC STARILIZER TRIM SYSTEM

The automatic stabilizer trim system positions the horizontal stabilizer to relieve elevator
loads. The system is a dual channel (A and B) computer system providing stabilizer trim
whenever the autopilot is engaged.

One automatic stabilizer trim unit (ASTU) and one stab trim interface unit contain circuits
to both trim channels A and B. m

The automatic stabilizer trim system receives input data from feel pressure transducers

(LVDT’s Feel Computer) and elevator position LVDT’s. The ASTU provides a discrete

command signal to actuate the horizontal stabilizer. Stabilizer limit switches and elevator- "
operated switches prevent the stabiizer from trimming if the stabilizer trim-up or trim-down

limit is reached or if the control column (elevater) is moved in opposition to stabilizer

trimming action.

Each channel of the ASTU provides trim arm and trim control functions in addition to
fault detection and warning control. During st gle channel autopilot operation, the trim
channel associated with the engaged AP/FD chunnel provides stabilizer trimming. During
dual-channel autopilot operation (LAND mode), the channel engaged first provides stabilizer
trimming and the remaining channel is placed in standby; if the active trim channel detects
a failure the standby channel is automatically transferred into the system.

The stabilizer trim interface unit contains interlock relays for controlling manual trim
automatic trim channel transfer and interlocking functions.

3.3 YAW DAMPER SYSTEM

Two identical yaw damper systems conirol the upper and lower rudders. Each system
monitors airplane yaw rate and positions the rudder to compensate for periodic yaw oscil-
lations (dutch roll). Correction signals are applied to the rudder packages during manual
and autopilot controlled flight to displace the upper and lower rudders sufficiently to damp
out any yaw oscillations of the airplane. Rudder displacement is limited to 3.6 degrees.
The yaw damper systern also prcvides a turn coordination feature which improves airplane
response during turn maneuvers when the flaps are down at least 1°. System gains are also
changed as a function of flap position. When the flaps are down, the roll attitude signal
from the INS is introduced to provide rudder displacement proportional to roll rate. The
roll attitude signal is not used when the flaps are up. "The yaw damper system is normally 4
engaged for all flight modes and operates full time.

Each system includes one engage switch and a test switch (on yaw damper control panel}, a
yaw damper computer, and a rudder power control unit. -




TR O P

Control and test of each yaw damper system is accomplished from the flight compartment
by means of two engage and two confidence test switches (one for each channel) located on
the yaw damper control panel as illustrated in figure 3-7. The captain’s and first officer’s
rate-of-turn indicators use signals provided by a rate gyro in the yaw damper computer.

3.4 AUTO THROTTLE SYSTEM

The auto throttle system automatically moves all four thrust levers, in response to preselected
airspeed commands, thereby causing the airplane to acquire and maintain the selected
airspeed. The system is normally used during approach maneuvering and the landing phases
of flight. If two autopilot channels are engaged, the auio throttle automatically retards the
thrust levers as the airplane descends through the final 30 feet of the flare maneuver. The
pilot can manually override auto throttle thrust lever positioning. Cluiches between the
thrust levers and auto throttle drive mechanism' drive the thrust levers when pressure is
applied from the drive mechanism. The clutches slip when a small amount of pressure is
appled directly to the thrust lever handles.

The auto throttle system is engaged with a switch on the antopilot/flight director (AP/FD)
mode select panel. (See figure 3-8, slicets 1 and 2.) Reference airspeeds are salected with a
rotary control on the AP/FD mode select panel. A digital readout ranging from 101 to 259
knots is presented in a window above the control and by a servo-driven bug (pointer) in

the airspeed indicators (ASI). Stops on the control are at 101 knots and at approximately
395 knots as indicated by the servo-driven bug on the AST's. Small overspeed and under-
speed indications are provided by a fast-slow pointer on the captain’s and first officer’s
attitude director indicators (ADKI’s). Pitch attitude signals used by the auto throttle
computer are obtained from inertial navigation system no. 2. Flare logic is obtained from
the AP/FD systems. Altitude data is obtained from low range radio altimeter no. 2. Limit
switches installed on a microswitch assembly on the forward end of the control stand
monitor thrust lever position and automatically stop auto throtile operation. The primary
clements of the auto throttle system are one auto throttle computer and an auto throitle
servo. The computer contains nine niodules: a calibrator module, computation module,
command module, self-test module, switching module, servo module, auxiliary module,
power supply and accelerometer module. Solid-state analog computational and logic
cireuits are used throughout for signal processing.

The auto throttle system compouents are: one auio throttle computer in the main elec-
tronic equipment rack El, an auto throttle, on-off switch, airspeed select vontrol - d digital
indicator on the AP-FD mode select panel on the P10 panel; an auto throttle warning light
on the captain’s and first officer’s flight mode annunciators, eight limit switches in the
microswitch assembly on the forward end of the control stand, four disconnect switches
(one on each thrust lever), one servomotor-generator, thrust léver drive mechianism and
cluteh pack assembly in the control stand, circuits in AFC accessory box-2 and.one relay in
instrument switching accessory box P73 in the main electronic equipment center, an air-
speed bug and servo-driven synchrotel in the captain’s airspeed indicator, an airspeed bug on
the first officer’s airspeed indicator, and fast-slow indicators in the captain’s and first
officer’s ADI’s.
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3.5 CATEGORY I SYSTEM DESCRIPTION

Authority for full Category II operations down to 1200-ft runway visual range (RVR} and

a decision height (DH) of 100 ft for the 747 airplane is contingent upon the dual channel
automatic land mode being fully operative. Failure of any element, real or nuisance
(transient), which results in a loss of full dual channel operational capability necessarily
resultsin the affected aircraft being restricted from operating into such low visibility weather
condition. For ihe sake of completeness, it should be noted here that there is a restricted
Category II operational classification which permits operations down to 1600 ft RVR and
DH of 150 ft with one autopilot channel inoperative provided the “(C" channel flight
director is operative in the ILS mode.

To sa?” fy the full Category 11 criteria defined above requires that the following avionic
equipment be installed and operational:

Pitch Computer (A&B channel)

Roll Computer (A&B channel)

Monitor and Logic Unit

Mode Select Panel

Autopilot Accessory Boxes #1 and #2

Automatic Stabilizer Trim Unit

Stabilizer Trim Interface Unit

Normal Accelerometers #1 and #2

VOR/ILS Receivers # | and #2 (Localizer and Glideslope beam error)
Radio Altimeter #1 and #2

Central Air Data Computers #1 and #2 (Altitude rate)
INS’s #1 and #7 (roll and pitch attitude)

This configuration is illustrated by the Category II system interface block diagram on
fisure 3-9. For the sake of clarity, the interface between the AFCS accessory boxes and
the various sensor and computer elements has been deleted from this figure. Yaw damper
and auto throttle systems are not required for Category Il operations.

Other avionic equipment required for Category II operations though not associated with
the flight control system include: Marker Beacon Receiver, Instrument Comparator and
Warning System, ADI (radio aititude display, and windshield wipers and rain repellent).

Even in the dual LAND mode of uperation the AFCS isa “brickwall” system employing a
single mechanical voter at the servo actuator. Because of the “brickwall” nature failure of
any single element causes the system to fail passively in a safe manner, Such failure condi-
tions are detected either by in-line monitoring within the individual channels or by “‘cam-
out™ of the dual actuator mechanism. ) - ' '
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4.0 OPERATING ENVIRONMENT

4,1 UNITED OPERATING ENVIRONMENT

The UA Maintenance program as it relates to the components in this study is bagically one
of condition monitoring rather than time replacement. UA has developed the LIBRA
(Logical Information Based on Reliability Analysis) system for monitoring which depends
on a first stage of performance measure through unscheduled removal rates and effect on
flight by schedule interruptions. If a trend of that data indicates a need for further amplifi-
cation of data it is possible to add confirmed failures, failure modes, line reported deficien-
cies and their corrections and pilot reports either by fleet, by airplane tail number or com-
ponent serial number. UA does not preestablish alert levels in their data systems but base
their action on logic using as much data as is feasible o determine the cause when a trend
indicares such a study is desirable.

The MEL (Minimum Equipment List for Flight Release) is a List approved by the FAA
which permits revenue tlight w+" > items inoperative when remaining operative equip-
ment provides for continued sa, =, In some instances the [light may be restricted
as a result of such inoperative items.

FAA Regulatory implementation as related to these components is established by the FAA's
acceptance of the UA monitoring system and they are only involved when UA proposes a
change to the system at which time UA uses whatever data is required to establish that
change. Such a change could involve parts modifications or revisions to maintenance
procedures. :

The FAA also makes periodic audit of all airlines maintenance programs by means of a
team of FAA specialists who study the airlines data and facilities to check the validity and
effectiveness of the airline’s procedures and compliance with the approved maintenance
program. The UA 747 schedule operation and related maintenance facilities involve twelve
stations, all located in cities within the United States. Four stations with 67% of the reve-
nue flights are related as “prime” where manpower and facilities permit all discrepancies
to be fixed, four stations with 6% of flights are rated as “support” where items required
for dispatch are fixed but which are equipped to do a bare minimum of work, two stations
with 25% of flights are rated as ““service” where items required for dispatch are fixed but
are equipped to do other specialized work as instructed by the operations center, two
stations have no maintenance capability and are serviced as required y nearby stations
with adequate facilities,

San Francisco is the main base for UA 747’s and all overhaul work is accomplished there.
San Francisco as an operating station is handled as a separate organizational entity and is
classed as one of the prime stations.
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4.2 PAN AMERICAN OPERATING ENVIRONMENT

The PA maintenance program as it relates to the components in this study, is also one of
condition monitoring rather than time replacement. PA monitors their fleet on a monthly
and year-to-date review of schedule interruptions by system, with prescribed tolerance
levels to provide an alert warning. An alert oblizates PA to make a further study of removal
rates, shop findings or line discrepancies either by total fleet, individual airplane or indi-
vidual serial number component to establish the need and nature of corrective action to

be initiated.

The FAA regulatory implementation is by means of the maintenance program. They
receive the monthly reports with the alerts flagged and any further studies or corrective
actions are included to show resolution of those and earlier alerts.

The FAA audit team visits PA the same as UA.

The PA 747 schedule operation and related maintenance facilities involved with this study
include some 42 stations. 50% of all flights are out of U.S. stations, 29% out of European
stations, 14% out of stations in the Orient, 4% out of Pacific stations and 3% out of Central
and South American stations. (Fig. 4-1)

Two base stations with facilities to correct all discrepancies have about 21% of all flights.
Six additional stations with avionics specialists and spares have 43% of flights. Five addi-
tional stations have limited spares capabilities in these components and have 11% of the
flights. In summary thirteen stations with 75% of the scheduled flights have some level of
capability to correct problems in this system. Other stations may be required to make
corrections as directed by PA s Technical Center by swapping parts from one plane to
another depending on schedule overlap times or on the difference in the needs of flights to
different destinations per the MEL. JFK (New York) is the Main Base for PA 747s and
all overhaul work is accomplished there. As an operating station it is classed with SFO
(San Francisco) as a Base station.

4.3 DIFFERENCES IN OPERATING ENVIRONMENT

Differences in maintenance practices between UA an:’ ¢4 - e as follows: Both airlines
maintain a close surveillance of each airplane on a ?--heu. tasis through a central technical
control and by the use of technical specialists who monitor all problems that are en-
countered. The significant difference seems to be tha: FA due to their route network
(figure 4-2) have deveioped a system of auditing the pr-hic. . resclutions and issuing direct
requests or orders to the stations as to progressive trouble snooting and corrective actions
where as UA maintains more of the authority at each ¢ ‘ation, but provides their stations
with a computer terminal through which they can review all related problems on any air-
plane for several earlier flights.
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Figure 4-1.—Pan American Line Stations
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Although PA uses an alert system to originate studies it is much more likely for the problem/
component in this study to become apparent to the Technical Conirol Center when a
problem is developing and they in turn will refer the problem to the engineer and/or quality
controller involved for a coordinated study and resolution. For longer range review &
computerized system of capturing log page information is used (figure 4-3). In addition

PA uses a documented Malfunction Reporting System in their flight operations which pro-
vides a well defined statement of the problem for the mechanic after the flight crew has
exhausted all possible infiight tests.

Because of the distance between PA maintenance base and its stations they have developed
a probability analysis approach to station spares replenishment. The analysis is further
refined by an engineering judgment cverview that may alter the amount for some spares
and/or at some stations. Only 68% of PA’s flights are into stations with facilities for auto-
matic landing whicl reduces their exposure to problems. There appears to be no major
difference in the two airlines’ maintenance plilosophy and regulatory constraints as applied
to the Automatic Flight Control system.
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5.0 RELIABILITY ASSESSMENT

5.1 RELIABILITY ASSESSMENT — UNITED

The reliability of the 747 flight conirol system electronics can be evaluated from several
viewpoints, e.g., failure rates of individual elements, system functional reliability , avail-
ability, etc. For the purposes of this study we have attempted to evaluate the system reli-
ability from all aspects for which sufficient data was available from United Alrlines operating

and maintenance records. This includes an assessment of the individual failure rates of each of

the elements associated with the electrical flight control system, an assessment of the failure
characteristics of each element, an evaluation of the full category Il system functional
reliability as projected from the failure rates of the individual components, and an gvaluation
of the achieved availability of the full cateogry 11 configuration flight control system.

In the course of this study two parameters which are fundamental to the study of reliability
were found to have different definitions depending on who is doing the evaluation. These
two ambiguous areas are the definition of failure and the definition of time. To some investi-
gators, an element is only considered to have failed for reliability purposes when that failure
can be directly related to the flight log entry from which it was removed. If this relationship
cannot be directly identified, i.e., the failure was found incidentally to the reason for
removal, the failure is not counted for purposes of reliability determination. Furthermore,
the parameter of time can be defined in two ways: equipment operating time and airplane
flight time. These two time measurements are not the same, though they are proportional.
Studies at United Airlines have shown that the ratio of operating to flight time is approxi-
mately 1.3 to 1.

In general for this study, any failure found by the maintenance shop was considered in
deriving unit failure rates and failure rate characteristics. Where a distinction has been made
between the two classifications of failures for purposes of clarification, the two are clearly
designated as “verified” failures and “incidental” failures. Time values used in this study are
all based on airplane flight time. Conversion {0 operating times can be made simply by
applying the 1.3 to 1 time factor.

The discussion which follows is subdivided into four major sections dealing with component
failure characteristics (section 5.1.1), system functional reliability (sections 5.1.2 and 5.1.3),
and system availability (section 5.1.4).

5.1.1 COMPONENT RELIABILITY EVALUATION

In the tables and discussion which follows, the failure characteristics for each of the line
replaceable units (LRU’s) associated with the 747 flight control system glectronics are
described. These discussions have been subdivided into separate sections dealing with major
computers dedicated sensors, servo and control and display elements and shared sensor.
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Failure information on each of the LRU" was initially obtained by reviewing component
inspection and removal (I&R) tag histories for all removals during the period from July 1975
through June 1976. A summary of the information obtained from these reviews is contained
in appendix A. From the I&R tag histories the following information was obtained:

Number of removals

Number of failures -
Number of verified failures

Failure manifestation (verified faflures only)

Causes for unverified/unjustified equipment removals

Where required, or at least desired, this information was supplemented by a review of the
shop maintenance records dating back, in many cases, to 1970 and 1971.

Where a | year failure history was used as the sole source of failure rate information, the
failure rate with appropriate confidences levels were computed based on the total operating
time during the sample period and the total number of failures observed. This calculation
begins with the assumption that for electronic equipment failures are generally Poisson
distributed. For large values of AT, where:

A

mean failure rate

T = observation time.

The Poisson distribution tends to a normal distribution. Since:

The number of failures F inside an interval will, if they are many, tend to a normal

A-T

mean

variance 02 =AT

distribution.

The confidence interval is found from tables over the normal distribution. As an example: -

90% confidence

F-(A-T)

> _1.2816

JAT
A 1. 1.2816 \2
L 12816 (27 ) oF

2




60% confidence

2533 0.2533 12
Araoms, Sl

This approximation gets better for large values of A *+ T. By inserting into the above equa-
tions the observation time period and the number of failures incurred, it is then a simple
calculation to find A. This approach has been followed in all of the following component
reliability computations.

Major Computers

Being the core or foundation of the flight control system for the 747 airplane, a major
effort was expended analyzing the major computer elements. Those LRU’s considered to
fall into this category are the following:

Pitch Computer

Roll Computer

Yaw Computer

Monitor and Logic Unit (MLU)
Auto Stab Trim Unit

Auto Throttle Computer

In order to assess in greater detail the failure characteristics of the above listed equipment,
we attempted to compute the actual number of hours from one failure to the next. A

one year historical record proved to be too short a period of time in which to do this

since most items under study had no more than one failure during that time. Therefore

the study scope was expanded to include the installation and removal records for each

unit dating back to the beginning of shop maintenance records (1970-71). An example

of one of these shop records is shown in figure 5-1. These shop records were {ranslated into
a chronological history of each unit, by serial number, by tracing individual unit serial
numbers installation and removal histories. This complete translation for each of the major
computer units is given in the tables of appendix B.

As can be seen in appendix B a great deal of information was found to be either missing or
conflicting making it difficult at best to accurately track unit “times-to-failurs.”

Because of that we were forced to do some estimating and extrapolating to fill in operating
times where the records were incomplete. Using this approach then provided us with
enough data points on which to base some meaningful failure rate calculations.

The summarized failure times for the computer units is given in the table in each section.
In these tables the LINE column refers to the line of the complete table (appendix B) from
which the failure time has been derived. The DATA SOURCE column identifies where the
data was obtained empirically based on actual (A) records or estimated (E) because of
missing information.

ORIGINAYL, PAGE 1S o 31
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a—

Verified
Plane Date TSO Unit on Reason for Removal Yes | No File No. Date
8003 10-7-70 678 1 A/P flare made will not arm. Failed #3 test X VDROH 17612 10-21-70
| rRepairs made: Unit passed all tests.

- - - —— Removed from stock for checking on AIE. X 17612 11-25-72
Repairs made: Checked O'K on ATE.
8016 11-28-71 3069 13 No A/P flare armed. Only 1/2 lightin A/P X 5889 12-3-711

disconnect light.
Repairs made: AB5AB replaced alc failed #193 ATE.
A4AB replaced a/c failed 71-66 on card and 133.1 and 135.1 ATE.

801D 5-30-72 5553 G No A/P flare capture. X 16008 6-8-72
Repairs made: Normal overhaul comp mod B COA S-0587.
8026 6-7-73 6822 20 Time X 01624 6-7-73

Repairs made: Repl A

-7 card (SH0050276) alc fails 244, -245, -245.1, -246, .247,-248, 249, -249.1, -251, -250.

1 (found A7 /.1 bad) PDH

8004 8-29-74 13714 14 Time X 88349 8-30-74
Repairs made: Normal overhaul
8019 4-16-75 13186143 18 “a" A/P will not eng and fails self test 3, 6 & 7 X E2834 4-19-75

Repairs made: With this unit installed. No mal found. C/H

Figure 5-1.—Monitor and Logic Unit Shop Record



Failure rate characteristics are illustrated by plotting the number of failure occurrences
which were observed within a certain time-to-failure window. In other words the number of
tailures from the table which occurred within a time window of 200 to 400 hours has been
plotted as a magnitude at 400 hs. etc.

This method of computing mean failure rates has been defined as method 1. Method II is

_an estimate based on a one year sample period from 7/1/75 through 6/30/76. These failure

" rates are therefore given with appropriate confidence levels whers the confidence applies

to the probability that the computed failure rate is less than or equal to the calculated value. '

Pitch Computer _'
a) Failure Rate (refer to table 5-1 and appendix A)

Method I (complete hi_story)
425 failures/10° hrs MTBF = 2354 hrs

Method II (*75/°76 data) .
(3 units/airplane) (53808 airplane flt his) = 161424 unit hrs

(58 veri_fie_d failures + 26 incidental failuresj = 84 total failures

00% confidence — A < 599 failures/108 hrs
MTEF > 1671 hs

=
60% confidence — A < 535 failures/ 106 hus
MTBF = 1869 hrs
Method 11T |
84 total failures x 100 hrs _ 520 failures
161424 unit hrs 100 hss

") Failure Rate Characteristics — figure 5-2.

]

¢) Failure Manifestations

Perforrnance Anomally 42%
Failure/Warming Indication 26%
Fails BITE Test 16%
Inoperative - 10%
Engage/Disengage Problem 4%
Other o : 2%
ORIGRNAL PAFGIEME i
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Table 5-1.—Pitch Computer Failure Times

90 Entries
Sperry Part No. — 2590622-908 X = 2354
United MR No. — 22093 8 = 2289
UNIT DATA UNIT DATA
LINE S8/N SOURCE TIME LINE S/N SOURCE TIME
4-7 2 E 4200 196 28 E 272
8 E 599 197 A 1561
11-13 3 E 2869 198-199 E 1710
14-17 E 1165 200 E 36
18-19 E 844 211 30 A 343
20 A 231 216 31 E 2830
26 4 E 3719 217 E 4307
32 5 E 308 218 A 630
33-35 E 7765 219 E 5410
40 6 E 1747 220 A 1010
41-43 E 2909+ 223 32 E 2964
52-53 8 E 2442 224 E 1886
54 E 10516
55 E 1345 239 35 E 2855
56 E 1064 244-247 35 E 1067+
57 A 430 249-2562 37 E 6432
58-66 9 E 9870+ 254 A 3857
68 10 E 616 260 38 E 532
69 A 1382 261 Invalid - Same Problem
70 A 1357 264-265 39 E 4400
76-79 11 E 3516 269-272 40 E 4738
80 E 2128 275-276 41 E 2956
81 A 1111 277 A 1121
85-87 12 E 1664 278 A 224
89-90 Invalid - Same Problem 279-280 A 1464
95-96 13 A 3210 284 42 E 5368
108-109 15 E 1512 298-300 44 E 3241
113-114 E 1860+ 303-304 45 E 4756
117-120 17 A 6547 305 A 51
130-131 19 E 9779 309-310 46 A 282
132 A 1762 317 47 E 2592
137-138 20 E 684 319-320 E 3105
139-140 A 2672 324 48 E 912
142-150 Invalid - Same Problem 328 49 A 2751
153-154 22 A 230 329 E 68
158-165 Invalid - Same Problem
167-168 24 E 2189 342 51 E 1782
173-1756 25 E 667 343 ' E 3702
176-178 Invalid - Same Problem 344 A 272
185 26 A 75 346-348 52 E 4910

34




Table 5-1.—{Concluded)

90 Entries
Sperry Part No, — 2590622-908 A = 2354
United MR No. — 22093 8 = 2289
UNIT DATA UNIT DATA
LINE S/N  SOURCE TIME LINE S/N_ SOURCE  TIME
186 A 2089 353 53 E 2111
190 27 E 1196 358 54 A 130
191 E 8290 363 55 E 3048
364 55 E 272
365 E 1712
370-371 E 60
379 57 A 8
380-381 A 1318
384 58 E 3264
407 61 E 1819
415 62 E 2172
417 63 E 1396
433-435 E 1213
437 E 354
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Roll Computer
a) Failure Rate {refer to table 5-2 and appendix A)
Method I (compléte historyl)
383 failures/10° hrs MTBF = 2613 hs
Method II (*75/°76 .data) | |
{3 units/airplane) (53808 flt hrs) = 161424 unit hrs
(58 verified failures + 13 incid;ental failures) = 71 failures

90% confidence — A < 512 failures/ 106 fiss
MTBF > 1953 hrs

60% confidence — A < 453 failures/ 106 hrs
MTBF = 2206 hrs

Method III

71 totat failures x 106 hrs _ 440 failutes
161424 unit hrs 108 hrs

b) Failure Rate Characteristics — figure 5-3.

¢) Failure Manifestations

Performance Anomally 25%
Failure/Warning Indication 9%
Fails BITE Test 38%
Inoperative 6%
Engage/Disengage Problem 17%
Other 5%
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Table 5-2.—Roll Computer Failure Times
121 Entries

Sperry Part No, — 2590623-507 A = 2613
United Airlines No, ~ 22092 8 = 2455
UNIT DATA UNIT DATA
LINE B8/N_ SQURCE TIME LINE S/N SOURCE  TIME
2 1 E 2220
3 B 1815 151-152 1B E 616
4 A 2416 153-158 E 2214
51 E 8898 197 E 2176
1l 2. E 1800 1569 A 3117
12 E 3388 166 20 E 1782
13 A 5480 16% B 1814
16-20 Invalid -~ Same Prioblem - 170 E 9140
23 4 A 897 ‘ 171 A 504
- 24 . E 046 173 21 E 1782
25-26 B 13500 174 E 2871
32-33 6 B 1485 176 E 1278
24 E 1276 176-197 E 3690
3536 B 7120 178 B 4942,
a7 A 1670 185 23 A 143
39 Invalid - Same Problem 186 E 1626
40 7 E 271 1897 A 1417
4] E 3100 188-188 E 4930
42 A 2559 190 A 1126
60-62 10 E 628 193 24 A 1668
63 A 1914 194-198 E 5756
64-65 B 2052 197 A 1673
66 A 49 201 25 A 164
70 Invalid - Related Problem 202 E 930
Tl 11 E 1595 203-205 B 3640
T2 A 631 208 E 3000
73 Invalid - Same Problem 210 28 A 6921
74 E 2214 211 A 1437
78-84 12 B 34650+ 214-216 27 E 580
85-89 E 610 217-215 : E 570
90 Invalidi~ Same Problem 220-221 b 4892
101-102 14 [ 2868 222 A 81
103 A 102 225-230 28 E 5996
108 i5 B 4147 238-239 28 E 3137
109-112 - E 4842 _ 240-24% A 4208
113-124 E 912 E 244 30 A 4554
135-137 16 [ 7020 245 E 123
139 A 3a0 246 A 5624
142-143 A 3524 247 A a
144-145 E 5166 24_8-249 g 718
148 B 832 250 A 1275

.38



Table 5-2,—(Concluded)

121 Eatries
Sperry Part No, - 2580623-907 ‘% = 2613
United Airlines No, — 22082 g = 2453
UNIT DATA UNIT DATA
LINE S/N_ SOURCE TIME LINE &/N SOURCE  TIME
253 31 B 297 373-376 ~ 49 E 8640
254 I 6452 383 52 A 1250
255 E 3208 384-385 Invalid - Same Problem
256 " 3234 350-391 53 E 5980
257 A 2374 393-394 B3 E 798
261-264 - 32 E 3594 308-401 54 E 3809+
2685 A 1403 402-405 Invalid - Same Problem
270-272 33 E 13500 407-411 08 E 7130
279-280 35 ¥ 503 413-414 &6 A 594
281 B 912 4319-420 &7 A 4696
282 A 570 4924-425 58 A 1052
285 -284 B 1744 426 A 171
287 36 E 1276 427428 E 1368
2912892 LY 3331 441-442 Invalid - Same Problem
203 A 294
204 A 639
298 a8 A 1767
2499 A 224
300-301 B 171
302 E 288
203 A 852
313-817 Invalid - Same Problem
318 40 E 1140
290-321 Invalid - Same Problem
32% 41 E 5014
323 ) B 1632
324 A 550
325-326 E 3258
338 43 A 1679
342 44 A 4468
- 343 B 1804
344-348 E 4480
349-351 E 9044+
3563 45 A 352
356 46 B 319
B

357-358
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Yaw Computer
a) Failure Rate (refer to table 5-3 and appendix A)
Method I (complete history)

232 failures/108 hrs MTBF = 4305 hrs

Method II (*75/°76 data)
(2 units/airplane) (53808 airplane hrs) = 107616 unit hrs

(16 veﬁﬁed failures + 4 incidental failures) = 20 failures

90% confidence — A
MTBF

247 failures/1 0% nrs
4044 hrs

VA

60% confidence -- A
MTBF

197 failures/100 hrs
5085 hrs

A\

Method IIT

20 total failures x 106 hrs _ 186 failures
107616 unit his 106 hrs

b) Failure Rate Characteristics — figure 54.

¢) Failure Manifestations

Performance Anomaily(!) 33%
Failure/Waming Indication 20%
Fails BITE Test 20%
Inoperative 13%
Engage/Disengage Problem 0%
Other(?) 13%

(1) Intermittent turns (“kick) either left or right
(2) Mostly Oscillatory

ORIGINAL PAGE 18
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Table 5-3.—Yaw Computer Failure Times

. Entries
Bendix Part No. — 1964212-2 3% = 4305
United Airlines Part No. — 22138 8 = 4125
UNIT DATA UNIT DATA
LINE §/N SOURCE TIME LINE S/N SOURCE TIME
2-6 1 E 7717 132~ 16 A 2539
7-9 E 7623+ 135-139 17 E 7930
11 2 E 16241 141 18 E 2675
13 3 E 10462 149 19 E 1914
14-15 E 3144 150-152 A 9136
21 4 A 324 - 157-159 21 E 1330
23 : A 224 160 E 2788
26 A 48 161 21 E 9515+
27 A 11499 163-164 22 A 6347
28 E 510 170-172 23 A 4479
30-31 5 E 2473 175-176 24 A 352
32-33 E 3219 177-118 E 13197+
34-35 E 919 180-181 25 A 9307
41 8 A 6052 184 A 329
42-43 A 3175 187 26 A 183
47 7 A 3003 190 26 E 13171+
48 A 8708 192 27 A 1479
54 ‘A 1156 193-194 E 1270,
56-5T7 E 803 5+ 195-196 E 2848
59-63 9 E 380 197-200 28 E 14827
64 A 8307 207 31 A 118
65 E 2875 209 A 71
68 10 A 105 210-212 31 E 6158
71-72 A 426 219-221 33 A 3895
73 A 621 222 A 4020
74 E 1848 ‘224 27 A 1413
75 A 14 227 34 A 157
71 A 8702 228-233 E 4795
79 11 A 1845 235-236 35 A 2418
80 E 14888 237 35 E 6074+
85 12 A 2063 239-240 36 E 5259
86-88 E 1326 242 37 A 2781
89 E 6826 , | 243 35 A 727
96-97 13 A 543 244 37 A 825
98 A 924 245 E 4711+
99-100 E 12176 246 a8 A 3226
102 14 A 1535 247 38 A 588
104-105 A 4517 249-250 E 3922
106-108 E 11538+ 254-2556 40 E 6210+
109-116 15 i) 3175+ 259 42 E 4456+
117 E 10 261-262 43 E 3685+
121-122 15 E 7106+

42
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Although the pitch, roll, and yaw computer all include a rate gyro as an integral part of the
LRU, in the case of the pitch and roll computess it is not a significant contributor to the
unit failure rate. However, in the case of the Yaw Computer its rate gyro contributed to
between 65 and 90% of all unit failures.
Monitor and Logic Unit
a) Failure Rate (refer to table 5-4 and appendix A)
Method I (complete history)
407 failures/10 hs MTBE = 2455 hrs
Method II (°75/°76 data)
1 unit/airplane 53808 unit hrs.

(15 verified failures + 1 incidental failure) = 16 failures

90% confidence — X < 409/10°% fiss
MTBF > 2445 hrs

60% confidence —n < 317/10° hrs
MTBF = 3157 hrs

Method II1

16 total failures x 10° hirs _ 297 failures

53808 unit hrs 106 hss

b) Failure Rate Characteristics — figure 5-5.

¢)  Failure Manifestations

Engage/Disengage 33%
Warning Function 33%
Mode Light Function 13%
Fail BITE 13%

Camout Detection 1%

44



Table 5-4.—Monitor and Logic Un't Failure Time Summary

Sperry Part No, 2591027-902

United Airlines No, 22051

UNIT .DATA
LINE _S/N_SOQURCE TIME
3-4 1 A 1741
5 1 A 1512
6 1 A 766
8-11 1. E _ 4379
15-16 2 A 5727+
19 2 A © 1133
20-21 2 E 227
22 2 A 1996
23-26 2 E 3171+
27-29, 3 A 2734
30-31 3 E 1812
32-34 3 E 5134+
35-38 4 E 2190+
39 Invalid - Same Problem
40-47 4 E 6946+
49 b5 E 1823
50-51 5 E 151
52 b5 E 2918
53-54 5 E 1260
55-57 b E 2114
61-64 6 E 204
65-687 6 E 3613
68 Invalid - Same Problem
69-70 8 E 332
73-74 Invalid - Same Problem
75-77 6 E 1510
78 Invalid - Same Problem
80-85 7 E 2114+
86 T E 668
87 i A 2982
88 1 A 965
89-93 i A 1676
94 7 A 671
a9 8 A 1599
100-103 8 E 7576+
105~106 9 A 985
107-114 9 E 4983
115 9 E 1337
116-118 9 E 453
119-121 9 A 1106
122 9 A © 211

ORIGINAL PAGE I
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A = 2455 Hrs
UNIT DATA
LINE S/N SOURCE TIM!'_:_
‘125 10 A 2273
126-127 10 E 1963
128-131 10 E 2122
132 10 A 1204
}33-134 10 E 3076
138-140 11 E 5152
141 11 A 1613
142 11 E 1944
143-146 11 E 2567
147-148 Invalid - Same Problem
153 12 A 284
154-159 12 E 5433
160-161 12 A 682
165-167 13 E 2743
169-171 13 A 1002
172-176 14 E T714+
178-181 14 E 1510
182-184 14 E 1057
185-187 14 E 9000+
191-195 16 E 3926
196-201 15 E 4077+
203 - 16 A 3395+
204 16 E 182

205 & 206 Invalid - Same Problem

207-210 16 A 787
211-217 16 E 6167+
219-221 17 E 2430+
222 17 A 416
223 17 A 1864
224-227 17 E 4530+
230 Invalid - Same Problem
231 18 A 362
232-234 Invalid - Same Problem
235-236 18 A 3044+
239-246 19 E 5440+
248-256 20 E 6040+
258-267 21 E 4228
268 Invalid - Same Problem
269 21 A 92
273 22 E 302
277-281 23 2 E 3473+
285-287 24 E 2699+
202 25 A 564

45



uonNqLsIq Wi ainjied Jup aboq pue 103uoN—"G-G 8inbi4

0009 ooos 000¥% 000t 0002 0001

ne

s
tole

o2
RS

$30N3YUNIIQ 40 H3EWNY

46



Automatic Stabilizer Trim Computer
a)  Failure Rate (refer to table 5-5 and appendix A)
Method I (complete histary)

404 failures/ 108 furs MTRBF = 2476 his

Method II ('75/'76 data)
1 unit/airplane 53808 unit hrs

(22 verified failures + 3 incidental failures) = 25 failures

90% confidence — A < 600 failuresl106 hrs
MTBF = 1667 hrs

60% confidence — X < 489 Failures/ 108 hrs
MTBE > 2046 his

Method I

25 total failures X 106 hrs _ 465 failures
53808 unit hrs 100 hrs

b) Failure Rate Characteristics — figure 5-6.

¢) Failure Manifestations

Performance Anomally 0%
Failure/Warning Indication 54%
Fail BITE Test 34%
Inoperative 11%
Engage/Disengage Problem 0%
Other 1%

ORIGINAL PAGE IS
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Table 5-5.—Auto Stab Trim Unit Failure Time Summary

69 Entries

Sperry Part No. — 2591415-902 1= 2476

United Airlines No. — 22123 g8 = 1991
UNIT DATA UNIT DATA

LINE S/N_ SOURCE TIME

4-6 1 E 846
7-10 E 7662
11 A 362
12-13 A 92
15-18 2 E 410
19 A 535
23 3 A 4296
24-25 A 3949
26-28 E 3285
29-31 E 1154
32 A 984
35 4 E 4378
36-37 A 4144
38 A 4965
39 E 1944
40-41 E 647
47~50 5 E 1791
o1 A . 1319
52-53 E 1692
54-55 E 31781
56 A 3068
57 E 796
58 6 A 3572
59 A 90
60-68 E 5076
69 E 243
72-73 T E 796
T4-T7 E 2868
78-80 E 1450
81-84 8 E 698+
85-91 E 8528
92 A 296
93 A 1048
94 A 219
96-103 9 E 3818
104-106 E 1996
107-108 E 2818
109 Not valid - Same Problem
111-114 10 A 5210
115-119 E 3582

48

LINE S/N_ SOURCE TIME

122-127 11 E 2786
128-133 E 2488
134-138 E 6368
139-140 12 A 2517
141 E 896
142-149 E 5558
150 A 1884
152-153 E 817
154-159 13 E 420
160 A 2057
162-163 A 3180
164 E 1094
165 280
166 665
168-169 14 A 2598
170 E 2673
171-172 A 2307
174 15 A 1816
176 Not Valid - Same Problem
177-178 A 2167
179-184 E 2572

185-186 Not Valid - Same Problem
187-189 Not Valid

193 16 A 5159
194-200 E 5373
201 E 5250
203-204 17 A 2296
207-210 E 2056
212 18 A 7310
213 A . 1564
214-216 E 1411
217-218 E 1144
231 21 A 1088

=
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- Autothrottle Computer i

B a) Faﬂure Rate (refer to table S 6 and appendlx A)
B Method I (complete hlstory) o
st f?.ﬂu.res/;o G | MTBF = 5538 Is
"“Mréth.dd 11 (75/76 data) B |
1 umt/alrplane o 53 808 unit hours
v venﬁed fa11ures +5 mmdental failuresj = 14 failures

90% confidence — N < 336 failures/ 10'5 hrs
MTBF = 2733 hrs

50% confidence — A < 278 faitures/ 100 hrs
MTBF > 3592 hrs

Method IIT

14 total failures x 108 hrs _ 60 failures

53808 unit his 166 nrs

b) Failure Rate Characteristics — figure 547,

¢) Failure Manifestations

Performance Anom ally( 1Y) 44%
Failure/Waming Indication 2%
Fail BITE Test 0/
Tnoperative 11%
Other 23%

(1) Typically overboosts.
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Table 5-6.—Auto Throtile Computer Failure Time Summary

34 Entries
Sperry Part No. — 1064693-1 ¥ = 5538
TUnited Airlines MR No., — 22312 g = 3867
UNIT DATA UNIT DATA
1INE §8/N _ SOURCE TIME LINE S/N_ SOURCE TIME
1 1 A 56
4-6 2 E 6845
11 3 A 8394
15 4 A 16403
19 5 E 5680+
20-21 6 E 8477
23 7 A 3309
24-29 7 E 7286+
30 8 A 2203
31 E 3229
3% B 10364
33.34 Invalid - Same Problem
35 A 888
36-37 9 E 658
38-41 E 3139+
43 10 A 1476
44 B 12034+
46-48 11 'E 8788
55-57 12 A 7630
58-60 A 1089
a3 13 E 8320
65 14 A 4098
66-67 = 2328+
68 15 A 8435
89 A 235
76-17 16 A 4882
78 17 A 8706
79 A 1611
80 A 3856
88 18 B 3126+
45 11 A 3241
84-86 17 E 5544+
80 20 A 6727
a9 23 .+ A 8332
101 24 A 10805
ORIGINAL PAGE IS
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Dedicated Sensor, Servo, and ControlfDisplay Elements

The following list identifies those LRU’s which have been classified as dedicated sensor,
servo, and control and display elements in the 747 flight control system electronics:

Mode Select Panel (MSP)
Controller

Normal Accelerometer

Trim Interfaced Uit

AFCS Accessory Boxes

Elevator, Aileron & Rudder LVDT
Autostab Trim Pot

Autothro*tle Servo

The functions of each of these elements has been defined in the system description (sec-
tion 3).

Except where specifically noted otherwise all of the reliability derivations are based on a
one year sample period from 7/1/75 through 6/30/76.

Mode Select Panel
a) Failure Rate (refer to appendix A)
i unit/airplane 53808 unit flying hours

18 verified failures + 4 incidental failures = 22 failures

90% confidence — A < 540 failures/ 10% s
MTBF = 1863 hrs

60% confidence — A < 431 faih.lres/IO6 hrs
MTBF 2 2317 hrs

Point estimate

22 total failures x 100 hrs _ 409 failures
53808 unit hrs 1U° hrs

b) Failure Manifestations

Altitude Select Function 22%
Heading Select Function 17%
Course Select Function 11%
PAGE B
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(b) Failure Manifestations (Continued)

Auto Throttle Function

11%
11%
11%

6%
11%

The AFCS mode select panel is considered to be one LRU, yet it controls a wide

124 failures/100 hrs

50%
50%

Pitch Mode Selector Function
Flight Director
Engage/Disengage
Other/Unknown
¢) Comments
variety of different functions.
Controller
a) Failure Rate (refer to appendix A)
1 unitfairplane 53808 unit flying hrs
2 verified failures + | incidental = 3 failures
90% conﬁdencefl) —A <
MTBF == 8055 his
60% conficence(!) — A< 78 failures/ 109 furs
MTBF = 12872 hrs
Point Estimate
3 failures x 106 hrs 56 failures
53808 unit hrs 100 hurs
b) Failure Manifestations
Aileron Hardover
No Manual Modes (Inop.)
c) Comments

In addition to the two verified failures used here, appendix B shows a third as a
unit physically damaged out of stock. This was not considered in computing unit

failure rate.

The sample size (3 faitures) for this unit is so small as to leave some question as to
the validity of the results. No further shop records were available at United and
besides, the controller is an insignificant contributor to system functional failure

rates.




Normal Accelerometer
a) Failure Rate (refer to appendix A)
2 unit/airplane 107616 unit flying irs

1 verified failure + 0 incidental failures = 1 failure

90% confidence — A < 36 failures/106 hrs
MTBE = 27665 his

60% confidence < 19 failures/ 100 firs
MTBF = 53275 his

Point estimate

1 failure x 106 hrs 9 failures

107616 unit hrs 100 fus

b) Failure Manifestation
Pitch Down + Qil Leak

c) Comments
These units are retumed to the vendor (Sperry) for repair, hence UA has no
information regarding the shop findings. Since this unit was leaking oil, it appears
reasonable to assume that it was in fact failed.

Trim Interface Unit

a) Failure Rate (refer to appendix A)

1 unitfairplane 53808 unit flying hrs

0 failures

90% confidence - < 43 failures/ 108 hrs
MTBF = 23395 hrs

60% confidence A £ 17 failures/ 108 hrs
MTBF = 58487 hss

b) Failure Manifestations — None.
¢) Comments

No shop data available prior to 7/75.
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AFCS Accessory Boxes
a) Failure Rates (refer to appendix A)
Box 1 — 1 failure/53808 unit flight hrs

00% confidence —7\ < 72 failur351106 hrs
MTRF = 13832 hrs

60% confidence - < 38 i"ailuresllO6 hrs
MTBF = 26638 hrs

Point estimate®

3 failures x 106 hrs 10 failures

289395 unit hrs 105 hrs

Box 2 — O failures/53808 unit flying hrs
00% confidence — & < 43 failures/10® hrs
MTBF == 23395 hrs
60% confidence A< 17 t‘aiIures/lO6 hrs
MTEF == 58487 hrs

Point estimate™®*¥

1 failure x 100 hrs _ 3 failures
289395 unit hrs 106 hys

) Failure Manifestation
Box 1 — Intermittent warning light
¢) Comments

*AFCS Accessory Box 1 has only shown three failures since approximately 1970
(289395 flight hs).

#% AFCS Accessory Box 2 has had only one failure since approximately 1970
(289395 flight hrs).
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LVDT’s

a)

b)

c)

Therefore:

90% confidence

Box1— A < 23 failures/100hrst=0
MTBE = 43423 hrs

Box 2 — X < 13 failures/lO6 hrs
MTBF = 74395 hrs

60% confidence

Box1 — A< 14 failures/ 100 hrs
MTBF = 69233 hts

Box 2 — 2 < 7 failures/l(]ﬁ hrs
MTBF = 143265 hrs

Faiture Rate
(9 units/airplane) (53808 airplane hrsfyr) = 484272 unit hrs

“There were five removals during the time period of interest for which there is no
data available showing the number of actual faitures. The following is based on
the conservative assumption that all five removals were also failures.
90% confidence Y
MTBF

19 fajlures/100 hrs
52241 hrs

VA

60% confidence — A < i3 i‘ailuras/l[)6 hrs
MTRF = 76991 hrs

Point estimate

5 fajlures x 1()6 his _ 10 fajlures

484272 unit hrs 100 hrs

Failure Manifestation: Unknown — no information.
Comimnents

The assumption that all removals were verified fajlures is probably reasonable
since, due to the difficulty in removing elements of the servo actuation package,
mechanics are likely to take great care to be sure its bad before making the
removal.

5 13
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Automatic Stabilizer Trim Pot
No data.

Auto Throttle Servo
a)  Failure Rate

No failures in 53808 unit flying hrs.

A

90% confidence —-?\ < 43 failures/ 100 hrs
MTBF = 23395 hus

60% confidence — A < 17 failures/ 106 hrs
MTBF = 58487 hus

b) Failure Manifestations - none.
c) Comments
Based on one year I&R tag history —no complete shop records available.
Attitude Director Indicators (ADI’s)
a)  Failure Rate
2 unit/airplane 107616 unit flight hrs
33 verified failures + 1 incidental failure = 34 failures

90% confidence — A < 393 failures/100 hrs
MTBF > 2542 hrs

60% confidence — A < 330 faitures/10° hrs
MTBF > 3031 hrs

Point estimate

34 failures x 108 hrs 316 failures
107616 unit hrs 10 hurs

b) Failure Manifestations

F/D flag 61%
Command bat(g) will not

bias out-of-view 15%
Command bar erratic/sticks 24%




c) Comments

The ADI provides a vehicle for displaying roll and pitch command information

to the flight crew either for manual airplane control or for monitoring autopilot
performance. In addition to command information, it also displays such situation
information as aircraft roll and pitch attitude, localizer and glidescope errof, radio
altitude, etc. For this analysis, only those failures/removals relating {0 its flight
director function are evaluated, for more general information refer to appendix A.

Shared Sensor Systems

Shared sensor systems are those avionic systems (generally ATA chapter 34) which provide
airplane state and/or guidance information to the flight control system yet are not a part of
it. Such systems would be installed in the airplane even if there were no automatic control
systems because they also provide information required by the flight crew for manual flight.

The avionic systems on the 747 airplane which fall into this category are the following:

VOR/ILS Receiver
Radio Altimeter
INS

Ajr Data Computer
Compass Coupler

The major difficulty encountered in evaluating the reliability aspects of these systems from
the standpoint of the flight control system, is in trying to distinguish between those unit
failures which have an impact on the flight control system and those which do not. Many of
these avionic systems measure several parameters each of which may be output through
several isolated output channels. Wherever possible in the following discussions, both the
overall failure rate and that portion which potentially has an impact on the automatic flight
control system are calculated separately.

VOR/ILS Receiver
a) Total Failure Rate
(2 unit/airplane) (33808 airplane hrs) = 107616 hrs

(19 verified failures + 4 incidental) = 23 total failures

90% confidence — A < 279 failures/ 108 hirs
MTBF = 3585 his

60% confideace — A < 225 failures/ 100 his
MTBF > 4438 his
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b)

c)

AFCS Related Failure Rate
15 failures have a potential AFCS impact

90% confidence — A < 194 failures/ 108 hrs
MTBYF = 5160 hrs

60% confidence — A < 149 failures/ 10 hrs
MTBF = 6720 his

Point estimate

15 failures x 108 hrs _ 139 failures

107616 unit hrs 10Y hrs

Failure Manifestations

Flag{Warning Indication 53%
Weak 32%
Inop/Erratic 15%

Radio Altimeter

a)

b)

Total Failure Rate
2 unitfairplane 107616 unit flying hrs

(16 verified failures + 7 incidental failures) = 23 total

90% confidence — A < 279 failures/108 hrs
MTBF = 3585 hrs

60% confidence — A < 225 failures/l(.')6 hrs
MTBF > 4438 hrs

AFCS Related Failure Rate
16 failures have a potential AFCS impact

90% confidence — A < 205 failures/ 108 hs
MTBF = 4889 hrs

60% confidence — A < 158 failures/ 108 nss
MTBF = 6313 hrs

Point estimate
16 failures x 108 hrs 149 failures
107616 unit hrs 10° hrs




c) Failure Manifestations

Inoperative 40%
Brratic Altitude 20%
Flag/Warn Indication 27%
AFCS Warning 75
Fails BITE 7%

d) Comment
3 failutes were caused by external short.
Inertial Navigation System (INS)
a) Total Failure Rate
2 units/airplane 107616 unit hours

(69 verified failures + 3 incidental failures) = 72 total

90% confidence — A < 778 failures/100 hrs
MTBE > 1286 hrs

60% confidence —A < 689 failur351106 hrs
MTBF = 1451 hrs

b) AFCS Related Failure Rate

Since the only functions required by the AFCS from the INS for Cat 1l operation
ate attitude and heading references, the total list of INS failures was reviewed to
eliminate those failures which, based on engineering judgment, should not have
affected these references. This left a total of 38 failures, primarily associated with
the platform/gimbal assembly itself.

90% confidence — & < 435 failures/10° hrs
MTBF = 23_01 hrs

60% confidence — N < 368 failures/100 hrs
MTBE > 2718 hrs

Point estimate

38 failures x 100 hus _ 353 failures

107616 unit lrs 100 hrs
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c) Failure Manifestations

Flag/Warning Indication 81%
Navigation Error 4%
Inoperative 10%
Fail Self Test 1%
Other 4%

Air Data Computer (CADC)
a)  Total Failure Rate
2 unitsfairplane 107616 flight hxs
(37 verified failures + 22 incidental failures) = 59 total failures

90% confidence — A < 648 failures/ 100 nrs
MTBE = 1544 hrs

60% confidence _\ < 567 failures/ 108 hrs
MTBF = 1765 hrs

Point estimate

509 failures X 106 hrs _ 548 failures
107616 unit hrs 106 nrs

h) AFCS Cat 11 Related Failure Rate

For Category 11 autoland operations the only CADC output required is altitude
rate (I). In this case all CADC failures were reviewed to separate out only those
which affect the altitude function from which His derived. There were 24
failures judged fo be in this category-

0% confidence — A < 289 eailures/108 hrs
MTBF = 3454 lifs

60% confidence — A < 235 faitures/ 108 hrs
MTBF = 4258 hrs

Point estimate

24 failures x 10° hys _ 223 failures

107616 unit hrs 100 s
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c) Failure Manifestation

Altitude/Mach Performance 24%
Altitude Mach Flag 24%
TAS/SAT/TAT 14%
Inop-All Flags 224
AFCS Performarnce 5%
Fail BITE Test 8%
Other 3%
Compass Coupler
A} Total Failure Rate
2 unitsfairplane 107616 unit flying hrs

(7 verified failures + 2 incidental failures) = 9 failures

90% confidence — A < 132 fuilures/106 lars
MTBF = 7573 his

60% confidence — A

07 fuilures/| 06 hars

<
MTBF = 10279 hrs

b) AFCS Related Failure Rate

7 failures with possible AFCS/Cat Il impact

90% confidence — A < 109 faiIures/lO(’ Irs
MTBF = 9143 hIirs

60% confidence — A <
MTBF =

Point estimate

7 failures x 106 hirs

78 failures/1 0% hrs

12827 hrs

65 failures

n

107616 unit hrs
€} Failure Manifestations

Heading Flag
No SlavefInop/Erratic
AFCS Heading Hold

10° hirs

29%
57%
14%

. 3
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Component Reliability Summary

Table 5-7 summarizes the failure rates of the various elements which comprise the 747 flight
control system electronics. The rates shown have been derived from the one year observa-
tion period and have a 60% confidence factor. :

Table 5-7.—Failure Rate Summary, United Airlines

~ Note: 60% confidence level

Element l—"aill.xresf"lc)6 flt hrs
L, Major Compuiers
Pitch computer 535
Holl computer 4563
Y aw computer 197
MLU 7 317
Auto stah trim unit 489
Auto throttle comp 278

{l. Dedicated Sensor, Servo and Display Elements

Mode select panel 431
Caontroller 78
Mormal accelerometer 19
Trim interface unit 17
AFCS access box 1 38
AFCS access box 2 7
LVDTS 13
Auto throttle servo 17
ADI 1330

ill. Shared Sensor Systems

VOR/ILS receiver 149
Radio altimeter 158
INS 368
Air data computer 2356
Compass coupler 78




o

Poisson Failure Process Verification

A test was conducted on the United time-to-failure data in this section for the five com-
ponents (Yaw Computer, Monitor and Logic Unit. Autothrottle Computer, Pitch Computer
and Roll Computer) to determine if the observed data is Poisson distributed. Time-to-failure
data defines a probability of failure distribution for each of the components. The number
of failures in the time period is Poisson distributed if and only if time-to-failure is expo-
nentially distributed. '

The exponential distribution is a special case of the Weibull distribution wherein the hazard
function is a coistant. Hence, the procedure of the investigation was to {i- a Weibull to the
time-to-failure lata and verify the constant hazard assumption. The hazard is commonly
referred to as the instantaneous failure rate and different from the average failure rate which
is based on observed data by dividing the total number of failures by the tctal unit hours of
operation or flying.

A two parameter Weibull distribution was fitted to each of the five sets of time-to-failure
data, i.e., a Weibull distribution with a scale parameter (8) and shape parameter (b). The

value of the shape parameter provides a sufficient test to determine the nature of the
hazard. If the reliability function is defined as

b
)
R=e

where t = time, b =shape and @ = scale then the following can be said of the hazard as the
parameter b takes on various values:

b>1 implies time dependent increasing hazard such as that associated with wear
out,

b<1 implies time dependent decreasing hazard such as that associated with
improvements in equipment or maintenance procedures.

b=1 implies constant hazard or no dependence on time.

A constant hazard (constant failure rate) defines an exponential failure distribution which in
turn defines a poisson distribution for the number of failures in the time period.

The resultant Weibull parameters using an HP-55 caleulation{1) to fit the data are as follows.

Component b 9

Yaw Computer 0.78 4250.10
Monitor & Logic Unit 1.17 2587.82
Autothrottle Computer 0.99 6443.41
Pitch Computer 0.91 2411.00
Roli Computer 1.03 2716.57

(1) HP-55 Statistics Program, page 62, Weibull Distribution Parameter Calculation.
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Conclusions from the above results are that, with the exception of the Yaw Computer. the
value of b is sufficiently close to one to indicaic a poisson distribution for the number of
failures in the samples. The fact that b for the Yaw Computer is less than | (opposite of
wear) implies the equipment itself was not constant over the time period or that the data
sample is not sufficiently large or accurate to indicate 4 conclusion. Since the hazard
appears to be decreasing for this component the average failure rate will be conservative.

5.1.2 SYSTEM FUNCTIONAL RELIABILITY — FULL CATEGORY 1I

An assessment of the functional reliability of the full category U control system can be
made by combining the failure rates (A’s) of each of the individual elements required for
such operations. The following paragraphs discuss the functional relability and functional
readiness characteristics of the 747 full Cat Il configuration flight control system.

Functional Relial

Figure 5-8 illustrates the flight control system equipment required for operations into
defined minimum category I weather conditions. Also included in figure 5-8 are the
individual failure rates determined in section 5.1.1. Since a failure of any one of these
elements results directly in a loss of full category {1 capability, the reliability model is a
series string of elements. Hence the system functional reliability can be expressed as

n _
Acat 11 = }3] A
1:

where 7\1 = mean failure rate (1106 hrs) of each element
n = total number of elements

Using the individual failure rates shown in figure 5-8 the system functional reliability for
thic defined configuration is:

Rcat I = 5650 failures/106 hrs
Functionai Readiness

Functional Readiness has been defined as the probability that the prescribed function is
available after some time (t) of system operation. Thus, the functional readiness (FR) is
equal to unity at time zero and decreases towards zero for long exposure times. For

the 747 full Categovy II flight control system configuration, since every element must
operate:

n
FR() = [T R,
i=1
. . .. ~Aqt
where R; = probability of module i surviving=e !
n = number of modules
= mission length

-
i



ORIGINAL
= DOYNY

» QUAIm

Flight
60% CONFIDENCE LEVEL - director
indicator
*1 (ADI) 330
" 7 gR:rt: B Hydraulic
- actuator
Rate
gyro
Hydraulic
o 7 Roll actuator
Computer A
453
¢ 1 Flight mode
l——‘? ] | annunciator
8 ) L— Mode Monitor
INS ) select anq logic
computer A panel unit
268 P 8 (] a3 317 A/P warning
lights and
—I 1 horn
LOC error
GS error L A Rate B
=] gyro Hydraulic
el Rate actuator
VOR/ILS LOC error gyro
receiver A = ey e
149 e Pitch = Hydraulic
computer A (e actuator
!—___— - 535
h
Air data Flight
computer : = - dirgctor
235 indicator
(ADI) 330
l h AFCS
; accessor
Radio ) box 1 i LVDT
altimeter 38 (9)
158 h
117
AFCS
r h accessory
box 2
Normal
accelerometer —) L
19 h
Feel pressure
transducer - :
Automatic Stab trim :
stabilizer interface Trim
trim unit unit control
Elevator 489 17 moddle
position

Figure 5-8.—747 Category I/ System Interface Block Diagram

pAGE B

————r A R VR —

67

ey



68

For those modules which include two identical elements, ?\i = 2X where A is the mean unit
failure rate caiculated in section 5.1.1.

For example for the 747 configuration described in figure 4.2-1:

FRpull Category 1T = RRadio Alt * Ring - Rpitch Computer * RRoll Computer

Using as the time interval (t) the average mission time for United 747 fleet of 4.02 hrs this
results in a 97.75% probability that the system will be capable of full category IT operation
at the end of the flight given that it was fully operational at the start,

5.1.3 SYSTEM FUNCTIONAL RELIABILITY — RESTRICTED CATEGORY II

As previously described, the 747 flight control system is qualified for restricted Cutegory I!
operation with either the A or B channel autopilot inoperative provided the C channel flight
director is operational or with A and B channels operative and C channel inoperative. Mini-
mum weather conditions for restnicted Category Il operations are defined as 150 feet
decision height and 1600 feet RVR. This says in effect that weather conditions at or abave
these minimums can be entered with any one of the three roll and/or pitch computers
inoperative. For restricted Cat Il operations the pitch and roll computer stages can there-
fore be viewed as TMR (Tripie Modular Redundancy) for reliability assessment purposes.

The following paragraphs discuss the functional reliability and functional readiness
characteristics of the 747 restricted Cat II configuration flight control system.

Functional Reliability

The only difference in dealing with the restricted Cat II system as opposed to the full Cat 11
is in modeling the failure rate of the pitch and roll computer modules. In the case of a
module containing two identical elements, e.g. pitch computers for which both are reguired
for functional success A dual = 2A element. However, with redundant systems, single
failures can occur which do not cause system failure. In order to determine the system
failure rate a measure of how failures are treated must be made. In other words inspection
intervals have to be established where all c~mponents are checked for function and any
failed components are replaced.

in general failure rate is defined by

R dt
where R is the probability of survival and A{t) is the failure rate which is derendent on
time t.

With a regularly inspected and repaired redundant system, the system will have the same
probability of failure in each interval of length T. Hence, over long periods of time it will
fail exponentially (a constant average failure rate) with an MTBF given by

e F e e —— e



T
J.R (t) dt
0

Mr = "T_Rao

M is the system MTBF when the system is inspected and repaired, if necessary every,
T hours.

For a2 TMR stage (3 pitch or 3 roll computers), two must operate for system operation.
The survival probability of the TMR stage

-2]\ct -37\ct
RTMR =3e -2e

where A, = A COMPUTATION CHANNEL

n

A ROLL COMPUTER ¥ A PITCH COMPUTER

The MTBF of the TMR stage is a constant and given by

25T S3AT
M _ 1 15/6-3/2¢ +2/3e
T AT AT
1-3e +2e
Also the average failure rate
At
6 (1-¢ )
ty=—mmm———
A(t) At
3-2e

A test of the MTBF equation shows that as the inspecticn interval T approaches infinity ie

single failures are not repaired, then the MTBF approaches 5 /6 ;. However, as the inspec-
tion interval reduces towards every flight the MTBF becomes a very large number (M for

TMR = 127,690 Hrs).

For restricted Cat II operation, as the MTBF for the pitch and roll computer stages is much
greater than the MTBF for all the other elements, the system functional reliability can be
expressed as the sum of the individual failure rates as calculated for the fuu Cat iI reliability
less the pitch and roll failure rates.

5650 - 2[425 + 383] /106

ARestricted Category II

]

4034 failures/108 hrs.
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This failure rate is a constant when the computation channel failure rate is not included.
Functional Readiness

Functional readiness of at least the restricted Category Il configuration is computed in the

same manner as for the full Category I system except for the survival probability of the

TMR stages. In the TMR case:

R =10 +3r (1)

where R = probability of mcdule surviving

-At

1l

r = probability of an element surviving=¢

Using a mission time of 4.02 hours:
FR(1) = IIR; = 3839

or a probability that the system will be at least capable of operating into restricted Cate-
gory 1I conditions of approximately 98.39% given that it was fully operational at the start
of the mission.

5.1.4 CATEGORY Il AVAILABILITY

The availability of the 747 Category II autoload function is assessed empirically from
‘nfarmation extracted from United Airlines flight log records. An example of a flight log
showing the type of information is shown in figure 5-9. The flight Icg provides informa-
tion relative to the occurrence of a reported malfunction as reported by the flight crew and
the corrective action taken by line maintenance.

When reviewing system availability the question of true hardware availability versus legal
functional availability arises. If a malfunction is reported on an approach, whether it is
a true failure or not, the system is considered legally unavailable until line maintenance
either repairs the system or verifies via ground test its fault-free status.

The Category 11 availability is expressed in terms of the proportion of time for which the
flight control system is in Category II status. United Airlines has identified availability as
reported, legal and actual for both full Category Il and restricted Category I1. A summary
of a one year survey (appendix C) is shown in table 5-8.
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Table 5-8. System Availability, United Airlines

Percentage of time for which flight contral system is in
Category |l status

Reported Category |1 Availability:

FUl o ottt e et e e s s tmecsaceansaassnassosesnsss 828.45%
Full/restricted. o o v vt o v et bt e b e e e 97.19%

=TT | [ RO A 90.57%
Fullfrastricted. . . v v v vt oottt ee i anasascnnnnrsss 88.25%

FUIl o v s sttt e s i et ten e st aas s ne e e 91.41%
Fullfrestricted. - oo o v o it i i i e e 98.86%

5.2 RELIABILITY ASSESSMENT — PAN AMERICAN

A similar approach to United Airlines has been taken in evaluating the system reliability
using available data from Pan American. The same four sections dealing with component
failure characteristics (section 5.2.1), system functional reliability {section 5 2.2 and 5.2.3)
and system availability (section 5.2.4) are discussed as follows.

5.2.1 COMPONENT RELIABILITY EVALUATICN

Eailure information on each of the component LRU’s was obtained from shop records
(component “B” tags). A count of the findings for each record according to number of
failures (confirmed and incidental) and number of units that tested QK gave the percentage
of records that were failed.

The component removal rates including the number of units removed and the flight hours
accumulated over the six month period were extracted straight from the computer sum-
maries. Component times to failure were not obtainable from Pan American records.

From the above number of removals and percentage of units in the shop that fail, the
expected number of failures can be obtained. By inserting this number and the hours flown
in the 60% confidence interval equation the failure rate for each LRU can be obtained.

% -



Major Computers

Pitch Computer PA No. 72201

1.

2.

No. of records examined — 111 Count

Findings: Test ck 50
Confirmed failure 34
Incidental failure 27

Failure manifestation (confirmed failures only)
Performance anomaly
Failure/warning indication
Failure BITE test

Inoperative
Engage/disengage problem

Failure rate

(3 units/airplane) {61,944 ajrplane flight houss) = 185,832 unit hours
Number of removals in tinie period = 148

Percentage failures (confirmed + incidental) = 55%

60% confidence — A < 442 faitures/108 hours
MTBF = 2231 hours

Roll Computer PA No. 72202

1.

2.

No. of records examined — 146 Count

Findings: Test ok 73
Confirmed failure 59
Incidental failure 14

Failure manifestation (confirmed failures only)

Performance anomaly
Failurefwarning indication
Failure BITE test
Inoperative
Engage/disengage problem
Other/unknown
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Failure rate

(3 units/airplane) (61,944 airplane flight hours) = 185,832 unit hours
Number of removals in time period = 149

Percentage failures (confirmed + incidental) = 50%

60% confidence A < 416 failures/lo6 hours
MTBF = 2406 hours

Yaw Computer PA No. 72221

1.

2.

No. of records examined — 35 Count %
Findings: Test ok 12 34
Confirmed failure 17 49
Incidental failure 6 17

Failure manifestation {confirmed failures only)

Performance anomaly 29
Failure/warning indication 47
Fail BITE test 6
Inoperative 18
Engage/disengage problem 0

Failure rate

(2 units/airplane) (61,944 Airplane Flight Hours) = 123,888 unit hours
Number of removals in time period = 38

Percentage failures (confirmed + incidental) = 66%

60% confidence A< 212 failures/ 106 hours
MTBF = 4711 hours

Monitor and Logic Unit PA No. 72204

1.

2.

No. of records examined — 62 Count E
Findings: Test ok 37 60
Confirmed failure 20 32
Incidental failure 3 8

T
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3. Failure manifestation (confirmed failures only) Count %
Engage/disengage 65
Warning function 20
Mode light function 5
Fails BITE test 5
Camout detection 5
4, Failure rate
(1 unit/airplane) (61,944 airplane flight hours) = 61,944 unit hours
Number of removals in time period = 46
Percentage failures (confirmed + incidental) = 40%
60% confidence — A < 325 failures/ 106
MTBF = 3076 hours
Automatic Stabilizer Trim Unit PA No. 72224
1. No. of records examined — 64 Count o
2. Findings: Test ok 37 58
Confirmed failure 23 36
Incidental failure 4 6
3. Failure manifestations (confirmed failures only)
Performarce anonialy 13
Failure/waming indication 30
Fails BITE test a4
Inoperative 9
Engage/disengage problem 0
Other 4
4. Failure rate

(1 unit/airplane) (61,944 airplane flight hours) = 61,944 unit hours
Number of removals in time period = 55

Percentage failures (confirmed + incidental) = 42%

60% confidence — A < 391 failures/ 106 hours
MTBF = 2555 hours
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Anto Throttle Computer PA No. 72220

1. WNo. of records examined — 29 Count
2. Findings: Test ok 7
Confirmed failure 21

Incidental failure
3. Failure manifestation (confirmed failures only)
Performance anomaly
Failure/warning indication
Failed BITE test
Inoperative
Other/Unknown
4. Failure rate
{1 unit/airplane) (61,944 airplane flight hours} = 61,944 unit hours
Number of removals in time period = 10

Percentage failures (confirmed + incidental) = 76%

6
60% confidence — A < 141 failures/10 hours
MTBF 2= 7080 hours

Dedicated Sensor, Servo, and Control and Display Elements

Mode Select Panel PA No. 72222 MFR No. 2520624-924

1. No. of records examined — 81 Count

2. Findings: Test ok 31
Confirmed failure 46
Incidental {ailure 4

3. Failure manifestation (confirmed failures only)

Altitude selection function
Heading select function
Course selection function
Auto throttle function
Pitch mode select function
Blight Director
Engage/Disengage
Other/Unknown

24
72

19
14

62

20

30
13
17

-




4, Failure rate
(1 unit[airplane) (61,944 airplane flight hours) = 61,944 unit hours
Number of remaovals in time period = 66
Percentage failures (confirmed + incidental) = 62%

60% confidence — A < 689 failures/ 100 hours
MTBF = 1452 hours

Flight Controller PA No. 72203 MFR No. 2590625-902

1. No.of records examined - 27 Count %

9. Findings: Testok 14 52
Confirmed failure 10 37 |
Incidental failure 3 11

3, Failure manifestation (confirmed failures only)

A T R T TR B R A L T

No manual modes (inop} 10
Turn function 50
Pitch function 40

4. Failure rate
{1 unit/airplane) (61, 944 airplane flight hotrs) = 61,944 unit hours
Number of removals in time period = 11
Percentage failures (confirmed + incidental) = 48%

60% confidence - A < 95 failures/ 10% hours ]
MTBE = 10470 hours

Normal Accelerometer P/N 57381 MFR No. 2588696-904 Mod A

There were no removals of this component in the six month period reviewed.
Review of component tag “B” stubs shows 3 removals since 1971.

This unit is not repaired in house. It is sent to the vendor for repair. The vendor does not
indicate findings on the tag when the unit is returned to Pan Am.

There were no removals of this component in the period 12/01/77 thru 05/31/77.
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Failure Rate
(2 units/airplane) (61,944 airplane fiight hours) = 123,888 unit hours

Number of removals in time period =0

Percentage failures (confirmed + incidental) =0

60% confidence - < 0.5 failures/ 108 hours
MTBF = 1,930,900 hours

Auto Stabilizer Trim Accessory Box
PA No. 72215 MFR P/N 65B475199
Our shop does not keep records on this item.
A review of B component tags going back to 1974 shows the following:
No. of tags reviewed — 59
No. of unconfirmed (test ok) units — 54 (91.5%)
No. of confirmed failure units — 2 (3 49%)
No. of incidental failure units - 3 (5.1%)
Failure Rate
(1 unit/airplane) (61,944 airplane flight hours) = 61,944 unit hours
Number of removals in: time period = 18
Percentage failures (confirmed + incidental) = 8.5%

60% confidence A< 30 failures/ 106 hours
MTBF = 33,593 hours

Autoflight Accessory Box #1

PA No. 72223/72217 MFR No. 65 B47520-14/13

Shop does not keep records on this unit.

#1-review of B component tags going back to 1974 shows the following:
No. of tags reviewed — 31

No. of unconfirmed (test ok) units — 24 (77.4%)

E



No. of confirmed failure units — 7 (22.6%)

Failure Rate
(1 unit/airplane) (61,944 airplane flight hours) = 61,944 uvnit hours
Number of removals in time period = 6
Percentage failures (confirmed + incidental) = 22.6%

60% confidence — A < 28 failures/ 108 hours
MTBF = 35,733 hours

Auto Flight Accessory Box #2

PA No. 72216 MFR No. 65B47521-18

#2-review of B component tags going back to 1974 shows the following:
No. of tags reviewed — 33

No. of unconfirmed (test ok) units — 28 (85%)

No. of confirmed failure units — 5 (15%)

Note: 3 of the 5 confirmed failures were due to mechanical failure (damage to connector/
pin), not electronic/electrical failure.

Failure Rate
(1 unit/airplane) (61,944 airplane flight houss) = 61,944 unit hours
Number of removals in time period = 2
Percentage failures (confirmed + incidental) = 15%

60% confidence — A < 8 failures/ 10 hours
MTBF = 130,551 hours

LVDTs

Rudder Control Power Package PA No. 72705

1. No. of records examined — 31 Count %
2. Findings: Test ok 5 l6
Confirmed failure 23 74
Incidental failure 33 10
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Count %.
3.  Failure manifestation (confirmed failure only)
Transducer (LVDT) 0
Other auto flight control system 0
Other 100
Note: There were no removals for autoflight control system problems.
Inboard Elevator Control Power Package PA No. 72703
1. No. of records examined — 37 Count G
2.  Findings: Test ok 2 5
Confirmed failure 29 79
Incidental failure 6 16
3. Failure manifestation {(confirmed failures only)
Transducer (LVDT) 0
Other auto flight control system 24
Qiher 76
Note: There were 7 removals for auto flight control problems. None had a confirmed
transcucer (LVDT) failure.
Central Lateral Control Actuator PA No. 70717
1. No. of records reviewed — 8 Count Zc_
2. Findings: Test ok 1 13
Confirmed failure 5 62
Incidental failure 2 25
3. Failure characteristics (confirmed failures only)
Transducer (LVDT) 0
{Other auto flight control system 20
Other 80
Elevator Feel Com. .er PA No. 72711/70772
1. No.of records reviewed — 22 Count G
2. Findings: Test ok 5
Confirmed failure 21 Q5
Unrelated failure 0



3. Failure charactenstics (confirmed failure only) Count %

Transducer (LVDT) i4
Other auto flight control system 5
Other 81

4. Failure rate — LVDT’s
(9 units/aisplane) (61,944 airplane flight hours) = 557,496 unit hours
Number of removals in time period = 1
Percentage failures (confirmed + incidental) = 95%

60% confidence A < 0.5 failures/ 10 hours
MTBF = 2,153,500 houss

Auto Throttle Servo PA No. 72207

This unit is repaired by the vendor who does not supply findings. There were no records
of any removals during 1976-1977.

Attitude Director Indicator PA No. 73407 MFR No. 2550281-905

1. No. of records examined — 48 Count f‘i.
2. Findings: Test ok 18 38
Confirmed failure 25 52
Incidental faiture 5 10

3. Failure manifestation (confirmed failures only)

Flight director flag 12
Command bar(s) will not bias out 0
Command bar(s) erratic 16
Other# 72

*Note: The other category includes non flight director items such as pitch/roll attitude,
expanded localizer/glide slope, radio altitude, etc. indication.

4. Failure rate

(2 unitsfairplane) (61,944 airplane flight hours) = 123,888 unit hours

Number of removals in time period = 32

£ 1S
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Percentage failures (confirmed + incidental) = 62%

60% confidence — A < 169 f'atilures/IO6 hours
MTBF = 5911 hours

Annunicator PA No. 73422 MRF Ne 75-0147-9

1. No. of records examined - 31 Count %
2. Findings: Test ok [4 45
Confirmed failure 17 55
Incidental failure 1] 0

3. Failure manifestation (confirmed failures only)

Autopilot functicn 0
Flight director function {2
Aute throttle function 0
Other* 88

*Note:  Most reported failures were for mechanical, test, or dimming problems rather than
functional discrepancies.

Failure rate
(2 unijts/airplane) (61.944 airplane flight hours) = 123,888 unit hours
Number of removals in time period = 3
Percentage failures (confirmed + incidental) = 55%

60% confidence -~ A < 16 failures/10® hours
MEBF = 61665 hours

Shared Sensor Systems
For the si ired components there was no shop data available from Pan American to make a
determination of specific AFCS related failures. The same ratio of failures having a poten-
tial AFCS impact for each LRU as determined from the United Airline data is applied to the

Pan American data.

Navigation Receiver PA No. 73458

1. No. of records reviewed — 126 Count Z
2. Findings: Test ok 91 72
Confirmed failure 31 25
Incidental failure 4 3



3.  Failure manifestation (con firmed failures only)
Flag/warning indication
Weak

Inoperative/erratic

4.  Failure rate

Count

(2 uni.sfairplane) 61 944 airplane flight hours} = 123,888 unit hours

Number of removals in time period = 103
Percentage failures (confirmed + incidental) = 28%

Assumne 65% of failures have a potential AFCS impact

60% confidence — A < 160 failures/1 06 hours
MTBF = 6248 hours

Low Range Radio Altimeter Transceiver PA No. 73432
. No. of records examined — 97
2. Findings: Testok
Confirmed failure
Incidental failure
3. Failure manifestation (confirmed failures only)
[noperative
Erratic Aliitude
Auto flight control system warning
Flag/waming indication

Fails BITE test

4, Failure rate

Count

54
4}

(2 units/airplane) (61,944 airplane flight hours) — 123.888 unit hours

Number of removals in time period = 55
Percentage failures (confirmed + incidental) = 44%

Assume 70% of failures have a potential AFCS impact

60% confidence — A < 145 failures/ 108 hours
MTBF = 6893 hours
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Inertial Navigation Unit PA No. 73458

{2

No. of records examined — 148 Count

Findings: Test ok 16
Confirmed failure 96
Incidental failure 36

Failure manifestation (confirmed failures only)
Flag/warning indication
Navigation error
Inoperative
Fails self test
Other
Failure rate
(3 units/airplane) (61.944 airplane flight houss) = 185,832 unit hours
Number of removals in time period = 258
Percentage failures (confirmed + incidental) = 89%

Assume 53% of failures have a potential AFCS impact

60% confidence -——?( < 670 failures/’lO6 hours
MTBF = 1492 houts

Central Air Data Computer PA No. 73404/73460

1.

3.
P

No. of records examined — 137 . Count

Findings: Test ok 62
Confirmed failure 51
Incidental failure 24

Failure manifestation (confirmed failures only)

Altitude/Mach performance

Altitude/Mach flag

True air speed/static air temp/Total air temp
Inoperative/all flags

Auto flight control system performance
Fajis BITE test

Uther

60

—_—
Ja T 122

33

10
27
12

oo N2



4. Failure rate
(2 units/airplane) (61 944 airplane flight hours) = 123,888 unit hours
Number of removals in time period = 185
Percentage failures (confirmed + incidental) = 55%
Assume 40% of failures have a potential AFCS impact

< 60% confidence — A < 342 failures/ 106 hours
- MTBF = 2924 hours

Magnetic Heading Reference Compass Coupler PA No. 73412

1. No. of records examined — 64 Count %
2. Findings: Test ok 24 38
Confirmed failure 40 62
Incidental failure 0 0
3. Failure manifestation (confirmed failures only)
Heading flag 43
No. Slaving/inop/erratic 52
Auto flight control system heading ref. 5

4.  Failure rate
(2 units/airplane) (61,944 g‘irplane flight hours) = 123,888 unit hours
Number of removals in time period = 40
Percentage failures (confirmed + incidental) = 62%
- Assume 77% of failures have a potential AFCS impact

60% confidence — A < 163 failures/ 109 hours
MTBF = 6122 hours

- Component Reliability Summary

The rates shown in the table 5-9 have been derived from the 6 month observation period
and have a 60% confidence factor.

ORICINAL PAG
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Table 5-9. Failure Rate Summary, Pan American

Note: 60% confidence level

1. Major Computers

Pitch computer
Roll computer
Yaw computer
MLU

Element

Auto stab trim unit
Auto throttle comp

il. Dedicated Sensor, Servo and Display Elements

Marls select panel

Controller

Normal accelerometer
Trim interface unit
AFCS access box 1
AFCS access box 2

LVDTS

Auto throttle servo

ADI

. Shared Sensor Systems

VOR/ILS receiver

Radio altimeter
INS

Air data computer
Compass coupler

Failt.u'esf'w6 fit brs

448
418
212
325
3N
141

689
a5
0.5
30
28

0.5

169

160
145
670
342
163




5.2.2 SYSTEM FUNCTIONAL RELIABILITY — FULL CATEGORY II

There are three Inertial Navigation Units installed on each Pan American airplane. However
the third INU is not tied into the autoland function and therefore for reliability purposes
the Inertial Navigation System (INS) input will be regarded as a dual system equivalent to
that used on the United airplanes. Full Category II is lost if either of the two INU’s fail.

Functional Reliability

Figure 5-10 illustrates the flight control system equipment required for operations into
defined minimum category 1l weather conditions. Also included in figure 5-10 are the in-
dividual fa‘lure rates determined in section 5.2.1. Since a failure of any one of these
elements results directly in a loss of full category [l capability, the reliability model is a
series string of elements. Hence the system Functional reliability can be expressed as

n
Aeat 11 = ?31 N
1:

where ?\i

n

mean failure rate (106 hrs) of each element

11

total number of elemernus

Using the individual failure rates shown i figure 5.2.1 the system functional reliability for
this defined configuration is:

Aeat 11 = 6176 failures/10° hrs
Functional Readiness

Functional readiness has been defined as the probability that the prescribed function is
available after some time {t) of system operation. Thus, the functional readiness (FR) is
equal to unity at time zero and decreases towards zero for long exposure times. For the
747 full Category 1l flight control system configuration, since every element must operate

n
FR(t) = IT R;
i=1

At
where R; = probability of module i surviving =e !

n = number of modules

t = mission length
For those modules which include two identical eleménts, ?\i =2\ where A is the mean unit
failure rate calculated in section 5.1. For example for the 747 configuration described by
figure 5-10:

FREut cat 11 = RRadio alt * RINS - - - Rpitch Computer * RRoll Computer
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Using as the time intervat (t) {he average mission time fof Pan American 747 fleet of 4.27 hirs
(appendix D) this results in a 97.40% probability that the system will be capable of full
category II operation at the end of the flight given that it was fully operational at the start.

5.2.3 SYSTEM FUNCT JONAL .RELIABIHTY - RESTRICTED CATEGORY II

As previously described, the 747 flight control system is qualified for restricted Category II
operations with either the A or B channel autopilot inoperative provided the C Channel
flight director is operational. Minimum weather conditions for restricted Category II
operations are defined as 150 feet decision Height and 1600 feet RVR. This says in effect
that weather conditions at or above these minimums can be entered with any one of the
three roll and/or pitch computers inoperative. For restricted Cat Il operations the pitch and
roll computer stages can therefore be viewed as TMR (Triple Modular Redundancy) for
reliability assessment purposes. '

The following paragraphs discuss the functional reliability and functional readiness charac-
teristics of the 747 restricted Cat II configuration flight control system.

Functional Reliability

The only difference in dealing with the restricted Cat II system as opposed to the full Cat I1
is in modeling the failure rate of the pitch and roll computer modules. In the case of a
module containing two identical elements, e.g. pitch computers for which both are -
required for functional success Adual = Thelement. However, with redundant systems,
single failures ean occur which do not cause system failure. In order to determine the
system failure rate a measure of how failures are treated must be made. In other words
inspection intervals have to be established where all components are checked for function
and any failed components are replaced.

In general failure rate is defined by

- -1 dR
t) = = —
M =R e

where R is the probability of survival and A(t) is the failure rate which is dependent on time t.
With a regularly inspected and repaired redundant system, the system will have the same

probability of failure in each interval of length T. Hence, over long periods of time it will
fail exponentially (a constant average failure rate} with an MTBF given by

. 0 R(t)i
T™ 1-R(T0)

Mt is the syétem MTBE when the system is inspected and repaired, if i1ecessa’ry every,

- Thours.
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For a TMR stage (3 pitch or 3 roll computers), two must operate for system gperation.
The survival probability of the TMR stage

) WS ) W8
RTIVIR = 3e - Je

where  A. = ACOMPUTATION CHANNEL

= AROLL COMPUTER * APITCH COMPUTER

The MTBF of the TMR stage is ¢ constant and given by

-ZACT -3?\CT

M __1_ 5/6 -3/2e +2/3e
T AT AT

1-3e +2e

Also the average failure rate
-t
¢
6, (l -e )
AMi) =
(t) Al
3-2e

A test of the MTBF equation shows that as the inspection interval T approaches infinity ie
single failures are not repaired, then the MTBF approaches 5 /67\C. However, as the inspec-
tion interval reduces towards every flight the MTb,7 becomes a very large number (M for
TMR = 105,216 hrs).

For restricted Cat 11 operation, as the MTBF for tlie pitch and roll computer stages is much
greater than the MTBF for all the other elements, the system functional reliability can be
expressed as the sum of the individual failure rates as calculated for the full CAT I1
reliability less the pitch and roll failure rates.

6176 -2 1484 + 416] /100
?\Restricted Cat II

It

4448 failures/109 hrs.

This failure rate i. ¢ . .ant when the computation channel failure rate is not included.



Functional Readiness

Functional readiness of at least the restricted Category II configuration is computed in the
same manner as for the full Category I except for the survival probability of the TMR stages.
In the TMR case:

R=13+3r2 (1)

where R = probability of module surviving

r = probability of an element surviving = g Mt

Using a mission time of 4.27 hours:

FR(t) = HR; =.9812
or a probability that the system will be at least capable of operating into restricted Category
iI conditions of approximately 98.12¢ given that it was fully operational at the start of the
mission.

5.2.4 CATEGORY II AVAILABILITY

The Category II availability is based on 4 daily QXI (MEL tracking) report for the 6 months
period March thru August 1977.

Full Category I1 is defined as autoland (dual) availability with minimums of 1200 Ft. RVR
and 100 Ft. DH. Restricted Category Il is defined as single channel autoflight control with
minimums of 1600 Ft. RVR and 150 Ft. DH.

Review of the QXI sheets shows that all restrictions were dual (autoland) operation not
available. There were no items in which both autoflight control systems were inoperative.

Tabulation of the daily average percentage of the fleet with full Category Il availability is
as follows:

March  96.05% June 92.48%
April 93.29% July 89.91%
May 91.35 August 91.16%

6 months average availability = 92.37%

The stations in which Pan Am flies, on its scheduled routes, which are Category II certi-
ficated are:

JFK New York, N.Y. DTW Detroit, Mich.
[AD Washington, D.C. ORD Chicago, Il1.

DFW Dallas/Ft. Worth TXL Berlin (Tegal)
SFO San Francisco, CA MUC Munich, Germ.
LAX Los Angeles, CA LHR London, UK.
SEA Seattle/Tacoma, WA  AMS Amsterdam, Neth.
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6.0 MAINTENANCE ASSESSMENT-UNITED AND PAN AMERICAN

The major elements of maintenance assessment are line maintenance, shop maintenance,
delays and cancellations, and the sparing activity. Each of these elements contributes to
maintenance cost.

Line Maintenance

The measure of line maintenance cost is given by the manhours expended to remove and
replace components on the airplane. Included is the time spent for test and chieck of
components and system. Each component replacement is considered a line maintenance
event. The manhours can be expressed in terms of maintenance events and also in terms of
airplane flight time.

One measure of the maintenance effectiveness achieved at the line level is what is commonly
coferred to as the verification rate. Quite simply, the verification rate is the ratio of verified
equipment removals to the total number of removals. A removal is verified if the removal
and replacement corrects the malfunction and/or the stop maintenance operation finds

the removed unit to have a failure which can be directly related to the noted reason for
removal.

Shop Maintenance

As with line maintenance, the shop maintenance is expressed in manhours expended in
restoring/overhauling components. A major contributor to shop maintenance also are the
material costs associated with overhaul. The shop maintenance costs are thus a sum of the
manhour costs and the associated material costs.

When components are returned to the vendor for overhaul or work, the cost is not included
in the data.

PA shop material cost was provided in cost per unit removed and routed through the shop,
UA only used material charges against verified failures so the PA data was Jevelnped to
show these same unit costs per verified failure using the percent failures provided in the data.

6.1 LINE MAINTENANCE

The United Airlines line maintenance assessment is presented in the form of manhours
expended and total maintenance events on a monthly basis split up by ATA 100 chapter
headings (see Appendix C). Twelve months results from July 1975 through June 1976 are
totaled for the autopilot system (ATA Chapter 22) as shown. The shared components and
servo components are not included in Chapter 22.



Autopilot System Components--Average Manhour per Event = 1.53 (ATA Chapter 22)

For Pan American the component replacement, check and test times have been identified
for each AFCS component (see Appendix D). In order to arrive at an average manhour per
event for comparison with United Airlines results, the total removals for the period Decem-
ber 1976 through May 1977 are used as a data base,

For ATA Chapter 22 componenis

(Component manhour/event X no. of removals)
Total number of removals

Avg. Manhour per event

842 1.44 m: ; t
sg3 - L manhol rs per even

Removal/Verification Rates

For United Airlines the following sections identify, for each electronic element in the 747
flight control system, the removal rate, the reasons for removal and the associated verifica-
tion rates. This information has been derived from the one-year 1&R tag removal histories
as documented in appendix A.

Pltch Computer

Symptom Removals Verified Unverified

A/P performance 43 20 23
FFailure warning 23 12 11
Engage/disengage 13 4 9
BITE 41 le 25
Inoperative : 6 4 2
Other 7 2 5

Total 133 58 75

161424 unit flight |
MTBR = s e L 1214 hrs
133 removals

Verification rate = 58/133 =43.6%
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Roli Computer

Symptom Removals Verified
A [P performance 38 16
Fails BITE 35 19
Engage/disengage 15 10
Warning indication 12 8
Inoperative 6 3
Other 2 i
Total 108 57
161424 unit fli ]
MTBR = UOR LS o 1495 his

108 removals

Verification rate = 57/108 = 53%

Yaw Computer

Symptom Removals Verified
Fails BITE 5 3
Warning light 11 4
Turn indication 6 5
Erratic/kicks 3 0
Inop 4 4
Other 5 0
Total 34 16
107616 hr
MTBR = 27616058 o oo

34 removals

Verification rate = 16/34 = 47%

Unverified

—_—
[=)}

l-—am.pt.n

(%,
—

Unvertiied

IUIOUJ'—'--..I

co



Monitor and Logic Unit

Symptom Removals Verified
Engage/disengage 12 3
Warning light/horn 13 5
Fails BITE 4 2
Mode lights 7 2
Camout 1 1
Gtherfunknown 0
Time 10 0

Total 52 15
SMTBR = o008 NS o jg35

52 removals

*Verification rate = 15/52=28.8%

*Excludes scheduled or time controlled removals.

Aute Stab Trim Computer

Symptom Removals Verified
Fail light 21 13
Fail BITE 4 4
Inoperative 7 5
Canses A/P disconnect i 0
Other | H
Total 34 22
53
MTBR = o008l _ a3 by
34 removals

Verification rate = 22/34 = 65%

ORIGIN
OF FOOR

Unverified

o th O WL N 0 3

Jams

w
~J

Unverified

| e I v ]
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Auyto Throttle Computer
Symptom Removals Verified

Does not respond properly

(overboosis) 17 4

Warning light 2 2

[noperative 3 1

Other _4 _E_

Total 26 9
MTBR = —oo0 IS o070 prs

26 removals

Verification rate = 9/26 = 35%

Mode Select Panel

Symptom Removals Verified
AT control 2 2
Alt select functions 6 4
Course select function 5 2
Hdg select function 3 3
Pitch mode sw 2 2
Lateral mode sw 0 0
F/D bars 7 2
Engage/disengage 10 1
QOther 13 2
Total 48 18
53808 h
MTBR = > = 1121 hrs

48 removals

Verification rate = 18/48 = 38%

Unverified

—
w

II\JMO

Unverified

Ll
I-—\omcoommo

W
o



Controller

Symptom Removals Verified Unverified

Alileron hardover 1 1 1]
No manual modes 1 1 0
Physically damaged I I 0
A/fP warn/disengage 4 0 4
Heading error 1 4] 1
Porpoising 1 8] i
Rough pots 1 0 1

Total 10 3 7

538081
MTBR = ——— = = 538] hrs
10 removals
Verification rate = 3/10 = 30%
Accelerometer—1 Removal
Trim interface unit
Symptom Removals Verified Unverified

Warn light 7 0 7
Erratic/inoperative 2 0 2
Dther 1 0 i

Total 10 ] 10

53808
MTBR = o0 IS caat s
10 removals

Verification rate = 0%

GRIGINAL PAGE 1B
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AFCS Accessory Box 1

Symptom Rew, _vals
A/P warning/disengage 2
F. D, annunciator inop 1
Total 3
53808 hrs
MTBR = ————= = 17936

3 removals
Verification rate = 33%

AFCS Accessory Box 2

Symptom Remaovals
Chronic P/A test 1 -
AP disengage 1
Causes pitch comp. to fail i
Total 3
53808 h
MTBR = o = 17936
3 removals

Verification rate = 0%

Auto Throttie Servo

Symptom Removals
AJT inop i
QOther 2
Total 3
538081
MTER = o= - 17936
3 removals

Verification rate = 0%

Verified

1
0
1

Verified

0
0
0
0

Verified

0
0
0

Unverified

1
1
2

Unverified

1

1

1
1

Unverified

wlw-—-
al




ILS Receiver
Symptom

Warning indication
Weak output
Inoperative

Fails BITE
Autoland disconnect
Other

Total

Radio Aliimeter
Sympiom

Inoperative

Erratic/erroneous altitude

Fail warning
GPWS
Autoland warn
Fails BITE
Other

Total

Removals Verified Unverified
24 10 i4
27 6 21
9 3 6
2 0 2
3 0 3
4 0 4
69 19 50
MTBR = —olololIS )56t s
69 removals
Verification rate = 19/69 = 2
Removals Verified Unverificd
17 7 10
12 3 9
15 5 10
3 0 3
2 1 1.
4 1 3
3 1 7
6l 18 43
1
MTBR = ~OlON8 _ ey s
_ ‘61 removals *
Verification rate = 18/61.= 30%
ORIGINAL BAGB IS
oF POOR QUALITY



INS Computer

Symptom . Removals Verified Unverified
Malf. codefwarn ' 64 56 8
Error 5 2
Inop 7 0
A /P performance 0 8
Other -1 7
Total . 94 69 25
1076161
MTBR = ~olClOl iy g
94 removals
Verification rate = 69/94 = 73%
Air Data Computer
Symptom Removals Verified Unverified
Alt/Mach perf 26 9 17
Alt/Mach flag 19 9 10
TAS/SAT/TAT ' : 8 5 3
Inop/all flags o .19 8 11
AP perf 9 2 7
BITE 3
GPW/ATC _ 4 1 3
Other 10 0 10
Total o9 37 62
107 :
MTBR = 018 ney s

99 removals

Verificatibn rate = 37’/99 = 37%



Compass Coupler

Symptom Removals Verified
Hdg Flag 4 2
No slave/inop/erratic 8 4
A/P hdg hold 2 1
Hdg error pA 0
Other 3 0
Total 19 7
10761
MTBR = —or0lbRIS _ eed s

19 removals

Verification rate = 7/19 = 37%

Attitude Director Indicator

Symptom Removals Verified
ILS display 9 8
Attitude display/flag 27 10
Rwy display/flag 35 22
Turn and bank ind. 6 3
Flight director flag 29 20
Flight director display 20 13
Other ' 1 0
Total 127 76
10761
MTBR = —oTOl6 RIS o furs

127 removals

Verification rate = 76/127 = 60%

RIGINAL PAGE O
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101



3 Cquple;', MHR ccmp_ass

Summary of Verification Rates — United Airlines and Pan American

The verification rates for Pan American were extracted from the shop finding results identi-

fied in Section 5.2.

Verification rate =

Major Computers

confirmed failures

Computer, pitch
Computer, roll
Cemputer, vaw damper
Unit, monitor and logic
Unit, auto stabilizer trim

Computer, auto throttle

L. sicated Sensors

Box, accessory stabilizer trim-

Box, accessory #1

Box, accessory #2

. Contr.oI/Display-_Unifs o

Panel mode select

. Coni:rol A/P ’hght

Indxcatm att1tude dlrector

Shared Sensors

7 Recelver, nav1gat10n ,
Transcewer low range :acho alt
= Unit, mertlal nzmganon S

Computel, central air data

ezt

number of records examined

% 100% -

Verification rate percent

United

44

53

47
29

635
35

33

38
30
&0

28

30.

37
37

Pan American -

_
40
49
32
36
72

57,
37

: .2.5
42

37

62



6.2 SHOP MAINTENANCE

The basic cost elements that make up shop maintenance cost are labor manhours per removal
and material cost per failure. Both these cost elements have been extracted from the
maintenance assessment appendixes (United Airlines-Appendix C and Pan American-
Appendix D). The results are shown in Table 6-1.

Total shop m_ainten'ance costs can be computed from the manhour and material cost for
each component as follows: ‘

Shop cost/year = labor manhours per removal
labor rate ($/Hour)
no. of removals per year

o+

o

»

material cost per failure
x no. of failures per year

- 1 ® 18
RIGINAL PAGE
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Teble 6-1.—Shop Maintenance Costs

Lahor manhotr Material cost
per removal per failure
United Pan Am " United - Pan Am
Majo'l.' Computers
Comiputst, pitch _ | 100 7.3 265.78 107.13
Computer, roll 9.6 5.9 260,80 86.28
Computei, yaw dampsr 2.8 4.7 6.17 10.20
Unit, monitor and logic 4.6 5,0 213.92 42,10
Unit, auto stabilizer trim 4.5 7.2 159.67 26.38
Computer, auto throtile 4.8 . 17.1 42,04 261.86
Dedicated Sensors
Accelerometer, normal 8.0 —_— - —
Box, accessory stabilizer trim 1.6 3.2 8] 0
Box, accessory #1 5.7 3.5 0 0
Box, accessory #2 . 5.5 3.8 B4.64 8.40
Conirol/Display Units
Panel, mode select 6.8 47 61.81 70.30
Control, A/P flight _ _ 5.0 5.3 89.06 .85
Light Set, flight mode annunciator — 5.1 — _—
Indicatar, attitude director 4.3 8.7 20.78 267.37
Shared Sznsors
Receiver, navigation 8.0 12.3 20.90 15,64
“Transceiver, low range radio alt. 5.1 7.8 15.08 5.34
Unit, inertial navigation 21.2 56,6 {571.90} 0.00*
Computet, central air data 12.8 13.0 53.92 141.18
Coupler, MHR compass 4.4 12,6 16.44 ~ 2.69
1282.02 ~ 1045,72

-

*Returned to vendor o -




6.3 SCHEDULE IRREGU LARITY

When an airborne system failure results in an interruption of scheduled operation, such as
delay or cancellation of scheduled flight, additional cost would be incurred. An industry
survey made in early 1976 shows the following delay and cancellation costs for 747 aircraft:

Cost for typical delay of 40 min: $ 550-51,190
Cost for cancellation of flight: $1.500 - $5.000

The composition of these costs includes extra ground transportation, hotel and meal a¢-
comodations for passengers, overtime pav for maintenance and flight crews, etc. In addi-
tion, many intangibie items such as competitors reliability, schedule similarity, load factors,
etc. are important factors, although difficult to substantiate. All these jtems have different
values depending upon the individual case, and the difficulty is evidenced by the larse
spread as shown in the industry survey. At United, costs of flight schedule interruptions as
cited below are being used only for the purpose of engineering work estimates:

747 delay cost per hour per delay: § 300
747 cancellation cost per departure: $3,600

Roeing has, since the introduction of 747s, maintained a computerized file of schedule
interruptions for all operators using operator data. This data is filed by component and
for this study the 24 units for which reliability data was collected were included in the
search.

Because of the difference in route structure a different value was used for delays and cancel-
lations for the two airlines.

2A uA

Average cost per delay hour for delays $ 500.00 $. 300.00
Average cost per flight cancellation $ 4,000.00 § 3,600.00
No. of delays | 15 51
No. of cancellations 2 2
Resulting cost for all interruptions $14.780.00 $13,251.00
Total flight houss in study 61,943 53,308
Interruption cost per flight hour b 0.24 $ 025
Total flights in study 14,405 | 13,304
Interruption cost per flight b 1.02 3 1.00

ORIGINAL PAGE s
OF POOR QUALITY
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7.0 FIRST COST SUMMARY

Tlhe costs examined to this point are direct maintenance costs involving line and shop labor
and material. From a broader viewpoint of assessing a total cost of owning the AFCS, other
costs such as hardware acquisition costs, initial rnaintenance and flight crew training costs
must be taken into consideration. A detailed cost-of-ownership computation is out of the
scope of this study; however, a summary of 2ach item should serve to illustrate the mnagni-
tude of line and shop cost as compared to the total cost. The following first cost items are
divided into two broad categories: hardware costs and spares costs.

The following coats are those from United Airlines.

Cne Time Costs

Hardware acquisition cost. . .. ..o vt $2,809.399
Spares acquisition cost .. ... ... i i $ 867,161
Initial cost of maintenance crew training, .. ... ..o oo $ 65,800
Initial cost of flight crew training . . ... ... et 5 368,520

$4,110,880
Inventory cost per airplane in fleetis . .......... .. .o oiont § 204,254

Note:

Above costs are for AFCS computers, ssrvos, and dedicated sensors tc ~'pport the fleet
of 18 747's,

Similar inventory data from Pan American includes:

Hardware acquisition cost. . . ... o i 54,284.992
Sparesacquisition cost .. ... . ... i i s 51,256,967
Total inventory 85,541,959
Inventory cost perairplegeinfleetis .. ... v, $173,186
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APPENDIX A
UNITED AIRLINES

COMPONENT INSPECTION AND REMOVAL (I&R) TAG HISTORIES
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APPENDIX B
UNITED AIRLINES

IN§"ALLATION AND REMOVAL HISTORIES FOR MAJOR COMPONENTS
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PITCH COMPUTER

ON OFF
UNIT
LIN©  S/N  AIRPLANE DATE  TIME  AIRPLANE ~ DATE ~ TIME  STATUS
1 1 8003  07-14-70 FV
2 2 8013  01-04-71
3 03  07-18-73  "14  FV
4 18 04-10-74 10484  OK
5 19 09-13-74 11308  OK
6 19 12-10-74 12147  OK
7 8012 02-14-75 14678 12 09-29-75 14684  FV
8 03 04-18-75 03  06-26-75 627  FV
9 03 07-13-75 727 03  03-06-76 2628  OK
10 13 04-09-76 17997 03  03-06-76 2628  OK
11 11 09-06-73 11011 11 09-09-73 10148  OK
12 20 09-19-73 7907 20 9809  OK
13 11 07-09-74 12485 11 09-07-74 13415  FV
14 13 10-20-74 13702 13 11-27-74 14037  OK
15 12 01-08-75 14820
16 3 02-18-75 14670  OK
17 32 03-18-75 7075 32 04-14-75 7335  FV
18 32 04-25-75 7358 32 04-25-75 7358 FV
19 19 08-31-75 14461  FV
20 14 11-03-75 16176 14 12-16-75 16407  FV
21 13 01-20-76 17502 13 04-09-76 17997  OK
22 12 04-18-76 18031 ’
23 27 11-08-74 8555
24 4 29 08-27-74 5067 29 09-14-74 5228  OK
25 JAL LOAN  10-18-74 FV
26 27 01-24-76 12209  FV
27 5 03 11-11-72 7261  OK
28 04 12-17-72 7711 04  12-20-72 7741  OK
29 LOAN TO N.W. 0K
30 ? 0K
ORIGINAL PAGE I8 -

OF POOR QU




PITCH COMPUTER (Continued)

ON
UNIT

LINE S/N AIRPLANE  DATE

31

32

33

34 28 08-11-75
35 28 10-02-75
36 20 06-14-76
37 6 14 01-14-79
38

39

40 13 09-22-74
41 17 03-30-75
4z 28 07-03-75
43 32 04-29-76
44 13 01-21-79
45 i

46 12 01-26-76
47 32 04-20-76
48 d2 04-27-76
49 8

50

51

52

X

54

55

56

57 12 11-08-75
58 9

59

60 10 06-28-75

TIME

7884
8292
16643
10540

13565
14548

7452
10388
11317

17341
10292
10373

16911

1713

OFF

AIRPLANE ~ DATE
10  03-05-73

23 05-01-73

10 07-21-75

28  08-14-75

28 04-30-76

20  06-15-76

11 08-18-74

JAL LOAN

13 03-05-75

17 06-06-75

28 04-09-76

04  12-03-76

12 04-02-76

32 04-24-76

32 06-11-76
8012  09- -70
04  10-21-70

13 12-30-70

14 05-17-71

19 11-29-71

19 10-31-74

03  04-18-75

12 09-22-75

12 01-26-76

14 01-07-72

20  06-24-72

10 10-19-72

TIME STATUS
8473 FV
4495 FV
1950 0K
7938 0K

10004 Fv
? 0K
13254 0K
FV

148 FV
15088 0K
9787 0K
2411 FV
17913 0K
10336 0K
10769 0K
48 0K
643 0K
FV

OK

1480 FV
11748 Fv
3 T FV
16598 Fv
17341 Fv
3721 0K
3284 - OK
7062 0K



LINE

61
62
63
64
65
66
67
68
69
70

1
L

72
73
74
15
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

PITCH COMPUTER (Continued)

ON
UNIT
S/N  AIPRLANE  DATE
04 02-20-76
10
23  12-19-74
14 06-07-75
17  11-11-75
12 04-17-76
13 04-24-76
13 04-14-73
11 23 07-01-73
03  04-06-74
19  12-10-74
03 10-30-75
28  04-30-76
12 11 09-07-74
03  07-04-75
23 10-04-75
32 02-24-76
09 03-13-76
AGE BB
ORIGINAL P Y
OF P R QU ‘

OFF
TIME  AIRPLANE DATE
?
11 01-09-74
17 06-04-75
32 06-18-75
10 02-08-76
2832
13 04-14-73
23 07-01-73
10391 23 05-27-75
14819 14 11-03-75
16453 17 3-20-76
18072 12 04-18-76
18029
8521
5162 23 07-03-73
20 02-17-74
12265
23 11-10-74
10 12-03-74
12147 19 08-31-75
1754 03 04-08-76
10004
13415
680 03 07-15-75
QANTAS LOAN 07-28-75
12966 23 01-26-76
09843 32 03-03-76
2981
10 05-12-76
23 06-23-76

TIME

11327
15078
7808

8521
5162
11773
16176
17384
18081

5188
9406
10100
14459
14406
2865

727

13029

4219

STATUS

OK
OK
0K
0K
OK

FV
Fv
FVv
FV
0K
0K

FY
0K

OK
FV
FV
FV

FV
0K
0K
Fv

FV
Fv

183

T



PITCH COMPUTER (Continued)

ON
UNIT
LINE S/N  AIRPLANE DATE
91 23 12-02-72
92 13 17 06-03-74
93 12 08-08-74
94
95 el 11-08-74
9 20 08-21-75
97 04 01-11-76
98 14 11 07-32-72
99
100 28 07-27-74
101 10 07-21-75
102 04 12-04-75
103 8011 02-28-76
104 28 04-09-76
105 15
107
108 $ | 08-14-74
109
110 10 02-27-75
111 16
112 17 06-10-75
113 32 09-07-75
114 32 10-16-75
115 35 07-15-74
116 17
117 18 01-06-75
118 18 05-21-74
113 32 06-18-75
120 32 02-28-76

184

TIME AIRPLANE

OFF

DATE

2966
11843
13135

3655
14321
2591
5912

4512
7950
2418
17470
9787

13254

15122
8613
8934

12624
10521
7808
9870

17
12
13
27
20

8003
28
10
04
11

11
17
16

10

27
17
32

33
18
18
32
32

07-20-74
08-14-74
10-20-74
08-04-75
12-29-75

07-09-74
07-03-75
11-27-75
12-04-75
03-27-71

02-15-74
05-06-74
07-14-74

02-13-75

04-30-75
09-03-75
10-0:-75

12-19-74
04-27-75
06-10-75
02-24-76
03-01-76

TIME STATUS
12257 0K
13191 0K
13702 FV
10841 0K
15345 Fv
13041 0K
7452 CcK
3045 FV
2418 FV
HMV 0K
11639 0K
11594 0K
12282 v
3528 FV
11773 0K
15892 FV
8819 0K
4439 'l
13628 0K
13964 OK
9843 0K
9935 FV



LINE

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

UNIT

S/N AIRPLANE

ON

18

19

20

el

32
10
10
11
14

14

11
03

29
27
19
18
17

35
27

35

PITCH COMPUTER (Continued)

DATE

0!-24-76
03-13-74
01-16-75
07-16-75
05-17-71

07-31-72

07-16-75
04-08-76

01-09-74
09-01-74
11-08-74
04-23-75
06-06-75

01-18-76
02-22-76

03-13-76

OFF
TIME  AIRPLANE DATE TIME  STATUS
10335 32 05-07-76 10456 0K
12177
296 10  06-28-75 17737 0K
15850 JAL LOAN  07-15-75 0K
?
11 06-20-72 5457 0K
12 06-24-72 5844 0K
5907 11 07-32-71 5912 0K
04  08-28-72 6981 FV
04 12-17-72 7711 0K
04  07-02-75 1067 FV
15851 11 03-27-76 17613 FV
2865
20  07-17-73 7277 FV
14 08-13-73 9140 FV
?  09-06-73 FV
12 10-21-73 10515 0K
14 12-03-73 FV
2847 29 08-27-74 5067 0K
7950 27 10-21-74 8402 Fy
11835
13586
15088 17 06-10-75 15122 FV
17 09-03-75 ?
13 11-04-75 17094
12-01-75
8746 35  (01-28-76 8833
12485 27 02-25-76 12517
35  03-10-76 5245
9229

ORIGINAL PAGE I8
OF POOR QUALITY
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LINE

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

186

PITCH COMPUTER (Continued)

ON
UNIT
S/N AIRPLANE  DATE
22 32 04-26-75
17 09-02-75
04 12-04-75
27 01-24-76
27 02-25-76
10 06-07-76
17 06-26-75
23 32 04-14-75
28 07-03-75
12 10-31-75
13 01-27-76
35 02-18-76
27 03-18-76
24
12 02-21-75
18 04-27-75
12 02-21-75
25
28 07-30-75
16 09-06-75
13 11-04-75
35 01-28-76
10 02-27-76
32 04-08-76
18 11-07-73
26 14 01-14-74

OFF
TIME AIRPLANE  DATE  TIME
7358 8032  05-18-75 7521
15892 17 11-11-75 16453
2418 04  01-11-76 2591
12209 27 01-30-76 12266
12517 27 05-22-76 13351
14860
18228
7325 32 05-13-75 7476
7452 28 07-22-75 7666
12 11-08-75 16911
LOAN JAL 8 Hrs
17551 13 02-03-76 17601
10  02-08-76 3479
8987 35 03-01-76 9112
12729
12 07-05-74 12812
28 01-05-75 6159
14688 12 04-09-75 15517
18 4-16-75 13579
13628
14688
14 06-07-75 14819
7741 28  08-11-75  ?
15945 16  10-31-75 16414
17094 13 11-24-75 17159
8833 35  02-17-76 8987
3655 10 03-05-76 3719
10191 32 04-27-76 10373
8814
10540 14 02-22-74 10895

STATUS

0K
FV
OK
FV
OK

FV
0K
Fv
0K
FV
CK
OK

FV
0K
Fv
FvV

FV
OK
0K
FvV
FV
Fv

0K



LINE

181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211

PITCH COMPUTER (CONTINUFD)

ON
UNIT
S/N  AIRPLANE DATE
32 02-27-74
14 05-02-75
28 07-22-75
28 08-19-75
10 06-15-76
14 05-05-71
27
16 08-05-75
12 09-22-75
12 06-29-72
28
12 08-0€-74
20
| 05-09-75
12 10-31-76
04 ?
13 07-07-76
16 09-30-73
28 07-13-74
32 08-01-74
14 04-01-75
17 07-05-73
30
13 11-27-74
13 11-24-75

ORIGINAL PAGE IS
OF POOR QUALITY

OFF
TIME  AIRPLANE DATE
3607 32 04-15-75
14523
12 05-09-75
11 07-16-75
7666 28 07-30-75
7915 28 04-30-76
4591
1363
11 07-31-72
23 12-02-72
04 05-05-75
15736 16  09-06-75
16598 12 05-01-76
5844
18 05-21-74
03 07-26-74
13127 17 02-21-75
13327 20 05-07-75
15501 12 10-03-75
12 11-04-75
04 02-20-76
17997 13 04-24-76
5723
4400 8028  07-27-74
5040 32 03-18-75
14286
8678
27 11-20-74
14037 13 02-07-75
29 11-08-75
17159 13 01-20-76

TIME

7333

15501
15850

7741
10004

5907
2966
5877
15945

10521
13216
14688

16649
16882

2832
18029

4512
7075

8671
14651
8993
17502

STATUS
0K

0K
FV
FV
FV

FV
FvV
Fv
0K
OK

FV
FV
FV
0K
FV
FV
0K
0xX

FV
FV

0K
0K
FV
FV

187

Ll



ON

UNIT
LINE S/N_ AIRPLANE
212 10
213
214 12
215 31
216
217
218 20
219
220 13
221 20
222 32 23
223 35
224
225 13
226 33
227
228
229
230
231
232 32
233 20
234 34 23
235
236
237 12
238 35
239
240 14
241 36 28
242

188

PITCH COMPUTER (Continued)

DATE
02-08-76

05-16-76

07-17-73

06-25-75
12-19-75
09-18-73
09-27-73

03-05-75

12-26-73
03-15-74
11-20-74

04-26-76

01-31-74
01-05-75

OFF
TIME AIRPLANE ~ DATE  TIME  STATUS
3482
23 04-09-76 14322 0K
117
14 05-05-71 1363 FV
10 03-27-72 5107 FV
17 07-05-73 8678 FV
7277 20 09-19-73 7907 FV
23 05-27-75 11773 FV
15786 13 10-06-75 16796 FV
15345
6009 23 09-21-73 6048 FV
1239 35 07-15-74 ? FV
12 02-12-75 11463 FV
148
18 06-21-71 200 FV
03  02-12-73 8263 0K
19 04-14-74 9950 0K
16?  05-17-74 11762 0K
03  07-04-75 680 FV
? ? ? FV
9365 32 02-28-76 9864 0K
3274 _
10100 23 12-28-74 10386 FV
LOAN JAL 0K
? 12-16-75  ? ?
17913
20  06-16-75 3690 FV
20 06-14-76 16643 FV
10715
6159 28 07-03-75 7452 0K
LOAN JAL Py



PITCH COMPUTER (Continued)

ON

NIT
LINE S/N  AIRPLANE DATE
243 19 08-31-75
244 32 10-01-75
245
246 13 02-03-76
247 32 04-15-76
248 32 05-07-76
249 37
250
251
252
253
254 17 05-06-74
255 19 08-31-75
256 hé 10-21-73
257 38 29 08-26-74
25% 10 12-03-74
259 13 02-07-75
260
261 27 01-30-7¢
262 03 03- -76
263 03 08-02-73
264 39 28 05-09-74
265
266 10 02-13-76
267 35 03-10-76
268 19 11-29-71
269 40 18 05-10-74
270 18 01-19-75
271 23 04-30-75
272 16 10-31-75
273 41

OFF
TIME AIRPLANE DATE TIME STATUS
14406 19 08-31-75 14406 FV
8819 32 12-26-75 9366 0K
? 01-20-76 ? ?
17601 13 04-07-76 17997 0K
10259 32 04-29-76 10383 0K
10456
20 08-18-71 236 FV
12 04-04-72 5044 0K
18 11-07-73 8814 0K
?7 01-21-74 10682 Fv
LOAN ITEM FvV
11594 17 07-20-75 15451 FV
14461
10515
5058 8029 11-18-74 5843 0K
14460 10 01-16-75 296 0K
14651 13 07-31-75 16156 FV
32 10-16-75 8934 FV
12266 27 02-22-76 12485 FV
2628 03 03- -76 2628 FV
9970
3813 78 07-13-74 4400 FV
13 01-27-76 17551 FV
3528
9245
1480
10444 29 08-26-74 5058 FV
12753 18 04-23-75 13586 0K
11773 23 10-04-75 12966 0K
16411
11 09-96-73 11011 0K
ORIGINAL PAGR B -
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ON

UNIT
LINE S/N_ AIRPLANE
274
275 14
276
277 a7
278 18
279 03
280 10
281 03
282 11
283 42
284
285 03
286 23
287
288
289 32
290
291 43 03
292 19
293 12
294 44
295 11
296 32
297
298 19
299 23
300
301 45
302
303

304

190

PITCH COMPUTER (Continued)

DATE

12-03-73

11-20-74
06-10-75
07-17-75
11-27-75
03-06-76
03-28-76

07-18-73
09-21-73

05-13-75
07-09-74
09-13-74

08-14-72

01-09-74
07-09-74

10-31-74
05-27-75

OFF

TIME  AIRPLANE DATE TIME

29 10-15-73 2039

? 14 01-26-74 10664

27 11-08-74 8655

8671 27 04-08-75 9809

1396% 18 07-01-74 14188

727 03 10-30-75 1754

3045 10 01-08-76 3482
2628
17613

17 01-23-72 3551

14 07-11-73 8803

9814 03 08-02-73 9970
6048

12 08-08-74 13135

11 04-29-75 14825
7476

17 06-26-76 18228

13041 03 08-22-74 13182

11308 19 11-08-74 11835
13191

16 10-16-73 9882

11327 03 03-27-74 12185

3991 32 08-01-74 5040

12 08-16--74 13205

11748 19 05- -75 13266

10 02-27-76 3655

23 03-08-72 222

19 04-08-72 2784

23 06-02-72 1070

14 01-14-74 10540

STATUS

FV
0K
FV
FV
FV
0K
FV

FV
FV
0K

FV
OK

FV
0K
OK

0K
0K
OK
FV
0K

FV
0K
FV
0K
FV



PITCH CCMPUTER (Continued)

ON

UNIT
LINE S/N  AIRPLANE DATE
305 14 01-26-74
306
307 17 06-04-75
308 46
309 03 03-27-74
310 28 04-17-74
311
312 32 04-16-75
313 14 12-16-75
314 32 06-29-75
315 47
316
317
318 04 05-05-75
319 17 07-20-74
320
321
322 27 05-22-76
323 48
324
325 20 10-11-73
326 49
327
328 11 09-09-73
329
330 12 08-16-74
331 12 02-12-75
332
333 18 07-01-75
334 50
335

(]
ORIGINAL PAGE IS
OF P ) QUALITY

OFF
TIME AIRPLANE  DATE  TIME  _STATUS
10664 14 01-31-74 10715 FV
27  11-08-74 8555 0K
15078
10 03-13-74 12177 FV
12185 03  04-06-74 12265 0K
3611 28 05-09-74 3813 0K
14 04-01-75 14286 oK
7340
16407 14 05-29-76 ? FV
7931
03  02-21-73 8345 0K
10 08-12-73 10137 FV
11 07-09-74 12486 FV
?
12257 17 08-25-75 14497 0K
12-02-75 FV
11 05-16-76 18093 oK
13351
32 04-12-73 205 FV
11 08-15-73 9853 FV
1986
32 04-27-73 369 0K
18 08-25-73 8046 FV
10148 11 07-05-74 12899 FV
12 08-06-74 13122 FV
13205 12 01-G3-75 14820  OK
11463 12 02-19-75 14678 0K
13 06-25-75 15786 OK
14188
27 05-07-73 3320 FV
13 01-21-74 11317 0K

191



UNIT
S/N

ATRPLANE

PITCH COMPUTER (Continued)

DATE

192

51

52

53

54

55

32
14

32

32

20

23
32

19

35
32
20

20

11-04-74
05-29-76

01-17-74

03-01-76

02-17-74

05-27-75
06-11-76

08-31-75

01-31-76
02-28-76
04-12-76

02-28-75

TIME

AIRPLANE

5899

?

3245

9935

9406

11773
10769

14406

8857
9864
16190

12747

29
16
29
32
32
11
32
35
14
20
32
14
23

13
i3
20

23
35
35
32

10
35
32
18
18
20

OFF

DETE

06-09-73
09-30-73
01-09-74
02-27-74
11-04-74
02-28-76
04-09-76
07-01-73
01-14-74
10-17-74
04-14-75
05-02-75
05-17-76

10-02-73
08-14-74
08-21-75

09-18-73
01-18-76
02-18-76
04-08-76

06-07-76
04-27-73
04-09-74
05-27-74
01-19-75

TIME

a77
5723
2847
3607
5899
17476
10207
314
10540
11541
7325
115623
14737

01292
13106
14322

6009
8746
8987
10191

14860
1239
3991

11787

12753

13327

STATUS

0K
FY
Fv
FY
FY
FY
FV
FV
114
0K
FV
oK
oK

Fv
'}
0K

OK
FV
FV
0K

0K
FV
FV
Fv
FY
OK



LINE

367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
362
393
394
395
396
397

PITCH COMPUTER (Continued)

ON
UNIT
S/N ATIRPLANE DATE
12 05-12-75
11 06-08-75
27 08-04-75
11 03-27-76
32 04-09-76
10 05-02-76
20 06-26-76
56 19 04-14-74
17 07-20-75
57
10 12-03-74
32 04-14-75
32 05-18-75
12 10-03-75
12 11-04-75
58
35 12-22-74
13 07-31-75
20 02-06-76
23 05-17-76
26 06-15-76
59
12 12-28-74
12 02-19-75

OFF
TIME AIRPLANE ~ DATE  TIME
15404
15601 1 07-16-75 15851
10844
HMV 11  03-28-76 17613
10207 32 04-15-76 10259
4219 10 06-15-76 4591
16735
9950
03  07-13-75 727
15451
29 01-11-73 1986
14460 10 12-03-74 14460
7332 32 04-16-75 7340
7521 32 09-07-75 8613
16649 12 10-31-75 16875
16882 12 04-17-76 18072
20 11-19-73 8592
10 12-03-74 14460
5436
16156
35  11-31-76 8857
15629 20  04-12-76 16190
14237
HM 20  06-26-76 16735
27  12-29-73 5667
FROM STOCK (SAME PROBLEM)
13 09-22-74 13565
JAL LOAN
10386 23 12-29-74 10391
14684 12 10-31-76
04  12-04-75 2418

STATUS

FY

0K
FY
OK

FY

FV
FV
FY
0K
FV
OK
FV
FY

FV
FV

FV
FY

0K
FV
oK
Fv

193



UNIT
LINE S/N AIRPLANE
398 23
399
400 11
401 60
402 18
403
404
405 61
406
407
408 28
409 03
410
411 13
412 12
413 62
414
415
416 63
417
418 17
419 32
420 20
421 04
422
423 35
424 23
425 64 33
426
427 35
428 6h

194

ON

PITCH COMPUTER (CONTINUED)

DATE
01-26-76
03-27-76

05-27-74

03-19-75
06-26-75

10-06-75
05-01-76

03-25-75
04-15-75
05-07-75
07-02-75

02-17-76
04-29-76
12-19-74

03-01-76

OFF
TIME AIRPLANE ~ DATE  TIME  STATUS
13029
10 02-27-76 3655 0K
17613
32 01-17-74 3245 oK
11787 18 06-03-74 11843 0K
16 04-02-75 14576 0K
32 04-26-75 7358 0K
20 03-15-74 3274 0K
? 05-10-74 2 FV
18 01-21-75 12770 FY
6505
6271
28 8-18-75 7915 FV
16796
28 04-17-74 3611 oK
11 06-08-75 15601 Fv
04 03-13-76 2981 Fy
27 09-01-74 7950 FV
20 02-28-75 12747 Fy
14497 17 03-30-75 14548 FY
7332
?
1667
20 02-06-76 15629 0K
8987 35 03-13-76 9229 FY
14322
4439
35 02-01-76 OK
09112
35 12-22-74 5436 oK



PITCH COMPUTER (Continued)

ON OFF
UNIT

LINE S/N ALRPLANE DATE TIME  AIRPLANE DATE TIME STATUS
429 27 04-08-74 9809

430 66 NA LOAN FV
431 18 01-21-75 12770

432 67 18 01-06-75 12624 FV
433 12 02-21-75 14688 0K
434 12 04-09-76 15517 12 05-12-75 15404 0K
435 32 06-29-75 7931 Fv
436 13 07-18-75 14670

437 28 08-14-75 7938 28 10-02-75 8292 Fv
438 12 11-0u-75 16883 FY
439 10 03-05-76 3719 10 04-03-76 3975 FV
440 12 05-16-76 117 Fv
441 68 28 03-19-75 6505 Fy
442 29 04-08-75 8993

443 16 04-02-75 14576 16 08-05-75 15236 0K

195



ROLL COMPUTER

ON OFF
UNIT
LINE S/N  AIRPLANE DATE TIME AIRPLANE DATE TIME STATUS
1 1 8010 11-17-70 838 FV
2 8011 10-22-71 8498 FV
3 . 8013 07-27-72 6163 FV
4 8004 08-17~72  g44g 8004 04-12-73 8862 F
5 8020 06-05-73 6812 OK
8 8012 06-10-74 12504 OK
7 8012 07-06-74 12828 8012 09-26-75 16618 F
8 8004 01-09-76 2578 8004 02-20-76 2832 OK
9 8035 03-04-76 9135
10 2 8003 05-05-72 5297 PV
11 8003 11-11~72 7281 FV
12 8003 15~22-73 10803 FV
13 8027 02-26-74 6230 8027 11-08-75 11710 FV
14 8032 12~06-75 9307
15 3 8010 12-03-74 14459
16 8019 02-13-75 12640 OK
17 8029 03-07-75 6783 8029 03-23-75 6428 OK
18 8003 04-18~75 4 8003 - 04-22-75 17581 OK
19 8019 05-04-75 13286 8019 05-06-75 13287 OK
20 8012 05-21-75 F
21 8020 07-23-75 1404 FV
23 4 8003 11-01-70 897 FV
23 8014 12-16-70 150 FV
24 8016 01-11-71 261 8016 05-04-71 1207 FV
25 8011 06-04~71 2281 8011 07-15-7T1 2637 OK
26 8011 06-15-75 15674 FV
a7 5 8029 10-11-73 1986
28 8013 02-07-75 14651 OK
29 8013 02-25-75 14775 8013 10-02-75 16756 OK
30 ‘8029 10-05-75 8688
31 6 8012 08~14-71 2913 F
32 8012 09-02-71 3089 OK
33 8016 02-01-72 3120 FV
34 8020 06-30-72 3354 FV
35 8010 08-01-72 6292 OK -
36 8013 01-31-75 14675 TV
37 8017 02-19~75 14179 8017 08-22-75 15849 FV
a8 7 8019 06-04-72 3337 ¥
39 8012 06-27-72 5848 FV
40 8013 08-08-72 6387 ¥




ROLL COMPUTER

ON OFF
UNIT
LINE 8/N AIRPLANE DATE TIME AIRPLANE DATE TIME STATUS

41 8019 10-19-73 8334 ¥V
42 8036 11-74-74 4451 8038 06-16-75 7010 OK
43 3 8003 10-20-70 FV
44 8013 07-27-71 2557 ¥V
45 8019 02-29-72 2369
46 8010 05-22-72 5473 F
47 8013 08-08-72 6287
48 8017 08-22-72 5648
49 8010 05-30-72 5553 8010 06-19-72 5813 oK
50 3020 06-30-72 3354 8020 06-30-72 3354 F
51 F
52 8013 07-27-72 6163 8013 08-07-72 6279 QK
53 8011 09-20-73 10258
54 8 8027 03-09-73 2483 FV
55 8011 04-27-73 8735
86 10 8011 12-25-72 7412 8011 09-09-72 10148 (0114
a7 8020 10-04-73 8048 ¥
58 8029 rY
59 8010 02-20-74 Fv
60 8019 03-04-74 9584
61 8027 02-27-76 6230 OK
62 8014 06-09-74 10417 F & FV
63 8017 07-21-74 122635 8017 02-19-75 14179 F
64 8019 09-01-75 14413 OK
65 - 8032 12-06-75 9337 F
66 8018 02-15-76 16146 5018 02-21-76 16195 Y
87 8011 03-14-76 17603
68 11 Loan 02-08-71 OK
69 8004 03-16-T1 8004 11-21-7T1 4031 FV
70 8014 12-19-71 3302 ¥V
71 BO11 06-19-72 5442 ¥
72 8012 06-24-76 5840 8012 08-17-72 6371 FV
73 8010 09-30-72 6844 FV
74 8017 07-05-73 8678 r
75 8032 07-14-73 1221
76 8016 04-27-75 148235
(& : 8018 02-15-76 16146 Y
78 8013 04-01-76 17948
9 12 8018 05-17-74 10487
80 8011 12-13-74 14157 OK

ORIGINAL PAGE IS o
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ON OFF
UNTT
LINE  S/N  AIRPLANE  DATE  TIME  AIRPLANE DATE
81 8013  01-31-75 14075 8013 02-02-75
82 8019 05-04-75
83 8012  05-12-75 8012 07-26-75
84 8004  08-12-75 1463 8004  08-20-75
85 8017  08-22-75 15849 8017 09-07-75
86 8013  10-02-75 16756 8013 10-27-75
87 8027  11-05-75 11678 8027
88 8012  01-20-76 17283 8012  01-26-76
89 02-26-76
90 8004  02-28-76 2890 8004  03-16-76
91 8016  04-28-76 17649
92 13 8010  11-17-70 838
93 8003  09-11-71 3445
94 8019  12-26-72 5522
95 8019  04-16-73 6400
96 8010 11-15-74
97 8010 11-30-74
98 8029  03-25-75 6943
99 14 8029  08-28-74 5026
100 8014  11-11-74 13208 8014  11-20-74
101 8010  11-30-74 13643 8010 12-03-74
102 8017 09-18-75
103 8016  10-08-75 16272 8016 10-23-75
104 8003  12-16-75 8003  01-02-76
105 8018  02-13-76 16129
106 15 8012  08-31-71 3077
107 8011 11-01-72
108 8004  01-02-73
109 8027  02-26-74
110 8010  03-13-74 12177
111 8029 10-25-74
112 8010  06-07-75
113 8010  06-28-75 1728 8010  07-22-75
114 8003 12-16-75
115 8015 02-21-76 16195 8018 05-15-76
116 16 8003  12-23-70 1260
117 8004  04-19-71
118 8017  07-16-71 1903
119 8014  12-19-71 3302
120 8010  08-01-72 6292
121 8010  09-30-72 6844 8010  03-29-73
122 8004  06-13-73
133 8012 07-09-73 9420
134 8029  08-22-73 1370 8029 10-06-73
135 8028 03-01-74

198

ROLL COMPUTER

TIME  STATUS
14590 0K
13266
16057 0K
1536 FV
15947 0K
16936 0K
11734 0K
17341 0K
FV
3010 FV
oK
2 FV
13768 F
14459 0K
FY
16374 FV
FV
6584 FV
7847 F
6730 0K
5611 0K
1512 F
1959 OK
FY
16939 OK
8741 0K
9461 oK
"918 F
3150 OK



o<

LINE

UNIT
S/N

ATRPLANE

ON

DATE

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169

170

171
172
173
174
175
176
177
178
178
180
181

17

18

19

20

21

22

8003
8003
8020
4

16
20

29
18

16

10
18
19

16

18

11

35

04-05-74

03-06-76
06-15-76

02-19-71
05-04-71
06-05-73

08-09-75
10-25-75

04-27-73

04-22-75
07-22-75
05-15-76
06-04-72

08-01-73
07-13-74

05-10-72

01-11-76

03-30-76
06-19-75
07-07-75

TIME
12265

2628

HMV

1084
1270

- 6812

15311

8024

17518
1659
16939
3337

9045
3928

3228

17099

54013
1634
1110

OFF

AIRPLANE ~ DATE

8003 08-04-74
8012 01-20-76
Bad from stock

2003 (5..26-76

3 12-23-70
4 03-16-71
16 03-10-72

16 04-29-75
29 10-05-75

16 01-11-71
11 06-04-71

4 07-06~72
18 11-18-72
3 02-08-73

14 04-01-73
19 04-16-75
16 05-21-73
20 11-13-73
32 07-29-74
3 07-04-75
10 05-03-76

12 07-09-73
16 06-15-74

4 02-18-71
3 09-11-71
17 04-05-72

3 06-02-72
10 01-18-75
11 03-14-76
16 04-04-71

2 10-17-71
4 08-17-72
19 12-26-72
7 01-12-73
3 04-05-74

23 01-20-76

4 08-02-75

ROLL COMPUTER

TIME

13296
17283

3228

1260
1864
4014

14825
8688

261
2261
6005
6381
8209
7703
5400
8217
8479
5007

680
4776

9420
11971

1084
3445
4231

5584
508
17603
1024
36562
1446
5522

12265
13029

7 b PAGE Ig
ALITY

~UOR QU

STATUS

0K
FY
F

FY

Fv
0K
FV

FY
FV

0K
0K V*
FV
0K
FU
0K
0K
0K
FV
F
Fv
F

oK
oK

FV
FV
FY

F

F

FY
FV
FY
FV
FV
oK
FV
FV

FY

e i~ e N TI Y




ON

NIT
LINE S/ ATHPLANE DATE
182 4 08-20-75
183 16 08-06-75
184 23
185 12 07-24-71
186
187 17 04-05-72
188
189
190 10 01-18-75
191 4 03-16-76
192 24
193 18 11-18-72
194
195
196 3 07-13-75
197 19 09-01-75
198
199 20 06-08-76
200 25
201 12 08-14-71
202
203
204 10 06-19-72
205
206
207 26 12 09-04-71
207
208 3 02-08-73
209
210 17 07-05-73
211 17 09-07-75
212 16 04-29-76
213 27 20 04-29-74
214 11 05-07-75
215 18 07-07-75
216
217
218 17 09-18-75
219 )
220 4 11-11~75
221 35 01-12-76
222 20 06-16-76
223 28 12 09-02-71
224 10 07-11-72
225 13 11-24-73

200

ROLL COMPUTER

OFF
TIME  AIRPLANE  DAIf
1536
1574 16 08-09-75
16 05-05-71
2764 12 08-13-71
18 03-07-72
4231 17 08-22-72
18 05-08-74
4 11-11-74
508 10 06-19-75
3010
17 11-06-72
6381 18 08-25-73
27 02-26-74
3 07-04-75
727 3 08-25-75
14413 19 04-16-76
06-01-76
16733
& 04-19-71
2913 12 08-31-71
19  02-29-72
10 05-30-72
5813 10 07-11-72
11 08-27-73
10 03-13-74
3108
01-05-73
8209
£5-17-73
8678 17 08-04-75
15947 17 03-20-76
17571
10037 20.  05-01-75
15357 11 06-16-75
15411
16 08-06-75
16 09-11-75
16 11-07-75
4  01-09-76
4787 35 03-16-76
16643 20  06-28-76
3089
6061 10 10-11-73
10741 13 04-02-74

TIME  STATUS
15774 Fv
291 F
2907 F
2517 FV
5648 FY
10434 oK
13208 Fy
1634 F
6435 FV
8046 F
6221 0K

680 OK
1107 FV
16086 F
0K
2151 FV
3077 FV
2369 FV
5553 0K
6061 0K
8735 FY
12177 F
2 F
F
15597 Fv
17384 FY
F¥
15679 0K
1574 FV
15984 oK
16482 FY
2578 OK
9159 F
16733 Fv
10794 FV
11916 OK



LINE

226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
2563
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270

UNIT
S/N

29

30

31

32

33

oN
AIRPLANE  DATE

10 03-07-75
16 08-09-75
58 08-14-75
23 01-20-76
10 05-03-76
3 05-26-76
10 03-29-73
20 10-04-73
59 08-31-74
% 11-12-74
12 01-26-76
16 02-01-72
16  05-21-73
3 07-04-75
o8 07-14-75
16 10-23-75
17  05-01-76
18 05-14-75
12 04-18-76
14 08-14-71
17 09-13-71
11 06-19-72
12 08-17-72
10 08-19-73
16 . 06-15-74
10 05-04-76

FateSraks Bl B L SN T

TIME  AIRPLANE
757
14
15774
8044
10
13029
12
4776 10
3228
8741
10
11
8048 20
5104 29
13763 14
17341 12
g 17
3120 16
20
8217 16
680 3
7642 28
35
16374 1€
17759
12
12
12
18
11
13755 18
18081
2274 14
2429 17
12
5442 11
6371
16
10774 10
11971
12
4247
17
13

ROLL COMPUTER

OFF

DATE

04-28-75

01-11-76

04-20-76
05-04-76

04-17-73
08-19-73
09-20-73
08-27--74
11-11-74
01-12-76
04-08-76
07-16-71
04-27-73
05-12-73
05-01-75
07-13-75
08-14-75
10-13-75
04-28-76

07-24-71
09-04-71
06-05-73
05-10-74
05-07-75
02-13-76

08-14-71
03-13-72
06-04-72
12-25-72

08-01-73
03-13-74

04-20-76

09-13-71
11-19-71

14499
3263

18000
4247

STAIUS

0K

i
0
i
i



O

UNIT
LINE S/M AIRPLAKE DATE
271 20 12-28-71
272 11 12-13-74
273 34 10 03-13-74
274
275 29 03-23-75
276
277 35 i4 04-01-73
278
279 29 08-27-74
280
281
282 16 05-01-75
283
284 14 01-12-76
285 19 04-16-76
286 36
287
288 i0 05-22-72
289
290
291 13 04-02-74
292
293 11 06-15-75
294 14 09-17-75
295 37
296 14 05-08-74
297 38 14 09-16-74
298 29 10-25-74
299 : 29 06-16-75
300
301 4 08 -02-75
02
303 13 11-07-75
304 12 04-08-76
305
306 39 3 i0-22-73
307
308
309
310 28 07-01-75
311 40
312
313
314

202

TIME RIRPLANE
1505
14157 11
12177
29
6428 29
20
7703
STOEK
5067 29
10
10
14847 16
3
16649 14
16086
20
i?
5473 10
14
13
11916 13
19
15674 11
15768 14
14
10434
12740 14
5611 29
7702 29
Return from
Quanfus
4
16
17056 i3
17987
23
10803
29
19
29
7433
18
19
3

OFF

DATE

06-26-75

03-07-75
03-25-75
06-15-76

08-08-74
08-31-74
11-15-74
03-07-75
07-07-75
01-02-76
03-10-76

12-28-71
04-04-72
05-25-72
08-26-72
02-14-74
08-15-74
05-03-75
07-31-75
11-29-75
02-03-72

09-17-74
05-09-75
07-14-75
07-28-75

08-12-75
10-08-75
04-01-76

05-05-76

08-28-74
11-05-74
06-10-75

03-24-72
09-20-73
10-09-73
04-18-75

ROLL COMPUTER

18684

6783
6943
HMY

5104

757
15411
0
17240

1505
5053
5610
5761
11536
13115
13266
15968
16407
2100

12746
7378
7926

1463
16272
17948

14563
5026
11806
7702

2158
8019

4

STATUS

FV
0K

K



315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
312
343
344
345
346

348
349
350
3561
352
353
354
355
356
357
358
359

UNIT
LINE S/N

41

42

43

45

46

AIRPLAHE

o oA e

20

14

10

13

13

12

11

13

N

DATE
05-06-75

02-06-76

06-01-74
08-04-74
07-26-75
05-05-76
12-13-72
01-12-75
04-07-75

07-23-75
12-05-75
07-06-72

01-11-76

08-07-72

02-07-75
08-17-72
06-26-75

09-07-75

10-27-75

TIHE
13287

15629

4180
13296
16057
14560

7684

5987
16482

1404
16455

6005
3263

6279

14651
6371
15684

8613

16936

ATRPLANE

28

20
STOCK
16

OFF

DATE

07-10-75
07-28-75
01-11-76

05-10-72
06-24-72
10-25-73
05-17-74
07-28-74

09-26-75

07-01-75
07-05-75
10-20-75
11-03-75
11-10-75

06-21-72
12-13-72

11-11-75
06-10-72
11-24-73
07-05-74
08-16-74
09-19-74
02-02-75
02-25-75
04-11-76
07-30-72
06-27-73
05-20-75
06-08-75
08-09-75
05-18-76
08-25-72
10-03-72
01-19-73
09-08-75

ROLL COMPUTER

13853
17099

3228
5840
9852
10487
4770

7443
1086
14872

16584

7684

10741
12899
13209

5295
12888
14775
16044

9281
15478
15601
16036
10559

4275
6879

7677
15689

ORIGINAL, pa
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oK OFF
U T

LINE  S/N  AIRPLAGE  DATE TIME  AIRPLANE DATE
360 47 4 02-24-75 2:33
361 28  07-13-75 7565 28 07-19-75
362 11 07-31-75 15968
363 48 4 04-12-73 8862
364 12 06-05-73 9074
365 29 08-22-73
366 29 10-06-73 1918 29 10-11-73
367 Back from JAL 11-29-73
368 20 04-29-74
369 18 10-25-75
370 14 11-29-75 16407
371 06-02-76
372 49 27 02-02-73
373 32 12-08-73
374 16  04-10-75 16584
375 13 11-07-75
376 16  -04-29-76
377 50 4 06-13-73 9461 4 02-24-75
378 4 03-14-75 118 4 02-20-76
379 32 02-28-76 9864
380 51 35 05-31-73
381* 35  10-13-75 8028 35 01-12-76
382 12 01-26-76 17493 12 04-18-76
383 52 19 10-19-73 8334 19 03-04-74
384 32 07-29-74 5007 32 08-01-74
385 STOCK ~ 08-12-74
386 20  08-27-74 11062
387 14 04-28-75 14499
383 20 02-06-76
389 4  02-20-76 2832
390 53 32 07-14-73
391 4 03-14-75
392 STOCK  05-02-75
393 10 06-28-75
394 3 07-04-75 680 3 09-28-75
395 20  10-20-75 14872
396 54 28 09-03-73
397 10 10-11-73 10794
398 08-20-74
399 14 09-16-74
400 19 12-24-74
401 10 06-07-75 "1512 10 06-09-75
402 3  06-16-75 7010 35 06-21-75
403 4 07-07-75
404 3 08-25-75 1107 3 08-25-75

204

T1AE

7642

1370
1986

10037
15311

2400
2854

17056
17671
2:33
2832

§787
18081
9584
5040

15629

1221
118--

1728

1398

12740
12182
1541
7021
1110
1113

ROLL COMPUTER

STATUS

OK



ROLL COMPUTER

N OFF
UNIT
LINE 3/ ATIRPLAME DATE TIME ATRPLARE DATE TIME  STATUS
405 12 09-26-75
406 55 35 01-04-74 2273 FV
407 10 11-14-74 14451 OK
408 10 11-30-74 2 10 11-30-74 3 114
409 20 12-12-74 11910 20 06-0%-75 13543 oK
410 29 07-14-75 7926
411 20 06-16-76 16643 Fv
412 56 29 06-01-74 4180 Fv
413 12 06~10-74 12504 12 07-06-74 12828 QK
414 32 08-01-74 5040 32 09-11-74 5410 FV
415 14 09-17-74 12746 14 08-17-75 15768 oK
416 3 09-28-75
417 57 35 07-13-74 3928 0K
418 17 07-21-74 12265 F
419 32 09-11-74 5410 32 02-28-76 9864 0K
420 35 03-07-76 9159 35 03-30-76 9401 F
421 12 09-17-76 18072 F
Back from stock
422 58 29 0g8-27-74 5067 Fv
423 20 12-12-74 11910 FV
424 19 12-24-74 12182 19 01-09-75 12347 0K
425 18 02-02-75 12888 18 05-14-74 13775 Fv
426 11 06-11-75 15679 11 07-10-75 15850 FY
427 29 08-06-75 oK
428 12 09-26-75 12 01-26-76 17493 FY
429 35 02-26-76 8071 35 03-04-76 9135 FV
430 59 28 01-12-75 5987 Q0K
431 28 07-13-75 7565 0K
432 60 35 02-26-76 8071 FY
433 19 04-11-76 16044
434 51 29 05-09-75 7378 29 08-09-75 FY
435 14 11-29-76 16407 0K
436 4 02-20-76 28320 4 02-28-76 28904 114
437 62 32 09-07-75 8613 FV
438 27 11-08-75 11710
439 63 27 11-05-75 11678 0K
440 14 11-29-75 16407 14 12-05-75 16455 F
441 3 01-02-76 3 03~-06-76 2628 FV
442 17 05-01-76 17759 FV
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YAW COMPUTER

ON OFF
UNIT
LINE _S/N ATRPLANE DATE TIME AIRPLANE DATE TIME AT STATUS

1 1 10 06-24-71 2687 10 07-01-71 2759 72 FV
2 LOAN 08-18-71 ? ? oK
3 10-08-71 ? ? OK
4 DROPPED  10-08-71 ? 0  OK
5 13 10-22-71 3332 13 10-25-71 3356 20 OK
6 11 11-15-73 10775 ? Fv
7 11 07-27-74 13054 11 07-30-74 13056 4 0K
8 LOAN 09-24~75 oK
9 27 02-22-76 12406

10 2 11 11-20-70 567 11 08-N5-71 2853 FV*
11 4 10-18-71 3761

12 3 4 08-24-71 3400 FV*
13 13001 12 07-10-74 FV
14 LOAN 11-02-74 OK
15 17 07-07-75 15335 Fv
16 11 07-05-75 15314 11 ?

17 16058 11 08-11-75 15974 0K
18 13 12-05-75 17233 13 ? ? ? ?
19 4 389 13 12-27-70 460 71 OK
20 10 06-29-71* 2675 10 06-24-71 2687 12 FY
21 4 08-24-71 3400 4 10-13-71* 3724 324 F¥
22 3731 11 11-29-71 ? FV
23 18 01-09-72 2077 18 04-16-72 2301 FV
24 4 06-18-72 5794 4 07-03-72 5983 OK
25 17 07-29-72 3441 FV
26 18 10-07-72 4964 18 10-11-72 5012 FV
27 27 11-02-72 1413 27 04-08-76 12912 Fy&*
28 27 06-22-76 13676 Fv
29 5 14 12-31-70 284 14 11028072 6530 6246  Fv*
30 - LOAN 04-30-73 oK
31 17 07-06-73 8082 17 10-24-73 9845 763  Fy**
32 32 12-21-73 2828 32 07-05-74 4766 1938 OK
33 10 01-30-75 419 10 06-21-75 1700 FV
34 10 07-08-75 ?
35 13 11-17-75 17112 13 12-5-75 17233 121  Fv*
36 27 01-25-76 12224 27 02-22-76 12406 182 OK
37 27 04-08-76 12912 27 04-27-76 13119 1107 OK
38 6 16 06-04-71 1587 16 06-27-71 1748 161 OK
39 10 11-27-71 3983 10 01-16-72 4387 404 OK
40 12 02-04-72 4460 Fv
41 16 02-16-72 3778 16 10-10-73 9830 5052  FV*
4z 32 12-01-73 2775 32 12-05-73 2828 59  OK
43 28 01-20-74 2781 28 01-03-75 5907 3126  FV**
44 3 06-29-75 632

45 7 12 06-21-71 2438 12 12-18-70 890 0K
46 LOAN 03-26-71* FV
a7 2438 12 07-29-72 5441 3003  Fv*
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YAW COMPUTER {Continued)

ON OFF
UNIT

LINE S/N AIRPLANE  DATE  TIME AIRPLANE DATE TIME AT  STATUS
a8 19 09-19-72 4566 19 01-02-75 12269 8708  FV
49 4  Q7-28-75 1311
50 8 ? 11-30-70 7 0K
51 8 12 12-18-70 890 12 10-07-71 3394 Fy*
52 17  12-09-71 3083 17 01-05-72 3369 s
53 LCAN  03-20-72% ?
54 17  07-04-72 5160 17 10-22-72% 6316 FV*
55 35  06-29-73 294 35 07-24-73% 447 Fy#*
55 12 09-05-73 10032 12 09-11-73 10092 0K
57 13 12-21-73 11051
58 9 13 12-24-70 460 13 10-22-71 3333 Fy*
59 4  11-17-71 4001 4 11-19-71 4011 0K
60 LOAN 12-20-71 0K
61 LOAN  01-09-92 0K
62 10  02-01-72 4559
63 10 02-05-72 4604 10 02-25-72 4808 25  FV
64 11  03-19-72 4747 11 07-27-74 13054 8307 @ F*
65 11 10-29-74 ? 11  08-08-75*% 15974 2167  F*
66 35  05-13-76 9037
67 10 11 11-20-70 5867 567  F*
68 16 01-14-71 295 16  01-28-71 399 FV
69 LOAN 03-26-71 i
70 LOAN  07-06-71 F
71 13 10-25-71 3352 13 11-23-71 3539 oK
72 16  01-23-72 3539 16 02-16-72 3778 Fy
73 % 20  12-03-72 5122 20  12-07-72 5743 FV
74 13 07-05-73 9377 Fy
75 7277 20 07-19-73 7291 23  F*
76 ? 08-04-73 Fy*
77 1135 35  05-13-76 9837 8702  Fy**
78 11 ? 06-09-71 F
79 10 07-01-71 2759 10 02-05-72 4604 F
80 14  02-11-72 3769
81 12 13 12-17-70 389 ROBBED
82 ? 03-19-71% ? 0K
83 LOAN 06-08-71%* 0K
84 4  07-09-71 2984 4  11-17-71 4001 FV
85 13 12-01-71 3618 13 06-05-72 5681 F
86 4  07-03-72 5983
87 18 10-11-72 5012 18 11-28-72 5499 487  OK
88 35  07-05-73* 284 35  06-19-73 294 10  Fy*x*
89 13 07-18-75 16429 Fy*
90 7 10-09-75 7 0K
91 29  05-19-76 10422
92 13 14  12-17-70 164 0K
93 LOAN  03-05-71% 0K
94 4  10-13-71* 3724 4  10-18-71 3761 37 OK
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YAW COMPUTER (Continued)

ON
UNIT
LINE _S/N AIRPLANE DATE  TIME
95 11 11-05-71 3540
96 17 01-05-72  336%
97 12 02-18-72 4608
a8 16 04-12-72 4331
99 19 08-16-72 4172
100 17 10-27-72 6316
101 14
102 4 01-24-71 1449
103
104
105 20 09-28-71 605
106 7089
107 11 07-13-74 12947
108 23 09-08-74 9434
109 15
110 16 01-28-71 399
111
112
113
114 11 11-29-~71 3739
115 17 11-08-71 3458
116 12 02-04-72 4460
117
118
119 6814
120
121 29 02-19-74 3225
122 11 05-22-76 18167
123 16
124 ‘
125 11 08-05-71 2853
126 3739
127 11 01-04-72 4033
128
129 10 02-24-72 4798
130 35 09-20-73
131 632
132 17 08-11-75 15669
133 18167
134 17
135 16 06-27-71 1748
136
137
138 17 07-29-72 3441
139 5681
140 35 06-22-74 3770

208

AIRPLANE

OFF
DATE  TIME

LOAN
LOAN

13

11-08-71 3559
01-16~72 3458
04-05-72 5062
07-12-72 5255
09-08-72 4448

12-31-70 284
07-09-71 2984
08-15-71
09-23-71*

12-03-72 5122
07-09-73 7181
07-15-74 12966

01-14-71 294
06-04-71 5187
07-20-71%
08-31-71%*
09-28-71 7
01-04-72 4033
01-28-72 3563
02-18-72 4608
03-14-72
04-10-72
? ?
10-25-73 9852
11-18-75 9056

01-24-71 1449
07-29-71*

12-30-71 3974
02-07-72 4618
01-30-75 419
06-29-75 ?
02-27-76 17203
06-21-71 2438
04-16-72 4285
05-11-72%
06-01-72%

12-21-73 11051

at

19
89
454
924
276

1535

92

19

1188

1294
105

5831

235

2539

STATUS

Fv
0K
FV
F*
0K



YAW COMPUTER (Continued)

ON OFF
UNIT

LINE _S/N AIRPLANE DATE TIME AIRPLANE  DATE TIME
141 18 10 06-29-71* 2675
142 LOAN 09-27-71*
143 LOAN 10-14-71 3515
144 17 10-20-71 7836
145 4 11-19-71 4011
146 17 01-28-72 3563 17 07-04-72 5160
147 4 07-28-75 1377
148 19 20 09-28-71 605
149 4 06-18-72 5794
150 12 07-28-72 6169 12 07-21-73 9531
151 19 17 10-25-73 9852 17 02-17-75 14170
152 11 11-14-75 16711 11 05-22-76 18167
153 20 17 10-20-71 2836
154 11 11-29-71 3739
155 21 11 11-05-71 3540
155 13 11-23-71 3539 13 12-01-71 3618
157 11 02-02-72 4305 11 03-19-72 4747
158 16 04-08-72 4306 16 04-12-72 4331
159 17 07-29-72 5441 17 10-23-72 6296
160 20 07-16-73 499
161 35 07-24-73* 447
162 22 10 11-27-71 3983
163 LOAN 02-01-72
164 23 02-22-72 a7 23 10-26-63 6394
165 LOAN 09-10-74
166 17 10-28-74 13213 17 11-02-74 13254
167 28 01-30-75 6100
168 23 17 12-09-71 3083
169 11 12-13-71 3974 11 02-02-72 4305
170 16 04-16-72 4286 16 04-08-72 4306
171 18 04-16-72 2301 18 10-07-72 4964
172 17 10-23-72 6292 17 07-06-73 8088
173 20 07-19-73 7291
174 24 18 01-09-72 2077
175 10 0l-16-72 4387 10 02-01-72 4559
176 10 02-07-72 4218 10 02-24-72 4798
177 24 04-05-72 5062 12 07-28-72 6169
178 14 11-28-72 6530 ? 06-30-76 7
179 28 16 01-23-72 3539
180 10 02-25-72 4809 10 09-28-72 6821
181 20 12-07-72 5743 20 04-01-75 13038
182 17 15335
183 1536007 10 07-08-75 7
184 17 07-07-75 15335 17 08-11-75 15669
185 17 p1-21-72 3515
186 26 b 02-11-72 3769
187 19 04-02-72 2726 19 04-21-72 2908

8
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AT STATUS

2675

1597

3362

442
25
855

6347

1796

329

Fy#*
F**

OK

209



- -T..' b S

YAW COMPUTER (Continued)

LINE
LINE _S/N AIRPLANE DATE TIME
188
189
190 16 07-12-72 5255
191 27 0?
192 20 04-13-72 2554
193
194 11 07-06-74 12909
185
196 11 10-29-74 13883
197 28
198 19 04-21-72 2909
199
200 10 09-28-72 682,
201 28 17 03-06-76 17250
202 29
203 18 07-11-72 3935
204 30
205 23 10-14-72 ?
206 31
207 19 09-02-72 4448
208 0z
209 12 08-31-73 9961
210 16 10-10-73 9830
211
212 10 06-21-75
213 32 18 11-28-72 5499
214 2490
215 23 10-26-73 6394
216 33
217 20 06-27-73 4033
218 9033
219 20 07-09-73 7181
220 12 07-21-73 9531
221 17 10-24-73 9845
222 17 11-02-74 13254
223 14 05-30-76
224 34
225 20 07-16-73 499
226 1135
227 32 12-05-73 2828
228 35 02-22-74 2675
229 35 06-10-74 3543
230 11 07-15-74 12966
231
232 32 08-03-75 ?
233 29 11-18-75 9056

210

OFF
AIRPLANE DATE  TIME
LOAN  05-22-72
LOAN  06-09-7?
23 02-02-72 47
20  06-27-73 4033
32 12-01-73 2779
11 07-13-74 12947
LOAN  09-18-74
11 11-14-75 16711
19 04-02-72 2726
19 08-16-72 4172
STOCK  09-13-72
10 01-12-76 3268
17
20 04-13-72 2554
18
LOAN  08-08-72 11
18 07-11-72 3935
19 09-19-72 4566
LOAN  10-15-72
12 09-05-73 10032
16  09-30-74 12995
LOAN  10-22-74
23 10-14-72 2
13 10-25-72 6814
20 07-01-73 2089
20
20 07-17-713 7277
12 08-31-73 9961
17 10-28-74 13213
17 03-18-76 17274
27 11-02-72 1413
20
35 09-20-73 7
32 12-21-73 2985
365  03-11-74 2866
35 06-22-74 3770
11 10-19-74 13807
LOAN  02-20-75
29 05-19-76 10422

AT STATUS

a7
4033

38
2828

3165

2490

431
3368
4020

1365

0K
0K

FV

Fy**

OK

FV .
0K

FV*

OK

oK

0K

FY

FV
?

Fys
FV



YAW COMPUTER (Continued)

LINE

LINE _S/N AIRPLANE DATE TIME
234

235 35

236 11 11-15-73 10775
237 12 07-10-74 13001
238 36

239 32 02-23-74 3682
240

241 10 01-12-76 3268
242 37

243 35 02-11-74 2861
244 11 07-30-74* 13058
245 19 01-02-75 12264
246 38

47 23 04-27-74 8146
218 16 09-30-74 12995
249 17 02-27-76 17203
250 27 04-27-76 13119
251 39

252 32 07-05-74 9845
253 40

254 28 05-25-74 3947
255

256 41

257 27 11-27-74 8732
258 42

259 28 01-03-75 5908
260 43

261

262 20 04-01-75 13038
263 44 17 07-15-75 17274
264 45

265 11 08-11-75 16055
266

AIRPLANE  DATE
LOAN 07-16-76
35 07-05-73
11 07-06-74
19 01-21-74
32 08-03-75
13 11-17-75
28 01-20-74
35 06-13-74
11 10-29-74
29 02-19-74
23 09-08-74
17 03-06-76
27
35 02-12-74
32 02-23-74
28 01-30-75
11 07-05-75
23 04-27-74
27 01-25-76
28 05-25-74
27 11-27-74
LOAN 01-23-75
NEW
3 06-29-75
11 ?
LLOAN 05-04-76%

TIME AT STATUS

284
12909

?
8309
17112

2781
3593
13883

3225
9434

17250

2675

3582
6100
15314
8146
12229
3947

8732

630
16415

3225
588

47

2675

2153
8146

4607

ORIGINAL PAGE IS
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MLU

ON OFF
ot | e - 1
LINE §/N - AIRPLANE ' DATE  TIME -AIRPLANE DATE TIME STATUS
1 1 © _ 8003 08-13-70 513 OK
2 o 8003 04-03-71  2089. FV
3 8019 08-17-71 587 8019 11-156-71 1344 OK
4 8019 11-29-71 1480 8019 03-07-72 2444 FV
5 8019 04-12-72 2825 8019 08-30~72 4337 TV
6 " 8011 11-11-72 6992 8011 01-17-73 7768 r
7 8016 03-27-73 7696 8016 | 04-02-73 7774 FV
8 - 8003 ' 08-17-73 10110 OK
g 8003 09-05-73 10349 8003 12-17~74 14475 OK
10 8012 01-08-75 14320 8012 02-18-75 14670 OK
11 8004 02-27-75 3 8004 10-05~-75 1928 TV
12 8013 10-14-75 16875 8013 10-22-75 16882 Ok
13 Y 8029 12-12-75 9209
14 2 8016 .  01~-11-T71 261 -
15 _ , ) 01-22-71 OK
16 . 8010 06-03-71 2511 8010 12-28-71 8238 TV
17 . - 8012 04-07-72° 02~16-73
18 . 8019 04-12-73 6549 FV
18 8004  04-18-73 8923 8004 08-03-73 10056  FV
20 o 8020 16-04-73 - OK
21 8012 11-08-73 10660 8012 11-12-73 10699 F
22 8012 12-02-73 10888 8012 07-11-74 12884 FV
23 8012  08-05-74 13122 8012 01-08-75 14316 0K
24 8013 01-23-75 14522 8013 09-11-75 16609 v
25 8012 09-26-75 " 8012 01-14-76 17219  OK
26 Y 8027 . 03-08-76 12618 01-23-76 OK
27. 3 8003 09-13-70 513 8003 10-07-70 678 OK
28 . B Stock 11-25-70 OK
29" 8016 02-05-71 499 8016 11-28-71 3069 TV
30 8010 12~28-71 8238 8010 05-30-72 5553 oK
31 1 . X 8026 06-07-73 6822 TV
32 8004 08-03-73 -10056 - 8004 08-29-74 13714 OK
33 8019 10-24-T4 11680 8019 04-16-75 13186 OK
34 ¥ 8016 07-07-75 15411 8016 07-23~75 15622 OK
85 . 4 8014 02-08-71 658 8014 09-30-71 2676 OK
36 . Loan 61-20-72 OK
37 . 8014 02-18-72 3835  OK
38 . S Stock 04-25-72 vV
39 8014 06-10-72 4954 8014 05-23-7T2 5094 F .
40 Y 8018 07-02-7% 3826 8018 07-05-73 7506 OK

212



MLU

ON OFF
L [ !
UNIT

IINE §/N AIRPLANE DATE TIME AIRPLANE DATE TIME  STATUS
41 4 8020 11-19-73 8542 OK
42 8019 06-09~74 10416 8019 10~02-74 11483 OK
43 8018 10-23-T4 17923 8018 06-01-75 13674 OK
44 8010 06-03-75 1484 8010 01-05-76 3221 0K
45 03-05-76 OK
46 8016 04-19-76 17571 8016 05-13-76 17777 OK
ar Y 06-23-76 0K
48 5 8016 02-05-71 499 FV
49 8017 02-19-71 460 8017 10~08-T71 TV
50 8004 10-23-71 38791 OK
51 8019 11-15-71 1344 8019 11-29-71 1480 FV
52 8016 12-21-72 6654 FV
53 8012 03-08-78 8147 8012 04-29-73 8707 OK
54 8011 08-08-73 9764 FV
55 8018 03-29-74 10063 0K
56 8032 11-07-74 5913

57 8020 04-14-74 9923 8020 11-18-74 115489 FV
58 8032 11-05-75 9144 OK
59 Y 8023 05-18-76 14664

80 6 8004 11~21-71 4031 8004 12-20-71 " 4383 FV
61 8011 12-30-71 3974

62 8011 01-13~72 4103 8011 01+18-72 4103 OK
63 8019 04-10-72 2800 8019 04-12-72 2825 OK
64 8010 05-30~72 5553 8010 06-10~72 TV
65 8014 06-23-72 5004 8014 04-20-73 7914 OK
66 8013 09-12-73 10059 OK
67 8012 11-12-73 10699 8012 12-02-73 10888 iy
68 8020 12-05-78 8717 8020 04-14-74 9923 FV
69 3018 05-10-74 10444 06-19-74 OK
70 8011 07-31-74 13083 8011 08-15-74 13226 FV
71 8018 09-28-74 11677 8018 10-23-74 11923 OK
72 8010 11-14-T4 14451 8010 11-15-74 F
73 8010 11-28-74 000 F
74 8017 12-12-T4 8017 12-31-74 13726 FV
75 8003 01-10-75 11695 8003 07-12-75 727 OK
76 8016 07-23-75 15622 8016 07-25 75 15632 OK
77 8029 09-05-75 8436 8029 10~05 75 8688 , FV
78 8032 11-05-75 9144 8032 11-27-75 9246 FV
79 ¥ 8004 12-28-75 2492 -
80 7 8012 02-27-71 1533 OK

ORIGINAL: PAGE IS
OF POOR QUALITY

213



MLU

ON OFF
f p T L
UNIT
LINE _8/N AIRPLANE DATE TIME AIRPLANE DATE TIME STATUS
81 7 8003 04-29-71 2288 8003 05-01-71 2304  OK
82 8012 05-08-71 2125 8012 07-02-71 2569  OK
83 8018 07-23-71 511  8018- 08-08-71 665 OK
84 8014 11-02-71 2962 8014 06~10-72 4954  OK
85 8018 06-28-72 3773 8018 07-02-72 8826 TV
86 8010 10-24-172 8010 03-14-73 8596 TV
87 8027 04-13-73 3062 8027 02-07-74 8044  FV
88 8023 05-15-74 8339 8023 08-25-74 9304  FV
89 8010 11-25-74 00 8010 04-07-75 1019  OK
90 8016 04-29-75 14820 8016 04-29-75 14825  OK
91 8028 06-19-75 7303 8028 07-01~75 7433  OK
92 Stock 07-25-75 0K
93 8029 10-05-75 8688 8029 12-12-75 9209  FV
94 8012 02-13~76 17501 8012 04-17-76 18072  FV
95 ! 8023 05-14~76 14651 8023 05-18-76 14669  OK
96 8 8018 08-08-71 665 8018 06-28-72 3773  OK
97 8010 07-07~72 6010 8010 07-11-72 6061
98 8004 12-23-72 7791  FV
99 8017 01-30-73 7079 8017 07-06-73 8678 TV
100 8016 08~04-73 9094 8016 06-20-74 12042  OK
101 8012 07-11-74 12884 8012 08-05-74 13122  OK
102 8011 08-15-74 13226 8011 03-26-76 17617  OK
103 Y 8010 05-06-76 16871
104 9 8016 01-11-71 261  FV
105 8012 02-27-71 1533 8012 05-08-71 2125  OK
106 8018 06-14-71 118 8018 07-23-71 511  FV
107 8012 08-26-71 3026  OK
108 8014 10-07-7t 2730 8014 11-02-71 2962  OK
109 8004 11-19-71 4011 8004 11-21-71 4031  OK
110 8019 04-10-72 2800  OK
111 8004 05-28-72 5545 8004 09-01-72 6628  OK
112 09-25-72 OK
113 8011 01-17-78 7768 8011 03-30-73 8425 OK
114 8023 04-12-73 4794 8023 05-15-74 8339  FV
115 8017 06-26-T4 12028 8017 12-12-74 TV
116 8014 02-16-75 18907  OK
117 8014 02-19-75 18951 8014 03-13-75 14132  OK
118 03-31-75 FV
119 ! 8010 04-07-75 1019 8010 04-09-75 1052  OK
120 J 8028 07-03-75 7452 8028 07-04-75 7461 T
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ON OFF
i 11
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LINE §/N AIRPLANE DATE TIME AIRPLANE DATE TIME STATUS
121 9 8003 07-12-76 737 8003 11-02-75 1791 FV
122 l 3012 01-20-76 17280 8012 02-13-76 17501 Fy
123 8014 05-29-76
124 10 8014 04-63-71 658 FV
125 8003 05-01-71 2304 8003 01-21-72 4577 Fy
126 8017 01-30-73 7079 OK
127 8016 02-27-73 7402 FV
128 8003 05-27-73 9298 OK
129 8018 07-05-73 7506
130 8035 11-22-73 1839 8036 11-27-73 1886 OK
131 8019 03-20-74 9700 8019 06-09-74 10416 PV
132 8023 08-25-74 B304 8023 12-20-74 10508 rv
133 3035 01~-14-75 5686 8035 02-03-75 5820 OK
134 8012 02-18-75 14670 8012 09--26-75 FV
135 8019 10-10-75 14704 8019 11-16-75 14995 FV
136 Y 8012 05-20-76 1656
137 11 8017 02-19-71 460 1oAY
138 8004 06-14-71 2708 OK
139 8012 07-02-71 2569 8012 07-09-71 2629 OK
140 8011 07-28-71 2773 8011 12-30-71 3974 v
141 8003 01-21-72 4577 3002 07-28-72 6190 Fv
142° 8023 04-12-73 4794 Vv
143 8012 06-11-73 9117 8012 10-056-73 10366 OK
144 8018 03-20-74 9700 OK
145 8018 09-28-74 11677 OK
146 8032 10-19-74 5741 8032 11-07-74 5913 ¥V
147 8012 01-08-75 14320 OK
148 8004 02-24-75 3 TV
149 8027 03-08-76 12618 oK
150 Y 8011 03-26-76 17617 8011 06-02-76 18346 CK
151 12 03-17-71 F
152 8003 04~03-71 2089 8003 04-29-71 2288 F
153 8012 07-09-71 2829 8012 08-13-71 2913 FV
154 8020 05-25-72 2973 OK
156 8010 07-11-72 6061 8010 07-29-72 6262 OK
156 8027 04-13-73 3082 OK
157 3012 04~-29-73 8707 8012 06-03-73 9039 OK
158 8016 08~04-73 9094 OK
159 8029 08-17~73 1300 8029 09-09-74 5190 By
160 Y 8019 10-02-74 11483 8018 10-24-74 11680 OK
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1 R I |
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LINE S/N  AIRPLANE DATE TIME AIRPLANE DATE TIME STATUS
161 12 8013 11-27-74 14087 8013 01-23-75 14522 FV
162 8014 03-17-75 14175 8014 03-20-76 17327 OK
163 1 8015 05-13-76 17777
164 13 8010 06-03-71 2511 FV
165 8004 06-14-71 2709 8004 10-18-71 0K
168 Loan 11-26-71 OK
167 8016 11-%28-71 3089 8016 05-14-72 4624 FV
168 8020 05-25-72 2973 07-04-72 F
169 8013 08-22-72 €418 8013 11-09-72 6914 OK
170 JAL 12-10-72 OK
171 8004 12-23-72 7791 8004 07-10~73 8297 FV
172 8004 03-28-73 8713 8004 04-18-73 8923 oK
172 8032 06-28-73 1035 8032 08-30-74 5297 OK
174 8011 05-01-73 8v€7
175 1 8029 09-09-74 5190 8029 09-05-75 8436 OK
176 8003 11-02-95 1791
177 14 8018 06-14-71 118 FV
178 8012 08-26-71 3026 8012 04-07-72 OK
179 Loan 04-25-72 OK
180 8027 07-13-72 138 OK
181 8010 07-29~72 6262 8010 10-24-72 F
182 11-07-72 OK
183 8012 03-08-73 8147 OK
184 8012 06-09-73 9097 8012 06-11-73 9117 FV
185 8017 07-06-73 8678 8017 06-26~74 12028 OK
186 8004 08-29-74 13714 8004 02-15-75 15108 OK
187 ¥ 8017 02-19-75 14179
188 15 8011 07-28-71 2773 OK
189 8012 08-13-71 2913 8012 08-15-71 OK
190 8004 16-23-71 3791 8004 11-19-71 4011 FV
181 11-30-71 OK
192 8004 12-29-71 4383 8004 05-28-72 5545 OK
193 8010 06-10-72 8010 07-07-72 6010 OK
194 8003 07-28-72 6190 8003 11-20-72 OK
195 8019 01~25-74 9260 FV
196 8027 03-06-74 6303 oK
197 8010 11-14-74 14451 OK
198 8020 12-12-74 11980
199 8010 06-27-75 13804  OK
200 1 8028 07-04-75 7461 08-01-75 OK
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UNIT
LINE S/N_ AIRPLANE DATE TIME AIRPLANE DATE TIME STATUS
201 15 8013 10-22-75 16889
202 16 8019 08-17-71 5167 OK
203 8013 09-15-71 3023 8013 08-22-72 6418 TV
204 8016 10-24-72 7072 FV
205 8003 11-20-72 8003 02-09-73 8219 F
206 8016 02~27-73 7402 8016 03-27-73 7696 FV
207 8011 03-30-73 8425 8011 05-11-73 8767 OK
208 8012 06-03-73 9039 8012 06-09-73 9097 OK
209 8003 08-11~73 10110 8003 09-05-73 10349 OK
210 8012 10-05-73 10366 8012 10-23-73 10524 FV
211 8020 11~19-73 8542 8020 12-05-73 8717 OK
212 8011 01-14-74 11372 oK
213 8018 . 10063 8018 05-10-74 10444 OK
214 8028 05-.. 3911 8028 08-19-75 17303 OK
215 8028 07-01-45 7433 8028 07-03-75 7452 OK
216 8016 07-25-75 15632 8016 04-19-76 17571 OK
217 Y 8012 05-09~76 55 8012 05-20-~76 165 OK
218 17 8013 09-15-71 3023 OK
219 8014 09-30-71 2676 8014 10-07-71 2730 OK
220 8011 11-11-72 6992 OK
291 8016 12-29-72 6747 TV
292 8004 02-10~73 8297 8004 03-28-73 8713 FV
223 8014 04-20-73 7914 8014 10-17-73 9778 FV
294 8012 10-23-73 16524 8012 11-08-73 16660 OK
225 8035 01-14-75 5656 OK
226 8035 02-03-75 5829 8035 01-27-76 8795 OK
297 £ 8020 02-07-76 15633
228 18 8010 03-14~73 8596
229 05-23-74 FV
230 8013 08-21-74 13174 8013 03-25-74 13217 FV
231 8032 09-08-74 5379 8032 10-16-74 5741 FYV
232 8020 11-25-74 8020 11-25-74 11869 F
233 8003 12-17-74 11475 8003 01-10~75 11695 OK
234 8016 02-13~75 14162 8016 02-19-75 14215  FV
235 8003 04-16-75 13186 8019 05-05-75 13272
236 Y 8023 05-13-75 11693 8023 05-14~76 14651 OK
237 19 8023 10-02-72 2377 OK
238 8013 11-09-72 6914  8ul13 05-10-73 8776 OK
239 8003 05-27-73 9298 8003 06-18-73 8449 FV
240 ¥ 8011 08-08-73 9764 8011 01-09-74 11327  OK
AGE B
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ON OFF
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241 19 8029 01-25-74 9260 8019 03-05-74 9589 OK
242 8027 03-06-74 6363 8027 03-13-75 7624 OK
243 8016 03-24~75 14497 8016 04-29-75 14820 OK
244 8019 05-05-75 13272 05-08-75 OK
245 8020 06-27-75 13804 8020 02-07-76 15633 OK
246 ¥ 8035 04-21-76 9625
247 20 8027 10-20-72 1263 FV
248 8016 12-21-72 6655 8016 12-24-72 6685
249 8016 12-29-72 6747
250 8012 02-03-73 OK
251 8003 02-09-73 8219 03-14-73 OK
252 8016 04-02-73  TT74 8016 04-19-73 7939 OK
253 8020 06-07-73 6822 8020 07-07-73 7161 OK
254 8014 12-07-73 10236 8014 15-20-74 13542 OK
255 8019 10-10-75 14707 OK
256 Y 8019 11-16-75 14738
257 21 8032 06-28-73 1039 FV
258 8014 10-17-73 9778 8014 12-07-73 10236 OK
259 8027 02-07-74 8044 8027 03--06-74 6303 0K
260 Stock 08-14-74 OK
261 Stock 08-28-T4 0K
262 805 08-30-74 5297 8032 09-08-74 5379 oK
263 8020 10-18-74 11549 8020 10-25-74 OK
264 8020 11-25-74 11869 8020 12-12-74 11990 OK
265 8023 01-02-75 L0569 8023 01~04~75 10554 OK
266 8035 02-03-75 5820 8035 02-03-75 5829 oK
287 8014 02-16-75 13907 8014 02~19-75 13951 F
268 8014 03-13-75 14132 8014 03-17-75 14175 F
269 8035 01-24-76 8795 8035 02-05-76 8887 F
270 v 5129 08-17-73 1300 OK
271 22 8013 09-12-73 10050 o138 08-21-74 13174 OK
272 5713 11-27~74 14037 FV
273 “017 02-19-75 14179 FV
274 04-23-75 F
275 8018 05-01-75 13674
276 Y 8010 05-06-76 16871 OK
277 23 8035 11-22-73 1839 OK
278 8011 01-14~74 11372 8011 07-31-74 13083 OK
279 8016 12-09-74 13602 8016 02-13-75 14162 OK
280 Y 8010 04-09-75 1052 8010 06-03-75 1484 OK
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ON OFF
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LINE 8/N AIRPLANE DATE TIME AIRPIANE DATE TIME STATUS
281 23 8013 10-14-75 16875 F
282 8032 11-27-75 9246 8032 12-26-75 9366 OK
283 8010 01-05-76 3221 8010 02-06-76 3366 OK
284 Y 8012 04-17-76 18072 8012 05-09-76 55 OK
285 24 8028 05-21-74 3911 OK
256 8016 06-20-74 12042 8016 12-09-74 13602 QK
287 ¥ 3024 01--04-75 10554 8023 05-13-75 11693 v
288 25 8023 12-20-74 10508 8023 01-02-75 10589 OK
289 8016 02~-19-75 14215 8016 03-24-75 14497 OK
290 3007 03-31-75 QK
291 8016 04-29-75 14825 8016 07~-07-75 15411 FV
292 8004 10-05-75 1928 3004 12-28-75 2492 FV
293 ¥ 8010 02-07-76 3469 01-13-76 FV
204 26 Loan 03-31-75 v
295 27 8012 01-14-76 17219 8012 01-20-76 12200 FV
296 8035 02-05-76 8887 8035 04--21-76 9625 OK
297 ¥ 8011 06-02-76 18346
298 28 8032 12-26-7T5 9366
299 29 New 01-13-76 OK
300 8010 02-06-T6 3366 8010 02-07~76 3469 FV
301 Y 8014 03-29-76 17327 8014 05-29-76 17767 FV
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AUTO STAB TRIM UNIT

S/N PLANE gEJE TINE PLANE DATEUFF TIME STATUS
1 1L 12 11-21-70 673
2 20 9-17-71 497 20 2-2-72 1840 0K
3 12 2-22-72 7 Fy
4 i9 3-4-72 2413 )
5 13 4-18-72 5060
6 19 4-30-72 2999 F
7 14 7-11-73 8803 oK
8 18 8-25-73 8046 18 6-23-74 10729 113
g 17 7-1-74 12078 17 6-14-75 15160 0K
10 RETURN
QUANTAS  7-30-75 FV
11 29 8-21-75 . 8321 29 10-4-75 8683 FV
12 35 3-30-76 9401 35 3-30-76 9409 0K
13 13 4-3-76 18078 13 5-13-76 18162 FV
u 2 10 4-24-71 2186 RV
15 18 6-7-71 44 18 6-21-71 200 0K
16 20 9-16-71 461 20 9-17-71 497 0K
17 4 9-27-71 3647 0K
18 16 10-27-71 2851 16 11-27-71 3069 FY
19 10 12-8-71 4083 10 2-7-172 4618 Fy
20 10 3-30-72 5169 10 8-27-72 6526 0K
21 3 2-18-73 8311
22 3 4 6-14-70 605 FV
23 14 2-8-71 658 14 6-10-72 4954 FY
. 24 18 6-28-72 3773 18 7-5-2 3852 0K
25 18 7-25-72 4097 18 8-25-73 8046 FV
26 16 9-22-73 9636 16 B-18-74 12623 0K
27 35 9-14-74 4551 OK
28 FROM '
JAL 10-29- 74 F
29 13 4-20-75 13231
30 29 6-16-75 7702
31 13 10-14-75 16820 F¥
3?2 13 11-14-75 17094 13 4-3-76 18078 FV
33 13 5-14-76 18174




ON OFF
S/N PLANE DATE TINE PLANE DATE TIME  STATUS

3 4 12 11-21-70 673 0K
35 13 11-28-71 3584  FV
36 13 4-23-71 1636 13 4-17-72 5037  OK
37 19 5-31-72 3279 19 B-3-72 4022 FV
38 13 9-8-72 6639 13 2-25-74 11605 F
39 10 3-12-74 12177 10 11-15-74 ? FV
40 10 1-7-75 253 0K
41 29 2-18-75 6673 29 3-7-75 7 F
42 19 6-11-75 13504
43 ° 14 2-8-71 658  OK
44 13 3-14-71 1203 13 4-13-71 1524 0K
45 3 5-26~71 2518 3 6-3-71 2518  FV
46 11 6-30-71 .2493
47 12 8-22-71 2996 1z 9-18-71 3258 0K
48 4 9-27-71 3647 4 10-9-71 3706  OK
49 RETURN

NW 11-16-71 oK
50 10 2-7-72 4618 10 3-30-72 5169  FV
51 12 4-7-72 5081 12 8-20-72 6400 FY
52 4 9-7-72 6684
53 16 5-24-73% 8178 ¥V
54 R FROM

NW 6-12-73 0K
55 20 7-17-73 7277 20 1-2-75 12204 FV
56 10 1-7-75 253 10 1-18-76 3321 F
57 23 §-27-76 14764  FV
55 O 18 6-21-71 200 18 6-28-72 3772 F¥
59 16 7-10-72 5215 16 7-18-72 5305 F
60 19 8-3-72 4022 19 8-10-72 4098 0K
61 12 4-20-73 gs21  OK
62 16 5-24-73 8262 16 8-8-73 9122 0K
63 10 10-11-73 10794 10 3-12-74 12177 OK
64 13 5-6-74 12176 0K
65 17 5-22-74 11721
66 35 8-13-74 4258 ? 8-28-74 ? 0K
67 R.F.

AMERICAN 9-6-74 7 0K
68 35 9-14-74 4551 35 9-18-74 4572 FV

E IS
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ON OFF

S5/N PLANE DATE TINE PLANE DATE TIME STATUS
gy 6 (continued) 29 10-31-74 5676 FY
70 32 1-15-75 6549
nn ! 3 10-9-70 698 3 5-26-71 2518 FY
72 RETURN

FROM LOAN 6-28-71 oK
73 ' 16 10-27-71 2851 FY
74 12 3-12-72 4816 OK
75 13 - 4-21-72 5085 0K
76 19 4-30-72 2999 19 5-31-72 3279 OK
77 20 6-30-72 3354 20 11-28-72 5086. Fv
78 - : 16 5-24-73 8262 0K
79 10 5-27-73 9356 10 5-29-73 9371 0K
80 14 12-16-73 10313 14 1-14-74 10554 Fy
g1 B 12 9-10-70 76 0K
82 13 4-13-71 1524 13 4-20-71 1599 0K
83 12 7-3-71 2577 0K
84 12 8-09-71 2883 FY
- 85 RET.F.A. 8-1-71 7 oK
86 " 9-24-71 ? 0K
87 19 11-19-71 ? 0K
88 16 11-27-71 3069 16 §-11-72 4601 0K
89 16 6-25-72 5069 16 5-29-72 5103 0K
90 18 7-5-72 3652 18 7-25-72 4097 0K
91 19 8-10-72 4098 19 6-9-74 10417 F
92 19 9-11-74 11295 19 10-15-74 11591 F
93 - 20 2-22-75 12678 20 6-20-75 13726
94 20 8-27-76 14382 20 9-20-75 14601 FY
95 29 10-19-75 3837
9% ° 4 6-14-70 605 4 §-30-71 2893 0K
97 12 7-16-71 2682
98 12 9-18-71 3258 12 9-26-71 3319 oK
99 13 11-28-71 3594
100 19 2-19-72 2273 19 3-4-72 2413 oK
101 12 - 3-12-72 4816 12 4-7-72 5081 0K
102 13 4-21-72 5085 13 5-14-72 5326 OK
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S/N PLANE glriTE TINE PLANE DATEOFF TIME ___STATUS
8" {continued)

103 14 6-10-72 4954 14 §-28-72 ? FV
104 3 7-4-72 5938 3 2-18-73 8311 oK
105 16 3-19-73 7602

106 13 5-5-73 ? FV
107 19 §5-9-74 10417 19 8-27-74 11145 0K
108 35 9-18-74 4572 35 8-2-75 7445 FV
109 29 8-25-75 8316 29 8-21-75 8321 Y
110 19 9-24-75 1827

19 0 3 10-9-70 698 0K
112 10 4-24-71 2184 10 12-8-71 4083 0K
113 . 20 2-2-72 1840 20 6-30-72 3354 0K
114 11 7-3-72 5601 11 10-17-72 6700 FV
115 11 12-27-72 7442 11 B-15-73 857 OK
116 16 5-22-73 9636 0K
117 2 2-25-74 ? 0K
118 13 3-17-74 11759

119 17 7-1-74 12078 FV
120 16 8-18-74 12623

1 M 7 12-15-70 ? 0K
122 13 4-20-71 1599 13 4-23-71 1636 0K
123 3 6-31-71 2567 0K
124 LOAN  7-22-71 FV
125 LOAN 5-27-71 0K
126 LOAN 9-22-71 0K
127 16 5-29-72 4710 16 6-25-72 5069 F
128 - 20 7-18-72 3576 0K
129 4 8-17-72 6446 4 9-7-72 6684 OK
130 LOAN 10-14-72 OK
131 12 4-20-78 8621

132 10 5-29-73 9371 10 6-4-73 9428 OK
133 14 B-2-73 5005 14 8-21-73 9227 F
134 10 9-9-73 10458 10 10-11-73 10794 oK
135 4 5-7-74 12641 0K
136 29 10-31-74 5676 28 2-18-75 6673 oK
137 " 35 3-30-76 9401 0K
138 13 5~13-76 18162 13 5-14-76 18174 Fv

ORICTHNAL ?A\%
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S/N PLANE DATE TIME PLANE DATE TINE STATUS
139 12 13 3-14-71 1203 0K
140 3 6-3-71 2567 3 11-9-71 3881 F
141 13 4-17-72 507 FV
142 4 5-6-72 5764 4 8-17-72 6446 0K
143 10 8-27-72 6526 10 10-4-72 6879 oK
144 1 10-17-72 6700 11 12-27-72 7442 0K
145 10 4-29-73 4085
146 12 5-14-73 8846 oK
147 10 5-27-73 0356 0K
148 10 6-4-73 9428 10 9-9-73 10458 0K
149 35 B-13-74 4258 F
150 19 10-18-74 11620 19 6-11-75 13504 FY
151 ? 8~15-75% ? F
152 29 10-5-75 8688 29 10-19-75 8837 0K
153 10 1-24-76 3374 F
154 13 18 6-7-71 a4 0K
155 4 6-30-71 2893 4 6-30-71 2902 0K
156 12 8-22-71 2996 0K
157 20 9-4-71 389 20 9-16-71 491 0K
158 12 9-26-71 3319 12 10-6-71 3386 0K
159 LOAN 11-2-71 F
160 3 11-9-71 3881 3 7-4-72 5938 F
161 14 12-1-73 10160
162 14 12-8-73 10240 14 12-16-73 10313 1] 4
163 32 2.9-74 3442 32 1-16-75 6549 FV
164 29 6-16-75 7702 FV
165 20 7-17-76 14002 20 8-17-75 14282 Fv
166 20 9-20-75 14601 20 12-2~75 15266 FV
167 10 5-30-76 4462
168 4 11 6-30-72 2493 0K
169 12 7-3-71 2677 12 7-15-71 2682 FY
170 11 7-3-72 569 FV
171 16 8-16-72 5605 16 B-25-72 5716 0K
172 10 10-5-72 6889 10 4-29-73 9085 Fv
173 T 5-22-73 8416



ON OFF
S/N PLANE DATE TIME PLANE DATE TIME  STATUS

17s 19 16 7-4-71 1816 FV
175 LOAN 7-17-71 %
176 20 8-10-71 5159 20 9-4-71 5389 F
177 4 10-9-71 3706 4 5-6-72 5764 oK
178 16 5-11-72 4601 16 5-29-72 4710 FV
179 16 6-29-72 5103 16 7-10-72 5215 oK
180 12 5-14-73 8846 12 5-22-73 8916 0%
181 14 7-11-73 8503 14 7-31-73 8984 oK
182 16 8-8-73 9122
183 14 12-8-73 10240 0K
184 23 1-31-74 7310 23 4-22-74 8101 FV
185 15 8-27-74 11145 19 9-11-74 11255 0K
186 19 10-18-74 11620 FV
187 20 2-18-75 12694 20 2-22-75 12678 0K
188 29 10-4-75 8683 29 10-5-75 8688 F¥
189 QUT OF

STOCK  11-14-75 FV
190 17 2-7-76 17036 FY
191 29 2-23-76  968:416G 29 3-25-76 99C7 0K
192 35 4-3-76 9450 35 4-19-76 9605 0K
193 16 20 8-10-71 5159 FV
194 LOAN 9-13-71 OK
195 12 10-6-71 3386
196 13 5-14-72 326 13 9-4-72 6639 oK
197 10 10-4-72 6879 10 10-5-72 6889 0K
198 20 7-17-73 7277 0K
199- STOCK 8-17-73 0K
200 14 8-21-73 9227 14 12-1-73 10160 FV
203 23 4-22-74 8101 23 1-27-76 13838 F
202 17 2-7-76 17036
203 M 19 2-19-72 2273 0K
204 13 4-17-72 5037 13 4-18-72 5060 FV
205 LOAN 6-23-72 U
206 16 7-18-72 5305 16 8-16-72 5605 F
207 16 8-25-72 5716 16 3-19-73 7602 0K
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S/N___ PLANE gh TINE PLARE DATE 15 STATUS
208 1 (continued) LOAN  6-12-73 0K
209 LOAN §-21-73 0K
210 14 7-31-73 8984 14 8-2-73 9005 FY
211 11 8-15-73  0@57
212 18 : _ 23 1-31-74 7310 Fv
213 13 2-25-74 11605 .13 3-17-74 11759 Fy
214 13 §-6-74 12176 13 4-20-75 13231 0K
215 20 6-20-75 13726 20 7-17-75 14002 0K
216 20 8-17-75 20 8-27-75 14382 F
217 | 20 12-2-75 15256 0K
218 29 2-10-76 9576 29 2-23-76 968 FY
219 19 32 2-9-74 3442 0K
220 4 5-7-74 12641 4 9-24-75 1827 0K
221 13 10-14-75 16820 13 11-14-75 17094 oK
222 19 12-2-75 15266
223 17 5-20-74 11721 oK
224 20 g 6-23-74 10729
225 21 20 2-18-75 12694 FV
226 17 6-14-75 15160
227 29 2-10-76 9576 oK
228 LOAN 3-9-76 F
229 35 3-30-76 9409 35 4-3-76 9450 Fy
230 22 25 8-25-75 8316 Fy
231 10 1-24-76 3374 10 5-30-76 4462 FV




AUTO THROTTLE COMPUTER

ON; OFF
UNIT
LINE]  S/N AIRPLANE|  DATE:  TIME AIRPLANE DATE TIME AT STATUS
1 1 12 05-18-71 2203 12 05-24-71 2259 56  FV
2 2 12 05-24-71 2259 12 05-26-71 2266 7  OK
3 LOAN  .08-18-71 F
4 14 02-10-72 3754 14 10-20-72 6345 2591 OK
5 20 09-18-73 7905 0K
6 12 11-08-73 10666 12 04-22-74 12148 FY
7 32  10-08-74 5665 32
8 35 11-19-75 8552.
g 39  01-05-76 8638 34
10 3 out of stock 02-08-71 Y
11 12 05-26-71 2266 12 11-08-73 10650 839 FY
12 13 11-27-73 5561
13 4 03-09-75 7916 4
14 X 28 04-14-75 6727
15 4 11 07-26-75 16403 FY
16 - 5 LOAN 03-25-71% 0K
17 14 12-11-71 3241 14 01-06-72 3458 F¥
18 10 08-16-72 6705 10 09-28-72 6821 FY
29 20 08-17-74 10995 20
20 6 13 06-04-72 5561 13 11-27-73 10774 OK
21 10 12-06-73 11335 10 11-31-74 0 FV
22 7 14 01-06-72 3458 14 02-10-72 3754 296 FV
23 16  05-30-72 4766 16 06-15-73* 8075 FV
24 LDAN 07-24-73 0K
25 20 12-01-73 8659
26 32 06-28-74 4716 32 10-08-74 5665 949 0K
27 19 01-27-76 154162 1] 4
28 32 04-14-76 10254
29 11 07-15-76 18675 11 08-03-76 0K
30 8 NEW 12 05-18-71 2203 2203 F
3r 13 06-04-72 5561 F
32 16 09-09-75 16101 Fv
33 11 11-04-75 16616 11 11-06-75 16633 17  OK
35 11 01-02-76 17109 F
35 11 02-09-76 17787 11 p7-15-76 18675 888 FV
36 9 6141 LOAN 06-08-73 6181 0K
37 20  12-01-73 8659 20 01-20-74 9277 618 F
38 20  08-07-74 10888 20 08-17-74 10995 oK
39 LOAN 02-03-75*
40 4  03-15-75 130 4 03-17-75 142 12 OK
41 32 04-14-76 10254 0K
42 10 EXCHANGE 06-21-71 F¥
43 16 12-24-71 3290 16 05-30-72 4766 F¥
44 14  10-20-72 6345 14
45 11 14 12=11-71 3271 F
46 3 07-11-73 4743 3 09-09-73 10450 0K
47 19 11-26-73 8706 19 01-10-75 0K
48 13023 4 03-15-75 FY
49 23 04-12-75 11443
50 11 11-18-75 16179 11 12-03-75 16880 0K
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AUTO THROTTLE COMPUTER
ON , OFF

————

UNIT , .
LINE| sml AIRPLANE| DATE,  TIME' AIRPLANE  DATE TIME AT STATUS

51 11 02-09-76 17787 0K
52 3 03-19-76 2729 3 04-06-76 2855 0K
53 29  07-08-76 10905 29

54 12 16 12-24-71 3290 v
55 10 09-28-72 6821 10 11-10-73 11097 0K
56 0 11-30-73 8653 20 12-01-73 8659 0K
57 2 04-22-74 12148 12 05-24-75 15496 Fy
58 1 09-28-75 16415 . 11 10-10-75 16486 71  OK
59 1 10-18-75 16538 11 11-04-75 16616 78 OK
60 3 11-13-75 1889 3 03-19-76 2729 940 FV
61 3 04-06-76 2855

62 13 10 08-16-72 6705 Fy
63 7 06-13-73 8435 17 01-10-76 FV
64 9  01-27-76 15462 19 02-04-76 15516 54  FY
65 14 3 09-19-73 10480 3 12-27-73 14578 4098 FV
66 12 05-29-75 15541 12 05-30-75 15548 7 oK
67 15 09-09-75 16101

63 15 17 06-14-73 8435 8435 FV
69 10 11-10-73 11097 10 12-06-73 11335 235 FV
70 10 11-31-74 QO 10 12-06-74 48 48 0K
71 12 05-24-75 15496 12 05-29-756 15541 45  OK
72 11 10-10-75 16486 11 10-18-756 16538 57  OK
78 STOCK 02-01-76 FY
74 11  08-03-75 11 08-05-76 18887 0K
75 16 3 07-11-73 4743 Fv
76 20  09-18-73 7905 20 11-30-73 8653 0K
77 4  p3-17-75 142 4 08-06-76 4276 FY
78 17 19 11-26-73 8706 5706 FV
79 20  01-30-74 9271 20 08-07-74 10888 1611 FV
80 10 12-10-74 48 10 03-26-76 3904 FY
81 4 0B-06-76 4276

a2 16 3 12-27-73 14578

83 32 06-28-74 4716 FY
84 23 11-30-75 13467 0K
85 35 01-05-76 8638 0K
86 19  02-04-76 15516 19

87 19 4 03-09-75 79 FY
88 - 12 05-30-75 15548 12

89 29 28 04-14-75  §727 FY
90 11 09-23-75 16415 11 09-28-75 16415 0K
91 1889 3 11-13-75 . F
g2 23 11-30-75 13467 23 01-04-76 13658 171 OK
93 17109 11

94 20  08-07-74 3904 10

95 21 23 04-13-75 11443 FV
96 11 07-26-75 16403 11 09-28-75 16415 0K
97 27 11 12-03-75 16779 11 11-18-75 16680 F
98 17  01-10-76 16803 17

99 23 35 11-19-75 8332 8332 fV
100 23 01-04-76 13658 23

101 24 29 07-08-76 10905 F¥
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INTRODUCTION

During 1975 and 1976, United Airlines participated, as a subcontractor to

Boeing, in the NASA sponsored Airbarne Advanced Reconfigurable Computer =
System, or ARCS, program. The primary task assigned to United Airlines N

in the ARCS program was to assist Boeing in the development of system
test design criteria, system test function, and its cost-of-ownership
effects.

The ARCS program was completed in the summer of 1976 with a finding that

the ARCS type system design and its system test concept has a potential ’
annual saving to an airline operator of $4,000 per aircraft when compare.l

to a system representing today's technology.*

Upon completion of the ARCS program, it became apparent that further
development of the ARCS type concept would benefit from a detailed
analysis of the reliability and availability of a contemporary analog
AFCS,

United Airlines accepted, under a new contract agreement {UA Contract

No. 32646, Boeing Purchase QOrder No. ¥-304805-0935N)}, the task of collecting
maintenance and gperational data and of assisting Boeing ia the assessment
of the reliability and availability of the contemporary flight contrel
electronics.

/. PURPOSE

The purpose of this report is to satisfy the output requirement as called
for by the Statement of Work for United Airlines. The Statement of Work
specifies United's respensibility to be as follows:

1. Describe United Airlines Maintemance policies and present their
underlying rationale.

2. Describe maintenance requirements established by the FAA and their
interface with the maintenance procedures at United.

3. Select a contemporary flight control system for reliability and
maintenance analysis. i

4. Examine United Airlines maintenance records and extract and document
. the data required for computation of the selected flight control
system reliability, availability and maintenance parameters.

5. United Airlines shall prepare and submit a report covering the work
defined by Items 1 through 4. The report can be of United Airlines !
internal engineering report format and transmitted by cover Tetter.

* General Electric MCP-703 triply redundant Whole Word Computer System {WWCS)
and not the analog systems on today's wide-bodied jets.
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3. SCOPE

It is assumed that the readers of this report are not intimately familiar
with airline operations. For this reason, the report discusses relatively
fundamental concepts and practices with respect to the maintenance operation
at United Airlines.

Furthermore, this report is a summary of data collection done on a strictly
engineering level, Maintenance philosophies discussed in this report,
therefore, are somewhat localized to specific programs such as the CAT II
program in which engineering plays a key role at United.

4. SUMMARY

A. The basic objective of maintenance is to provide a safe, reliable
airplane for an on-time departure in a manner that is cost effective.
United has a special interest in being & leader of the industry in
terms of the quality of maintenance work performed at the Maintenance
and Operations Center at San Francisco. The Center is the largest of
its kind ip the world and serves a number of other airlines on a
contract basis. United actively searches for innovative ideas to
improve industry standards. A large amount of R&D type contributions
made to the industry through ATA, ARINC and other industry organizations
is evidence of this philosophy.

A key concept of the United Maintenance policies are represented by
various maintenance programs as discussed in section 6 below. The
backbonie of the avionic component maintenance is United's LIBRA
maintenance management program. Section 7 discusses this program and
its condition monitoring concept which governs all AFCS components.
In short, condition monitoring assures adequate maintenance without
resorting to periodic removal of components or periodic testing of
the system. United's objection to pre-flight test requirements for
future AFCS is supported by this program,

B. The airline industry is rigidly controlled by regulatory agencies.
Federal Aviation Regulations (FAR) cover practically all aspects of
airline operation and compliance 1s monitored by the FAA inspectors
assigned to each airline. There is a considerable amount of inter-
face between these inspectors and the ajriine to which they are
assigned. WMany operations such as Category Il lower weather minima
pperation require establishment of a special maintenance program.

The individual airline is responsible for establishment of such a
program within the guidelines defined by the Advisory Circulars. ODue
to difference in the personnel skill level, overhau) facility, schedule
frequency and availability of repair equipment, these programs vary
from airline to airline. The phitasophy of each FAA inspector also

RIGINAL PAGE IS
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affects the nature of the program as he has the power to approve the
program. A detailed discussion of the 747 CAT IT maintenance program -
is given in sections 8 through 11.

The Boeing 747 AFCS has been chosen as a candidate system. The reasons
are as follows:

(1) Represents one of the latest analog AFCS's, , )
{2) Used by a large number of operators, both domestic and world wide.
{3) Boeing has access to detailed system & hardware data,

(4) Fleet of 18 at United is adequate for data collection within the
time frame of this study.

The AFCS on DC-10 fleet is the latest at United but does not satisfy
(3) & (4) above.

Data collection consumed a large percentage of the labor involved in
the study. More than 10,000 flight log pages, covering the 12 month
period between July 1, 1975 and June 30, 1976, have been examined.
Over 1000 tags which were remgved from replaced units, and which also
indicate shop test results, were reviewed. One year of station
mainterance records were also examined to extract 1ine maintenance
manhours, Based on the darta collected, the following maintenance
information was obtained.

(1) Average time for AFCS line maintenance is 1.50 hours per event
per mechanic,

(2) Typical CAT I test time, including unit replacement, is between
2 and 2 1/2 hours,

(4) During the 12 month period, 1758 manhours were charged against
ATA Chapter 22 by line stations.

(4) MTBF of AFCS major conputers range from 1922 hours {(pitch) to N
5381 (yaw).

(5) ®TBUR (Mean Time Between Unit Removal) of AFCS major computess
range from 1163 hours (pitch) to 3075 hours {yaw).

(6) Shop testing time for above computers range from 10 hours .
{pitch) to I hours (yaw).

(7) In terms of cost per 100 flying hours, shop cost for piteh
computer is the highest among AFCS computers at $¥0.95, 0Of

shared senso~:, INS shop cost is highest at $53.48 per 100 flying
hours.
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{#) AFCS related problems caused 76 delays of which 13 were caused
by AFCS compchents., Average delay was 1/2 hour Tong.

(9) Line Maintenance cost charged to ATA Chapter 22 was $42,192.
Shop labor cost was $97,225. (Both include overhead). Shop
material cost was $51,844.

(10) Overall BITE effectiveness was 54% for the pitch computer and
75% and 50% for the roll and yaw computers, respectively. INS,
the only digital system examined, had a high B4% effectiveness
for the period examined.

(11) CAT Il system availability was very high.

Full CAT I1 was available 90% of the time. When Restricted CAT II is
added, the availability improved to approximately 38%,

E. It is recognized by the industry that the reliability and availability
of avionics system, hence MTBF and MTBUR of most components, are
affected by the route structure. Length of flight, airport facility
and maintenance availability are important factors to be considered
when the data of one airiine are to be compared to that of another.
For this reason, sections 12 & 13 are devoited to the route structure
of Unijted 747 fleet.

5. REGULATORY_REQUIREMENTS

United Airlines, being a certified scheduled U.S5, air carrier, operates
under a set of regulatory requirements known as Federal Aviation Regulaticns
{FAR's), The FAR's are published by the Federal Aviation Administration
(FAA} a 4 they regulate practically all aspects of airline operations,
ranging from facilities and airline management to in-flight food

and heverage services, In addition, the FAR publishes the Advisory
Circulars ?AC'S) which also define, specify and provide guidelines for
specific areas of airline operation. Thus, these regulatory requirements

as represented by the FAR's and AC's make air transport the most rigidly
requlated private industry -in the United States.

There ave some sixty FAR's that are being kept current by the FAA; however,
only six of them apply specifically to United Airlines. These six FAR's
are:

FAR PART 25 Airworthiness Standards: Transport Cateoory Airnlanes

Specifies airworthiness standards, including such items

as load distribution, takeoff speeds, structural strength,
cockpit control knob shape, etc. This FAR is primarily for
airframe designers, buf coperators are also subjected to the FAR,
particularly at time of major modification to the aircraft.

ORIGINAL PAGE 1.
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FAR PART 43 Maintenance, Preventive Maintenance, Rebuilding & Alteration

Rules as to who can perform maintenance and rework on aircraft
or 1ts components, who can return them to service. Also
specifies record keeping requirements including content and
format of the recorded data.

FAR PART 65 Certification: Airmen Other than Flight Crew Members

Prescribes requirements for issuing of certification to
air traffic control tower operators, aircraft dispatchers,
mechanics, repairmen, and parachute riggers.

FAR PART 91  General Opzrating and Flight Rules

Pertains to general operating procedures and pilot
responsibilities. Flight rules under VFR and IFR ara
also a part of this document.

FAR PART 121 Certification & Operations: Ocmestic, Flag and Supplemental
Air Carriers and Commercial Operators of Large Aircraft

The most extensive of all FAR's applicable to commercial
operators. Establishes certification rules including
airline management and organization regquirements, servicing
and mainterance facilities, and in-flight services such as
food and beverages. Also covered are airplana performance
limitations, special airworthiness requirements such as
emergency evacuation procedures, airborne instrument and
equipment requirements, maintenance requirements, flight
crew training, flight operations rules, dispatching rules,
ete,

FAR PART 145 Repair Stations

Requirements for issuing repair station certificates.
Establishes rating and classes of stations, inspaction
system, and reporting of serious defects found by the
station. Requires that once a unit is removed from the
aircraft and sent to a repair station, 1t cannot be made

serviceable unless it {s checked by an acceptable technical
document,

The rules and regulations contained in the above documents dictate the
conduct of airline operation, and because they apply equally to all
commercial operators, there is no basic difference between the way United
operates as compared to the way, for example, Delta or Eastern operates.
On the other hand, however, specific method of compliiance to the FAR's
may vary considerably from airiine to airiine. The rules and regulations
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in the FAR's are often stated in a2 manner which permits diversity: "o

each person maintaining or altering, or performing preventive maintenance,
shall use method, techniques, and practices acceptable tc the administrator..."
This diversity is frequently noticeable in the maintenance-irea, How each
airline maintains its fleet of aircraft, components and powar plants depends
largely upon the size of fleet, schedule frequency, skill Tevel and staffing

of maintenance personnel, availability of certain tools and facilities.

The following example illustrates the point: -compared to United, a small
pperator such as regional charter operators is 1ikely to have stricter

shop overhaul requirements impesed by the FAA on certain lina replaceable
units. The difference may be such that the small operator is not permitted

to install those units that have been overhauled by United without additional
testing, The rationale is that, in the FAA's viewpoint, the 1ine personnel
skill level at airports served by United is comparatively higher than of other
airlines which leads to an early detection of faults, and hence, less
strinaent overhaul requirements for United.

In other areas, however, the situation may be reversed, The Category I
{CAT II) maintenance program for United fleets, for example, is
considerably more stringent than similar programs in the industry. This
particular case reflects somewhat conservative views of the local FAA
inspector and UA engineering with respect to the reliability of the self
test built into the contemporary Automatic Flight Control Systems (AFCS).
Details of the CAT II maintenance program will be described later in this
report.

The FA& enforces and menitors the maintenance aspect of the FAR compliance

of each airline through the Primary Maintenance Inspectors (PMI's) assigned

to the locality of sach airline and they are often referred to as "local FAA".
As described briefly in the above illustrztion of the CAT Il maintenance
program, it is through these iocal FAA's that airlines interpret regulatory
requirements and establish maintenance programs and procedures. Each inspector
appears to exercise some autonomy in the interpretation of the FAR's or AC's
which, in many instances, serves well with the airlines as ajrlines are very
sensizive to any move which would confine the maintenance to one particular
methed.

Although the FAA attempts to monitor regulatary compliance, {t is impractical
to monitor all activities of an airline. To facilitate this problem, airlines
often act as an arm of the FAA in sharing the inspection and monitoring
responsibilities. A good example of this is the fact that United Airlines
Maintenance and Operations Center, at San Francisco, is a qualified Designated
Alteration Station (DAS), meaning that it is authorized by the FAA to issue
Supplementary Type Certificates (STC's) based on its engineering modification,
and inspection capabilities.

Because of the nature of the air fransport business, safety has always been
the utmost corporate gpal. Whatever maintenance action 1s required, if it is
safety related, it will be done. Having accompiished that primary objective,

ORIGINAL PAGE 15
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other maintenance actions may follow based on the "philosophy" that the purpose
of maintenance is to provide reljable departure and arrival schedules with a
minimum amount of mechanical irreqgularities in the most economical manner. This
process involves close examination of past experience both im terms of hardware
reliabitity and maintenance cost, The DC-B aircraft when First introduced in
1959 was being overhauled every 2500 hours. Today, the same atrcrafti has an
overhaul period of 25000 hours. Similariy, the first 727 aircraft had an overhaul
period of 3000 hours in 1964. This has expanded over the years to 20,000 hours,
A new concept of dividing the overhaul activities into smaller segments at short
intervals has also emerged and become an important part of the cost effective
maintenance at United.

The overall philosopny of United maintenance is reflected by a set of unique
maintenance programs developed at United and wil1] be explained later. Although
cost effectiveness, after safety, is basic tc all mainienance decision makina,
one important consideration is that United strives to bes the industry leader in
achieving hign quaiity maintenance. Generally speaking, a demand for a high level
of performance from the equipment United operaies calls for tighter tolerances in
shop specifications. This voluntary restriction is evident in many arsas:
Accelerometers are tested in four different pnsitions instead of two. Capacitors
gischarge are monitored at more frequent ipcervals that what manufacturers call
or, etc.

In addition to the FAR's and AC's there are other documents that provide specific
information and limitations necessary for establishment of appropriate maintenance
programs. These documents are:
Type Certificate Data Sheet (FAA publication)
Prescrites conditions and Timitations under which aircraft meet the air-
worthiness requirements of the FAR's. May include total time Timits on
certain aircraft components.
Maintenance Review Board Document (FAA)

Defines the initial maintenance program for new aircraft. Includes a'l initial
overhaul time limits except those contained in the Type Certificate Data Sheet.

Airworthiness Directive (FAA)

Provides the specifications and timetable for correcting condlitions which
may affect the airworthiness of aircraft.

Service Bulletin (Manufacturer)

Provides specifications and procedures for modifying hardware to correct
defects or improve reliability.

Manufacturers Manual (Manufacturer)

Providas description, operation and maintenance instructions for a particular
aircraft or component.
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Industry Performance Report {ATA)

Describes the airlines experience concerning aircraft systems, compohents
and engines. Typical of these reports, generated within the industry, are
the Mechanical Reliability Repurts and Mechanical Interruption Summary,

HMAINTENANCE PROGRAMS

It appears to be heyond the scope of this report to describe aij the programs
currently implemented at United; however, the following brief description of
six key programs may sServe as an overview.

A. Initial Maintenance Program

Preliminary maintenance program developed by airiines in collaboration
with the airframe and enyine manufacturers and approved by the Maintenance
Review Board (MRB) which is composed of FAA inspectors. Projected
reliability data supplied by airframe manufacturers is used to calculate
spares requirements during this phase.

B, Airframe Maintenance Program

Scheduled, routine maintenance of aircraft at intervals established Jointly
by United and the FAA. The Line Maintenance Manual specifies current

times between maintenance checks and stations gualified to perform
scheduled tasks. The FAA approved frequencies for 747 now are:

“A" Check 125 Hr (Maximum time between checks)
"B" Check 900 Hr
“C" Check 3600 Hr

Many airborne system and components that require perfodic inspection or
testing are inspected or tested at above iptervals or their multipies.
Because of different skill Tevels, "A" checks for 747 are currently
performed at HNL, JFK, LAX, ORD and SFQ while "C" checks are performed
at SFO only.

C. Airframe Structures Maintenance Program

Utilizing sampling and inspection, it provides continuing knowledge of
structural conditions and the means of detecting signs of trouble at
an early stage.

D. Powerplant Maintenance Program

Detailed scheduled maintenance requirements of tha basic engine and
description of the reliability analysis required to suppori the program.

E. Airframe and Powerplant Components Maintenance Program

Routine maintenance of aircraft and engine compenents, One unique concepi
in this program is called LIBRA. LIBKA is an FAA approved maintenance

ngpﬂ;'PﬁﬁEFﬁls
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management technique. under provisions of the LIBRA, United may vary

overhaul or inspection intervale without FAA approval 1t chere is no .
change in the compenent maintenance process {Conditicen Monitor, On

Condition, Hard Time). The concept covered by LIBRA s duiportant n

tnat all avionic components are affected by this. Therefore, LIBRA

will be described in detail in the next chapter. -

F. Change Order Authorization (COA) -

conversion of Airwothiness Directives, Service Bulletins, or UA
Cngineering originated modification into accomplishment instructions.

LIBRA MAINTENANCE MANAGEMENT

As discussed above, the backbone of the airframe and powerplant components
maintenance is called LIBRA, an acronym for Logical Information Based on
Reliability Analysis.

Three Frimary Maintenance Processes
LIBRA identifies that there are three types of maintenance; i.e. Hard Time,

On Condition, and Condition Monitored. Most components fit a single primary
maintenance process.

HARY)
TINE
CONDITION
MONITORED
ON COMDITION K
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‘Historically, tne concept of maintenance progressed, in a clockwise
direction, from Hard Time to On Condition to Condition Monitored.

This evaluation can be closely tied with technological innovations

as each new concept was needed to deal with new hardware installed

in aircraft. For example, there is no merit in overhauling solid

state devices at fixed intervals as the failure pattern of these items
is not as time dependent as the failure patterns of bearings or pulleys.

The explanation of each of the thres primary mainienance processes is
as follows:

Hard Time Maintenance

The concept of hard time maintenance has been in existence since the
beginning of the century. It is based on the theory that 1) Mechanical
parts wear out Z) wear outs cause failures 3) failures degrade safety.
The solution, therefore, is to overhaul the mechanicel parts at pre-
determined intervals, hence the term hard time maintenance. Specifically,
under LIBRA, units are assigned to hard time maintenance if:

1) The failure of the units has a direct adverse effect on alrworthiness
and engineering judgement indicates that the units are subject to
wear out, or

2) There is evidence from real and applicable data that a wear out zone
exists and that a sufficient number of units survive to the wear out
zone to make a hard time 1imit economically desirable,

3) There is a hidden function that cannot be checked while the unit is
installed in the aireraft.

Under this concept, units wust be removed from service before they exceed
the specific limit {e.g. certain flight hours, number of landings or
take-off's). They are returned to zero TSO (Time 3ince Overhaul) by
accomplishment of the specified overhaul.

On-Condition Maintenance

In the mid 50's, the original theory used for the hard time maintenance
evolved te describe a new concept called on-condition maintenance which
is based on a theory that, in some cases, in-position inspection can
intercept potential failures. Thus, on-condition maintenance requires
repetitive inspections or tests to determine condition. To be sufficient
for on-condition, the test and inspections must provide reasonable
assurance that the unit will continue to operate satisfactoriiy until

the next scheduled inspection. If thers is no physical test or inspection
for determining the level of faiiure resistance of a unit, then an on-
condition program is impossible and is not an alternative. If the units
exhibits no adverse age-reliability relationship, then regardless of how
jow a hard time 1imit is established, the reliability of the unit will
not be improved. For such a unit, Condition Monitoring is the only
feasible maintenance process.

ORIGINAL PAGE IS
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C. Condition Monitoring Program

Although the concept of condition monitoring has been in existence uince
1960, the scheduled overhaul (hardtime maintenance) and on-condition
maintenance have been the only formally recognized primary processes of
reliability management. The maintenance program for the 747 .leet cave
formal recognition to the condition monjtoring. The goal of Condition
Monitoring is to obtain information from operations in a way that
experience has shown is effective at United Airiines. Thus, condition
monitoring consists of data collection and data anelysis systems which
portray information upon wiich judgements relative to the safe conditicn
of the airplane can be made.

Under LIBRA, the following performance measures are the basic elements
of the condition monitoring program:

Unscheduled removals

Confirmed removals

Deficiencies observed and correcled
Pilot reperts

Sample inspection

Functional checks

Shop findings

Bench checks

Mechanical Reliabiiity Reports
Mechanical Irregularity Summary

QOW O~ N & L3 A -

. .

—t

D. Avionics Systems and Condition Monitoring

Most present day avionics systems are free of mechanical components which
exhibit age-reliability relationships. Thus, practically all avionic
components are maintained under the Cordition Monitoring program of LIBRA.

One of the requirements developed for System Test under the ARCS contract
was that auteland system reliability should not be predicated upon routine
maintenance such as a pre-flight test. The LIBRA concept {is the under-
lying reason for this requirement. Furthermore, any additional routine
test, no matter how short, would impact the totai maintenance cost.

8. CATEGORY [I MAINTEMANCE PROGRAM

A specific operation such as Category II {CAT II) operation serves to illustrate
the interface between the airline and the FAA. To hegin with the airborne
system must be certified. MNormally, this comes with the aircraft at time of
purchase. Secondly, pilots must be trained and be qualified. Finally,

airlines must prove that the level of maintenance is adequate to support the

CAT 1l operation. In other words, the fact that CAT II certification was
obtained for a certain AFCS does not mean that airiines can operate it in CAT il
weather. This point s often misunderstood by many designers. To be
successful, manufacturers must support airlines by providing adequate
maintenance tools and procedures. The present CAT 1[I operation 1s based on
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the requlatory guidelines in AC120-29, Certification for Approving Category I
and Category II Landing Minima for FAR 121 Operators. .

The CAT Il maintenance certification process consists of establishing a
program and obtaining approval from the local FAA inspector. A typical
program at United includes the following steps:

1} Define and describe System components and system operation.

2) Define methods and standards by which components are to be overhauled
by various shops.

3) Establish tools and methods of supporting the system at the 1ine station
lavel.

4} Establish the level of training required to qualify CAT II maintenance
personnel,

In the four steps described above, the methods of Tine station suppart (third
step) deserves further discussion as it is the single most important ftem
which will affect the maintenance actions and, therefore, the maintenance cost.

Figure 1 on the following page is a typical maintenance flow chart repre-
senting the course of action a ]ine mechanic would follow when faced with
an AFCS related problem. The task of maintenance engineering, then, is

to define the type of test required for a specific problem and the personnel
qualification necessary. In the case of the 747 AFCS, some 300 man hours
were devoted to this task before the program was approved by the FAA.

In general, there are two levels of test:one for cruise modes and the other
for approach/land modes, We are concerned with the latter when we speak of
the "CAT II TEST*" in the flow chart. Many components of the contemporary
AFCS's contain some type of built-in self test, or BITE. If designed and
used_properTy, the BITE would be an ideal too] for the complicated systems
particularly during short turn-arounds of 30 minutes or iess. However,in the
past, none of the built-in type tests that have been provided by manufacturers
has been sufficient as a CAT 1I maintenance tool without additiona) testing,
or at least this has been the position of the local FAA. These additional
tests may take the form of an operational nature with some degree of dynamic
simulaticn such as varying radio altitudes and ILS beam deviations, and are
performed to assure over-all system integrity and proper interface with peri-
Pheral sensors that provide inputs to the AFCS.

Usually, the FAA audits classroom training as w11 as the practical training

{0JT) to monitor the skili level of personnel and adequacy of procedures.,

Once the program is approved, performance data collection becomes an important
part of the engineering activity. The data source is the autopilot/f1ight
director section of the flight log sheet where pllots are requested to report

such pertinent data as runway number, RVR, disconnect altitude, and performance
judgement (satisfactory or unsatisfactory). A sample flight log sheet (Figure II)
15 shown on page 14,

ORIGINAL PAGE I5
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AIRBORNE EQUIPMENT REQUIREMENT FOR CAT 11 OPERATION

Advisory Circular 120-29 (Ref: Attachment 1) defines the minimum equipment
for CAT Il operation to be as follows:

Instrument Failure Warning System.

Dual ILS and Glidesiope Receivers,

Single Flight Director with Dual Displays and Single Automatic Approach
Coupler or two independent Flight Director Systems.

-

4, Equipment for identification of Decision Height (can be Radar Altimeter
or Lnner Marker).

5. Missed approach attitude guidance (can be attitude gyros with calibrated
pitch markings or Flight Director Cormand, or computed pitch command.)

6. Avtothrottle System (required if operation based on dual fiight directors),
also required any aircraft using split axis couplers if applicant cannot
chow that 1t does not significantly reduce pilot workload,

7. Rain Removal Equipment

WM —

In addition, United MEL specifies the following systems/components/ functions
to be a part of the total CAT Il equipment:

Control wheel disengage switch,
Disengage 1ights.

Approach Progress Display Annunciator
Marker System.

Heading function of INS.

Attitude function of INS

Rising Runway Display in ADI

-~ G LN e L) PN —
« & s o w .

United has ftraditionally elected to use the autopilot as a primary, and the
Flight Director as a monitoring means for the ILS approach/landing. Thus,
the autothrottle system is not required for CAT II at United.

The B-747 AFCS is unique in that dual channel autoland is required for -
CAT II approach with weather minima of 1200 feet RYR and 100 feet decision
height.

The FAA Operations Specifications limits 747 lower weather operations as follows:

MINIMUMS FLIGHT COMTROL GUIDANCE EQUIPMENT
FROM 1600 FEET RVR, DUAL CHANNEL AUTOMATIC LANDING
DH150 DOWN TO SYSTEM MUST BE USED THROUGHOUT
1200 FEET RYR DH 100. APPROACH AND LANDING.

FROM 2000 «EET RVR, SINGLE CHANNEL AUTOPILOT WITH

0K 200 DOWN TO 1600 FLIGHT DIRECTOR MONITOR.

FEET RVR, DH 150.

T PRI £ ¥ P MEPHEY S SN G
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At United, 1200 feet RVR and 100 feet DH is referred to as "Full CAT Il” and
1500 feet RVR and 150 feet DH as "Restricted CAT II", for convenience. How
these two sets of CAT II minima effects dispatch requirements is fully covercd
by the Minimum Equipment List which will be described below.

MINIMUM EQUIPMENT LISY

The Minimum Equipment List {MEL), as the name implies, is a list of minimum
airbnrne equipment required for am aircraft to continue with safe flight.
This 1ist, originally prepared by the airframe manufacturer and approved by
the FAA, is continually revised by the airline-to reflect the operating
environment.

As a general pelicy, it is intended that the MEL be used to continue operation
of an airplane until maintenance can be accomplished. Every deferred item
will be corrected as soon as pessible consistent with the availability of
parts, manpower and adequate ground time.

Whenever an airplane is reported to have a malfunction which cannot be corrected
due to unavailabiiity of any of the jtems abuve, & determination must be made

as to the airworthiness of the airplane for cortinued service. This will be
done first at station level by the usz of MEL. If any maintenance action is

to be deferred, a proper authorization by a local Foreman is needed. For

those items requiring higher authorization, the System Maintenance Controller's
permission is needed. The System Maintenance Controller possesses the final
decision power concerning the dispafchability of ithe aircrafti.

It is not uncommion, however, that pilots refuse to accept an airplane which
has been determined to be ajrworthy by the controller. In this regard,
pilots have the ultimate responsibility.

When an ayreement is reached that the airpianz will be flown with an inoperative
unit our system, a deferred item {s initiated to ensure correction of the
discrepancy at the earliest possible time. As an example, the first page of

the MEL covering Chapter 22 Autoflight is shown cn the following page. The

first column describes sytem and component. The second cclumn, STD EQUIP
identifies total number of system or components installed, followed by the

column specifying minimum requirement., The number in this column is orten
followed by a letter which corresponds to further explanation in the Supplementel
Procedures Column, The next two columns pertain to nandling of partially o
completely inoperative systems.

Thus, the sample MEL for autopilot system indicates that; there are two

systems instaliled, none of which is required for dispatch but certain

procedure “A" {is to be followed, "#" indicates that the system affects the
conduct of next flight and local dispatch is to be advised. @ denctes AFPAM,

or Automatic Flight Planning and Monitoring, meaning that an entiry into the
AFPAM system is required. This automated system al?ows dispatcher lo monitlor
selected jtems which restrict flight capabilities and routings. An example

of AFPAM display is shown in Attachment II. The column under DEF AUTH indicates
that System Maintenance Controller must authorize deferral. For {tems of lesser
importance, "f" or the local Fereman is designated as an authority.

251
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SUPPLEMENTAL PROCEDURES

T0ET

22 AUTOFLIGHT
Autopilot Syatems

Flight Director System | 3 (oA

NS

A, REQUIREMENTS

(1) There are three channels designated as
follows:
Channel A - Autopilot/Flight Director
Channe! B - Autopilot/Flight Director
Channel C - Flight Director Only '

(2) To maintain full Category H status down Lo
1200 ft, RVR DH 190, the dual channel
automatic land mode must bs operative,
{a} If the Channel C Flight Director is

inoperative.

1) Trip the "C" channel Pitch and Roll
DC cireunit breakers on PT7 panel.
Safety circuit bresker per
GN/MM~-1-0-12-17,

2) Place placard on mode select panel
stating:"CHANNEL C INOP, "

NOTE: Auto throttle not required for
Category II status. Refer to
Auto Throttle requirement in
thia chapter when inopersative.

to 16800 {t, RVR DH 150, a single channel
Autopilot/ Flight Director (A or B) and C

channel Flight Director must be operative in
the ILS mode.

{a) If either A or B inoperative:

1} Trip affected Pitch DC circait breaker
on P7 panel. Safety circuit breaker per
GN/MM-1-0~-27-17.

2) Hemove aircrait from fuli Category il
atatus, Seluct proper restricted
Category li status placard. Refer to
Special Precedure #1 in 5-8-2-22. -

(3) To maintain Restricted Caiegory B atatus down

252

CONTINUED

MAINTENANCE MANUAL Oct 9/74
MEL - AUTOFLIGHT 5-8-1-22
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CAT 11 MAINTENANCE REQUIREMENTS

Farlier, in the Category Il Maintenance Program discussion, the process of
obtaining FAA approval of the maintenance program was described. This section
describes the detailed requirements under the 747 CAT I1 Maintenance Program.

It should be noted that the requirements covered here are strictly for 747

fleet. Mot only do the CAT II programs differ among airlines, but the difference
also exists among fleets at an airline.

Simply stated, the CAT II maintenance consists of:

1. System/Component test when a malfunction is reported.
2. Identification and replacement of a faulty unit.
3. Verification test.

4., CAT II status annunciation by placards.

It should be noted that the above actions are taken only upon receipt of a
malfunction report, There is no perjodic test required under the present
program.

Basic to CAT Il maintenance is that both stations and personnel must be
qualified to perform any CAT Il related mairtenance actions. Once the aircraft
or system is taken out of CAT I! status, only those qualified can restore the
status. There is a minimum amount of testing needed to assure the integrity

of the system and its availability. Components and systems that must be tested
by CAT II qualified personnel are:

Pitch Computer

Ro}1 Computer

Monitor and Logic Unit

Mode Selector Panei

Accessory boxes

Accelerometer

Automatic Stabilizer Trim Unit
Stabilizer Trim Interface Unit

Central Control Actuator, ar [nboard Elevator Control Uait, ar any
components of these units,

OO~ fa oy —
e e e s e

With the exception of Itews 4,5 and 8,tests required for the above units are based
primarily on BITE, provided that a malfunction reported is not related to land
functions. If the malfunction s in the land mode (dual channel mede), the

system must pass an operational test which simulates an ILS approach with
artificial radio altitudes and ILS signals.

There are other systems and components that supply inputs to the AFCS but are
not actually a part of the AFCS. Maintenance of these systems does not require
the use of CAT 11 qualified personne! as long as the malfunction {is not related
to CAT II performance. Equipment in this category is:

AL PAGE IS
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VOR/ILS Receivers

Radio Altimaters

Central Air Data Computers

Marker Beacon Receijvers .

INS Systems (INS qualified personnel are required)
Windshield Wipers and Rain Repellent

h U7 L Dy =

As stated abave, placarding of CAT II system status is one of the requirements
by the AC 120-29. The method used at United is a set of rectangular placards,
approximately 1" x 2" in size, which read:

1) {Gray} - this airplane is equipped to operate to Category II minimums
of RYR 1200 DH 100. Use duyal autoland mode.

2) (Yellow) - this airplane is equipped to gperate to Category I minimums
of RYR 1600 DH 150.  Use channel A A/P and C F/D.

3) (Yellow) - this airplane {s equipped to operate to Category II minimums
of RVR 1600 DH 150. Use channel B A/P and C F/D.

4) (Black) - this airplane is NOT in Category 11 status. Refer to Minimum
Equipment List and deferred section of Logbook.

In the course of the CAT II maintenance, CAT II personnel are faced with answerir:
questions such as:

1) Does the malfunction require a CAT II test? If so how much testing is
required?

2) If deferred, will it affect CAT Il status?

Knowledge required to answer these questions appears to be fundamental, yet
sometimes confusion is created due to the complexity of the contemporary AFCS.
To illustrate the peint, the following is given as an example: If ane of the
two autopiiot channels becomes “inoperative”, the status must be changed from
ful]l CAT II to Restricted CAT 1I. Obviously, the system may be malfunctioning
only in certair mode of operation and the problem may be quite isolated from
the ILS or autoland mode. Failure of a sensor not involved in the ILS or
autoland mode is one example. Some part of the Altitude Hold function may share
the same circuits with autoland function, while failure of the cruise mode gain
compensation by airspeed has no effect on the autoland. Clearly, the MEL
cannot provide answers under all circumstances.

e et oo e 4 e e s
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LINE MAINTENANCE STATIONS

Of approximately 114 cities United serves, 747 fly into and out of the 12
cities as listed in Table I. Although these 747 stations are relatively

major ones compared to numerous regicnal stations such as Fretne or South
Bend, they do not all have the same level of maintenance capability. Each
station is assigned one of the three levels of classification (prime, service,
and support) based on the need and economic. justification. The explanation
of each level is as follows:

Prime - Fix all discrepancies

Service ~ Fix dispatch required items, perform periodic maintenance such as
an "A" check, plus other specialized work instructed by the
Operations Center

Support - Fix dispatch required items. Mormally support stations are equipped
to do bare minimum work just to “"get the plane out of town".

The Table also identifies those stations that are qualified to de CAT 11
maintenance and INS maintenance both of which require specially trained
personnel

Stations usually plan to work dispatch critical 1fems and MEL flight restrictive
items first and perform other work consistent with the availability of time,
manpower, parts in stock, tools, and skills. )

747 ROUTE STRUCTURE

Dependency of a maintenance program upon the frequency of service and availability
of spare parts and maintenrance skill level has already been discussed. Another
interesting point is that the reliability of much avionics hardware is
proportionally related to average trip length., These facts meke it almost
mandatory toe examine route structures before any comparison study i1s made,

whether in terms of cost-of-ownership or reliability.

What follews is a presentation of route structure for United's 747 fleet.

Due to seasonal demand, the schedule varies from time to time. This study
~covers spring to summer season of 1876,

On any given day, each of the fleet of 18 747's is flying a segment of the
basic pattern as shown in Table II. If there are no schedule changes due
to mechanical irregularities, every aircraft will eventualiy complete the
basfc pattern which starts at SFO and returns to SFO every 18 days.

On a map, the pattern looks 1ike Figural¥. Table III on the following page
shows the air mijes and typical flying time between city pairs. Average
flight time, from Tabie III, is 4 hours and 33 minutes., Between T1ights, ‘the
747 stays an average of 5 hours and 54 minutes on the ground. The flying
time shown 1s block time; that is, gate departure to gate arrival.

ORIGINAL PAGE 18
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TABLE T
MAINTENANCE CLASSIFICATICON OF JTATIONS (747)

CITY STATTON CODE CLASSTFICATION CAT T1 INS
Cleveland CLE Support
Newark EWR Support
New York JFK Prime X X
Pittsburgh PIT Support
Denver DEN Service X
Chicago ORD Service X X
Honolulu HANL Prime X X
Los Angeles LAX Prime X X
Seattle SEA Support X X
San Francisco SF0 Prime X X
Las Vegas LAS None (Served by LAX)
Hilo IT0 None (Served by MNL)

SBUI'HZ;}]CIB.LIUFI
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UNITED AIRLINES BASIC KOUTC PATTEid HERORT A VAl

747 ROUTE PATTERN

On any given day, each of the fleet of 18 747s is flying & segment
of the following basic pattern, If there is nc schedule changes
due to mechsnical irregularities, every aircraft will eventumlly
complete the basic pattern which starts at SFQ and returns te S5F0
every 18 days.

FL.T STA FLT TIME GRD TIME

L (MIN) {MIN)
SFO
34 EWR 305 730
35 SFO 335 85
15 HNL 305 175
9532 ORD 480 150
723 LAS 215 85
718 ORD 205 60
218 CLE 72 648
953 ORD 77 78
953 HNL 525 150
999 ORD 480 440
993 HNL 525 325
100 LAX 310 85
1a0 ORD 225 125
111 LAX 245 1070
197 1TO 310 85
118 LAY 290 80
118 ORD 220 290
118 PIT 81 89
107 ORD 83 77
107 LAX 250 1100
191 HHL 325 85
96 SFO 290 785
126 ORD 260 130
157 SEA 245 685
140 ORD 215 130
129 SFO 255 80
129 HHL 305 105
22 SF0 290 125
181 HNL 305 a5
194 LAX 310 725
@ JFK 310 1145
5 LAX ) 325 95
5 HALL 325 875
1i4 LAX 315 85
114 DEN 122 458
9500 DEN 195 135 ORIGINAY, PAGE I8
193 LAX 134 76 '
193 HiL 325 1085 Q‘*F POOR QUALITY.
180 SFO 295 1220 ;
TOTAL 10664 13816
AVERAGE 273 354

Lo R 33 wmw Y (5 wr 54 MIN)
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747 ROUTE MAP
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Table IY is another way of showing the daily departure schedule, As indicated
in this Table, 747s operate most frequently in and out of HNL, LAX, SFG and ORD.

For the 12 month study period, between July '75 and June '76, the 747 fleet
accumulated 53,808 flying hours, with each airplane flying 8 hours and 10 minutes
per day on the average, as shown in Table V. The fleet accumulated 13,304
departures, or 2.02 daily departures per aircraft. The average flying time

per departure was 4 hours and 2 minutes (not block time, but take-off to
touck “oawn). -
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DAILY DEPARYURES, 747 FLEET

TO CLE DEN EWR/IFK HNL /ITO LAS LAX ORD PIT SEA SFO TOTAL
FROM
CLE 1 1
DER 1 1
EWR/JIFK 1 1 1 3
HNL/ITO 5, 2c| 1, IF
’ 2M 1c 4 10, 2M, 3ic, IF

B

LAX 1 1 6, 1T 2 10, 1C

ORD 1 2 2 1 2 1 1 10

PIT 1 1

SEA 1 ]

334] 2, IF 1 3, 1F, IW
W

TOTAL 1 1 3 10, icC 1 9, 24 | 9, 1IF 1 1 5 41, 2F, M 40, IN
1F, 1M 2c 1c

WOTES: M = MONDAY ORLY

RIFIVOD ¥00d J0
Sl @OV TYNIOTED

19z

C = SUBJECT TO CHANGE
F = NOT ON FRIDAY
W = NOT ON SATURDAY OR SUNDAY

Al 37891
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747 FLYING HOURS & DEPARTURES

FLEET TIME-IN- DAILY FLT ER PER
MONTH  FLEET A/C DAYS SERVICE (HRS) A/C UTILIZ DEPARTURES _ DEPARTURE

Jul 75 558 5318 v:32 1315 4302
Aug 558 5278 y:27 1309 4:02
Sep 540 4440 5:13 1099 4302
Oct 558 4605 B:15 1144 4:02
Nov 560 4425 B:12 1100 | 4:02
Pec 558 2183 3:55 545 4:01

Jan 76 558 4494 8:03 1109 4:03
Feb £22 4141 7:59 1045 3:54
Mar 558 4532 8:07 1140 3:59
Apr 540 4503 8:20 1113 4:03
May 558 4833 B:40 1208 4:00
Jun 540 5048 9:21 1177 4317

P
TOTAL: 6548 538G B:10 13304 4:02

(Average Daily Depsrtures/ A/C = 2.02)
)
";'J..-f - [EPR !
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MAINTENANCE ASSESSMENT

The chjective of this section is to describe the method used to collect
maintenance parameters and to present the result of the data coilection
relative to:

. Maintenance Time Characteristics
. Line Maintenance Labor

. Shop Maintenance Labor/Materials
. Spare Eguipment

. Schedule Irregularity

. CAT II Availability

To understand how data is transmitted at United, it may be helpful to review
the general means of communication between various organizations. Figure V
shows that, starting from flight crew, data flows via the fiight log sheet

to the line maintenance crew. The line crew, after repiacement of repairable
equipment, communicates to the shop maintenance crew via the Inspection and
Repair (I&R) tag, which is attached to each unit returning to its home repair
shop. Engineers function as a quarterback in this process, directly
communicating with other segments of the maintenance organization.

The flight log sheet, as shown earlier, contains following AFCS rolated data:

. In-flight malfunction (system, channel, mode)
. CAT Il data (runway, RVR, disconnect alt)

. Time Since Overhaul (TSQ) - of aircraft

. Flight number, date

When the aircraft is turned over to line maintenance crew, the following
data may be added:

. Maintenance actions
. Deferred maintenance code
. Maintenance station code

When the shop repair/overhaul is completed, the following items will be added
before the tag is sent to central files.

. Shop finding, failed test number, failed component parts, etc,
. Verification of line maintenance action. '

When a unit is overhauled {i.e., tested per applicable documert) a fresh
I&R tag is attached to the unit. When the unit is instalied in the aircraft

the tag is transferred to the replaced unit and returned to the shop with
data described above.

The bulk of data collected for this study comes from the two primary data
sources mentigned above, Other sources are: Line maintenance Tabor record
(9 Digit ATA Line Maintenance Summary (Ref, Attachment III) which keeps the
line station labor expenditure by alrcraft, date, time, station and ATA
Chapter; Shop HMaintenance Cost Summary which keeps an accounting of labor and
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material exspenditure by unit, and the Mechanical Irregularity Report.

The data collection involved a review of 10,500 Tog sheets, 1.020 1&R tags,
12 cartridges of microfilm (for 1ine labor), covering the 12 months from
July '75 to June '76. Two record keeping forms have been developed to
record all the data collected from the log sheets and I&R tags. These forms
are shown in Figure VI,

Explanation of each column on the Alrcraft History form, from left to right:
Data 1ine number, aircraft number, date, aircraft flight time since last
overhaul, maintenance station, AFCS related or non-AFCS related equipment,
maintenance action, engineering judgement as to validity of maintenance

action (problem corrected - yes or no}, manhour spent on the problem, line
replaced unit, CAT IT availability and CAT Il performance parameters inciuding
pilot judgement (satisfactory or unsatisfactory).

Explanation of each column, from left to right, on the Unit Removal History:
Data line number, aircraft number, aircraft 750, date, station, description
of in-flight problem and results of ground tests, position of the replaced
unit {system 1, system 2, etc), corresponding 1ine from A{rcraft History
form, shop finding, verification of removal reason (yes or no), other
failures not related to removal reason found in shop (yes or no), serial
number of newly installed {on) and removed (off) units, additional comments.

ORIGINAL PAGE IS
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A. Maintenance Time Characteristic

The maintenance flowchart and MEL showed that, depending on the nature
of the in-flight malfunction, a CAT II operational test may or may not
be required. Cruise mode problems, such as HEADING SELECT or ALTITUDE
HOLD mode anomalies,for example, do not usually require any more testing
than BITE. Thus, maintenance actions may Tast as short as a few minutes
of BITE to as long as several hours of BITE, operational tests, unit
replacement and final verification tests. Typically speaking, however,
composition of line maintenance action is as follows:

LINE MAINTENANCE TEST TIME

BITE TEST TIME (INCLUDE ACCESS) 20 MIN
WAIT TIME FOR REPLACEMENT 45 - 75 MIN
TEST EQUIPMENT SETUP 15 MIN
CAT Il AUTOLAND TEST 30 MIN
CLEAN~UP AND RETURN TO NORMAL 15 MINW

WITH AUTOLAND TEST 2:05-2:35
WITHOUT AUTOLAND TEST 1:20-1:50

These figures indicate that the reduction of BITE testing time alone
does not significantly affect the total maintenance time. Quality of
BITE, however, does contribute to a great extent as it would eliminate
a need for additional tests. :

FIGURE VII shows a distribution of line maintenance manhours charged
against ATA Chapter 22, Autoflight. The distribution curve, plotted
in 30 minute increments, reflects the typical 1ine maintenance time
as described above, It is evident that those problems that cannot be
solved by routine maintenance require extensive troubleshooting, such
as aircraft on wiring check, accumulating as Tong as 16 hours of line
time.

B. Line Maintenance Manhours

ATA Chapter 22 covers only one system - autoflight. This makes it
relatively simple to monitor the AFCS labor costs. However, Chapter

22 is limited in that i1t includes only the major AFCS computers and
dedicated sensors. Those shared sensors that are not strictly AFCS
components are in Chapters other than 22. Servo components fall under
Chapter 27. The shared sensors are normally covered by ATA Chapter 34,

At United, Navigation units/systems are classified into UA's own codes,
Chapters 40 through 42 in lieu of 34. Classification of the UA designated
chapters is shown fn ATTACHMENT IV.
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Unfortunately the present accounting system does not breakdown the line
maintepance labor expenditure by component. Therefore. the data shown in

Table VI does not give a clear picture of total AFCS cost, as far as shared
sensors and servos are concerned. .

€. Shop Maintenance labor and Material

Unlike line maintenance cost, shop labor and material expenditures are closely
monitored by individual unit type (Ref. Attachment V). Table VII shows a
summary of 12 months removal and failure of AFCS computers, servos and shared
sensors, “"Verifijed Removals" mean that shop findings matched the removal
reasons. Other failures found in shop but not matched against the removal
reasons are included in the “Total Failures" column, from which Mean Time
Between Failures (MTBF) are computed. The formula for MTBF computation is

a standard method commonly used by the jindustry:

Unit Flying Hours
MTBF = Number of failures

Shop maintenance costs associated with these removals are shown in Table VIII.
Total shop cost is a sum of total labor cost and total material cost. The

cost is shown in direct labor cost and does not include overhead. This

table does not include Automatic Test Equipment (ATE) cost, which will be
treated separately. The costs for shared sensors (INS computer, CADC,

Radio Altimeter, ILS/NAV receiver, compass coupler and ADI) are based on

total shop transactions, Each removal reason for these sensors has been
further examined in order to arrive at AFCS related costs. Table IX is an

an attempt to compute the portion of the total shared sensor costs attributable
to the AFCS.

During the period that this study covered, there were sevan AFCS related
airborne equipments that were tested on ATE. These seven units and
associated ATE costs are shown in Table X. In this table the second column
shows average ATE time per test. Due to troubleshooting and repair while
the unit is on the ATE, it usually takes twice as long on the ATE. Thus,
pitch computer ATE time is & hours, on the average, per removal. The total
ATE hour column reflects this.

OB 18
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LIKE MAINTEHANCE MAK HOUR

ATA CHAPT. 22 27 L k2 k3
MORTE EVENT HR EVEFT HR EVENT HR EVENRT HR EVENT HR
JULY TS 157 211 135 265 1B5 190 =2 1k 73 51
AU ¥ 123 151 194 373 165 128 23 18 29 36
SEPT 100 ish 120 3Ly 120 114 18 12 51 T
oCT 82 161 200 509 17 108 15 3s 30 25
WV 109 10 83 316 116 216 22 2} 65 7
el * 50 &1 101 261 &1 T3 4 3 19 25
JAN 76 89 127 144 389 128 187 16 20 T3 68
FEB * ) ATT 126 242 =14 158 13 3. 18 15
MAR 127 19k 121 LoB 130 168 20 23 70 110
AFR # L 107 9B 110 18 172 3 3 1B 17
MAY 116 203 Th 161 137 153 12 9 70 T2
JURE * 55 67 76 173 102 1ol b 9 19 21
TOTAL 1,149 | 1,758 | 1,477 | 3,553 | 1,457 | 1,768 172 217 535 568
AVE MH/EVERT 1.53 2,41 1.21 1.23 1.10

% For these months with asterisks, Meaintenancs Man Howrs are not fully coded by ATA chapters,
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INIT REMOVAL SUMMARY

UNTT TOTAL VERIFIED TOTAL UNIT
REMOVALS REMOVALS (%) FAILURES  FLYING HOUR MIBUR MTEF
PITCH COMPUTER 14D (3 POOL) 58 (617) 84 161424 1153 HR 1922
ROLL COMPUTER 113 (1 rooL) 58 (517) 71 161424 1429 2274
YAW COMPUTER 35 (1 POOL) 16 (467) 20 107616 3075 5381
A/T COMPUTER 28 9 (327) % 53808 1922 3843
AUTO STAB TRIM 34 22 (64%) 25 53808 1583 2152
MORITOR & LOGIC 51 15 (297) 16 53808 1055 3363
MODE SEL PANEL 50 18 (36%) 22 536808 1076 26
CONTROLLER 10 2 (20%) 4 53808 5381 13452
TRIM INTERFACE UNIT 12 1 (8%) 1 53808 4484 53808
AFC-BOX 1 3 1 (337) 1 53808 17963 53808
AFC-BOX 2 4 0 (252) 0 53808 13452 oo
ACCELEROMETER 1 N/A 107616 107616 N/A
A/T SERVO 3 0 (O%) 0 53808 17936 O
INS COMPUTER 9% 69 (73%) 72 107616 1145 1495
CADC 106 (7 PoOL) 37 (357) 59 107616 1015 1824
RADIO ALT R/T UNIT 62 16 (257) 23 167616 1736 4679
LS /NAV RECEIVER 69 19 {28%) 23 107616 1560 4679
COMPASS COUPLER 19 7 (377 9 107616 5664 11957
ADI 127 .~ 74 (58%) B0 107616 847 1345

ITA 378YL
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SHOP_Cf
COMPONENT LABOR LABOR MATERJAL  TOTAL TOTAL TOTAL COST PER 100
HR/UNIT COST/UNIT COST/FALL LABOR COST MAT'L COST  SHOP COST URIT FLY HOUR

PITCH COMPUTER 10:02 $ 83,91 §265.78 $11,476.35 $22,325.36  $33,821.71 $20.95
ROLL COMPUTER 9337 86.42 260,90 9,679,08  18,524,50  28,203.58 17.47
YAW COMPUTER 2:53 25,69 6.17 8§73.35 123,37 996,72  0.93
A/T COMPUTER 4354 41.88 42,04 1,172.50 588,50 1,761.00  3.27
AUTO STAB TRIH 4356 39.62 159,67 1,347.13 3,991.85 5,338.98  9.92
HONITOR & LOGIC UNIT 4131 37.96 213,92 1,936.12 3,422,64 5,358,76  9.96
MODE SEL ENL 6:47 58,05 61,81 2,902.46 1,359.87 4,262.33  7.92
CONTROLLER 5:00 41,21 89.06 412,15 356,24 768,39  1.43
TRIM INTERFACE UNIT 1:38 16.71 0 200.50 0 200,50 0,37
AFC-BOX 1 5:40 48.15 0 1id bohe g 4444 0,27
AFC-BOX 2 5:30% 44, 96% 54, 64% 0 o i 0
ACCELEROMETER 6:00 53.00 N/A 53.00 197.00 250,00  0.23
A/T SERVO 2:20 20,67 0 62.00 0 62.00  0.12
INS COMPUTER 21:10 177.16 571.90 16,371.40  41,177,13  57,548,53 53.48
cADC 12:49 119.04 53.92 11,189.9 3,181.36  14,371.28 13.35
RADIO ALT R/T UWIT 5:06 42,87 15.98 2,657.94 367.50 3,025.44  2.81
ILS /NAV RECEIVER 3:00 67.59 20.90 4,663,71 480,70 5,165.41  4.78
COMPASS COUFLER 4324 37.56 16.44 713,64 147.93 861.57  0.80
ADI 4:18 36.18 20,79 4,594,86 1,663.20 6,258,06  5.82

* Aversges based on previocus sxperience
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SHOP COST (DUE TO AFCS RELATED REMOQVALS)

UNIT AFGS RELATED VERIFED (%) TOTAL TOTAL TOTAL COST PER 100
REMOVALS REMOVALS LABOR MATERIAL SHOP COST_. __FLIGBHT HOURS
INS COMPUTER 0 N/A (H/A) 0 1} 0 0
CADC 21 3 {142} $1,266.78 $257.95 £1,524.73 $1.42
RADID ALT 5 3 (50%) 214.35 68.91 283.26 n.26
ILS/NAY RCVR 2 1] ( 0%) 135.18 W] 135.18 0.13
COMPASS COUPLER 2 1 {50%) 75.12 21.13 0£.25 .09
ADI 43 27 (63%) 1,555.74 606.84 2,162.58 2.01
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ATE COST

COMPONENT ATE TIME/TEST TOTAL HOUR cosT

PITCH COMPUTER 2.5 HR 700 $16,100
RULL COMPUTER 2.5 566 13,018
YAW COMPUTER 0.5 36 828
HOHITOR LGGIC URIT 0.5 52 1,196
AUTD STAB TRIHW 0.73 52 1,196
AT COMPUTER 0.5 28 644
ILS RECEIVER 1.25 172 3.5856
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b. Schedule lrreqularity

When o+ airborne system failure results in an interruption of scheduled

operation, such as delay or cancellation of scheduled flight, additional
cost would be incurred. An industry survey made in early 1976 shows the
fellowing delay and cancellation costs for 747 aircraft: -

Cest for typical delay of 40 min: $550 - $1,190
Cost for cancellation of flight: $1,500 - $5,000

The composition of these costs includes extra ground transportation, hotel
and meal accomocations for passengers, overtime pey for maintenance and
flight crews, etc. In addition, many intangible items such as competitors
reliability, schedule similarity, load factors, etc. are important factars,
although difficult to substantiate. A1l these items have different values
depending upon the individual case, and the difficulty is evidenced by the
large spread as shown in the industry survey. At United, costs of flight
schedule interruptions as cited below are being used only for the purpose
of engineering work estimates:

747 delay cost per hour per delay: $ 300

747 cancellation cost per departure: $3,600

Ouring the 12 month period, 155 delays were registered against Chapters 22,
27, 34, 41, 42 and 43. (,ee Table XI). Of these, 76 were AFCS related.
The AFCS caused no cancellation in this period. The delay hours caused

by the 76 incidents totaled 41 hours and |4 minutes, or an average of 33
minutes per delay.
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TABLE &1 weropr F01806 %'1”’7
UNITED AIRLINES PALE
WECEANICAL, IHRECULARTITY SUMMARY
(T67: Judly 15 = June 7b)
ATA CHAPTER ITEM DL cx su8 TOTAL DELAY AVE DELAY
2 CAT IX 1 ) 0 0:05 0:05
A/P PITCH 1 0 0 o:1h 0:1h
A/P ROLL 2 0 0 0:57 0:29
FLT DIR 1 Q 0 0312 0112
YAW DAMP 1 ) o 2:12 2512
TOTAL G 0 o] 3:ko 0:37 )
27 YAW DAMP 1 o 2 3158 013k
| OTHERS L 5 _ 1 3 | 12 1 72:26 1:19
TOTAL &2 3 i) 7632k Tiik
3 IS 21 0 1 11:20 0332
ADI/FWY SYMBOL I 0 0 1101 0:15
HSI/COMPASS 6 0 0 5:20 0:53
RADIO ALY 1 o o 0:03 0:03
CADC 3 ) 0 2:36 D:52
6/s 112 1 o | 0 G225 0:25
SU3 TOTAL 3B ] v 1 20:hs5 orﬁ
OTEERS 13 ") 1 8:hh __0:4%0 ]
TOTAL by 0 2 29:29 0:36
b1 83 16 o 0 5 2] 0320
G/s i 0 0 1:26 1:26
HSY/ COMPARS 2 0 0 0156 0:28
ADI/RWY STMBOL L 0 1 2:hg 0:h2
RADIO ALY 1 0 0 0:25 0:25
SUB TOTAL 25 0. 1 10357 0127
OTHERS 9 0 0 7:16 0:58
TOTAL 33 0 1 18313 0133
42 a/s 1 0 0 0:38 0:38
mws 1 0 0 1:05 1105
TOTAL 2 0 0 143 0:52
43 | ADI/RWY 1 4 .0 .0 0:11 0311
OTHERS ] 0 0 0152 0128
TOTAL 3 0 0 1103 0:21
L TOFAL AFCS RETATED 76 0 i 1.3 0:33
TOTAL ALL ITENS 155 3 17 130132 0151
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15. 747 AFCS COST SUMMARY

The cz.ts examined to this point are direct maintenance costs involving

Vine and shop labor, material and test equipment. From a broader viewpoint

of assessino a total cost of owning the AFCS, other costs such as hardware
acquisition costs, spares inventory and holding costs, pipeline transportation
costs, maintenance and flight crew training costs must be taken into
consideration. A detailed cost-of-ownership computation is out of the scope
of this study; however, a summary of each item should serve to i1lustrate

the magnitude of Tine and shop cost as compared to the tota] cost. Tha
following cost items are divided into two broad categories: one time costs
and continuous (annual) costs,

One Time Costs

Hardware Acquisition COSt--memmmcoa o omocos $2,809,399
Spares Acquisition Cost--~-mmmem oL % 867,161
Initial Cost of Maintenance Crew Traininge-------mwrm- { 65,800
Initial Cost of Flight Crew Training -~--~--memmmacoco - % 368,520
3 T
NOTE:

Above costs are for AFCS computers, servos and dedicated Sensors to support
the fleet of 18 747s,

Continuing Costs (Annual)

Line Maintenance cost (ATA Chapter 22- Includes

Overhead) «w-eomean oo $ 42,192
Shop Labor Cost (Includes Overhead)-----mmmmcomcmmcaus $ 97,225
Shop Material Coste-w-oocmmmmm el § 51,844
ATE €08 tm v e o oo e e el $ 32,982
Recurrent Training Cost of Mainienance Crew-=---cocn-- $ 6,080
Recurrent Training Cost of Flight Crew--e—-eeo-cccca-- $ 46,080
Delay, Canceliatian, Substitution Cost-emmmmmmesccacan $ 17,300

Spares Holding Cost~-=--mme oo oL % 464,760
7 ’63

Due to extremely high cost of AFCS hardware, the spares holding cost dominates
the annuail cost of owning AFCS. When this spares holding cost is excluded,

the next highest cost item is shop related, occupying 63% of the remaining
cost,
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BITE EFFECTIVENESS

An earlier, ARCS study identified the reljability, or effectiveness of BITE
as & key design goal for future system test. In contemporary avionics, the
effectiveness of BITE has been ranging from as low as 30% to a high of 84%,
The effectiveness of BITE for the 747 AFCS, as shown in Table XII, is5 better
than that of any other AFCS's. VYet, half of the units listed here average
around 50% effectiveness. Considering the fact that 50% is the level of pure
guesswork, it is clear that the BITE needs a drastjc improvement.

CAT IT AVAILABILITY

The CAT II system starus of each aircraft is displayed by a so

called "CAT 1I status placard" installed on Captain's instrument panel.

CAT Il availability can be assessed by accumulating the number of flying
hours during which these placards are indicating Full or Restricted CAT I1.
Table XI1I shows samplie entries as ar jllustration of the method used. In
this study, the availability was judg«d by three criteria: Reported, Legal
and Actual. The Reported column shows availability as reported by the line
maintenance crew. The Legal column {is for an engineering judgement, so as
to correct possible errors in line maintenance actions. Acutal celumn

was added to indicate availability of strictly AFCS components, as compared
to windshield wiper and other non AFCS systems that could cause ajrcraft to
be out of CAT II status. R stands for Restricted CAT II and F stands for
Full CAT II. There are three kinds of entries shown here to {1lustrate the
possible differences in reported, jegal and actual columns.

Example 1 _ Proper correction of in-flight malfunction was made, but Jine
maintenance failed to adjust the placard.

Example 2 Temporary failure. Legally out of CAT II because of testing
requirements, Actually the system was available.

Exampie 3  Testing showed that the system was good - satisfied legal
requirements. But, fault did exist and was eventually corrected.

Table X1V and Table XV are summaries o¢f the CAT Il availability study.
Although CAT II system is not dispatch required at this moment, it is
significant that the CAT Il system on 747 is being maintained to consistently
high Tevels of availability in all three categories examined.
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BITE EFFECTIVENESS
" Total Bite Maich Blte Fail Bite Pass Ad justed Bite

Unit Bite Entry Shop Finding (%) But Unit OK (%) But Unit Bad (%) Effectiveness
Pitch Computer 69 28 (%1% 24 (35%) 17 (2h%) Shg
Rall Cooputer L7 30 (6b%) 10 (21%) T (15%) T5%
Yaw Computer 16 8 (50%) 8 (‘50%:; 0
Alt Coeputer b 3 75‘5; 1 (25% 0
Auto Stab Trim 15 8 (53% b (27) 3 5201,; 6T
Monltor & Logle 1n 5 (45%) L 36%; 2 (1% S5&%
IRS Computer &2 52 (8k%) 10 (168 0
CADC b 3 (75%) 1 (25%) 0

NOTES 1. First three percentege columns are expressed as % of total BITE entry.

rrirm——

2, ADJUSTED BITE EFFECTIVENESS is expressed as ¢ of {TOTAL BITE ENTRY - BITE PASS BUT UNIT BAD).

For exmmple, pitch computer celculation: 28 X 100 = 54%.
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CAT 11 AVAILABILITY:

SAMPLE ENTRIES

CAT X AVAILAMLITY

Alg APORTED| LEGAL | ACTUAL
As pate | 7SO | 3Ta IN- FLIGHT PROBLER Flw MAINTENANGE ACTION
sik Rl |r|F[Rr]F
8603 10,17 |ie23: JLAX  |1ST OFFICER WINDSHIELD WIPER BLADE % DEF §460 NOT CAT 11 % le /
13 STICKS OUT IN FLT A .
=
10/20(166%; |SFO | {CORRECTION OF DEF #460) REPLACED BLADE C— =
0! Vi (V] &
-2
1521 11663 [ORD  |NOTE - CAPT INST PNL HAS "NOT CAT v’ ¢ =
36 II" PLACARD CORRECTED TO CAT II V -
:“-\—.__ —— e | d
REPLACE MALU. NOT
8011 06,12 N5346:0RD  |CAPT F'D ANNUNCIATOR LATE WOULD CAT II NEED CAT II A% Ayﬁ' V
31 HOT T, LUMINATE DURING APPROACH b CHECK. _DEE #508
06/13{1836%|LAX (CORRECTION OF DEF #598) AALU BITE OK CAT [I
15 vi (V| |V
B . P SRR ——— -
e T — el ey 2
i
a014 {PREVIOUS WRITE-UP'S ON WARNING ].IG'ITSB V “ J
03718 [17238:(0RD  {WITH “A" A/P IN CMD & VOR/LOC, HAD | X UNABLE TO DUP BITE CKS ‘/ o
15 STEADY RED A/P WARN LITE. "B" A/P OK OK ROLL & PITCH V \/ g
D3/19[17240:(0RD  [SAME AS ABOVE X REPLACED A/P ROLL 3
26 CHANNEL. CKS OK Vi |V Vi T
S
(=) ]
(RO MORE PROBLEM}
e s —— ':;:j
— ro
; &3
| — - 3
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UNITED AIRLINES

747 (AT il AYAILABILITY

TABLE XIV

ENCITRERS TN P PARTHUR

vl gy F']806 1S 2—17—77
a4

TOTAL FLYING HR: 43708
{JuLY 75 - JUNE /6)

H
‘ REPORTED | LEGAL ACTUAL

/S Iﬁ?ﬁ““j}"'%f§ﬁiﬂ?ﬁﬁf N/A RESTRITTED N7A __E?STRICTED
£003 5 78:44 i 291:28 68:49 243:19 12:34 150:00
8004 167:19 | 452:23 122: 1 455:49 49:21 210:21
2010 £2:54 142:49 43:01 192:09 - 101:15%

aam 42:09 17:03 7:51 $3:06 7:51 1u:05
2z ! 13:13 201:24 13:13 201:52 13:13 252:44
203 i07:43 240:15 107:43 303:44 51:42 301:00
ANk 3:45 46:05 3:45 46:05 3:45 125:1.
£016 26:15 383:30 B:52 279:01 - 519:55
8017 - 342:32 10:59 413:51 10:59 $99:10
3018 - 59:21 - 60:26 - 268:28
2019 199:01 } 228:37 146:32 232:08 146:32 206:25
et 1 116019 516:00 73:24 376: 08 62: 32 7:49
B2y 1 14357 202:43 46:54 261:34 72:0b 404 36
soe1 | emyr 241:16 42:04 134:22 7:57 125:06
5024 124:2€ 193:21 60:57 193:21 60:57 198:13
uG29 215:35 639:45 7:48 201:2] £8:06 142:34
2032 99:45 265:22 81:33 303:42 27:02 43:01
al04n 35:36 137:10 18:25 131:18 - 153:21
FLEET | 1514:18 4701:04 944:01 4133:13 614:36 4009:14

¢ 0l TOIAl
RLYENG HE | 2.8 B./81 1. 75% 7.6817 1.144 7.451

ORIGINAL PAGE I8
OF POOR QUALITY
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TABLE XV

PLPORTLY) CAT 11 AVAILABILITY:
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ATTALEMIRT I
AIFBOPHE ENUIPMENT REQUIRCMERTS

{AC 122-29)

MINIMUM REQUIREMENTS B ) AR (AL AIRCRAFT)

STHGLE FLIGHT DIRECTOR 1/ OR MINIMUM REQUIREMENT - TWO -

ENGINE PROPELLER AIRCRAFT OHLY.
SINGLE AUTOMATIC APPROACH

COUPLER 2/

THSTRUMENT FAILURE WARNING REQUIRED PLUS FLIGHT CREMW

SYSTEM ASSIGNMENTS AND PROCEDHRES
SPECIFIED IM NOTE 3/ BELOW.

DUAL TLS AND GLIDESLOPE REQUIRED

RECEIVERS

SINGLE FLIGHT DIRECTOR WITH REQUIRED

BUAL DISPLAYS 1/ AND SINGLE
AUTOMATIC APPRCACH COUPLER

2/ OR TWO INDEPENDENT FLIGHT
DIRECTOR SYSTEMS

EQUIPMENT FOR IDEMTIFICATION REQUIRED. CAN BE:
0F DECISION HEIGHT 1} RADAR ALTIMETLR, QK
2) INNER MARKERS.
MISSED APPROACH ATTITUDE REQUIRED. CAN BE:
GUIDANCE (1} ATTITUDE GYROS WITH
CALIBRATED PITCH MAPKINGS,
OR

{2) FLIGHT DIRECTOR PITCH
COMMAND, OR
{2} COMPUTED PITCH COMMAND.

AUTOTHROTTLE SYSTEM REQUIRED ALL TURBOJETS IF 0PER-
AT:ONS BASED ON DUAL FLIGHT
DIRCCTORS., ALSC REQUIREC ANY
AIRCRAFT USING SPLIT AXIS
LOLPLERS IF APPLICANT CAN'T
SHOW IT DOES NOT SIGNIFICANTLY
REDUCE PILOT WORKLOAD.

b e — smaan

HAIN REMOVAL EQUIPMENT

REQUIRED

HOTES: 1/ SINGLE AYI% FLIGHT DIRECTORS [F BASIC GLIDESLOPL INFORMATIUN

UISPLAYED ON SAME THSTRUMERNT .

2/ SPLIT AXI1S ACCEPTABLI

3/ IF HAPROVED FAILURE WARNING SYSTLM NOT PRUVIDID FOR CAT I
OPERATIONS APPLICANT MUST LSTABLISH FLIGHT CREW PROLEDURES
AND DUTY ASSIGAMENTS T PROVIDE IMMEGIATL DLTECTION OF
ESLENTIAL INSTRUMENT AND LQUIPMENT FATLURLS. SUCH
PROCCDURES AND ASSIGHMERYTS ARL REQUIRED FOk CATEGOR 11
OPERATIONS.
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ATTACHWENT 11

AFPAM DISPLAY

PRI ANENT 17 EoF THRFOT RBID 15537
=407 —A T BIE S TRL Yy ETuak FHIFTHN=- g R TR TS O
TBMIEEL R TN TRLY FDaR ERTE T e a0 I ens e a
R Rt R b O Y T 1 I S [L e HIE 1 e w1
B o e R TN T TP N TR PRI
T R TR sl S TRy BT FRIETEG- 15 [ I TR

B P I I g L o BT TS 0 B < LI IR
BEEE RS O I Fil 1 Sl TRy BRaE FHIFTHUGs- it G L T N E R I
TeTe TMBADHEG L TELG ERNSE FATR RG-S (RIS T ) CA
TrdT e BdE BT OHET B HERT= T FIEFC LG Dare ey
TOL-EBT Al S T A3 FOGE FATRIMG- a4 [N G T & TR LN IO
5614—$1F = FIFD 11650
LR N 1 i S TR IR Y TRLG EDGE FaIR THig—-T 3 L1 e Ay e
'?%‘l”—iﬂj} ALL SLY TPLLx E['IJE FHIF THG-7a4@4 LMD Bel@iass
SRILS-ARE KLy S : MIi3—7 a5 LM% Beimn1iss,.,
o R 2F 11189577
1 1% FH FIMG-F431 LMC B @fsse
A Y I Rl =t TFH 13 EDGE FARIFTNG—T g R U | SR TR BRI
0 A LY TRLG FRGE FATF ITMMG—-7 451 (I L T T e TR
1 AL S TRIEG ENRGE Fa TFIMA-T305 PR M ey e,
SATSEAT HRG RTTH RRSES - HEE - g
TN T LG S TR BDGE R RTR = T LEW Oegriges,
T L s TR FRRE R HIF1th, o) PRI v ey,
FRELSEET i TR G ER FRTE TG LEC o g e
STHEC L S TRLIG BLOGE FETE MO RN TEREETE

H._J R,—J H—JL_Y.__,__’
/,r
AIRPLAN: g INPUT 1D ’//

HUMBER
LIMITATION
CCLE LT TICE
(M0 - DATE - TIME)



T ettt e

AITTYOD 9004 d0

€8t

I ety L it T A

g @OV TVNIDTEO

0607 B8

pL/al

JOB 42731

DATE=CA/06/76
TYPE P! ANE

Equlr NO

DCB30 2862
ORD

2275

2043
2043
2045
pCB50 2617
bcASO 2619
peds50 2625
DCES) 2629
DCBSO 2841
DEBSO 2841
#HL

pCB50 2311
DCBSY 2472
OCBST 2475
pCaso 2606
pCas0 2412
pCBSD 2616
ncas0 2617
bcash 2617
pCES0 2624
SEA

DCBF 2053
bcdd2 2270
DCBs0 2310
vC850 2612
SFO

pcés2

DCBF
DCBF
1o 13

2210 1

TS0 STA

18435 ORD
TOTALS

19706 POX

17243 ML
17243 PHL
19205 PaL
135985 P,
0402 P

13089 P,
13032 PWC
1989 PHL

1999 PHL

TOTALS

10823
13533
16974
13035
6611
18209
13611
13652 SEA
9317 SEA
TOTALS

SEA
SEA
SEA
SEA
SEA
SEX
SEA

18978 SFO
0388 sro
14905 SFQ
6392 SFO

TOTALS

TOTALS

TaTALS

9 DIGIT ATA SUMMARY

c
3
-
fm
o]
ESOURCE EVALUATION  6-DIGIT DETAIL ANALYSIS NON-ROUTINE MAINTENANCE %
TYPE O JOB  ORIGINATED ARR=FLT  MAN ’ [
CHE R MO DATE TIME & DATE HOURS SYSTEN CODE DESCRIPTION a
2210 AUTOFLIGHT-AUTOPILOT i
1 L C100-0 02-28 11,00 1.3 200 010 '
7 8.4
1 L 00000 03-16 23,75 N 2210 01 05 7 A/P OPERATIONAL CHK/ANALYZER CHE/SELF
5 b 0000-0 03-02 19.00 2210 01 O7 7 A/P OPERATIONAL CHK/AMALYIER CHK/SELF
T L GE0-0 03-02 19.00 . 2210 01 07 7
2 o 0000-0 03-10 21.00 2001077
1 L QQO0-Q 03-16 10.20 . 2210 01 05 7
2 L 00000 02-27 10.30 2210 01 1
1 LoD 0g-2d .. LR210 DY 0T 7
2 L 0000-D 03-15 22.30 2210 01 07 7
1 L0600 O3-03 . . R ot or v
2 b D000-0 0 2210 01 07 7
A C DOOO-0. _00-00 1.5 2210 01 62 Q A/P QPERATIONAL CHK/RANALYZ2ER CHK/SELF
2 » 0000-00 “00~00 .3 2210 01 04 7
A _p 000O-0. Q000 __ 221001 R 7
A b 0DOO-0 00~00 1.5 2210 01 01 O
A (00000 0O-00 1.5 221001 Q5 7
2 L 0000-0 00-00 1.0 221001 01 0
807 L 0315-0 _00-00 1,7 221001 01 0
2 ¢ 0o00-0 60-00 1.3 2210 01 60 0
1 L 0000-0 00~00 .5 21001 02 7
9 9.3
2 o 0100-0 03-04 B8.00 7.0 2210 01 01 D A/P OPERATIANAL “Hi/ANALYZER CHK/SELE
1 L 0100-0 03-11 13.00 2210 01 G2 7
2 o 0100-0 03-21 15.50 2210 01 09 7
1 L 0100-0 03-05 14.45 221G 01 (2 7
L 7.0
86 49,1 =
76 50,9 '

V4]

9081-.] Luodau

(~L1-¢ aLva

ARANLAVAHA

DNLHIINTONG

J004 a0
ST @DV Tyagomm

ATV



ATTACHMENT IV
ATA CHAPTER INDEX

22 AUTOFLIGHT

AUTOPILOT

AUTOPILOT/

FLIGHT DIRECTOR (747/DC~10)
SPEED-ATTITUDE CORRECTION
AUTOTHROTTLE

SYSTEM MONITOR

27 FLIGHT CONTROLS

AILERON & TAB (MECHANICAL, HYDRAULIC, ELECTRICAL}
RUDDER & TAB :

ELEVATOR & TAB

HORIZONTAL STABILIZERS

FLAPS

SPOILER, DRAG DEVICES & VARIABLE AERODYNAMIC FAIRINGS
GUST LOCK & DAMPENER

LIFT AUGMENTATION

34 NAVIGATION

FLIGHT ENVIRONMENT/AIR DATA {UA)
ATTITUDE AND DIRECTION

LANDING AND TAXIING AIDS
INDEPENDENT POSITIGN DETERMINING
GROUMD PROXIMITY WARNIN® (UA)
DEPENDENT POSITION DETERMINING
POSITION COMPUTING

40 (UA) NAVIGATION - GENERAL

ALL WEATHER LANDING

ALTERNATE TRACK COMPUTER

HOLDING PATTERN PROGRAMMER

PROXIMITY WARNING

PICTORIAL DISPLAY

ALTITUDE REPORTING

CLEAR AIR TURBULENCE DETECTION
d NOISE ABATING APPROACH

286



ATTACHMENT IV (CONTINUED)

ATA CHAPTER INDEX

41 {(UA) NAVIGATION - INSTRUMENTS

AIR DATA INSTRUMENTATION

ATTITUDE INSTRUMENTATION
DIRECTION INSTRUMENTATION
POSITION COMPUTING

INERTIAL NAVIGATION

FLIGHT COMMAND INSTRUMENTATION
STANDBY ATTITUDE INDICATOR SYSTEM

42 (UA)

NAVIGATION - RADIO

AUTOMATIC DIRECTION FINDING
VHF {VOR/LOC/GS) SYSTEMS
MARKER

LORAN

GROUND GUIDANCE

MICROWAYE LANDING SYSTEM
OMEGA NAVIGATION SYSTEM

43 (UA)

NAVIGATION - RADAR

WEATHER MAPPING
TRANSPONDER

DME

DOPPLER

RADAR ALTIMETERS

287
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4324318
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DESCRIPTION

010 ¥/0 COMPTR
C19 PTCH {CMf*H
721 FICH FO 5
GlO LSSAS rMpTs
T27 PED L NTRLR
05 PED CONTELP
0B PFD roaToagp
Tl a2% seqys
Ial A/F LLVPTP
“1d AT=KC [woTp
Cl0 AT=-5C CepTR
10 A/T CON PAM
27 EL/8U PSN I
8 Y&/R0L ALCEL
ra &TP OATA CCM
NBS YASRQL ACCHL
036 ACCEL PYCM
D3 ACCEL PITCH
T27 AR DAT SEN
2T3T POSTN SEAG
VHF RECEFIvVET
GEOLE VHF PNL
G17281A, VHF PRL
VHF TRANSCZIVER
¥HF TRAWSCEIVER
CENTRAL 5% UNIT
RZLDRDER vII(E
GSMN NRY/53Y PuR
PNL=GEN C/VR
GEN COMT uymIT
PANEL GEHN CCMNT
REGIMATAR-¥NL T
BUS 0T yuiT
CONTR 1A

AL Leoi GEN APU
REGAVOLT
PML-GEN CCNT
GEN COMT NI T
BATICEY CHARGEE
BATTERY (ra=Gim
EAT FRY CHARGEN
BATTERY CHAEGE®
BATTRY

TEYT OTIThRT ¢

s

421
w21
20
42i
420
420
az¢
L8n

SS2

421
R21
421
LTy
&Z0
420
420
20
420
520
420
530
B30
530
530
530
580
530
420
560
560
560
560
sa6
560
420
Sa0
540
Sbe
5¢C
545
134

5388

SHOP COST SUMMARY EXAMPLE

SEDES ~ PART WUMEPR COST REPORT
BART MUMBE® SFQUENCE

INVY

5027
047
«tie
Sn2z
ap52
Ity
51s
]
RUEN}
904% ¢
aecn
a032
SCal
NN
Sr71
@nGa
QNG5
25819
Q& 50
7Cr3
1948
28644
2006
2005
9035
[004
026
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Pan American Data

Component Reliability and Maintenance Data

Line Station Support for Avionic Equipment
Operating Restrictions
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SHOP' COST’ -
REF. NASA~1-13654 AFCS COMPONENTS
Major Computers PA PS/N Mfr P/N Sample Pty Tabor MH Material S
Computer, Pitch 72201 2E£90622-908 117 3 7.3 48.92°
Computer, Roll 12202 25980623-908 120 3 5.9 43.14
Computer, Yaw Damper 12221 1964212-1 i5 2 4.7 6.73
Unit, Monitor & Logic 72204 2591027-902 51 1 5.9 16.84 "
Unit, Auto Stabilizer Trim 72224 2591415-202 Mod A as i 7.2 11.08
Computer, Auto Throttle T2220 19646931 .5 1 17.1 199.01
Dedicated Sensors . R ~
Accelerometer, Normal - 57381 2588696-904 Mcd A - 2 - - -
Box, Accessory Stabilizer Trim 722157223 65B47519-9 8 1 3.2 a
Box, Accessory #1 72217 65B47520-13 B ; 1 3.5 0
Box, Accessory #2 72216 65B47521-18 5 1 3.8 1.26
Control/Display Units
Panel, Mode Select 72222 2590624-924 55 1 4,7 43.59
Control, ASP Flight 72203 25890625~502 io -1 5,3 .41
Light Set, Flight Mode Annunciator 73422 75=0147-9 2 2 5.1 42,44
Indicator, Attitude Director 73407 2590281-805 27 2 8.7 165.77
Shared Sensors
Receiver, Navigation 72458 522.-4280-108 31 2 12.3 4.38
Transceiver, Low Range Radic Alt. 73432 2067631-~-5114 34 2 7.8 2,35
Unit, Inertial Navigation 13402 7886580~D11 14 3 56.6 37.35
Computer, Central Air Data 73460 3757153-1 gg 2 6,9 77.65
73404 903825-3 6.1
o0 Coupler, MHR Compass 73412 2591201-911 30 2 12.6 1.67
?gﬁ’ Servao Components
ﬂf §2 Power Pkg, Inboaxrd Elev Control 72703 83600-5027 4 2 162.0 1,981.9¢2
“=U§P Power Pkg, Inboard 2Ail Control 72706 31701202 2 2 72.4 2,647.29
1? Power Pkg, Rudder Control 72705 3822000~-16 1 2 Bl.2 10,655.80
¥ Surve, Auto Throttle 72207 1503896-1 0 1 - —
g?} E!ey Feel Computer 70772 i 3 1 39,5 60.22
EH PAN AM MELTABILIV.  Juiy !, 1977
(%)
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REI. BhSA-1-13654

REMOVAL RATE.
AFCS CCMPONENTS

Maisy Cumputers PA P/N Mfr P/N QTY, P.,R. 9 P,R.R, Jt~%
Coemputer, Pitch 72201 2580622-908 3 148 2.388/.724
Camputer, Roll 72202 2590623-908 3 149 2.408/,.802

computcr, Yaw Damper 72221 1964212-1 2 38 0.613/.305
Unit, Monitor & Logic 72204 2591027-902 1 46 0,743
{nit, Auto Stebilizexr Trim 72224 2581415--902 Mod A 1 55 0.888
Computer, aAutc Throttle 72220 1964693-1 1 10 0,161

Dedicated Sensors
Accceleroireter, Mormal 57381 25B8606-904 Mod A 2 0 ——

Box, Accessory Stabilizer Trim 722157223 65B47519-9 1 18 0.250
Box, Accassory #1 72217 65B47520~13 L 6 0.096
Box, Accessory #2 72218 6584752118 1 2 0,032
Contxol /Disnlay Units
Panel, Mode Sslect 72222 2590624-924 1 66 1,065
Control, A/P Flight 72203 2550625=-902 1 11 0.177
Light Set, Flight Mode Znnunciator 73422 75-014%=5 2. 3 0.048/,024
Indicakor, Attitude Directoxr 73407 2590281~905 2 32 0.516/.258

Shared fonsers
Receiver, Navigation 73458- 522-4280-108 2 i03 1.663/,831
Transceiver, Low Pange Radio Alt. 73432 2067631-5114 2 55 0.888/.444
Unit, Inertial ¥avigation 715402 7846580-511 3 258 4,165/1.382
Computer, Central Alr Data 13460 3757163-1 2 185 2.986/1.493

' T34G4 19039253
Zoupler, MHR Compass 73412 2591201~911 2 40 0.646/.323

Servo Components .
Power l'kg, Inkoard Elev Contxol 72733 53509~5027 2 5 0.08L/,04C
vouwnxr Pkg, Irnboard Ail Control TR0 3170320-2 2 1 0,016/,008
Pownr Pxg, Rudder Contrcl 72705 3BZ:000-16 2 1 ¢.016/.008%
Servo, huto vhrottle G2237 1803896-1 1 ¢
Elevator Feel Computer V72 L 1 0.016

* P“"W‘Lﬂ.ﬁ\pe Reh‘d%/
M RRLIALILITY o - Tr
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PAN AMERICAN WORLD AIRWAYS
REF. NASA-1-13654

Summary of B747-121, 121F Aircraft Times

|

No. Total *De- Avg. Gycles Hrs. Hrs.
of Tnt§1 UtiTization Cycles/ par- Per &/C Per Per
A/C_ Mo/Yr Hau¥s Per Day Mo. tures Per Day Cycle BDepariture
32 Dec/76 © 9,895.65 9,48 2496 2271 2.52 3.96 4.4
32 Jan/77 10,364.70 10.45 2621 2385 2.64 3.95 4.3
32 Feb/77 9,339.79 10.42 $367 2172 2.66 3,91 4.3
32 Mar/77 10,432.85 10,57 2701 2458 2.72 3.88 4.3
32 Aprf77 10,583.67 11.02 2720 2475 2.83 3.89 4.3
32 May/77 11,2/6.87 11.70 2005 2644 2.93  3.88 4.3
Total PA 5824 AP Days 61,943.53  10.64 15830 14405 2.72 3.91 4.3
otal UA 6588 AP Days 53,808.00 8.17 14587 13304 2.22 3.69 4.0

*Departures for PA calculated at same ratio to cycies as UA, i.e. 91%.

PAN AM RELIABILITY July 1, 1877
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51
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Computer, Pitch

Computer, Roll

Computer, Yaw Damper

Unit, Monitor and Logic
Unit, Auto Stabilizer Trim
Computer, Auto Throttle
Accelerometer, Normal

Box, Accessory Stabilizer Trim
Box, Accessory #1

Box, Accessory #2

Panel, Mode Selector
Contrel, A/F Flight

Servo, Auto Throttle

AFCS COMPONENTS INVENTORY VALVE FOR A 32 AIRPLANE FLEET

PA P/N

72201
72202
72221
72204
72224
72220
57381
72215
72217
72216
72222
72203
72207

No,

Unit Cost Plane

11,647.00
12,099.00
4,510.00
9,892.00
5,690.00
6,500.00
660,00
2,384.00
3,386.00
5,909.00
15,120,00
2,489.00
958.00

I bt e RS O W W

Installed Spare
Units Cost Units Fleet
96 "1,318,112.00 28 326,116,00
96 1,161,504.00 24 280,376.00
64 288,640.00 12 54,120,00
32 316,544.00 16 158,272.00
32 182,080.00 13 73,970.00
32 208,000.00 4 26,006.00
64 42,240.00 5 3,300.00
32 76,288,00 B 19,072.00
32 108,352.00 6 20,316.00
32 189,088.00 6 35,454,00
32 483,847 _ 190 15 226,800.00
32 79,648,.00 7 17,423.00
32 30,656,00 6 5,748.00
32 4,284,992.00 1,256,967.00
133,906.00/Plane 39,280.00/
Plane
Total Inventory Cost 5,541,959
Total Inventory/Plane 173,186.00



SUMMARY OF PAA SUPPORT FOR AVIONICS SYSTEMS AT LINE STATIONS

PAA 747 aircraft operate thru 47 locations in addition to the NYC and SFO bases.

Of the 47 classified PAA B747 stations, 14 are in the U, S, A, or possessions and
33 are in foreign countries,

Other type aircraft B707/B727 operate thru 46 additional stations for a total of
93 Pan Am stations, (Attachment - "Pan American Line Stations'. )@

Operating schedules and aircraft patterns are seasonal with two major changes
per year in April and November to accommodate passenger demand. Additional
minor changes occur during the Spring and Fall months.

During a schedule period, a specific repetitive pattern is assigned to each air-
craft in the fleet with provisions for phase-in and phase-out as dictated by
scheduled service requirements and equipment breakdowns.

For purposes of denoting station capability for service to the aireraft, including
spares provisioning, each station is assigned a classification. Class 1 thru 5.
Class 1 having the least capability and Class 5 the greatest. (Attachment - B747
Station Classification List.} ()

Class 5 and 4 stations have capability for full service to all aircraft systems and
include avionics specialist crews., Lower classified stations have overall spec-
ially qualified personnel, each of whom may do work on all systems including
avionics. Continuous training programs maintain personnel qualifications at the
required level.

At some locati.ns service to the aircraft is contracted to other airlines or agen-
cies under Pan Am direction.

Some of the factors for determining station classifications and distribution of
spares are contained in the attached. (Attachment - Aircraft Spare Parts Allo-
cations - Line Stations.) @

The content of individual station kits may alsc be adjusted within the assigned
classification by selective addition or deletion of parts. Studies have been made

——i
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of mathematical concepts for station parts allocations. However, due to practi-
cal considerations which cannot be given mathematical values, all require a prac-
tical overlay and manual review for optimum parts distribution. (Attachment -
Problem Statements, Variables, Relationship, Solution Method. } @

A typical Pan Am spare parts kit publication currently in use is attached. Note
the selective variations from the assigned classifications. Also, note a Pool
Item number opposite various items. An international organization of some 70
airlines provides for pre-contracted borrows and loans of station spare parts by
_the varicus airlines., The concept is mutually beneficial to all participants from
a standpoint of economics. {Attachment - Pan Am 747 Line Station Aircraft

Parts Kit, ) @

An exiracted listing shows some typical current station holdings of Automatic
Flight Control spares including whether owned by Pan Am or provided by an-
other airline through pooling. (Attachment - 747 Station Parts Allocation. )

Tor those avionics parts provisioned mainly by operational/geographic factors

and not necessarily related to station size, a completely selective distribution
is used using a different kit format. (Attachment - Line Station Avionic Kit.) @
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PAN AMERICAN

LITNE STATIONS

( ! PA OPERATING & MAINTENANCE CONTRACT STATION
* MAINTENANCE CONTRACT STATIONS ONLY

ABIDIAN ABJ HAMBURG HAM OKINAWA DEA
ACCRA ACC HONG KONG HKG OSAKA OSA _,__
AMSTERDAM AMS HONOLULU NL DSED 0si
ANCHORAGE ANC HOUSTON il
ARKARA ANK -
AUCKLANRY AKL
TSTANBUL #1151 PAGO PAGO BrG
PANAMA CITY PTY
BAHRAIN BAH - PHILADELPHIA PHL
BANGKOK . KK JOHANNESBURG __|JNB PORT_AU PRINCE_ [PAP
_BELGRADE REG PORTLAND pDX
BERGEN B0 PORT OF SPAIN _ |POS
BERLIN BER KABUL_* KBL PRAGUE PRE
ROGOTA * BOG KARACHT KHI
BOSTON B80S KINSHASA FIH RID_DE JANFIRO [RIO .
BRASILIA - BsB KUALA LUMPUR _ }KLL ROBERTS FIELD  [ROB
“BROSSELS | BRU ROME RGN
_F'THAREST # aUH
L LAPEST BUD]_ LAGOS L0S
BUENOS AIRES | BUE LIBREVILLE LBY SAN JOSE sJo
LISEON LIS SAN_JUAY, Sdu
. LORDON LON SAN SALVADOR SAL
CARACAS tCs L0S ANGELES _ JLAX SANTO DOMINGO_ 'SDQ
CHARLESTON CHS SAD PAULQ SAQ
CHICAGD ORD SEATILE SEA
COPENHAGEN CPH MADRID MAD SIHGAPORE ST T
COTONOU €00 MANAGUA MGA STOCKHOLM 570
MANILA ¥ MNL STUTTGART STR
MARACAIRO HAR SYDNEY 5YD i
DACCA * DAC MCGUIRE AFB__ JWR]
DAKAR DKR MELBOURNE MEL TRIPET TPL
DALLAS/FT.WORTHI DFW MERIDA MID TAHITI PPT
DAMASCUS (S) DAMT MEXICO CI1Y _ MEX TAMPA TPA
DAR ES SALAAM | DAR MTANI [ATA TENRAN _ § TIR
DELH] el MONTEVIDED VD TOKYD TYO
DETROTT DT MOSCO 10\ ~
DOUTA LA HURTCH g i
HAASAH WAl
ENTEBBE * EBB HASHINGTON WAS
NAIROBI B0
FAIRBANKS FAI NAND] AN
FRANKFURT _# | FRA 1*JREMBURG UE YOKOTA KD
F
he JRGETOWN GEQ )
GLASGOW GLA
GUAM ST
GUATEMALA GUAT
JUNE 1977
ORIGINAL PAGE 1
OF POOR Qﬁ -

303



®@

304

P 4T STATION  CLASSIFieaT(on  AUE ‘77
=2 4 ' 3 | L /
L oN FRA : R oAr : PPT B&R
HKG HNL pEL AKL SNA
LAX Tyo Rio FAl MAD
Gum | oOFw ST
SYD TPE
SN L AMS
£TY KH i
DTwW myuC
s I3AH
SAo Aos
BRU C-UM
WA S BKK
SEA MAN
MIA /]8T
THR OKRA
Fré& ME L
Bo b POA
< PH O RD.
G-AA
L LD
SN
Ku L




: )
EnAS AWE ) TECHNICAL CPERATIONS MANUAL

LINE STATION CLASSIFXCATIONS

Introduction

A,

D.

'All stations which handle aircraft maintained according
‘to Pan Am Maintenance policies are classified, pro-

visioned, and staffed for each type of aircraft tc be
serviced according to the degree of service to be ren-
dered.

This publication denotes the classifications of all Line

Stations for the purpose of allocating spare parts,
topl, ground maintenance. eguipment, and Maintenance
Manuals. In addition, Station Maintenance personnel will
be qualified to handle the applicable type of aircraft
eqdipment.

I

These classifications are governed largely by Schedule
Frequency, Aircraft Routing, Servicing, Maintenance Re-
quirements, and the Station geographic location in
relation to supply points. Other considerations are hut
are not limitecd to, Crew change point, Passenger Density,
Locked Pattern Aircraft, Main Base for another airline,
Special navigational problems, Commissary provisioning
point, etc. A station may hold any combination of clas-
sifications depending on the above variables as they
affect each type of aircraft.

Flight spare parts kit handling is detailed in TOM 30~
05-35.

Description of Classifications

Class 5 - Righ frequency station staffed, stocked and equipped

to perform transit and A services. May perform
scheduled time limited services and include supnport
shop activities, provide maintenance support at
other locations, scheduled non-routine maintenance
during layover periods. Staffing may include an
inspection unit, '

Class 4 - High fregquency station staffed, stocked and equipped

to perform transit and A services. Non-routine
maintenance limited to minimum eguipment list con-
tinued items and those affecting passenger comfort/
converiience. May provide area support to other
stations.

Class 3 -~ Moderate frequency station staffed, stocked and

equipped to perform transit and/or A services.

Thesr stations normally handle higher frequency

than class 2 and/or are isolated from nearby support
from another station., Non-routine maintenance
limited to mandatory items.

Sep 75, Nev-74 TOM 25-50-05

a,c

Page 1
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Clags 2 - Low or moderate frequency station with limited
maintenance personnel and spare parts. These
stations normally handle a higher frequency than
class 1 or are more isolated from stations of a
higher eclassification, or hoth.

Class 1 -~ Low frequency transit or alternate station with
limited or no maintenance personnel and spare
parts, These stations are normally located within
close proximity to stations of higher classification
and in some cases handle diversions only.

'TOM 25-50-05 Sep 75, Nov-i4¢
Page 2
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AJBURART SEARY TARTS ALLOGATIONS - LING SIATIONS
P QBIEFTIVE
tu) Yo provide, at the most trasonable fost, (he spare peris
peednd to satisfy demands at specifie locations In order
to maintain sehadules, provide for passenger comfort and
- ingure the mechaniral integrity of the alrerait vhils
operating avay fxom main bass locatlons.
{b) 1o facilitate prriodic re-analysis of parts levels,
su that they reflect current operxating requircments and
removal ralkes

VIR UPTEAOINKNG SYASIUN CLASSXFISATAONS

e Eollowing factors are conulidered in determining ths classification
of vagh stacfon fut spare parts allocations:

1. Type of equipment
2 Freguency of flights,
J  Servieas reqﬁiramﬁnts {Transit - A - B ece ),
4. Terminattion and/or layovar locatlons.
5  Jump-off point {ovar water or long overland)
% Flight crev chauge or alip point.
7 Froximity to bmse or large station
A. Alvcraft roci!l. g locked pattern considerztions)
3. echnigal prrmonngl assigucd‘(ﬁaintznancc rasourcgsja
10 Malntenasnce Facllities (Mainteuasncé resources).
. Ll Fhrough:filght maiatenance ataklon, ‘
12 Maln base « other operaton:
L, Simllar equipment.
2. Nonesimllar equipment. '

13. Statlon ot afrport geographle conditions {{.¢. fisld
elevaLion, exteeme climatic couditionn).

{&. Pasgenger loads - semsonal traffic,
ontfnoed. .

ORIGHvAL PAGE IS
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i7.
14,

18.

20.

22

3

i,

25,

romnd ssary provisioning polnt.
fonligurarlon changr poi. ' .
Geographic remotsuesa.
Bquipment gsubstitution (historicsl and/or prohable}.
Grographical coverage. -
{a) BMS {enginz and/or B crew)
{b} Parts. | . i
{¢} Maintenance
Opexational and Navigational requivements.
fmlay or E£light eaucellatlon impact.
{a} Pagsenger loss.
{h) ¥light erew time limitatlion.
fey  Alrport curfaw
{d) FPassengez comsiderations dhotels ©tc,}.,

witiple models of FAA afveraft operating inte or thiough
station,

SAA Mafntenance Lootract suppork statlion gi.a, MWL - (81 ete }
Cover alrcraft zvaliability.

Schedule airerait ground tire - aasig... alraatt waching,
C.%., and Rppearancd work,

Flight ki supplements - preuliar to specific slrexsit o
pmal}l numbere of alroxefh, T

Three engine ferry practicabllity.

. *

eevimar

factora considered in determining whet speclflic parts ara included in
station kits, selective supplements and/or E3jght speres kits

1.

HET./CHt. publicatlons (go, no-go Flst).

»

continuzd . 4.



2.

&.

11.
12,

13,

19'\

Unkt reliability {failure rare).

Unit cost vs. delay cost/exposure,

Unlt replacemsnt time {elapss timej.

Redundancy of system or purts,

Passenger convenience itema.

{rew convenlence items.

Spare engine allocation (parts gource-robbing} .
EA's planned - parts cffact.

QGA's or QCSL's - parts reqqired and or parts exposure.
Pooling considerations {provide or participate).
Special tools or equipment required.

Number of aireraft vs. number of units required vs.
flight spare kit allocation.

€.%1. clean up respounsibility (airecraft).
Appearance and cabin C.I. elean up responsibility.
Support from nearby station. |
Operational penalty.
Usage rétas
{a) Probability factor of failure rate at atatlom,

Rasupply point,

INFORMATION SQURCES

Some or 8l)l of the following informatlon sources are used to deterumine
aparas allocations:

1.

2.

Unscheduled remnval inputs.
Line Scation turnover information.
Bagincering failure rate (reliability) escimates,

Operating plan,

conkinued, .. 004

ORIGINAL PAGE IS 309
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10.
11,
12,
13,
14..
15.
16.
17.
18.

19,

Minimum Bquipwant List {1-5-0}.
Configuration Deviation List (L-5-1}).

Restricted Flight Assigoments (QXX).
Publication {L=5~5).

Crew scheduling.

Monthly Maintenanse Rgports.
Rapld microfilwm.

Vendoyxa publicatlons.

Parts manuals.

Overhaul manuals.

Wiring manuals.

Compounent manuals.

Repairable parts manuals.
Halntenznce manuals,
Training manuals.

Ling station wmacommsadations,
Main Base experiance (dlnpuis).

Flight Operations expgrience {inputs)

K]

Surplus {nformition from Component Control.

¢omponent Control reviews (prior nuw
¢omponent Overhaul shop experience.
Fooling Roguments.

Piveet contact with other airlines.
For new fype alrcraft - like ltem ar
Malnktenanee Unlay Reports?

,lay Delay causes,

purchases} .

pregen . alreraft.

continued, ...
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29.

30.

k)

by N 1.8 delays.

fe) None-kit delays.

(a) Logistles for fellow up maintenance,
{b) Levdiag/Borroving activity.

(&} thronic Ischnleal problem,

Manufacturer: spares racommendations.

Prolonged periuvd uo-usage inputs from stations.

ORIGINAT, PAGE IS
OF TOOR QUALITY
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PROBLEM STATEMENTS
VARTABLES
RELATIONSHIPS/SOLUTION METHGD

PROBLEM STATEMENTS:

1. What is the probability that a demand will be made? a
(Assuming no regeneration). .

what is the probability that demands will exceed the allocated
quantity in an interval of time? (assuming a regenerative

process). ?

VARTABLES |

1. Lambda - T (Az) = (1/MTBR) (Total Hours per week).

2. Lambda - s {As) = (1/MTBR) (Total Hours per week into a location}.

3. T-0ut (7 out) = (Qut-transit time to a Tocation.

4. DF-BAR (07 ) = Mean waiting time (for a unit_to be produced).

5. Tsubs (Ts) = Total support time (FHur + DX ). _

6. Ssub c(Sc) = Shop cycle time. ’

7. P - Steady-state in-process guantity (Sc L AtL)

8. Isub7 (Ir ) = Intransit time.

9, I = Steady-state intransit quantity ( AT ).

10. Mu (U) = Expected demands during vesupply time (A5 X Ts).
RELATIONSHIPS:

1. The probability of no demands when the allocation is 0:
P(x=0; A) = (e

2. The probability that}he number of demands will not exceed an
allocation: Y S
&£ . - e -:/.-_.—-
P(x€ 53 ) (1._%; = 7 )
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POOL
i UNIT ITRY
CLASS PART NUMBER CODE DESCRIPTION COST | NUMBER
000 | 2067631-5114 73432 | Altimeter Unit. 5157.00| G-451
' ALA-51A
- CONTAINER
FLES AERGRIES NUMBER KCR NUMBER
720-0238 =10 707-3121R=19) X _ 304 450 585
707-139 -11 727-21 -27| x 330 1443 | 600
707-321C -14| x | 727-21C =28| x 377 | 511 | 637
707-321  -1& 747-121_=25] x 379 | 531
720-0308 =17 7475p =21 416 | 556
707-121  -15 431 579
REMARKS :
POOL POOL = | pooL 3 L 2 | po 2| pooL
aalzl 1Elala| |Eleld |E[e[8] [E[elz| |B|#|Z
“~ 2l &g 218 g 2 g & g g
“ABJ GUA MAR
ACC o] 1 PAP SFO 18
AKL | 1 ccs MEL._
AMS HAM MEX SIN|
AMH
-1 00 MGA DX S0
ANK CPH HKG {1 MIA | 2 PHL I
DAM HNL |2 MID POS :
DAR HOU ML PPG
RALL DAC
DEL IST MOW PPT
BAQ DKR JFK PRG STR
DLA JKT ;
DPS JNB MUC PTY
DFU KBL
BEG DTV KUL VD RIO| L syn| 1
BER |3 DUS AN ROB THR
BEY KHI ROM TPA
| RuO FAL Lax 12 TYn | 2
ROG m TR
BKK LBY : SAL
S FIH LIS NI SAD WAS 2
BRU FPO ; oH |6 |1 DKD WA '
BSB FRA 1L0S ORD SDQ WREL. obitocd
. 5 OKA _,-q...!_._&;
|_BUE GEO MAD 0SA SEA] 1 iR AR
BUH GLA | - 0SL -—L-—-;
DATE: 5/10/77 Baah: ok s
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LINE STATION AVIONIC KIT -

PO,
- UNIT ITEM
CLASS PART NIMBER GODE DESCRIPTION CoST | NUMBER |
Receiver, VHF NAV 4152.00] G-310
oue : G-308
522~4280-108 73458 51RV -2B
CONTAINER
TYPE ATRCRAFY NIMBER ¥CR HUMBER
720-0238 _-10 717-1218-19 . 293 395 281 637
707-133  -11 727-21 =27 302 | 450 149
i 707-321C -14 727-21C =28 - 304 | 461 1528
707-321 _-16 747 =251 o 310 | 447 1551
720-0308 -17 7478P -21] x 325 1470 1593
707-121  -15 363 |479 | 423
REMARKS @
Group B stations reorder Erom JFK
POOY, POOL = | pooL = | pooy, = | pony, 2 oL
dalzl 1Elelgl |ETe[d |E[e[8] [E[a[z] |E[e]Z
<y E = [or]
{ "B GUA [ 1 MAR
ACC G 1 PAP gFal 3
AL (1 CC5} 1 BAJ MEL | 1
R HAM MEX S 1 1
A
NG coel | T MCA DY ot
ANK cenj! ks 2 Mral 1 !\ e, SIN
DAM HNL | o MID POS
DAR. HOU MNL | 1 1 3 prgll SNH
DAC
BAH | 1 1 |DEL| 1 IST MO PPET) L .
BAQ DER JFK PRG STR
DLA JKT -
DPS JHB pMuc [ 1 1] Pyl
DEW 1 KBL
BEG oW |1 KUL VT rInl 1 gyni 2 1
TER nus Aap 1 RORB THELL
BEY KHI {1 3 goM| 1 1 fopa
BGO rarll TAX 1 2 o b1
. ROG [IB0 TPE | 1
BKE 11 - LBY . SAL
Bos |1 l i pm LIS MUE sl was |1
BRU |1 1 ioH | 3 KO WAR
JSB FRA| 3 1_|10s GRD |1 11500 WRI
- : K 11
: (0 _sE GED MAD 0S4 SEA} 1
L GLAj L 051,
DATE: v 6/10/77 PAGE:34-1-20
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PAN AWV () TECHNICAL OPERATIONS MANUAL‘

RETURN OR REUSE (ROR) PROGRAM

1, Scope .

This publication deseribes the RETURN OR REUSE (ROR} Program, the method of
determining serviceability of ROR units, and the handling and tagging of
removed units.

2, Policyj

A,

The ROR Program permits the d{rect return to stock of components or parts
th%t have been removed in the course of correcting a non-routine disere-
paney but hayve subsequently been found serviceable.

The! ROR Program may be applied whenever a line-replaceable component or
part ecannot be functionally checked on the ground and subsequent in-flight

. analysis is nezeded to confirm corractive maintenance action,

NOTE: Restrictions apecified by the applicable 1-5-0 publication must be
chperved.

The Maintenance Supervisor has been assigned the autherity aud responsibility
to certify the serviceabllity of ROR Units returned to stock.

The serviceability of an ROR Unit is established prior to ita return to
gtock and is based on cne or mere of these methods:

€1} Maintenance Analysis, I.E,, visual examination, review of Aircraft
Haintenance Log, ete,

{2) Functional Check
(3) Operational Check
{4} Bench Check,

Removed ROR Units, while awaiting analysis or check, must be considered
unserviceable and segregated from serviceable units. The guarantined unit
muet be identified as "ROR Unit Awaiting Analysis" and remain under the
control of the Maintenance Supsrvisor until its serviceability. has been
confirmed, \x

Components and Repairable Parts are Ehgged per standard practices except
that YROR HANDLING" should be entered oi'.“B" Stub of removed unit.

(1) On units $ound serviceable and being returned to inventory the Mechanic
must enter on "B' Stub in WORK ACCOMPLISHED space “Serviceahility
Confirmed per TOM 30-20-45" and sign WORK ACCOMPLISHED BY. The Mainte-
nance Supervisor must sign the OK TO INSTALY. zpace op "B" and 'C“
Skubs and handle per TGM 30-15-05, .

(2) If removed unit is cbviously unserviceable {e.g. housing cracked,
leaking seals, sealed adjustments broken, ete.) return unit to Prime
Supply peiné. If unib is not chbviouily unservicesble, request FEO
to conflrm corrective action via Pan-typ Kadio. : '

Aug 73, hpr-312 . TOM 30-20-43

A4E
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3. Progedure -’
A. Replace component/part per applicable Meintenance HManual Publication.

B. Request that the FEQ confirm corrective acktion via Pan-Op Radio during the
next f£light leg.

¢. Response from FEQO via Pan~0Op should be received within 20 minutes af:ter
departure, if nc reply is received send Telex par Figure 1 to next BDownline
Station requesting confirmation,

D, 1If confirmation of the corrective action is dependent =upon inflight opera-
tion of the corrected system (e.z. autopileot or navigationzl systems) or
whave telecommunication problems exist, the request may have tc be directed
to Stations beyand the next Downline Station.

NOTE: 1If reply not received within 4 hours after alrcraft arrival at
Downline Station, send follow-up message. If reply not received in
a reasonable time consider the part unservicable and return to Prime
Supply Point, On "B" Stub of component or vepairable tag, in add{-
tion to discrepancy information, note, "ROR Reply Not Received",

E. Upon receipt of the confirmation request from an Upline Stztion, the Senie-
Maintenance Supervisor reviews the A/C Maintenance Log and discusses the
performance of the correclLed system with the Flight Crew. Based on his
findings, the Senior Mainteuance Supervisor prepares an appropriate reply
per Figure 1.

NOTE: If the request refers to an A/C that has already transited or was diverted
to another Station, the requeat must ba redirected to the next Station
that can provide the confirmation. Copy NYCMJ and MM at Station that

. originated mesaag=.

F. If response from Downiine Station Indicates that discrepancy was corrected,
quarantined unit must be returned te Prime Supply Point; if discrepancy
wag not corrected, unit may be returned to local inventory.

T0M 30-20-45 Avg 73, Apr-72
Page 2
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QF (Downline Station) MMPA

(Originating Stationm) MMPA (File Time)

ROR (Key Word) C/N (Code Number if Applicable)

$/N (Serial Number if Applicable) POS (Position) INSTALLED

N (A/C Reg. Number) FLT (Number and Date} TO CORRECT

(Quote Log Item and Give Details on Checks and Corrective

Action Taken). ADVISE IF OUR ACTION CORRECTED

(CONFIRMATION REQUEST)

QF MMPA

(Oripinating Station) MMPA (File Time)

ROR YT (File ?ime of Message from Upline Station)

¥ (A/C Reg. Number) FLT (Number and Date)
P

ACTION (Enter "Corrected" or "Did not Correct!

as Applicable).

(CONFIRMATION REPLY)

Sample Teletype Message
Figure 1

TOM 30-20-45
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RELEASE OF ATIRCRAFT WITH RESTRICTED FLIGHT ASSTGNMENT

l. General

A. Systems or units, when partially or wholly inoperative or replaced by
substitute units, can cause restrictions to station dispatch or dewn
line schedule freedom of the aireraft invelved., This publicatiun iiacs
gystems or units involved and describer notification requirements,

B. Sections 3 and 4 supplement, but do not replace Aircraft Minimun
Equipment List (MEL} For Flight Release, l-5-0, Configuration Deviation
List, 1-5-1 or other Maintenance Munual Publications.

2. Neotification Requirements

&, When an airecraft is released by Maintenance with a restriction to (s
schedule freedom, Maintenance will immediately notify affecte, Funcrions
as follows:

(1) Prior to alreraft departure, notify Sta. Operations offjee of all

details of restriction, sinece restrictlon may require flight plun
revision,

(2) Prepare a wire message addreased to QXIOWPA and QXMMMMPA. Use
priority QF,

NOTE: This action will capse Communications to switeh sessage Lo
all flight Dispatch Centers plus NYCOXPA, NYCMIPA, FRAMMPA,
LONMMPA , NYCMMPA, MIAMMPA, LAXMMPA, SFOMMPA, HMLMMPA AN
TYOMMPA.

(3) Include all pertinent data such as aircraft number, etc. Add the
speclfic MEL/CDL ATA section and item numbers to end aof message,

(4) Describe in detsil conditions ecausing rvestriction.

(5) Enter item in Continued Ttem section of Aircraft Maintepapce Log,
T0M 15-10-05.

{a) include tha following additional information in the continued
item entry in double space block latters:

QXTI SENT
This entry advises that it im a restricting item and conflyms
that & telex message has heen sent per item (2) above.

NOTE: This is necessary in order that the alrcraft may he
restored to normal scheduling pattern,

(6) Sample message: QF QXIOWPA, QXMMMPA
+BEYMMPFA 011519
N732PA RELEASED FLT 00201 WITH CENTER TANK

FUEL BOOST PUMP INOPERATIVE. MEL 28-2.

7Pl 1-56-5

EFFECTIVITY Mnge 1

Dsc B8/76, Aug-ap
ALL f7 r Aug F75

ORIGINAL PAGE I8
OF POOR QUALITY
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B. When corrective action has been accomplished on an item which caused

aircraft schedule restriction, Maintenance will inmediately notify
affected functions ag follows:

(1) Prepare a wire message addressed to QXIOWPA and QIGHMPA 4s out-
lined in 2.A., (1) thru (4).

(2} Enter corrective action in Continued Item section of Afrcraft
Maintenance Log, TOM 15-10-035,

(a) TIndicate in corrective action entry that the required m=ssage has baen

sent by the following statement in double space block lettars:
OXI LIFTED.

{3) Sample message: QF QXIOWPA, QXMMMPA
. THRMMPA 021535
N732PA FLT 00201 CENTER TAMK FUEL BOOST

PP REPLACED SYSTEM UHECKS OK.

3, Conditions Which May Result In Restricted Flight Assipgnment

A. The following is a list of systems and units which, when partially or

wholly inoperative or replaced by substitute upita, can cause an alrcraft
to be operated with restricted flight assignments,

i-B5-b [ EFFECTIVITY

Page 2 ALL
Dec R/76, Hawm-20/74
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>

SYSTEM

21 ATRCONDITIONING &
PRESSURIZATION

Qutflow Valves -

REFERENCE

1.5-0

Cabin Pressure fontrol System -

Automatic| Control
Manual Contrel

Cabin Alt, Warning Horn Gysatem

Main Equip. Ctr{ Cooling Flow

Control Valve

Flight Deck Equip., Cooling
Dump Valve

Galley/Lav Vent Valve

Cabin Pressure Relief
Flapper Doors

Ram Alr Qutlet Assemblies

Aft Cargo Heating System
Inoperative

Ram Air Inlet Doors

Ram Air Vent Heater
{200C and 100F)

22 AUTO FLIGHT CONTROL

Auto-Pllot

Autopi lot Disengaged Lights

1-5-0

1-5-0

1-5-0

1-5-0

1-5-1

1-5-1

HONE
1-5-0

1-5-1

1-5~0

(See Section 4)
1-5.0

1-5=0

POSSIBLE
RESTRICTION

May restriet to unpressurized flight
and limit lower cargo compt. loading.

Limits flight altitude

Reduces range over water.
Reduces range over water.

Limits flight altitude.

fteduces performance and structurally
limited weight requirewments,

Reduces performance and structurally
limited welght requirements. Affects
fuel requirements.

Prohibits ecarriage of live animals.

Reduces performance and structurally
limited weipght requirements., Affects
fuel requirements.

Affects crew equipment for cold air.

Affects landing minimums,

May restrict use of Autoland
operation,

EFFECTIVITY

ALL

ORIGINAT PAGE IS
OF POOR QUALITY

1-5-5
Page 3
Oct 25/74, Ape-5/74
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SYSTEM

33_LIGHTS

Passenger Notice Signas

Wing Illumination Light Covers

REFERENCE

Overwing BEmergeney Light Covers

Wing Illumination light

34 NAVIGATION

Flight Director Systems
Master Imstrument Warning Sya.
Flight Mode Annunciator
Distance Meagsuring Equip,

Weather Radar

ADF Radio Compass

VHF Navigation Receivers - VOR/ILS

Low Range Radio Altimeter

ATC Transponder (and Alticude
Reporting System)

Inertial Navipation System
(Navigational Info Only)

Mach Indicators

1-5-0

1-5-1

1-5-1

1-5-0

1-5-0
1-5-0
1.5-0
1-5-0

1-5-0

1-5-0
1.5-0

1-5-0

POSSIBLE
RESTRICTION

Affects Passenger Seating/Nutification
requirements,

Reduces performance anmd atructurally
limited weight requirements.

Reduces performance and structurally
limited weight requirements,

Requires portable lamp for night
operations in ifcing condition,

Affects weather minimums,
Affects weather minimums,
Affects weather mirimums.

Affects operating routes.

Changes route to avoid hazardous
weather,

Requirea extra fuel for alternate,
Affects ILS minimums.
Affects weather minimums,

Requires notification in flight
plan.

Changes route if predicated an INS,

Limite flight altitude.

1-b-5 [ EFFECTIVITY

Page 8
Aug 4/76, Bce-iad73
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<
POSSIBLE ’
SYSTEM REFERENCE RESTRICTION
34 NAVIGATIOR (Cont'd)
Mach/Airspeed Warning System 1-5.0 Restricts airspeed.
Standby Attitude Indicator 1-5-0 Affects VFR flipghes.
Magnetic Heading Reference 1-5-0 Affects IFR and VFR flight.
System .
Central Ailr Data Computer 1-5-0 Limitas £light altitude,
Systems
Automatic Altltude Reporting 1-5-0 Same as for ATC-Transponder
35 OXYGENM
Passenger and Crew Oxygen Sys. 1.5-0 Limits £light aleitude.
Portable Oxygen Bottles 1.5-0 Limita flight altitude,
(Bottle and HMask)
36 PNEUMATIC SYSTEM
Bleed Air Precocler Systems 1-5-0 Restricts flight operation into
(Temp. control function) icing conditions.
Intermediate Bleed Check Valves 1.5-0 Restricts flight operation into

icing conditions,

Eugine Bleed Alr Systems 1-5-0 Restricts Flight operation into
’ icing conditions.

ORIGINAL PAGE IS
OF POOR QUALITY

‘f.:iFFECTIVI'I'Y 1" 55

Page Y
ALL Oct 25/74, Bee-13f73
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(e) 1 each Monitor and Logic Unit.
(d) 1 each Mode Select Panel,
{(e) 1 each Automatic Stabilizer Teilm Unit.

(£)- 2 each NZ2-6F indicators (with Fiight Director and expanded
localizer ncedles).

() 2 each Flight Mode Annuneiators.

(h) AFCS Accy Boxes {1 and #2 ﬂnd.Stab Trim Accy Bux,
Low Range Radlo Altimeter Systems.

(a) A Decision Height (DH) light for each pilot's panel.
(b) 2 each low range altimeter systems,

Central Air Data Systems.

(a) 2 each Central Air Data Systems.

Rain Repellent Systems.

Central lnstrument Warning System,

(a)} 1 each CIWS Computer,

(b} 2 each Warning Light Modules,

CEFFECTIVITY

ALL

Vet 12/73, May-11/73
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Contents

214,010

41
42
43

44

Minimum Equipment List (MEL) 214.020 Configuration Deviation List {CDL)
For items in nonobvious locations, p 1 Purpose
see reverse side, Applicability
Genaral Action Required
Responsibility 2 lndex =
Action 3 Airconditioning
Releasing Aircraft With ftems Communications
Inopérative 4 Flight Contrals
Definitions 7 iuel .
Weight ind Fuel Penaities anding Gear
Pan A Additions 8 Lights
Airconditioning Doors
Astomatic Flight Controls 10 Nacelles/Pylons
Communications 11 Vertical Stabilizer
Electrical Power Wing
Equipment Furnishings 12 Exhaust
,E;{;h‘:'ggiﬁt;g,'; 040 Certificate Limitations
Fuel p 1 FAA Limitations
Hydraulic Power 8  Maximum Airspeed Limits
lce & Rain Protection
Instruments 041 Airspeed Data
Landing Gear
; # 1 Speed Placard
Lights 2 Stall Speeds
Navigation
Oxvygen
Pneumatic System
Airborne Auxiliary Power
Doors
Engine Fue! & Contro!
lgnition
Engine Air
Engine Controls
Engine Indicating
Engine Exhaust
Engine Qil
Engine Starting
Engine Water Injecticn
For Refer to | Section
SP Certificate Limitations Suppiement { 244,040
200C Certificate Limitations |, Supplement | 254.040
104F Certificate Limitations | Supplement | 254.045

ORIGINAL PAGE IS -~
OF POOR QUALITY
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(‘“ntents Feb 23,1977
LOCATION GUIDE FOR
MEL ITEMS IN NONOBVIOUS LOCATIONS

ADL.....oiiiinann. cirane Sesssssstasasieiaas 3413 JAS BUG. s eivniseerinrsnsrtntinaionsnsacasanss 22.5
Alrspeed Indicator..........c0uvu Cerriereess, 3441 INS, Attltude. ..ooouunan 't v errareearenes 34-10
Allmetar. . coviviiiiinienaa g 1. 1% INS, Blower......... e eer e 21-34
Altltude Alart, oo i ivirenir vrviririinannrnes 34-28 INS, Navigation.....covervviiivernrninnnen. 34.27
APUBlead Valva........ooviiiiiiinnnnennn.. 36-12 Instrument Warnlng Systems................ 34-18
APU Fuel....oovivnna, et aeeer e 28-16
APU Generalor... c.overiereinnrsasrrnnins Cee. 2441 Leading Edge Ovarheat...............onees. 25.22
Autobrake....... «iiiiiiiaia. rerierasaniaes 32-23
Autopllot Disengage Lights....cocivvenannn... 22-2 Mach/Airspeed Warning. . ......ovvevvevnnnnn-. 34-3
Autopilot Disengage Switeh.......... verreens 22-1 Machmeter. ...t ettt ceenes 34-2
Autopilot Progress Lights.............. vevees 3419 Marker Beacont......... Certerrereserannes ve 34-25

MBEgaphong. ..o it it 25-3
Brake Gaga ................ Fiteetiersiraneeas 29-11

Overrotatlon Warning........oveeitivencnnnn 2712
Cargo A!rcondltlonlng ....................... 21-53
Cargo Heat, Aft.......ooiiiiiii e 21-41 Precooler, Englne..........ovvivrinennneenes 36-2
Cargo Heal Fwd........... Ceresaereacaaees 21-41 Prassurization. ... .. .. ..oiiiiiiiiiiinnn, 21-22
CAS (in airspeed Indlcator) .................... 34-1 Pylon Bleed AirValve. ..........oooiii it 36-5
OMIPASS. . veirsrsaennsnnnessnsssasersnssves 3416

RABS ittt et it 78-6
Daar, Cockpit, . cier i 25-2 Lo - T 34-23
Doory Crew Servic8.....vvvvnen..  iireriatas 25-11 Radio Altimeter..........cocoeiiii il 34.29
Dcor’ Latches and Hingea Garga ..... vererenns 52-3 Ram Air Vent, cargo. . ..vvvviiieinnianenens 2151
Daor, Main Entry. . ov v i 25-10 Reversers, Engine.....c..coiiiinirvnnrnnninns 781
Door Mode Selector, Maln Entey.........vne . 52-8
Doar Stop Fitling, Crew Service.......coevvne 52-10 Static Aif Temperature Indiecator.............. 34-8
Dear Stop Fitting, Mala Entry.....ocveiviin 52-9 Seals, Attendant. . ..............cooiviivnnn.. 25.5
Door Stop Pins, Cargo.......... Cereraraens .. 52:4 Seals, Crew. . .oviri it irinitiatanennennes 25-13
Door Warning Lights.......ooevviene Ceteenaas 52.1 £ 51 | 238

Shoulder Harness. .........covvieinvinann.us 254

Slide, Craw Service Door.. ................. 20-11
Equipment Cooling.......oociviviviiviinnne,s 24.33 Slide, Main Entry Door.........cooivvviinnnn. 25.10

Smoke Barrier, Upper Deck Stairs............. 25-9
Flight Mode Annunclator.................... 34.19 Stall Warning.........ooviii i iiiniens o e 27-8
Flight Director. ... oo i iiiririrrnrenras 34-12 Standby Horlzon. ....ooov o it e ns 3411
Flight Director Progress Lights.............. 3418 STPSystem..........cooooi i, . 26-16
Flight ldle. . ..coiii i rriiirnnes 76-3
Flight Becorder. . .ovvueeervessrrsressossresns 31-2 Takeoff WarnIng.........covevviiiinniannay 27-3
Fuel Heat......ovoeeir i veniiennnns 73.1  Tolal Air Temperature indicator............... 34-9

Transponder.........ovveiiiieinenivninnan., 34-26
Galley/Lay Fan......covvveeernreererrrrerrnes 21-46  True Alrspeed.............oooeiiiiiiii, . 34-1
Galley POWET. .vveviririsnrnenanorsncnnenenns 24-21
Ground Idle Light. ...oooiiiiiiiiinrranrenenns 78-2 Vertical Speed Indicator..................... 34-33
Ground Proximity Warning System........... 34-32 Voice ReCOrder. .. ...ouiivurveinirenennerennns 31.3
High-S1808 VaVE ..o vvriiiiiiniirsiriivenens 36-1 Weight and Balance System (OBAWS)......... 31-4
Hydraulic EDP Depressurizatlon............... 29-1 Wing Isolation Valve......................... 3614

Y aW DAL, et ir st et rr i isaniannaen 223
214,000p2
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LIMITATIONS 214.010 and MM 1-50p 1

Oct 28, 1876

Minimum Equipment List {MEL)

AiRCRAFT MINIMUM EQUIPMENT LIST (MEL) FOR FLIGHT RELEASE
ATA CHAPTERS

21— AIRCONDITICNING & PRESSURIZATION 30--ICE & RAIN PROTECTION 73— ENGINE FUEL & CONTROL

22— AUTOPILOT
25— COMMUNICATIONS

51— INSTRUMENTS
32— LAMDING GEAR

74-- ENGINE IGNITION
75— ENGINE AIR

24— ELECTRICAL POWER 33— LIGHTS 76—~ ENGINE CONTROLS

25— EQUIFMENT & FURNISHINGS 34— NAVIGATION 77— ENGINE INDICAT'NG

26— FIRE PROTECTION 35— GXYGEN 78— ENGINE EXHAUST

27— FLIGHT CONTROLS 36— PNEUMATIC 79— ENGINE OIL

28~ FUEL 49— AIREORNE AUX POWER 80— ENGINE STARTING

29— HYDRAULIC POWER 52— DOORS 82— ENGINE WATER INJECTIC"

GENERAL

An alrplane s type certiflcated with afl required
equipment In an operating condition. However, the
FAA permits revenue dispalch wilh some of these
items Inoperative when the remaining operalive
tnstruments and equipment provide far continued
safe operations.

This sestion llsts instruments and Htems of
equipment which the FAA allows to be lnoperative,
and highlights some of the units and systems which
must be operative.

For the sake of brevity, the MEL does not include
obviously required [tams such as wings, rudders,
Hiaps, engines, landing gear, etc. Also, the lisl does
not include ltems which do not affact the
airworthiness of the aircraft such as galley
equtpment, entertainment systems, passenger con-
venlience itams, etc. However, it 1s important to note
that all Iterns which are related to the airworthiness
of the alrcraft and not included on the list are
automnaticaily reguired to be operative.

An Inoperative Instrument or item of equipment not
listed in this pubilcation on which there may be a
question of airworthiness is to be referred to thc
appropriate  Operations Hseadquarters  authorily
through NYC Technleal Operations Control Center
{Tech Center).

Tralning and ferry fiights may he dispatched, when
necessary, with lass than the aquipment herein
speciflad provided ali equipment required to assure
airworthlness and all equipment expected to be
utilized on the flight is operable. This determination
will be made by the appropriate Operalions
Headguarters Authorlty.

RESPONSIBILITY

1t shali be the joint responsibility of the incom ' g
captain, flight engineer, and senior maintenan.e
supervisar to determine thatallrequired maintenance
is programmed priar to next flight. The minimum
equipment list is designed to provide coverage fu-
individual Inoperative items in non-related systen'«
Mo publication can adequalely coverthesnumerak
combinations of multiple discrepancy ilems which
(nay tequire attention in osdur lo conduct a Flight
safely. It is particularty in this area of mulliple
diccrepancles and cupeclally discrepancies i
related systems, that good judgment, tased an the
circumstances of the case, including climatic ana
enrouta condilions, must be used in deciding i3
heold or release a {lighl. The decision of the captain
in command of the flighl to have allowabic
inoperative items correcled prior to flight will take
precedence over the provisions contained it th;
publication.

ACTION

When ihe airplane is to be operated wilth anv
instrument or ilem of equipment inoperative, ine
pilol in command shall comply wilh the appiGed
procedu: 5 specified in the Alrcralt Operating
Manual for such operation.

Appropriate action musl be taken {o assure that ro
secondary hazard can he intioduced by aninoperative
component. Therefore, the cause of the lroubliz s

be neulralized, if necessary, by disconnection ¢

remaval in order lo eliminale any further faluies o
the system Invoived.

Inoperative v malfunctioning Instruments or lems
of equipment must be adequately placarded at the
appropriate conirol or inslrument. An entry shail
also be made in the appropriate section of the
Aircrait Maintenance Log delailing any inoperative
tnstrument or lem of equipment. The Conlinued
tem eniry must include instructions to notify
interested groups when conlinued {tem has been
correcled; (MM 1-5-56 and FOM chapter 8, Avrzruaft

Alrworthiness). 214,010 end MM 1.50 p 1

ORIGINAT, PAGE IS
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Minimum Equipment List (MEL)

Oct 28, 1976

RELEASING AIRCRAFT WITH ITEMS INOPERATIVE

if a flight Is o be released with an inoperative (Inop)
itern or ltems, the flight engineer will advise all other
crewmembers whose work may be affected In any
way by the inoperative item. The senlor malntenance
supervisor shall notify the Operations office who
shall natify the nexi responsible dispatch canter of
Items affecting clearance or passengar service, See
MM 1-5-5 {or notification requirements for Releass
of Jet Alroraft withh Restricted Flight Assignmants.

DEFINITIONS

» Extended overwstar operallon means z flight
conducted overwater at a djstance In excess of 50
nautical miles from the nearest shore iine.

¢ VFR flight conditions means VFR atmospherlc
conditlons tor the area of flight and does not
pertaln to the dispatch release, flight plan or
clearance.

» Icing condltion means the atmospheric environ-
memt Is such that ice can form on the aircraft or In
the engins.

» noperative means any tlme a system and/for
component matfunctions to the extent that it does
not accomplish its intended purpose and/or is not
consistently functioning within its designed
operating limit(s) or tolerance(s).

WEIGHT AND FUEL PENALTIES

several MEL lltems require reductlon of takeoff,
landing and enroute weights and the addition of
extra fuel. The application of these weight and tuel
penalties is described below.

TAKEOFF WEIGHT PENALTY

The takeolf welght penaity is subtracled from the
performance limited TOGW (not the max structural
TOGW). With long runways and/or cool OAT's, the
performance limited TOGW can be high enough to
absarb the weight penalty and still permit takeoff at
the maximum structural TOGW.
« |f the MEL ltem specifies only one takeoff weight
penalty, 1t is subtracted irom hoth the TOGW
limited by runway and TOGW limited by climb.

+ Soma MEL items specify one lakeofi weight
penalty for TOGW limited by runway and another
for TOGW llmited by climb; In this case, subtract
each penalty from related TOGW,

214,010 p2and MM 1-6-0Gp 2
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LANDING WEIGHT PENALTY

The landing weight penalty |s subtracted from the
performance limited LGW (not maximum structural
LEW). With long runways and/or cool lemperatures,
the performance limited LGW can be high enough to
absorb the welght penalty and still permit landing at
the maximum structural LGW,

« When the penalty Is given In pounds, It s
subtracted from the LGW limited by climb {not
LGW limited by runway}.

« When the penaily is given In feet, It |s subtracted
from the available landing field length {or added Lo
the required landing field length) an the LGW
Limited by Runway chart.

ENROUTE WEIGHT PENALTY

The enroute weight penalty is applicable to flights
that are forecast to be longer than three hours,

The welght penalty is subtracted lrom the “Enroute
Limitations {formerly 2 Engine Enioule) max DTW"
as publishied in 1he Route and Airport manual ~7"
page tor the particular roule sector. i there |5 no
“Earcute Limitalions max DTW® published for the
particular route sector, subtract the weight penalty
from the maximum structural ZFW,

FUEL PENALTY

The fuel penalty is ihe percentage of lotal required
fuel that must be added, Total required fual consists
of estimated fuel burn plus reserve (excluding lax!
and storsc fuel). in calcutating max TOGW for the
case where TOGW is limited by max Landing Weight
(max TOGW = max Landing Weight + estimated
Fuel Burn), be sure tha! this estimated fuel burn 1s
increased by the percentage of fuel penalty,
otherwise a payload penally could resuit.

PAN AM ADDITIONS

This seclion conlains information beyond thal
required by the master FAA Minimum Equipment
List, identified as follows:

+ {*} Asterlsk indicates a Pan Am |tem not included
in the master FAA Minimum Equipmenl List.

» QXI Reqd Is an fem thal may restrict dispaich or
downline schedules. A QXI Aequired item mus! be
ransmitted io downiine stalions, to NYC Tech
Center, and a loghook notificatlon made by
Maintenance as indicated In MM 1-5-5,

» Notity NYCMJ indicates an llem that the Technical
Operations Control Center (Tech Center) wants to
pe aware of for planning purposes. It entered on
the Continued ltem sheet, it should be brought to
(he attention of mainienance at the nexl station
lor transmisslon to the Tech Center.
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LIMITATIONS 214.010 and MM 1-5-0p 9

Feb 23, 1877

_Minimum Equipment List (MEL)

SYSTEM OR UNIT R NUMBER INSTALLED

21 AFT CARGO
AIRCONDITIONING

=54 Att Cargo Alrconditioning 1
Trim Air Modulating Vlve
Position Indicatian {7475P}

—856 Aft Cargo Airconditioning 1
Compt and Duct Tempdrature
Indications {7475P}

-B66 Aft Carga Airconditioning 1
Overheat Protective System
{7475P) )

22 AUTOMATIC FLIGHT
CONTROL

—1 Autepilot System 2
{aX§ Reqd)

-2 Autcpilot Disengaged Lights 2

d See 34-19 for Progress Display
Lights ‘
~3 Yaw Damper 2
~4  Auo Throtila i
-5 Alrspeed {Zommand Bugs 2

—B8  Not Applicable

~7  Autoland Bias Actuator H
[7475P autoland only)

REQUIREMENTS FOR FLIGHT

May be inop.

May bz inop provided:
~ Duct overheat protection system is inoperative, OR
— Trim air modulating valve is kept in full cool (closed) position.

May b inop provided:

— Duet temperature indicatlon Is operative, OR
— Trim air modulating valve is kept in full cool {ciosed) position,

One mmay be inop. Any mode which functions normally may be used

— Cine required for CAT 1§ operation to 1600 RVR; two required tor CAT H
operaticn to 1200 RVR. Sce RAM 1/301 and 1/401 {747} for other CAT 11
requirements,

One control wheu! disengage switch may be inop provided the autopilot is not
utilized below initial approach altitude.

Both lights must be operative for autoland operation (7475P: four lights)

— One light must be operative for all other autoptlot mades or funictions,
{7475P: one hight for the autopilot beng used.)

— All lights hay be inop if the autopilots are not used.

Qe may be inop,

Iﬁay be inop.

First oificer's bug may be inap,

(iaptain’s bug may be inop provided autothrottla not used.

lIse the white airspeed bugs if the command bugls) is inop.

May be inop and autoland used, provided the flare and touchdown are
contralled manually.

5
ORIGINAL PAGE
OF POOR QUALITY
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Minimusm Equipment List (MEL)

SYSTEM OR UNIT & NUMBER INSTALLED

26
-18
—22

—23

—24

27
—1

-2

-3

b

-8
=7

334

FIRE PROTECTION
thru =21 Not Appllczble

Wing Lesding Edgs Overheat
Warning System

Master Fire Warning Lights
{forward glareshield}

Lawer Cargo Smoke Detector
Mo-Airflow Light {7475P}

Auto Discharge Flra
Extinguishirig (7475P lavs)

FLIGHT CONT::0LS

Contre Surface Position
indicating Systam

Leading Edge Flap Positlon

Light Systems
{Notity NYCMJ}

Takeoff Warning Horn System

Hydraulic Power Vaive Closed
Lights

Hydrauiic Power Valves

Stahilizer Brake Rel Lights

Lateral Trim System

Stall Warning System

REQUIREMENTS FOR FLIGHT

The two detectors In each pylon (if instalied) may be Inop, The remainder of the
system must be operative (7475PF and 200C: Test B may be inopl.

One may be inop pravided all other fire warning devices, both visual and aurai,
are fully operative, The airplane may not depart a station where repairs ar
replacements ean be made.

i the bell reset feature is also inop, flight engineer must be prepared to silence
the fire bell from his station if the pilot on the operative side is ansent.

May be inop provided:

— System is checked befure each flight, AND

— Smaoke Is Introduced into fwd or aft carga sanipling oritice and normal
warning indication verified,

May he inap,

May be inop pravided & positive visual eheck of affected surface mavelaent is
rade pricr to departure.

Amber light on the fwd panel, must be operative.

Green Tight on the fwd panel, may be inop provided the leading edge Haps
modulc on the flight engineer's panel is completely operative.

Leading edge flaps module on the ight enginerr's panal, may hiave either the
amber or green light inap for rach flap segment, provided both fwd panel
lights (amber and green} are operative,

With any light inop, monitar the operative lights on the flight engineer's panei
when transitioning to flaps 0, 1 or 5.

Must be operative, {7475P: see 27.22 for partially inop stabilizer portion)
One per axis may be inop provided the relatad valva is verified in the open
position prior to initiat departure. '

— To verify wing valves, sea MM 27.13.01.

— To verify tail valves, see MM 27-23.01.

May be inop in open position,
- To verify valve pasition, see item 27-4 above for MM reference.

May be inap.

May be inop provided:

— Dne autopilot is operative, AND

— Lateral trim system is centered, See MM 27-11.00.

Must be operative.

4
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‘. . Pan Am 747 Alrcratt Oparating Manual

214,010 and MM 1-50p 28 LIMITATIONS

Minimum Equipment List {MEL) Deg 16, 1976

—

{ .YSTEM OR UNIT & NUMBER INSTALLED REQUIREMENTS FOR FLIGHT

30 ICE & RAIN PROTECTION

—12 Number One Window Heat 2 May be inop.
Cverride Funetion

—13 Window Heat Power Lights 6 Lights for windows Na, 1 and Mo. 2 may be inap provided window heat
functions proparly prior to each takeoff,

Lighis for No, 3 windows may be inop.

Not required for Inop No. 1 o No. 2 windaw heaters,

—14 Window Heat Overhoat 1 May be inop.
Test Feature
~16 Rain Repellent Systems 2 Moy be inop provided airplane is not operated in presipitation withln airport
{OXI Reqd} traffic areas,
— Both systems required for CAT || operation with moderata 10 heavy rain,
~16 Windshield Wipars 2 May be inop provided aircraft is not operated in precipitation within airpart
{OX1 Reqd} traffic areas,

—17 Windshield Washer Systems 2 May be inop.

-i3 Windshield Air {Antl-Fog) 1 | Must be operative,
System

{ 31 INSTRUMENTS

-1 Clock 2 | One must be operative,
—2  Flight Recorder 1 1n event of malfunction or failure of the flight racorder, the airplane may
{Notify NYCMJ) continue the flight or saries of flights, but may not depart a station where
repair or replacements can be made.
—3 Voize Recortter 1. It evant of malfunction or failure of the volce recorder, the alrplane may
{hotify NYCRJ) contiaue the {light or series of flights, but may not dapart a station where
replacements can be made,
—4 ‘;‘"g,ﬂht and Balance 1 Passsnger Alrpiana: May ba Inop {presently deactivated), Ml
ndicator .
i {Qx1 Fead for 100F & 200C) Cargo Alrplanat May bs lnop with no restrictions if pallets/containers are weighed

by Pan Am, OR

— I paliets/eontainers are not weighed by Pan Am, reduce performance limited
TOGW by 20,000 lb.

—Sap AOM/ALM 282,106 (200C), 262.705 {i00F}. o

-6 ot applicable

¢
| .

214,010 and MM 1-5-0p 28
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Fan Am 747 Alrcrati Oparating Manuil

214.010 and MM 1-5-0 p 32 LIMITATIONS

Minimum Equiprent List {MEL)

Oct 28, 1976

SYSTEM OR LDNIT & NUMBER INSTALLED

33  LIGHTS

-8  Anti-Collision Lights 2
{QX1 Reqd)

—10 Wing lflumination Lights 2

—-11 Position Lights - Wing Tlps 4
and Tail (QXt Aegd)

=12 Exteriar Emergency Systam 1
Lights {0X1 Regd)

—13 interior Emergency System 1
Lights

~14 Logo Lights 2

34 NAVIGATION
—1  Airspeed Indicators -

-2  Mach Indicaicres 2
{one inop, Motify
NYCMJ}

{two inop, OXI Reqd}

-3  Mach/Airspeed Warning 1
System {QX! Reqd}

4 Altimeter {servo-pneumatic) 2
{Pan Am standard}

=5  Altimeter (electric) 2
{AA 123F only}

~8  Alvimeter [standby pneumaticd 1
[AS 123F anly}

REQUIREMENTS FOR FLIGHT

May be Inop for day operations.

May be inop for day or night operations provided a porizhbte lamp is availalile
far night operations in {cing conditions.

May be inop for daylight aperations.
— One of two tail lights may be ingp for night flight.

May be inop for daylight operations only,

A random 25% of lights may be inop provided:
— The inop lights are not adjacent, AND
— At least two of the three lights at each entry door are operative,

May he inop,

True Airspeed {TAS) and Computed Airspeed (CAS} may be inop.

One may bz inop,
~ Altitude must ba limited 1o a maximum of 29,000 {t it failure of the second
indicator occurs in flight,

Two may be inop provided:
— Airplane altitude iz limited to a maximum of 25,000 ft, AND
— A pigeard which sets forth thic limitation is affixed to the instrument panel.

Sce AOM 213.030 for [AS-Mach conversion chart,

When an aural warning sounds ealy, the airplane must be operated az speeds

below this warning indication,

= Filth-pod, gear duwn or auxiliary fuel airspoed warning systen, if installed s
operative, may be used in Heu of the normal mach/zirspeed warning system,
The speed at which the substitute warning sounds must be observed as limit
airspead,

Cne required at each pllot station,
- In standby mode, use AOM 207.088 for altitude correction,

One required at each pilot station.

Must be operative.

214.030 and MM 1-5-0 p 32



Pan Am T47 Alrcraft Oparating Manual

Oct 28, 1976

LIMITATIONS 214,910 and MM 1.5:0 p 33

Minimurm Equipment List {MEL) -

SYSTEM OR UNIT & NUMBER INSTALLED

31 NAVIGATION

—7 Altimeter Vibrators
a. Servo-pneumatic altimeter { 2

b. Not Applicable

c. Standby pneumatic |
altimeter

-8 Static Air Temperatur 1
tndicator !
—8  Total Air Temperature 1
Indicatar

—10 ADI Bank-and-Pitch ' 2
Functions {Horizan
Indicators)

=11 Stendby Attitude Indicntor 1
{Standby Horizon)
{QX! Reqd)

—12 Flight Director Systems 3
{all inop, QX1 Reqd}
{one inop, Notify NYCMJ)

~13 ADI Turn & Bank (Slip} 2
Indicatians

—14 ABDM Test Switch 2
~16 AL Slow/Fast Indigator 2
~16 Magnieti: Heading Referance 2

Systems - MHRAS {Compass

1 and 2§
QX1 Rigd}

—17 Magnetiz Standby Compass 1
{Notify NYCu.l}

REQUIREMENTS FOR FLIGHT

One may be Inop provided related air data computer is operative.

May bu inop provided VFR conditions exist at departure and arrival airports.
May b Inop provided total alr temperature indicator is operative.
May be Inop provided static air temperature indicator is operative.

Bank and pitch functions must he aperative in both ADI's, AND

— At least two INS systems must be operative in NAV or ATT mode, AND
— Earh AD! must be supplied by a different INS system, AND

~ Seze jtern 34-11 Standby Attitude Indicator for other requirements.

#ay be inop provided:

— Qperation is limited to day VFH conditions only, AND

— Three INS systems are operative in NAV or ATT mode, AND

— Attitude transfer switching to each pilot's AD! is opuerative, AND
— At least one AD1 has an operative fate-of-turn indication.

The airplane may continue the flight or series of flights but may not depart a
station where 1epairs or replacements can be made.

All may be inop provided the visibility at the destination is forecast to be one

mile or more,

— |{ 1he visibility at the destination is forecust 1o be less than one mile, at least
one Hight director system with dual displays must he operative.

Riste-of-turn indication may be inap in both ADI's provided the standby
attitude indicatar {standby horizon) is aperative.
— See jtem 34-11 Standby Attitude Iadicator for other requirements.

Nay be inop.
fday he inop.

{Jne may Le Inop for IFR conditions provided:

— Both HS! campass cards are operative, AND

— QOperative compass system can be transferred 1o the HS1 and RM1 on the
inop side, AND

— True headini is available from the IN5S on the inop side.

Ono may be inop for VFR flight conditions provided the operative compass
system tan be transferred 1o the HS1 or RMI on the wnup sids,

May be inop provided:

— Both compass-1 and compass-2 systems are operative, AND

— Thrae INS's are operative, a1 least one providing true heading, AND

— The airplane may continue the fiight or serics ol {lights but may nat depart
a station where repairs or replacements can be made.

b —

1
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Fan Am 747 Alrcralt Oparating Manusi

214.010 and MM 1-5-0 p 34 LIMITATIONS

Minimum Equipment List (MEL)

Oct 28, 19

SYSTEM OR UNIT & NUMBER INSTALLED

34
~18

-18

NAVIGATION

\

Master Instrument Warning
Systams {QX! Reqgd)

Fiight Mode Annunciator
{OX!] Reqgd)

Central Air Data Compuier
Systems {CADC)
[Notify NYCMJ)

VHF Navigation Recelvars—
VOR/LS

(QX! Reqd}

DME Systems
{QX! Rend)

Weather Radar

{both inop, QX1 Reqd)
{one Inop, Notify NYCM.H

REQUIREMENTS FOR FLIGHT

~

3

May be inop except for CAT |} operation.

May be incp except:
— If the auzopilot and/for flight director is to be used in 11.S or tand mode,
the lights associated with the mode to be used must be operative,

One may be inop provided following systems arc operative:

— TAT gage if CADC-2 is inop.

— Altimeter vibratar an the side wish the inop CADC,

— Mach indicator on the 2pposite side ur altitude i limited to 29,000 f1,

— Related autopilot Is available except for altitude, IAS, and V/S control, At
glideslope enpage, initial pitchover may be more abrupt than normal
{for 8-10 seconds)

— Automatic althude reporting {or check item 34-26).

— Ground proximity warning test normal (or check item 34.32).

Two VOR systems must be aperative.

Both 118 systems may be inop excapt:
— One must be nperative for CAT | operatian,
— Twe must be uperative far CAT 1l operation.,

VOR and {15 test swiich may be inop.

200C: VOR-3 may be inop or may be used to meat any of the requirements
above,

Baoth may be inop except:
—~ One must be operative for operation in the continental U.S,, Alaska and
Hawaii.

Onerative weather radar is required for routes between the Tokyo an3
Anchorage FIR's if the route flown is north of NGPAC 1.

One system required when current weather reports indicate thundersinems or
other potentially hazardous weather conditions, which can be derected by
airborne weather radar, may be evpected alorg the route to be Howa.

Under the following conditions, inop weather radar may be continued to the

next scherduled stop where parts are avaslable and repairs san be made:

— I no potentially bazardous weather conditions detectable by radiv are
forecast for the route tw be flown, OR

— The aircraft can proceed through areas of hazardous weather under day
VFR conditions, OR

~ The route 1o be flown is altered 1o avoid hazardous forecast weather
without relying solely on the altitude capability of the airplans,

eram ettt frr—— 4 o ST —— V— —a

* 214,010 and MM 1-5-0 p 34
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Pan Am 7A7 Alrcratt Oparating Manuvat

LIMITATIONS 214.010 and MM 1-5-0 p 38

20et 28, 1976 Minimum Equipment List {MEL}

SYSTEM OR UNIT & NUMBER INSTALLED REQUIREMENTS FOR FLIGHT .

34 NAVIGATION

=24 ADF Radio Compass 2 Two systems required over routes on which ravigatian is based on ADF,
{QX) Reqd} EXCEFT

— One syster required aver routes an which navinatien is based on ADF,
provided that the airplane is equipped with two operating VOR systems and!
VOR navigational aids are so located and the airplane so futled that in case of
fallure of the ADF recelver, the flight inay proceed safely 1o a suitable
airpart by means of VOR aids and complete an instrument approach by use
of the remaining aitplane radio system.

.25 Marker Beacon Receiver i May be [nop except where fan markerls) are a required part of the airways or
instiument approach system to be used,

—26 ATC Transponder and 2 One required for all flights dispatched Invo positive control areas and terminal
Altitude Reporting System control areas {TCA’s}, EXCEPT that if inop, the requirement may be waived
{bath sys inop, X! Reqd)} by the inclusion of “Transponder Inop” {or “Automatic Altiwde Reporting
{one inop, Notify NYCMJ} Inop”] in the Remarks section of the tlightplan, The airplane may continue the

flight ar series of flights, but may not depart a statian where repairs ar replace.
ments can be made.

=27 inertial Navigation Systems 3 INS-3 may be inop.
{navigational info only}

{iNS.3, Notify NYCM.J) INS-1 and INS-2 must be operative in NAV mode aver any route for which

{INS-1 or 2 Nav mode INS navigation is required.

inop, QX1 Rend} — Over routes authorized for cockpit navigation, INS-1 and INS-2 must be
operative in at least ATT moda,

Sep 34-10 for attituds NAYV mode may be considered operative with all following funetions inap:

requirements. — Wind display inop on bath CDU's.

Either TK/GS or DIST/TIME display inop on one COU,

Alert light inop on ona CDU, provided DIST/TIME is operative.

Up 10 four waypaint positions on each system. Howuever, for autopilot-
coupled operation, at least five consecutive waypoint positions must be

operative,
-28 Altitude Alerting System 1 If inop, the airplane may continue the flight or series of flights but may not
{Motify NYCHJ} depart a station whera repairs or replacements can be made.
-28 Low Range Radio Altimater 2 Mo, 2 may be inop, except two systems required for CAT 1| operation,
[GX] Regd) .
if No, 1 s inop, check limitation in 34-32 Ground Proximity Warsming.
—30 Radio Altimeter Altitude 2 May be inop,
Display {in ADI) _ i

~31 Nuot Applicable

—32 Ground Proximity Warning 1 In avent of malfunction or failure, the airpiane may continue the flight or series {
System (Notify NYCMJ} - of flights but may not depart a station wiere repairs or repiacemenis can be maue

.

«

214.010 and MM 1-60p 5

ORIGINAL PAGE IS 339
OF POOR QUALITY,



Pan Am 747 Alrcralt Qporatine .

214.010 and MM 1-5-0 p 36 LIMITATIONS

Minimum Equipment List (MEL)

_..Ocr 28,3975

{-

», j—

I §ySTEM OR UNIT & NUMBER INSTALLED REQUIREMENTS FOR FLIGHT ‘
34 NAVIGATION 1
—~33 "Vertical Speed Indicatars Must be operstive.

{pilots'}
a5 OXYGEN
—1 Passenger and Craw Oxygen Crew system must be nparaﬁve.
Systems
(X1 Reqgd) Passenger system may be inop at fiight altitudes of 10,000 {t or belaw. :
See AOM 207.740 or MM 12-15-15 far minimum prassure requirenients. |
— See Ajrcraft Loading Manual 212.060 {or passenger inash requIrements. !
—3  Portable Oxygen Bottles Must be operative for flight over 25,000 1. 1
(Bottle and Mask) — See AOM 207.140 for number o} buttles and MinImum ressyras
{OX! Read) .
-3 Dual Oxygen Pressure tay be inap provided all exygen cylinder gages ure checked to ensure pinsaie H
indicator above the required amount. ,
{flight engineer's panel} :
See ADOM 207,140 or MM 12.15-15 for minimum pressure requirements !
—4  Not Applicable '
\. 35 PNEUMATIC SYSTEM [
36: [ATIC SYST NOTE
Items —2, =8, —6 and -7 may not simultaneously affect more than one
engine, and on romaining engines the starter valves inust be operdtive.
{Notify NYCMJ}
—~1 High-Stage Bleed Alr Valves One may be inop secured in the closed positior  2r MM 36-11.05,
—~ Maintain at least 70% N1 on the affected e1 . e when in icing conditions
—2 Bleed Alr Precooier System One muay be incp provided:
{temp control function) — frems 36 -5, A and 7 are operative an other three engines, AND
{QX1 Reqd) — Ffight is not operated in icing condition, AND
— Related bleed air switch is kept in off position after engine start, AND
— Related nacelle anti-ce switch is kept in off position.
-3 Engine Bleed Air Pressure One may be inop in the closed position provided the related high stage wat.e
Retlef Valves is secured in the closed position per MM 36-11.05. '
—4  Engina Bleed Air Pressure May be inop. i
Relief Lights - |
(if instatied) :
-5 Pylan Bleed Air Vaives One may bs inop {secured in closed position per MM 36-11.04 after engine start), :
provided items 36 ~32, 6 and 7 are aperative on other three engtnes.
~ If only the start solenaid is inop, see MEL item 36-13.
— For Manual Start, see A7 207,162 and MM 36-1 1-04,
— Wing isclation valve swiiches must be in the open position for takeolf arc
all flap operations.
— APU may not be used for cahin ventilation and pressurization when making
a packs-off takeoft.

214.010 and MM 1.6:0 p 36
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PAN AM MAINTENANCE PROGRAM

Introduction

Pan Bm's aircraft are maintained in a continuous state of

airworthiness by means of scheduled and unscheduled maintenance.

Scheduled maintenance consists of tasks scheduled at designated
time intervals, component changes, scheduled inspections,
and modifications. Unscheduled maintenance results from

scheduled task findings, malfunction reports and condition
monitoring.

The Pan American Maintenance Program has been uniquely
developed to meet the requirements of B747 A/C. Pan Am was
the world's first 747 operator. Our fleet has accumulated
nearly a millicn <perating hours and is the largest in the
world. It consists of passenger, cargo and SP aircraft.

Pan Am has long recognizea the importance of effective
maintenance programg, both frum safety and economic view-
points. Consequently, it has established an organization to
exclusively develop, impl:ment and maintain the maintenance
program.

The Pan Am Maintenance ercgiram is FAA approved in accordance
with FAA Advisory Circulsr 120-17. This allows Pan Am to
add and delete items, change time limits and establish
service patterns without prior FAR approval.

There are four fundamental parts in a maintenance program.
These are: ‘

a) Development of the tasks and categorizing of
the processes, i.e., on-condition, hard time,
condition monitoring.

b) The packaging of the items and developing a
servicing pattern, i.e., whan, where, & how
often the aircraft must be serviced to accom-
plish these tasks.

c) Monitoring. The development of an effective feed-
back system to measure the effectivenass of the
maintenance program.

d} Adjusting of the program to respond to results of
monitoring and to changes in operating requirements.

ORIGINAL PAGE 13
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Discussion

pevelopment of the program

The B747 maintenance program was developed using an MSG-2
analysis. This program was part of the original FRA MRB
program. As service experience was gained, new requirements
became obvious and the program underwent substantial changes.
The present program has been refined by experience gained in
nearly a million operating hours. It is no longer controlled
by the MRB program but is on Pan Am's FAA Approved Maintenance
Program.

The Pan Am approach to developing a maintenance program is
+o0 review each item both from the necessity and effective-
ness standpoints and develop an optimum time limit. The
items are treated independently of services. Each stands on
its own technical justification.

Packaging of items

Once all the items have been established at their optimized
time limit, they can be packaged in a manner which will meet
the objectives of the operating plan. Basically, Pan Am
develups the maintenance program to Fit into and to comple-
ment the operating reguirements. Pan Am does not take an
aircraft out of service for maintenance except for heavy
service. Routine maintenance is accomplished so as not to
conflict with operating requirements. Speciically, there
is always an aircraft that overnights in New York. Proper
scheduling insures that a specific A/C is scheduled into
this slot to perform a service.

The services consists of:

Transit: Prior tc each flight.

A Service: More comprehensive. Includes some
routine work items when aircraft are on the
ground over four hours.

Base Check: Scheduled at 225+30 hours. Accomplished
at Pan Am base, and includes non routine and
routine work items.

B Check: scheduled at 450+45 hours. Accomplished
at Pan Am Base and consists of additional
routine and non routine items.

342
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- Heavy No specific time limit, includes the above
Service: plus refurbhishing, high time routine items,
modifications and heavy structural inspection.

Since the service schedule is designed to accommodate
Pan Am operating requirements and since the individual
items are not tied to specific services, the maintenance
program is extremely flexible. It is readily revised to
meet changes in operating requirements.

The Pan Am "B" service concept is the result of an
evoiutionary process. The traditional servicing concepts
employ letter checks at increasing intervals such as A, B,

C, etc., checks at 175, 350, 1400 hour intervals respectively.
Each higher letter check consists of larger and more complex
service packages. Other than tradition, there is no technical
justification for such rigid maintenance schedules. With
these traditional concepts, a maintenance program is imposed
upon operational regquirements instead of being built around
them.

Pan Am analyzed the maintenance requirements vis-a-vis the
operating requirements. The fallout of this analysis is a
service concept whereby service packages of approximately
equal manhours, elapsed time and work skills are developed
to be performed at relatively small increments of time.

Scheduling is based on total air time on the A/C rather

than time since last service. The advantages of this are:

—- Assures "averaging" of specified service interval,
i.e., no service time is thrown away.

- Makes more A/C available for operations since no
excess services are done.

- Determines more precisely when services are required.
Eases scheduling constraints.

~- Frequent servicing reduces unscheduled maintenance
or surprises, and produces more timely feed-back to -
the system.

- Better utilizes individual time limits.

Monitoring:

Any effective maintenance program requires good feed-back
to measure how well it is performing.

ORIGINAL PAGH I
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Again, Pan Am has undergone the development, implementation
and abandonment of numerous monitoring systems. 2 description
of the various systems which were utilized and which led to
the present system will not be made. The systems which are
now in effect, and which were developed through evolutionary
Process utilizes the following philosophy:

— Use only the information which has greatest impact
for improvement. '

In addition to the structural findings, many
techniques have been developed which facilitate
inspections. Again the trail and error of new
operations can be avoided.

Landing Gear - The gear is maintained throughout
the life of t..e aircraft by servicing, corrosion
Prevention and limited repair. Overhaul, the
complete disassembly and reassembly with zero time
parts, is not required by the Pan Am program. The
condition of the gear is monitored by routine
inspection and by sampling. The tanker fleet will
benefit greatly from the sample program because
improvements already found nNecessary on the older
dircraft will have been incorporated, and service
experience will have demonstrated the performance
Of these improvements.




COMPONENTS AND PARTS — OVERHAUL AND RELATED WORK TIME LIMITS

1. GENERAL POLICIES
2. 'TIME LIMITS
3. ENGINE LIF: LIMITS
4. Deleted.

1. General Policies

A. Included herein are components, overhaul time limits and related
work time limits. These data establish PAA approved time limits
for overhaul and related work, Important "Condition Monitoring"

cems are listed in this publication. Components of lesser
importance that are "Condition Monitoring" are not listed.

B. A 90,000 hour time limit, when shown, is a temperary time limit used
to satisfy EDP requirements until a technical time limit can be de-
termined in accordance with the M-246 procedures. This procedure has
been adopted in order to speed-up the listing of a new component in
this publication for effectivity purposes. A technical time limit
will supersede the 90,000 hour time limit in the near future.

C. All reference to time limits means aircraft air time unless ctherwise
aoted.

D. C.M. signifies Condition Monitoring. O.C. signifies On Ceoandition.
(TOM 25-15-10)

E. References directly below those items that are listed as On Condition
refer to the supporting work item.

F. Publication reference shows applicable Maintenance Manual publication
containing specifications.

G. The results of the sampling program on landing gears will be reported
to Boeing on forms 9242-3759 and 9242-3760, in the same manner as
Structural Imnspection ltems. :

H. Time Record Type column shows time record requirement "On Condition"
and "Condition Monitoring" items, as stipulated in TOM 10-60-70.

I. Unless effectivity limitations are indicated, items are applicable
to all airplanes listed under Section 2.B.

EFFECTIVITY Page 1
Sep—¥5/75, Feb 15/76

ALL
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Page 2
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Intentionally left blank.

In any item where a sampling program is required, the sampling time
limit 3is to be considered the limiting time 1imit, unless otherwise
specified in this publication.

Multiple Time Limit Program
Description
In order. to fully utilize the time limits, i.e., schedule as mear to

a limit as feasible, a multiple time limit is established.
Multiple time limits are provided in addition to the specified time
limit. Multiple time limits may be used providing that specified
supplementary tasks are performed, with satisfactory resclution of
any discrepancies. Supplementary tasks are identified by a suffix
to the multiple time 1limit, and are listed below, Supplementary
tasks must be accomplished within 500 hours prior to an item reach-
ing its time limit, unless otherwise specified. Multiple time
limits will not be used to routinely schedule services. They will
be used only to alleviate difficulties in aircraft scheduling, as
limiting time limits are approached. Rellability must be notified
each time &2 multiple time limit [- used.

TOM 10-60-73 contains the policy and . cedures for the Multiple
Time Limits..

SUPPLEMENTARY TASKS

The task(s) number(s) will appear as Slash/Number after the multiple
time limit in the appropriate publication.

1. Review available log book activity for preceding 10 days to
detect any deterioration related to this item, Accomplish
within 225 hours of the item reaching its time limit,

2. Review continued item and maintenance service item files for
discrepancies related to this item. Accomplish within 225
hours of the item reaching its time limit.

3. Perform operational check to assure satisfactory functloning
of components/systems related to this item.

4, Perform a physical examination and shake check te determine the
condition of this item.

5. Perform an area level inspection of the area related to this item.

6. Perform a detail level inspection of the area related to this
item.

EFFECTIVITY

ALL
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! TIME | PAA CODE MO EFFECTIVITY
T KEYWORD AND DESCRiPTION RECORD or O [REx|MainTexance TTTTTSTRTCTR
E PER1 ™ process  {2|2|PlA|I|v
M TYPE PART 0. Afc 112
Fl I
22 - AUTOFLIGHT
01 Box, Accessory #1, Auto Flight TR~ C.M. XIXIX(X{X]|X
102 | Box, Accessory #2, Auto Flight Control (TR-0 C.H, ZIX|X| XXX
0241 Box, Accessory 3, Auto Flight Control |[TR-0 C.M. =|=l] =] -]~
03 | Cluich Pack Assewblv, Engine Contreol TR-0 C.M. XXX
See 747 5-2-2, TItem 22-300
04 | Accelerometer, Normal, Auto Pilot TR-0 C.H. X% %9
044 Accelerometer, Lateral, Auto Pilot TR-0 C.M. -k
05 | Box Assv, Accessory Stab Trim TR~-0 C.M. HXRHAX
06 | Computer, Auto Throttle TR0 C.H. HAH¥H [
0% | Computer, Pitch TR-0 C.M. )i}* T3R5
12 Computer, Roll TR=~0 C.M. ¥y XA

[enuepy acueuSIIEl Lt/ RATNY NINARS



8PE

9FFE-G92 ‘{4 /0T uer

1-¢-G

a8eg

b1

L [ EFFECTIVITY

. TIME CODE WIMBER [QTY | MAINTENANCE [TV I, 8w CA] ; T ]

E KEYWORD AND DESCRIPTION RECORD OR PER ,  PROCESS 2,2[p Al 1

M - TYPE PART NIMBER [A/C 11z i
. Fl1 i

22 —- AUTOFLIGHT (conr'd)

15 Computer, Yaw Damper TR-0 2 C.H. X axf X x|X

16 | Control, Flight, Aute Pilot TR-0 1 C.M. XIREINI XY

21 |ynit, Monitor & Logic, Auto Pilot TR-0 1 C.M. X E[ -1 X X%

22 |Unit, Landing Control & Logic TR-0 1 C.M, =1-1X{=}-1-

24 | Panel, Hode Select TR0 1 C.M. XXixixixix

25 | Light Set, Flight Mode Annunciator TR~0 2 C.M. XXX | ®ix

27 | Servo, Auto Throttle, Auto Pilor TR-0 1 .M XXX (x

30 {Unit, Trim, Auto Stabilizer TR-0 1 C.M. XXX X

L)
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ppa— .

TIME

CODE YUMBER 'QTY I MAIRTENANCE

EFFCCTIVITY

i

T LyLsiwCiar
£ KEYWORD AND DESCEIPTION RECOFD oR TE% | FPROCESS 22mALY L
" TYPE PART NUMBER lA/C 111)2 |

Fl 1! ¢
31 - INSTRUMENTS {(cont'd)
12D| Accelerometer, Three (3) Axis. TR-1 73124 1 .C. EEIxIxx
See 5-2-2 Item 31-302.
12E| Transmitter, Stabilizer Position. TR0 0.C. XXX XX
See 5-2-2 Item 33-302.
.J12F] Tiwme Display Unit T%-0 Cc.M. AR e e
{13100033) :
12G{ Time Base Unit TR~0 C.M. Xjfg {~|-F
(13100034)
12H] Transmitter, Control Wheel Position TR-0 0.c -1={Zl-i=F
See 5-2-2 Ttem 31-102
! B
; [
! :
[ i

b—
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I EFFECTIVITY
T ) TIME PAA CODE HO. [QTY erlltIIS|WICIA
: KEYWORD AND DESCRIPTION RECORD 0R peg | MANTENARCE 12 |a1p | AlT| v
M TYPE PART NO. 1A/ = H
34 - NAVIGATION
09 { Altimeter, Servo Pneumatic TR0 C.M. XIR X Xi % -
094 Altimeter, Electric TR-0 C.M. ~f=lq4-%
098 | Altimeter, Pneumatic TR-0 C.M. =l - -1
11 | Annunciator-Central Instrument Warning | TR-0 C.H. FIZIXXYRX
12 | Antenna, Loop TR=0 C.M. YIXIF XXX
15 Antenna. Low Ranpge Radio Altimeter TR-D * X1X1 &% X X| X
*Bench check concurvent with 5-2-2
item 34=-607 (1340018J)
18 | Antemna, Marker TR-0 c.H. XXX X ¥ X
21 | Antemnna, Weatner Radar TR-0 C.M. X XVX X X1 X
NOTZ: Avianca Onlyv: Overhaul at
Shop visit if removal date
exceeds 24 months since last
overhaul.




e i,

ST @DVd TVNIDIHO

ZITITVNY ¥004 J10
YEf6-99d “LL/OT uer

JH
¢y adeg

|-¢-G

16¢

i PAA CODE O EFFECTIVITY
T KEYWORD AND DESCRIPTION OR WAINTENANCE |1 3 3141 S
H PART HO. 112
Fil
34 - WATIGATION (cont'd}
24 | Batrery, INS - ‘o.C. x| xl x| -
Bench Check 1100
: 500 =t~ -lX
25 Compass, Magnetic Standby C.HM. XX EX
26 | Compensator-Remote Magnetic C.H. XY XX
Compass
27 { Computer, Central Air Data C.M. XXy x
MPA 13400247
28 | Computer-Altitude Alert C.M. XXX X
26 | Computer - Central Instrument C.M. X| X.X X
Warning
30 | Coupler, Magnetric Compass C.M. axgx
33 | Coupler, Sense, ADF C.M. Yy«
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[ EFFECTIVITY
TIME PAA CODE RO. |QTY A L{Nsiwiclal
: KEYWORD AND DESCRIPTION RECORD O pER | MAPRTEHANCE N2 |2|p | A\ 1]V
M TYPE PART HO.  |AfC Ltz
34 - NAVIGATION (econt'd)
35 | Computer, Ground Proximity Warning 'CHT{-‘ A v Bt
P4 13400243 TR-0

36 | Feed Assembly, Weather Radar Antenna TR~0 C.M. X x -
40 ! Indicator - True Airspeed TR-0 C.M. X" v HK
42 | Indicator, Attitude Director TR0 C.M. ¥UygRxy
45 1| Indicator, DME TR=-0 C.M. X d ¥
48 | Indicator, Gyro Horizon Standbv TR-0 C.H. XAYRXX
51 | Indlcater, Horizontal Situation TR~0 CaMa X[ a ¥ XX
34 Indicator, Instant Vert. Valoeity TR~0 C.M. Y| X1 x| &
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' TIME | PAA CODE 2. [oTY rrECTIAn
T KEYWORD AND DESCRIPTION RECORD or  |per| MAIATERARCE [)1oR SIS
N TYPRE PART NO. AlC ’ 1112
Fil
34 — NAVIGATION (cont'd}
57 Indicator-Low Range Radio Altimeter TR0 C.HM. ZILIK X R X
60 | Indieator, Mach TR~0 C.M. b b A B R
604 | Indicator, Mach/Indicated Airspeed TR-0 C.M. —{-I-{-1¥ X
63 | Tndicator, Airspesad TR-0 C.M. X|XIX[ & -]~
64 | Indicator, INS Time To Go TR-0 C.M. XX~ -
66 | Indicator, RMI TR~0 C.M. 2% ®{ d x
67 Tndiecator ~ Static Air Temp TR-0 c.M. XXAR XX
658 | Indicator - Total Air Temp TR-0 C.M. XEARAHX
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Ol \ EFFECTIVITY |
1 TIHE PAA CODE HOD. |QTY PIUSIWIC|A
N i KEYORD AND DESCRIPTION RECORD oR pe| MAINTENARCE1odalp) a5 v
—_ M TYPE PART NO.  |A/G | H‘
L 34 ~ NAVIGATION (cont'd)
5% . }J #
5o 1169 | Tadicator, Weather Radar TR-0 . C.M. bA D I
ST : * Bench Check
- NOTE-For Avianca Only:
- overhaul at shop visit if removal
L date exceeds 24 months since last
& overhaul.
“+.
= i }J
8o 1170 | Inverter - Solld State TR0 C.H. b bl b
1|72 | Panel, Controcl ADF TR-0 .M. X[X X X{ ¥
1175 | Panel, Control ATC TR-0 C.M. X4 A%
il78 Panel, Control VOR/ILS _ TR-0 C.M, X IJX ot )C* bt
I1{g1 | Panel, Control Weather Radar TR-0 C.M. X|¥ )T 13
NOTE-For Avianmeca Onlv: Overhaul at
shop visit if removal date exceeds
94 months since last overhaul.
1|84 | Receilver, ADF . TR~N C.M. bR e s
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! N TIME { PAA CODE NO QTY EFFECTIVITY
T KEYWORD AND DESCRIPTIOR RECORD or  |peg|MAIRTERANCE ) I3IHICIS
: TYPE PART NO. AlC = Htz] i
) Fl
34 — NAVIGATION (comt'd)
E 87 Recelver, }iarker TR~-0 C.M. XX XIXyg X
ton | Recelver, VOR/ILS *
TR-0 C.M. %% KX
* Bench Check a000*
§92 | Reflector-Weather Radar Antenna TR-0 C.M. X ¥ ]& A - -
%

}93 | Sensor, Magnetic Field (Flux Valve) TR-0 C.H. x| %] d A x
l}95 | sensor, Total Atr Temp 1E & ®H TR-0 c.M. ¥ d AN
[]

I 95 | switch, Antenna VOR/TLS TR~D C.M. %o A
] 97 | Switeh - Mach Alrspeed Warning TR0 C.M. UXRHAX
Ih o9 Transcelver, DME Interropgator TR-0 C.M. HXRAARAZX
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1 _ ; EFFECTIVITY
s TIME CODE HUMBER  |QTY ; MAINTENANCE [1(1;8 w{C‘i' N
I . 'RECORD OR PER = PROCESS 221Pla T o,

T KEYWORD AsD DESCRIPTION . ; ' H
" e ' TYPE |  PART NIMBER A/C af2 Y L
i : ! Fi1 IR

34 - NAVIGATION (cont'd) ! f I,
: . %
. : ' 1
102|Transceiver, Low Range Radio Altimerter TR-0 i C.M. XX|XIX X
*Bench Check 4500%
105 }Transceiver, Weather Radar TR-0 C.M. xlx|x|xix]%
108|Transpondex, ATC Beacon TR-1 53652 2 24 XX {x|-|-1x
63424 Calendar -|=t=ixl-1-
) 97637-101 Months** |- |—j-|-|X]-
#*Bench Check. TFAA Mandarory. After
January 1, 1976, ATC Transponders may not
be used unless they have been Bench %
Checked within the preceding 24 Calendar i
Months.
(FAR's 91.177 & 43, Appendix F). !
(10500203)
111 ilnit, Control/Display INS TR~0 C.H. X IRRIX
112 lUnit, IXS Mpde Select TR~0 C.M. XX RIXX
1i4|Unit, Navigatiom INS TR-0 C.M. X XpiXIxix
L

‘JANT NRAEE

lenueyy SOUBLSIUIEN B9YOS Lyl




47

AIRLINE MANUALS SYSTCM ;;

747 MAINTENANCE MANUAL

SERVICE I1TEM 1IME LIMITS

1, General

2. Service Item Time Limits
3. Deleted

1. Genevral

A,

This publication 1ists the service checks to Be performed at routine
service periods, Work items must be scheduled for sccomplishment
within the time periods shown.

e

All reference to time limits means aireraft aiy time unless otherwise
noted.

bublication reference shows applicable Mainienance Manual publicaticn
containing specifications.

In auy item where a sampling program is waquired. the sampling time
limit is to be considered the limiting time limit, unless otheruise
specified in this publication,

When an item in this publication is regquired to support the time limit
of a compeonent listed in the 747 aircraft 5-2-1 publication, 3 note to
this effeet is inserted directly below the item. Such items cauuot be

- extended or deleted without comnsidering the componsnt time limit require-

ment.

Unless effectivity limitations are indicated, items are applicable to
all airplanes listed under section 2.B.

rfultiple Time Limit

Bescription
In order to fullg utiiize the time limits, 1.e,, schedule ay nesr to
a limit as feaslble, a multiple time limit is establlshed.

Multiple time limits are provided in addiiion to the sperified time
1imit. Multiple time 1limits may be used providing that specified
supplementary tasks are performed, with satiafactery resolution of
any dilscrepancies. Supplementary tasks are identified by a suffix
to the multiple time limit, and are listed below. Supplementsry
tasks must be accomplished within 500 hours prior to an item reaching
itg time limit, unless otherwise specified. MHultiple time limits
will not be used to routinely schedule services. They will be used
only to alleviate difficultias In aireraft scheduling, as limiting
time Iimits are approached. Reliability wmust be notified each time
an multiple time limit is uged.

TOM 10-60-73 contains the policy and procedures for tiue linltiple
Time Limits,

EFFECTIVITY

5-2-2

Page 1

ALL Sep~20L25 ,~fab 15776

ORIGINAL PAGE IS
OF POOR QUALITY
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AIRLINE MANUALS SYSTEM

747 MAINTENANCE MANUAL

1. G. Continued

SUPPLEMENTARY TASKS

The task({s) number(s) wlll appear as Slash/MNumber after the multiple
time limit in the approprlate publicatiom.

1. Review available log book activity for preceding 10 days to detect
any deterioration related to this itém. Accompligh within 225
hours of the item reaching its time limit.

2, Review continued item and maintenance service item Files for
discrepancies related to this item. Accomplish within 225
hours gf the item reaching its time limit.

3. Perform operational check to assure satisfactory functioning
of components/aystems related to this item.

4, Perforn a physical examination and shake check to determine
the coardition of this item.

5. Perform an area level inspection of the area related to this
item.

6. Perform a detail level inspection of the area related to this

item.
0-2-2 5 EFFECTIVITY
Page 2 .
Feb 15/76.6¢p-30435 _ ALL

358
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$) ) EFFECTIVITY
NS | TEM SERVICE/ INSPECT 10N PUBLICATEON | TIME LiMIT | 5|4 [31%|(3
[ 1j1§2
N Fil
g 22 - AUTO FLIGHT
3 xn :
o]
o =
=S5° I 3a0 Perform functional check of Limit Switches on 5,100 XXX KX}X
> Clutch Pack Assemt of the Auto Throttle.
* (0050028T)
z Support item for 5-2-1 item 22-03.
h
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, EFFLCTIVITY
! S S B HRAE
E,' SERVICE/INSPECTION PUBLICATION LIMIT 1h |z

- A
— F il
34 - NAVIGATION
406 | Deleted MPA 134002435
407 |Low range radio altimetar antenna and coaxial cable - 7.500 - XX X [R§- Ix
chack.
See 5-2-1 item 34-15. (23400043
408 | Test the following ground proximity warning system 34-46-00 4,0002 XXX KN
functions:
1. Altitude rate
2. Glide slope deviation
#Sumple 5 alrcraft. To he eligible as a2 sample, item
must be scheduled at +G -20% of the present time
Iimit. For additional instructions on future schedul-
ing, rerarence General Section 1. D., Page 1.
MPR 2340060 *
505 Check electrical bonding between the ADF antennas and 6,000 XM XX =

aircraft gtructure. (23400023)
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