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. Evolution of maintenance and reliability programs

—

. Reliability regulatory requirement

. Extended operation (ETOPS) maintenance program
. Organization and performance standards

. Data collection system

. Data display and reporting

. Data analysis and corrective action

. Schedule reliability

© 00 N o o0 B~ W D

. Developing a component reliability program

10. Reliability metrics



11. Rogue components

12. Structure reliability

13. Digital transformation for improved engine availability
14. Maintenance program interval adjustment

15. Tableau data visualization and airplane reliability index
16. Airline maintenance costs

17. Maintenance costs and value of reliability

18. The value of sharing reliability data

2~ L

AR GERIE A A SRR LR SUGE  TAREBIRERESE (ETOPS) #RoK - 4H4REL -1
PRAE R ERERRAE. SR IRBR AR ~ AR R T T A 2SS E A 27 > DUT L
(1) 4FATSEREFSHE - (2) Rogue Component % (3) 4it53#f TE (Tableau) % 3 ZEfILIR
HY -

1. SRR

4 EZEAHAF A FEEEEE S (1) MTBR, Mean Time Between Removals, (2) MTBUR,
Mean Time Between Unscheduled Removals, (3) MTBF, Mean Time Between Failure, (4)
URR, Unscheduled Removal Rate = » HEtE& 500 R -

MTBR = Fleet flying hours x (QPA, Quantity per aircraft) / Total number of removal
MTBUR = Fleet flying hours x QPA / Unscheduled removal

MTBF = Fleet flying hours x QPA / Failures

URR = (1000 x unscheduled removals) / (Fleet flying hours x QPA)

PR AT A SEREFEREZ RN HEH BT - AR SRR ERER - LI MTBUR Kflil » Bk
Fleet flying hours = (Fleet size) x (hours/year utilization per aircraft) = 100000

QPA=2

Unscheduled removal = 5

H MTBUR = 100000 x 2 /5 = 40000 hours



B 5 BARERVHAFSE R 1 2 BE 1 HEEHR 5 RATfeHy MTBUR &5 40000
hours - 24111 - HEATRBAVERAEAARE - 55> MTBUR ZF 5B A - SR
FYAE] > MTBUR {EE AR B —HRHYERRIMEITIEM L SAE R A EHED -

ifi MTBF [&E%E{1. MTBUR fyi&:5%4h » 5 failure confirmed or not {AFH4R - 4ES & S A
TE o AEERE LA —C T A E TN R RV EEBE > R AR AR o gEM: -

&R LATHL - R A EER Ry o BRI AT SRR IR A SR HE RN > R E R A SR -

KB N FERAEE N EARCRI T A

* Pilot report alerting program: Analysis of high maintenance activity

*  Premature removals: Flag component serial numbers with low time in service

* Material Services interface: (1) Spares provisioning problems — high usage / low levels
(2) Warranty activity — high number of warranty denials

* Maintenance Control interface: Chronic problems, back out of stock installations, etc.

» OEM/ Shop interface: High NFF (no fault found), unusual trend of shop findings, etc.

2. Rogue Component

MIZEE TR —EHEAREM ST HFEREA > EREAEEHEBER AT S TRER - RIEAEE -
FREFE  CCEEETH4R ~ 4HHMERESE - Hp X DL rogue component Fyfiy KEE—RRAS o

Rogue component MEF F

o BEEME  WINERHE 2 AR R EE R mEE R  MSEEEN LSS —H A%
N =

o EAKHEENEHENEIRR - RENRANE TRERT HIEE -

DU IR ARz 2 A E]5E Ry Rogue component FREEA ] i

o HMAYEETM (CMM) FredsKay iz it 550 S R R E A B N TRAE Pl B ny IR
CREE ~ BT - FETI K EF)) -

o HHMARETE B GBS TEIAS ARG BRI » RIS A A RUER] -



PRI ZAN BN RN ZEAH BRI A B

o UMFMEERE T EEENE Z TIERE (work scope) {RHIfiZE RS (I A EEETH
(repair order) PWBHET - ifii repair order {EZREFEFSITIER » REKEZEEME
AR R R I S — SR P M A S A

o HHMEERILEAE -

Rogue component &i&pk o HBE R BV IHS - HUARERATT:

The Displacement Process

SPARES POOL IN-SERVICE POPULATION

Good Good

Initially, the in-service population is performing
well and all the spares are good.




The Displacement Process

SPARES POOL IN-SERVICE POPULATION

Good Good

Good

Rogue

To the Shop )

Good Good

A rogue failure develops in an in-service

Good component. Itis removed and sent to the
shop.
The Displacement Process
SPARES POOL IN-SERVICE POPULATION

Good

NFF Rogue

Good

Good

Good

The rogue component is returned to the spare
pool. It has now displaced one serviceable
spare. Aslong as the in-service population
performs well, it will stay there

Good



The Displacement Process

SPARES POOL IN-SERVICE POPULATION

Good

Good

Rogue

Good

Good

A rogue failure develops in another in-service

Good component. Itis removed and sent to the
shop.
The Displacement Process
SPARES POOL IN-SERVICE POPULATION

Rogue Good

NFF Rogue

Good

Good

The new rogue component is returned to the
spares pool, displacing another serviceable
spare. Aslong as the in-service population
performs well, it will stay there.

Good



The Displacement Process

SPARES POOL IN-SERVICE POPULATION

Good

Rogue To the Shop

Good

Rogue

Rogue

Good

A rogue failure develops in another in-service

Good component. Itis removed and sent to the
shop.
The Displacement Process
SPARES POOL IN-SERVICE POPULATION

Rogue Good

Rogue Good

NFF

Rogue Good

This new rogue component is returned to the
spares pool, displacing another serviceable
Good spare. As long as the in-service population
performs well, it will stay there.



Rogue component & ik 4 [ A2

= 0] 52 (Operational Reliability)
o =3EEH] (Increased operational restrictions, ex. MEL)
o FEERRHUNATHE (Increased delays and cancellations)

o JRIE

(SEEAR

(Increased maintenance ferry flights)

o ESEESEA (Regulatory scrutiny)

4Ef& (Maintenance)
o BEAFER (Persistent chronic system faults)

Typical Chronic System Fault

Date System Fault Maintenance Action
May 5 ;f_";Cabin Alt Auto!2” Message, " - < BITE check ShOWS no faults
R G e HEEER AR e "Replaced -
May 6 “Cabin Alt Auto 2" Message. BITE check shows no faults on #2 controller.
Replaced #2 Cabin Pressure Controller
May 9 “Cabin Alt Auto 2" Message. :poeranﬁai check norma& per FIM :
May 9 “Cabin Alt Auto 2" Message. .Found controller fault.
Pressurization normal after message  Replaced #2 Cabin Pressure Controller.
displayed
May 17 Swapped #1 & #2 Cabin Pressure Controllers for evaluation per
Tech Services request.
May 17 “Cabin Alt Auto 1” Message. BITE checks normally.
Pressurization normal after message
displayed
May 22

Replaced #1 Cabm Pressure Controller per Tech Serwces
-request. ;

NO FURTHER COMPLAINTS AS OF JULY 2

s {&(E/0E (Low confidence in replaced components)

o WEHEEREE (Inability to progress in troubleshooting)
SHEMHN (Additional fault indication)

o BEEESEA (Regulatory scrutiny)

o ifE

€L #E (Maintenance Support)
o 4 THEERA (Excessive man-hour expenditures)

o 4EEZeRY] (Hangar space requirements)

ﬁy_ﬁ)ﬂzzli (Additional spare shipments)
o MHFEFEE

(Low spare availability)



H:f&a%hE (Repair Facility)

o {KfEFAZR (Low MTBUR)

o IRAFHEEE (High NFF, No fault found, Incidence)

s AHla] (High Volume of Returns)

o 4EEZER K A& (More Work Stations / Personnel Required)
o XE#EFFRE (Long Lead Times)

o [EFFEKENIN (Greater Demand for Spares)

e 245 (Aircraft Systems)
o EE#E (High replacement activity)
o ZHYNEES] (Hardware stressed beyond normal)

THEEITAE&¥E (Operator, component and aircraft OEM Engineering)

o HEEEtEMRY (Ineffective modification programs)

o Fhg AR (Needless upgrade replacements)

o WEEEFEERR N SEE AR 2 #5448  (Perception that modification program had
adverse effect on reliability)

¢H{FEF (Component Spares)

s S HE{EE (Sporadically high usage)

o EHHEGFEWIN (Periodic level increases)
o HiEEFEEE (Abnormally high levels)
o JE{FTZ: (Spares pool pollution)

10



fE#Est2 (Quarantine Program)
o E3%E 22 (Ship Or Shelve)
o Hi4ER (Save Our Stock)

Impact of Rogue Component on “Quarantine” Program

{E‘,} Fault

1. Installed part “&"

has an intermittent
fault. The spares

pool has Rogue “R”
and serviceable “B”

{E} Fault

2. Rogue “R"is
installed, “A” is
placed on the S0S
shelf — the system
fault remains

{E}Fault

. Since the system

fault remains, "A" is
placed back in the
spares pool as a
serviceable unit.

[6] Fault

4. Part “B” is installed,

Rogue “R” is placed
on the 505 shelf —
the system fault is
resolved.

. Rogue “R” is sent to

the shop and is NFF,
s0 it is returned to
the spares pool as a
Rogue unit. Now

there are two

“bad” spares.
Spares Pool Spares Pool Spares Pool Spares Pool Spares Poaol
{5 i {0 o

=1

‘sos\ ‘sos\ ‘sos\
“EsEsTE (Maintenance Programs)

o KRS 4EENFFE (Shortened interval checks / replacements)
o ZEYMEE/FHAFESK (Additional interval checks / replacements)

Fl4fstE (Training Programs)
= &3/l (Recurrent training requirements)
o ZESRIE (Additional training programs)

2H{+ (Components Themselves)

o 3EL (Loss)

o %55 (Shipping Damage)

o Bk EEEES (Installation and Removal Damage)

EAEEHRH (Regulatory Agency)
o ESEEERE (Accurate assessment of Operational and Maintenance Difficulties)
o fiES (Airworthiness Directives)



Rogue component (i85 0AYIA #S pliAS fuFE:
*  MizEsEA A (Operator)
o #HFFHAECA (Installation and Removal of Rogue and Associated System
Components)
o ERENEEFHEA (Shipping and Handling of Components)
s fH{ERA (NFF Charges)
s B THIFEA (Excessive Man Hour Expenditures)

o ZiFEEEE (Operation Impacts)

e (&M (Repair Facility)
o XEHH (Lead Time Excursions)
o ESAEEEFELM “Just In Time” Parts Programs Failures
o JEE4EE ALY (Loss of Contract)
o B (Reputation)

o AM/TREELER (Component / Airframe OEM)
oSSR TR TAZET (Modification and Upgrade Engineering)
o IREE R TFHAREEES (Modification and Upgrade Certification)
o KEFFEIEEFESM “Just In Time” Parts Program Failure
o HFHEH (Spares Pooling)
o B (Reputation)

HfiZEes AT S > 1995 FRIFEHEDT » Bi— rogue component P4 BLZUEE HARIAS £y
2,400 34 (Average Component Removal/Installation Cost, 1995 Study for Tracked
Rotables including)

*  Mechanics

»  Stock Clerk

* Engine Run

* APURun

*  Stock Transportation

* Aircraft System Wear

*  GSE Support

»  Component/Aircraft Paperwork Processing

* Mainframe Processing (ordering, issuing, shipping, tracking)

Average Total Costs = $2,400 each removal/installation

12



17 1995 FHIHIFEIRER » Bi— rogue component 4= HYERSMERA Ry 50,000 35
(Typical Financial Impact of each Rogue Unit Life Cycle Note1, 1995 Study)

* 6 Rogue Unit Removals/Installations (6 x $2,400 per occurrence) $14,400

* 6 No Fault Found Charges (6 x $1,000 industry average) $6,000

e 4 Extended Troubleshooting Periods (4 x $50 x 6 hours x 2 men) $2,400

* 8 Associated Components Replaced (8 x $2,400 per occurrence) $19,200

* 8 No Fault Found Charges (8 x $1,000 industry average) $8,000

Total Typical Financial Impact $50,000

Note1 Does not include operational delays, cancellations, or flight restriction costs

rogue component &Y YR EE K A TSR A - fiZEas{H N ~ (eSS 40 (4 TR sl i i s 4L
GG EfE IR -

3. izt TE (Tableau)

WratE g - R E A EE Ao — CHEET o iiie (Tableau) A BN HIZE A F] AU e Z 4
EER - DARIEY RAURALTT A IR EAORREE, - MR B E B AR (R AR -

AISEE ST SARTHESE > (RIE BT A BRIV ~ I TAVERE > PR Z R E
HHEE - &S ~ TR BRI B RHER I LR, - BB B R bpls S E R & - R
IERERTEER LAY T 2 ECsa (2 - H AR EMZE A SRS ROARE S A &R - 2
{SE AT SE PR e T T SERE A AR - R HRRIRETR - MR REERA - 2R0 > ey
TRZIRNAFIRZN S~ EREAES T ~ 025 5 R S8 ~ n HERES A e FINE
B T SRS A 2 [ RO E 2 Z R -

Tableau FRFEEESMRE(LT (BESENER) - 525/ (EEh - G8=8R&Ek) -
SEPETRR AN TEIEEES - ARINMESREEERERS KBS - FIFHFRERE ITA
RE/EE > Tableau DIfEEAR G LA EHRIE T - ERGEMNZ A S NEEA BRI &
ST B - PR DR EAE M ~ FHAEES (best practice) FIFEZERE#HF - hE5E
AN O] SERE SR RE 2 A » Y LB R & el BB S aR A DUV SR BE SR B ~ R
b > R AR ©
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Pt - SNEATZESE r ZHEEA Tableau HUR(LEZRERAIATT:

DMI-TLD Report

Deferred Maintenance Item (DMI-TLD)
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Coastal Routing vs. Aircraft Corrosion
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LF by Fleet Type vs. Baggage

Mawithly Flast Trends
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Aircraft Brake Wear Analysis
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Airplane Reliabifity Index

NG Fleet - Airplane Reliability Index

August 2015 - July 2016

=" | ATA & Description

| 552 - Bird Strike / FOD
7310 - Engine Fuel Control
1 - Hydraulics- ASB
0 - Engine-Starmng
71 - Door Waming & Ind
551 - Condifional Inspections
Fusi Fitter Deita P Sys
- Pneumatics
31 - Pressurization Crirl
2782 - Leading Edge Pos Ind
Trafing Edge Actuation
42 _ Fuel Low Press ind

3245 - Main Tires & Wheels

Standby Elac Power

131 - Proba Heat Sys

0553 - Lightning & Had Damage

B~ BT
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| overal

Q {
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Dedays >15 st
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15 Rank
3545 | |
1,365

2135

1029

313

Dynamic Measurs

- Delay Minutes
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