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1. Military Aircraft Maintenance Planning
(USAF AFI 21-101)

2. Commercial Aircraft Maintenance Planning

(Aircraft Maintenance Program using Reliability Centered

Maintenance - RCM)

3. Summary
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1. Chapter 7, Maintenance Plans, Scheduling &
Documentation (PS&D), USAF AFI 21-101
“Aircraft & Equipment Maintenance Management”

2. Chapter 5, Maintenance Engineering Planning,
“Aircraft Maintenance Program using Reliability
Centered Maintenance”, Mark J Pierotti, Thesis, School

of Engineering, City University, London, July 2005.
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1. Military Aircraft Maintenance Planning
(USAF AFI 21-101)
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Maintenance Discipline: Maintenance discipline involves

integrity in all aspects of the maintenance process. It is the
responsibility of all maintenance personnel to comply with all
written guidance to ensure required repairs, inspections, and
documentation are completed in a safe, timely, and effective
manner. Supervisors are responsible for enforcing and establishing a
climate that promotes maintenance discipline. All personnel who

fail to maintain maintenance discipline standards will be held

accountable.
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Compliance Terminology: For the purposes of this instruction,

the following definitions apply:

|:> Shall, Must, Will: - Indicate mandatory requirements. (Will is also used

to express a declaration of purpose for a future event.)

I:> Should: - Indicates a preferred method of accomplishment.

I:> May: - Indicates an acceptable or suggested means of accomplishment.
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Table 4.1. Landing Status Codes.

CODE STATUS
Code 0 Ground abort.
Code 1 Aircraft mission capable with no additional discrepancies.

Code 2 Aircraft or system has minor discrepancies but is capable of further mission
assignment within normal turnaround times.

Code 3 Aircraft or system has major discrepancies in mission essential equipment that
may require extensive repair or replacement prior to further mis sion assignment.
The discrepancy may not affect safety-of-flight and the aircraft may be NMC
flyable.

Aircraft or system has suspected or known radiological. chemical. or biological
contamination.

Aircraft or system has suspected or known battle damage.
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Flying and Maintenance Planning Cycle (PH):

1. Aircraft Utilization = X hours / AC / Year
2. Inspection Interval (PH) =Y hours / PH Insp.
3. Aircraft Fleet Size = Z Aircraft / Fleet

E.c. If an aircraft fleet size of 8 aircraft has a utilization rate of 150 hours / AC /

year and the Phase Insp. Interval is specified at 200 hours. Calculate the Dock
Capacity.
Solution: Dock Capacity = (X * Z) /Y = (150 * 8) / 200 = 6
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Flying and Maintenance Planning Cycle (ISO or Calendar):

1. Aircraft Utilization = X = 12 months per aircraft
2. Inspection Interval (ISO) = Y months / ISO Insp.
3. Aircraft Fleet Size = Z Aircraft / Fleet

E.g. If an aircraft fleet size of 8 aircraft has an ISO Insp. Interval of 4 months.
Calculate the Dock Capacity.
Solution: Dock Capacity = (X *Z) /Y =(12*8)/4 =24
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Flying and Maintenance Planning Cycle (PDM):

1. Aircraft Utilization = X = 1 year per aircraft
2. Inspection Interval (PDM) =Y years / PDM
3. Aircraft Fleet Size = Z Aircraft / Fleet

E.g. If an aircraft fleet size of 12 aircraft has an PDM Insp. Interval of 4 years.
Calculate the Dock Capacity.
Solution: Dock Capacity =(X*2)/Y=(1*12)/4 =3
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Alrcrart Readiness Forecast

¢ B/R (%) = Break Rate = Landing Status Code 3
¢ F/R (%) = Fixed Rate = No. of A/C Landing Status Code 3 change to Code
1 or Code 2 within 8 hours (fighter aircraft) or within 12 hours (transport

aircraft).
¢ A/R (%) = Ground Abort Rate (Code 0)




ff-.:}‘_;j:_gfffj@ ’_{fj"‘“_]'ﬁq

\ 1 4+ DAasAInace EArarsct
AIrcrart F)u'—‘rl"“rlf;,p —OI€Casi

No. of Aircraft Readiness Forecast: (continued / fighter example)

E.c. A fighter fleet of 18 aircraft has an average MC of 80 % with
Break Rate of 20 %, Fixed Rate of 80 % and Abort Rate of 5 %.

In a surge day exercise, the first wave could launch all 18 a/c
without ground abort. What is the no. of a/c readiness forecast for

the second wave, scheduled to launch within 8 hours after the first

wave landed ?
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Aircratt Readiness Forecast

No. of Aircraft Readiness Forecast: (continued / fighter example)

Solution The first wave landed with 20 % Break Rate (B/R).

Therefore the total break a/c is equal to = (18 * 20) / 100 = 3.6 a/c
The Fixed Rate (F/R) is 80 %.

Therefore the total fixed a/c is equal to = (3.6 * 80) / 100 = 2.88 a/c

No. of A/C Readiness Forecast = 18 - B/R (%) + F/R (%) - A/R (%)

=(18-3.6 + 2.88) - A/R (%) = 17.28 - (17.28 * 5/100) = 17.28 - 0.864 = 16.4

Answer: The no. of a/c readiness forecast for the second wave = 16 a/c
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A/C Unscheduled Maintenance Calculation:

€ Break Rate (B/R) % is also used for unscheduled maintenance calculation.

¢ For Example: A fleet of 12 a/c has an average total flying hours of 3,600

hours per year with the average flisht duration of 1.5 hours / landing.

If the Break Rate (B/R) % is 25 %, calculate the no. of total unscheduled

maintenance in 1 year.
¢ Solution: Total Sorties (or total landings) / year = Total FH / Flight Duration

or Total Landings = 3,600 / 1.5 = 2,400 landings. The B/R = 25 %;
Therefore the no. of total Unsched. Maint. = 2,400 * 25 / 100 = 600
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e/ Total Maintenance Man Hou

4 Total Maintenance Man Hours = Scheduled MH + Unscheduled MH

¢ Scheduled Maintenance Man Hours = Dock Capacity Man Hours

® Unscheduled Maintenance Man Hours

= No. of total Unscheduled Maintenance Man Hours (calculate from B/R)

¢ What is the relationship between scheduled MH and unscheduled MH ???




7> Total Maintenance Man Hours

¢ The Ratio between Scheduled Maint. MH and Unscheduled Maint. MH
is approximately as follows:
¢ A/C Age of around 1.5 years with a normal utilization:
1 hour scheduled generates 0.5 hours of unscheduled ( 1: 0.5 )
¢ Aircraft Age of around 3 years with a normal utilization:
1 hour scheduled generates 1 hour of unscheduled ( 1: 1)
¢ Aircraft Age of around 5 years with a normal utilization:
1 hour scheduled generates 2 hours of unscheduled ( 1: 2)

® Aircraft Age > 5 years or Aging Aircraft: Depends on Statistic Data.




SN I T TF

2. Commercial Aircraft Maintenance Planning

(Aircraft Maintenance Program,

using Reliability Centered Maintenance - RCM)




Military VS Commercial A/C Maintenance Program

Maintenance
Organization
Levels

3-Level
or 2-Level
(O, 1, D or O&l,
D)

Military Aircraft

Line,

Minor (Light),

Commercial

Aircraft
Major (Heavy)

Maintenance
Program (Routine
/ Scheduled)

MPD
(Maintenance

Planning

Document), AMM

Continued
Airworthiness Inspection
(Non Routine, Nomenclatures

Unscheduled)
TCTO,

Periodic (PE),
Technical

Phase (PH),

Instructions,
Isochronal (ISO)

etc.

Service Letter Checks
Bulletin (SB),

AD, E.O., etc.

By Calendar or
By Flying Hours




e Maintenance Engineering Planning®

Aircraft Maintenance Engineering is just like any other technical management
discipline. Five main activities can be identified the need to take place

1. Defining what has to be done. The Scheduled Maintenance Program & the additional

work program.

2. Planning what has to be done. The Maintenance Planning sections tasks.

3. Implementation of the Plan. The Production Planning and Control section in close

coordination with the Maintenance / Production section.

4. Completion of the Plan. The Maintenance / Production section assisted with the

Maintenance Production Planning and Control section.

5. Evaluation and Review of tasks 1 to 4 above and on going review of the in operation

findings.



Systems Engineers

Operations

Engineering Section:
Madifications, Bulletins,
Documents, Manuals, & the
Maintenance Programme.

Operations Dept:
Utilisation & Maintenance
Slots.

\ Planners I

Logistics

Material & Inventory
Section: Tools & Spares
requirements.

Maintenance
Engineering

/ Planning Section.

Planner = Coordinator
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Hangar Operations

Maintenance /
Production Section:
Manpower Requirements
& Fadlities.

Finance Dept:
Maintenance Costs
& Budget

Financial




The Scheduled Maintenance Routine Work Scope. Identifying significant tasks.
The Routine Work Documents required to accomplish the Work Scope.

The Additional Work Scope other than the Scheduled Maintenance tasks to be
aligned at this down time with the Work Scope. i. e. Service Bulletins, A.D.
Airworthiness Directives, Component Changes, etc. Identifying significant tasks.
The Additional Work Documents required to accomplish the Additional Work
Scope.

The complete Work Scope material requirement, tools and parts. Shortages must

be identified at this time also.




2.8 Planning Activities (Parallel)

The Work Scope man-hour and manpower requirement to accomplish the
complete Work Scope. This includes the skills required, identifying where
external assistance may be needed.

The total Work Scope required elapsed down time required to complete the
complete Work Scope.

A point in the future, a Maintenance Slot, before the exceedance of any task

intervals in the work scope, where the aircraft is taken out of operation with the

Operation Departments agreement and the Maintenance Sections agreement.
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Routine Work Documents

Routine Work Scope \
T~
7

Additional Work Scope

Additional Work Documents

Materials, Tools, Parts

Man Hours & Man Power

Elapsed Time

Maintenance Slot

Work Days = TT MH / (Crew Size * 1 Man Day)
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Standard Man Power

¢ UAIAVBINITINUHUATUNAINANADADINTIVTIUIY TX. AUTNADINTITAL
Work Scope waau1udsguiiaunu Manpower Available N5 3ag g ane
P~ | 1 1 d' a a vab) Y 1 v < ::i v
walyd 20814l3 ? WBNAITANWINUNIUNURTAIIULDULAIATINULNUTAINGLT
¢ MuUNALA? AUN.TB9 1 au e 1 U zdtnarniunaansd (Uududae 2uan 21
ATNNNBULLAD) = 209 MU
¢ Tu 19 UN.Y19 1 AL ENulaniuaIung = 6.92 .

¢ aauulu 1 U aun.g19 1 AU 22 YU.aU = 209 * 6.92 = 1,446 VU.AU
¢ 1 Man Year = 1,446 Man Hours




Standard Man Power

¢ 1 Calendar Year = 209 Work Days

¢ 1 Work Day = 6.92 Hours / 1 Man

¢ 1 Man Day = 6.92 Man Hours

4 1 Man Year = 209 * 6.92 = 1,446.28 Man Hours

¢ Work Days = Total Man Hours / (Crew Size * 1 Man Day)

¢ E.gc. A major aircraft modification would take 3,000 man hours. If the

crew size is 5 man daily. What would be the modification work days ?
¢ Solution: Work Days = 3,000 / (5 * 6.92) = 86.7 = 87 Days.




Definition of Line Maintenance: A package of scheduled maintenance tasks that do

not require extensive access or downtime. Daily, Transit, Night Stop, Daily Non Flying,
& Day Non Flying and the Monthly series are considered line maintenance.

Definition of Minor Maintenance: A package of scheduled maintenance tasks that

may require some extensive access or downtime. The A-check series is considered
minor maintenance.

Definition of Major Maintenance: A package of scheduled maintenance tasks that do

require extensive access or downtime. The C-check series is considered major

maintenance.
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> Short, Medium & Long [erm Plan

1. Short Term Maintenance Planning:

from 1 day to 3 months.

2. Medium Term Maintenance Planning:

from 3 months to 18 months.

3. Long Term Maintenance Planning:

from 18 months to 6 years.




Short Iermm Maintenance Plan

Short Term Maintenance Planning (1 9u - 3 LABU):

4 Short Term Maintenance Planning diTanqsufjufiag 2 UYsenshe

1. Munu vidSumsasiaden laelvignsnisawisalyery vlauiuiign neuasu Due Date
2. 2M9BAUUY U NSUNTISASIAYIU YA8LSNDINTULSAYaIAUATY (FUIUNST) N MAEIUSAYINGIU
Taagnssaitiasnaanduni

¢ N15MHUNITTINUIIANNZANUY AI592119UA 1191150599078 W% 394987 10 % Yo
Actual Due Time Q”J’Ntmu (Maintenance Planner) 22612939at0584 8 Planning Activities

[} v 1 -4 o/ g 1 = Y o 1 o a & R
A9910819Ua8 4 dUAIY NOUN U.703L°?J’15‘Uﬂqﬁﬂi’JQ‘?ﬁJQJ‘quﬁﬂqiﬁ&’ﬁlgnﬂ"ﬁﬂL‘Uu Minor

Maintenance #389UASIANLYAIUA 40 — 200 YU.AY %5014 Elapsed Time litiundn 1 - 5 U
#399°1UNTUTZLAN A Check




AIRCRAFT | REGISTRATION

Short Term Maintenance Input Plan. August 2004
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BE.J2

00K WK
BTIT-TONGW
BE.J1
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e/ Medium Term Maintenance Plan ¢
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Medium Term Maintenance Planning (3 gy — 18 tha):

4 Medium Term Maintenance {%aA5UfjUAAD ABN1MUn Downtime (Elapsed Time),
fviun Maintenance Slots, fwiun Work Scope wasfnrauszamuiugineadawmndg

4 uanﬁ]’m‘ﬁl Medium Term Planning §47a9A11904 Man Power Available ﬁﬁag:ﬁgwuﬂelu
DIANT FAUDY Tooling & Equipment ey AGE

¢ 8 Planning Activities §9A9A89UURFIMIUNITIUNUNITTBNUNFITEEENAN LT UALINY

¢ Feddniigadwmdunisnaununisdentisslussesnansie “dasinisufiRnussaduluana

LHUN21913 (Conductor Actual as Planned)” #932A09NASUISI9ALLDIANINTVUINNLAUN

TataguruLINauRtNlAa AN UL lUSZaza1ILa N




Medium Term Mainterance Input Plan. 2004 / 2005
as
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Long Term Maintenance Planning (18 \@au - 6 U):

¢ Long Term Maintenance U’Nﬂ%ﬂﬁ&lﬂ'ﬂ’l Master Planning Wiivaliimsuda Cash Flow,
31U Downtime LLazmuﬁﬁ']ﬁ’zy FaUsznaudie9Iu Minor & Major Checks, Major
Component Changes, Major Modification Program udu %wztﬁﬂ%‘umﬂumm 6 U991
e liun1mYas Hangar Slot wasUszanamnssuussunadigosld

¢ Long Term Planner agdaudnlanisszuunisnsiadoutngaluag1eh 151U Due Times
A9 9 1AENIIUDENIINTIYeU U. (Aircraft Utilization Rate) s9udan15Usudienauyasssuy
fnNe 9 Y84 U. Uanantisedasrilsiaiosuas Material & Tool Availability wazAudasn1sEIY
f1dana, 3981U2BAMUEZANANN 9 Feaziinlimsuinluiisnanlatsfionafinaninuiauaay

ANaewa %salill Dock / Hangar Slot WWudu




ong Term Maintenance Plan

Long Term Maintenance Planning (18 t@au - 6 U): (¢8)

¢ mﬁmLmumseziauﬂqgaﬁzaszsﬁ‘lﬁ%ﬂLfau (Inaccurate Long Term Planning) v az4ilsk
dadmluFosing q feilfie
1. Insufficient maintenance slots & operational requirements: L‘ﬁﬂ“ﬂtyjm Hangar
Slots wazlidl u.leeu
2. Insufficient skilled manpower: Watumunauaauindawaigiugey
3. Insufficient Maintenance Facilities: LﬁﬂﬂzymmﬂLLﬂau?iaémfaamwazmn’tumi

YaUU139




LONG TERM MXXATENANCE INPUT PLAN.
PERIOD : 2004 - 2007
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Planning and Control Directorate Of Aerone

¢ Production Planning and Control unanilazfiasyinfe
1. Task Sequencing: ABN15L389AIAUNTTURURIY
2. Produce Gantt Chart or MDP (Maintenance Details Plan): #5179 Gantt Chart / MDP

¢ Gantt Chart %38 MDP #if azdasimunszeziianlumsuiladetatasiinsranu (Defects /
Findings) 19n2e

¢ VENMINMRUAARAD “9IUATI9AINTATATIT (Scheduled Routine Tasks) 1 A759#84
UaNUA59 (Inspection Complete) laitiund1 1/3 vagszezt3aa1 Ground Time (458 Dock
Day)” weiielniinanvaemesmelunisudludaunnsasiingany (Rectify Defects)

¢ MDP 2zuandsngazidonvadwiuiilaanedd (Planned) Wisusisuiuaanufianinvesny
(Actual) &4 MDP Chart 9suen3 Legend Colors fisnsfulimiuladn waldmsruaaiunin
udaudndulumuuny (As Planned) wisat3andunu (Lead) wisatininuay (Lag)



XX-XXX 2A Check + Modifications
Input Date Start: 10 May 2002
Input Date Completion : 14 May 2002

Date 10 11 12 13 14

|M{L‘ Arrival |In5r_! Complete Mods Complete IEhE::I-c. Complete
]Puwar of Power On

Power On Checks

Walk Round & Leak check

Inspections
Modifications
Final Functione

Clasing Check

Production Plan Flow Chart
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“.Developine the Maint. Proesram

N15USUUTITEUUNITATIAYBUUNS SuIllaan1aINNITATIANY
YaUNWID4 (Maintenance Findings) tlazn15¥1 Reliability Monitoring
dru1sanla 2 Usznishe

A. WL9IUA522 158n91 “Increased scheduled task activity”
(Task Addition or De-Escalation)

B. aA91UA323 13831 “Decreased scheduled task activity”

(Task Deletion or Escalation)
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Watiatatataawuudiu (Recurring) waziiawnaily Root
Cause YA U., 8. WIBUIAUIALAANITTI5A (Failure) Yuniou
Inspection Interval ifvualilugiionisdaudnge Tiiuunsag

(Task Addition or Interval Reduction) 58 De-Escalation
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ZTask Addition or De-Escalation

A8 1:

Recurrent Discrepancy: ATA 27-50 In Board Flap Screw Jack Failure.

Failure 1: 10,500 flig
Failure 2: 12,200 flig
Failure 3: 11,900 flig

Nt
Nt

Nt

nours S

nours S

nours S

nop Report confirm root cause oil loss.

nop Report confirm root cause oil loss.

nop Report confirm root cause oil loss.

NORD (Notice of Recurring Defects) investigation: finally results in

recommending a new scheduled maintenance task of Servicing of the

flap screw jack oil reservoir every 9,500 flicht hours




\ Br- - — A Ceralat:
=% Task Addition or De-Escalation

finaenadi 2:
Recurrent Discrepancy: ATA 79-35 Engine Oil Filter By Pass Light On.

Failure 1: 8,500 engine hours filter replaced found clogged.

Failure 2: 9,500 engine hours filter replaced found clogged.

Failure 3: 10,500 engine hours filter replaced found clogged.
NORD (Notice of Recurring Defects) investigation: finally results in

recommmending the reduction of an interval of an existing scheduled

maintenance task 79-010-00-01 Engine Oil Filter Removal & Cleaning

every 12,000 engine hours to 7,500 engine hours.
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-‘Task Aadition or De-Escalation

fiag1sfl 3: ATA 33 Lights:

Y9581d19RaU w.a. - d.0.: wudnlwdesadnsluviesglagansiinisdrgaussune
50 - 100 A3 / 1,000 vy 0u

Y452nIUNAY N.8.- .. wudnldesadngluriaslagansiinisdrgadssunu
200 - 300 A%3 / 1,000 va.u

Root Cause: wuinlutnsganufinsitaldnulvdesairaunniilasainaziia

157 A9 Reliability Engineers 39n1%un Interval Reduction 17111505923
M3 Scheduled Maintenance Task 33-010-00-00 OPC 31nLAdNN ¢ 36 LA
Waswduldasiann q 12 1Heu




222 Task Addition or De-Escalation !

A2a8199 4: ATA 52 Doors:
Tu1i29 6 LHBUNKNIUNINUIT ATA 52 Doors AVaVUATBILNNNINVUNIIUNR

A1NNITASIVEIUNUINLD 6 LADUNHNIUU 1ANNITIYII1U U.LUU ETOPs 1asninns
ﬁu%’mumaqm Atlantic laalUaUnU29AD “Excessive Door Surround Noise”
DY, v DY, v = =
ARy U.‘Lﬂaaummagamniﬂmm U.5788U WUIHEMAN1IN Door
< % < ) v <*: W a Y, a = | o ai
Seals {Wulude virlv Seals w987 1HANT53IVBIBINALALLAALHEIA UL
nn1sasIasdeulugiionisyautnselinudaniviuailly Lubricate Door Seals
AIN5EELLIAT AU Reliability Engineer 3sladevayaninanilviuSumeluan u.

wagladinisAmvualy Lubricate Door Seals 9)n ¢ 12 1au




~‘lask Addition or De-Escalation

ﬁ’aaejm‘lﬁ 5: Schedule Maintenance Task 27-200-00-00: Function Check of the

Back Lash of the Horizontal Screw Jack and Gimbal at every 5000 flight hours
NANTI3M33 Screw Jack Gimbal 7 5,000 flight hours 31UU 2 ﬂ%’jﬂﬁﬁhum
WUIRDIANUY (Scrap) Screw Jack Gimbal W4 2 Ea e ndniiuinaeifiazin
nsdauld ety Reliability Engineer 39/13un Interval Reduction 15in1snsaa
Screw Jack Gimbal ani@umn 9 5,000 u.5u Wuldasaann « 4,000 vau.du el
Welanu150n59aNU Potential Failure ienaufiazia Functional Failure aulyl
AusanianisPaule wazn1uualivinnis Lubricate Screw Jack Gimbal 9n 9 2,500

YU UU LNULHI




~===-]ask Interval Increase or Escalation

¢ 199N150599aUUNFINUTEELIAN IEAU U, 8. WazUIAMY

uE2lainutaunwsasana Interval fifvualilugfionsdentiigs sauvald
n599aaunNU NRC (Non Routine Card) waaldnuardnisunlutatadaaus
Uszn1ste TiWa15aun Increase Maintenance Interval

€ The escalation amount should not be more than 10% to

15% of the original interval.

¢ 21anN15M352301Y Interval 1HndE19UaY 2 AS9 ABSlUdWU Findings




21-12500-00 | 1000hrs | 923hrs | 98%hrs | 910hrs PI PS: 0. F'IHE
1616vs | 1970ms | 1830mws | NRC:0 | NRG:0 | NRG:O

923hrs 989hrs 910hrs PIREPS: 0. | PIREPS: 0. | PIREPS: 0.
1918hrs | 1970hrs | 1890hrs | NRC:0 | NRC:0 | NRC:0
923hrs S89hrs 910hrs PIREPS: 0. | PIREPS: 0. | PIREFS: 0.
1918hrs | 1970hrs | 1890hrs | NRC:0 | NRC:0 | NRC:0 Example of an
e | | T
1970hrs | 1890hrs ; : .
Escalation on a fleet
W s | 1o REFE :
1 1970hrs | 1890hrs : :
of 3 (Three) B737-NGs
W 7o | e e
1 1970hrs | 1890hrs © MR ‘ NRG:0 | NRC:0 .
1,000 Flying Hours
3hrs 989hrs 910hrs PlﬂEF‘b 0. PIREF'-:‘ 0. | PIREPS: 0.
78-120-02-00 923hrs 989hrs 910hrs PIREPS: 0. | PIREPS: D. | PIREPS: 0.
1918hrs | 1970hrs | 1890hrs | MRC:0 | NRC:0 | NRC:0
T9-020-01-00 G923hrs SH89Nhrs O10hrs PIREPS: 0. | PIREPS: 0. | PIREPS: 0.
1918hrs | 1970hrs | 1890hrs | NRC:0 | NRC:O  { NRC:0

78-120-01-00
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p =% Task Interval Incr

TusUuansienaiiudoyavas uduau 3 1n3aslu Fleet Tnodl uvis 3 w3asldunis
ATIAAUTZBLIAT 1,000 ¥, 5u 31uda 2 Ass Taglaifiseeudeunnsasuas uu. w3 PIREP
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Task Deletion
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Task Optimization
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3. Summary
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