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Overview

* Non-constant Failure Rates

— Early Failures

— Wearout Failures

* Types of Maintenance

— Corrective

— Predetermined

— Condition-Based

* Technology Obsolescence Mitigation
— Lifetime Buy
— Equivalent in Form, Fit and Function

— Technology Refresh
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Lifecycle Cost Profile over Time
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Early Failures

e Limited in impact and duration

— Impact typically starts around 2x the random failure rate, and
decreases during the duration of the burn-in period

— Exact shapes and durations unknown

Source Impact* Duration Remarks

Pyles, 2003, p.64-65 2-4x 5-10 years May include a “honeymoon” period with failure rates below the “random
failure plateau”

Crowley, 2004, p.98 2x 2+0.5 years  “Rule of thumb”

* Factor for multiplying the random failure rate to find the starting point of the break-in curve
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— Age effects are key factor in deciding whether it is cost-effective to
replace an aging system

— Budget needs to be adequate (but not excessive) to maintain system

Source Annual growth Remarks
Stoll and Davies, 1993, p.30 2.39-6.07% Labor hours on Organizational & Intermediate (O&I) level
Francis and Shaw, 2000, p.4 0.8-1.4% 1991 ASPA study, labor hours
“ 0.9-3.4% 1991 ASPA study, material cost
Francis and Shaw, 2000, p.6 1.3-2.7% 1950 RAND study, overall O&S costs:
“ 1.3-3.5% 1990 RAND study, O&S costs excluding personnel
“ 0.6-5.2% 1950 RAND study, depot costs:
Francis and Shaw, 2000, p.7 5% 1999 Congressional testimony, maintenance workload
Francis and Shaw, 2000, p.10 4.38% 1993 NAMO Study, results, O&I level spares
" 4.17% 1993 NAMO Study, results, O&I level labor
Francis and Shaw, 2000, p.14 6.5-8.9% Labor model results
CBO, 2001, p.22 1-3% Cost for aircraft O&M, for every additional year of age, adjusted for
inflation
Crowley, 2004, p.285 3-8% “from maore credible sources”
“ 11% RAAF Hornet logistics
" 14% “some figures are as high as"
“ Factor 3 or 4 Predicted reliability/actual reliability at end of life
CBO, 2018, p.1 1.5-4.1% Cost for aircraft O&M, for every additional year of age, adjusted for
inflation
Trunkey, 2019, p.10 3-6% Cost per flying hour, not adjusted for USAF budget increase
Trunkey, 2019, p.18 2-4% Cost per flying hour, adjusted for USAF budget increase
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Types of Maintenance

Maintenance — Overall view

Maintenance

Preventive Maintenance Corrective Maintenance
Condition Based Predetermined
Maintenance Maintenance

Scheduled, on
request or Scheduled Deferred Immediate
continuous
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Tracked Military Vehicle
Example Maintenance Activities

scheduled Maintenance Type Exqui pment Maonths km Op. Hours  #of Ainngs Condition-based

FLF Running Gear 1

F2F Running Gear &

F3F Running Gear 12

FAF Running Gear 24

FLW Frimary Gun 1

F2W Primary Gan &

F3wW Frimary Gun 12

FLi ‘Whesls and Tracks 3

FL2 ‘Whes's and Tracks 120

FL3 Whesls and Tracks 50

FL4 whesls and Tracks 500

FLS whes's and Tracks 2000

FLE Whesls and Tracks S000

FLT whesls and Tracks 10000

FLE whesls and Tracks 500

FLS whesls and Tracks 750

FL1O Whesls and Tracks 1000

FL11 whesls and Tracks If whes! Toberance =x mm
FLi2 ‘Whesls and Tracks Whenever suspension remo ved
FL13 Wheels and Tracks Whenever engin e remowved
FL14 Whesls and Tracks If Temperature =40°C
Fhil Engine 2500 250

Fhi2 Engine 1500

Fhl3 Engine 120

FEl Gearbox 2500 250

FE2 Gearbox 5000 500

RE3 GEearbox el ] 10000 1000

Fhik1 Secomdary Gun E50

Fhi2 Secondary Gun 1700

Fhi3 Secomdary Gun 2500

Fhakd Ssoondary Gun SO00

FhlK5 Secomdary Gun T500

Fha b1 Amnmun ition Loader 15D

UL Primary Gun Mounting 50

PG L Ssoondary Gun Mounting 1000

FUWRN A Gun Pain tin g Uit 120
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Types of Maintenance

Maintenance Type

PRO

CON

Corrective Maintenance

* Hardware item lifetimes fully
exploited

Cannot be scheduled in advance
(“when it happens, it happens")
May lead to collateral damage

Predetermined Maintenance
(scheduled)

* |s scheduled ("it happens when it is
supposed to happen”)

* Spares management can be planned
well ahead

Replacements usually take place too
early, wasting remaining lifetime of
items

Mo guarantee against unplanned
failures during operation

Condition-Based Maintenance
(scheduled)

* Inspections of condition are scheduled
(“it happens when it is supposed to
happen”)

* Allows prediction of impending failure
and timely item replacement

Usually needs human inspector to go
and see

Scheduled inspections of items that
are still good may be considered waste
of effort

Condition-Based Maintenance
(continuous)

* Continuous monitoring of item
condition via sensor or built-in test
(BIT)

* Allows prediction of impending failure
and timely item replacement

* Saves inspections of items that are still
good

Relies on sensor data and additional
resources for their analysis

Sensors and monitoring require extra
effort and may be a source of failure
too

Requires reliable damage or
degradation indication which is not yet
known for all materials
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Condition-Based Maintenance

Potential Failure Symptom

Functional Capability

Functional Fanlure

P-F Interval

Time, Cycles, Dparation
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Condition-Based Maintenance

Cll Pume 3 Light Bulb
Example 1: Oil Pump Example 2: Car Tire Example 3: Light Bulb
On-condition task is practical On-condition task is practical On-condition
task is *not* practical
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= Total Fault Detection =1 —[(1-P,,)] = P,.,=95%

P Success

P...=95%
P Success

Potential Functional
Failu(e Occurs FailuT Avoided

=95%

| t = P—F interval = inspection interval >

P

Success

= Total Fault Detection =1—[(1-P,,)x (1-P,,)]=1—-[(1-0.95)x (1-0.95)] =99.8%

Pdet = Pdet =
| 95% 95% o Pgyccess = 99.8%
Potential Functional
Failure Occurs Failure Avoided

t = P—F interval = 2 x inspection interval

i 4
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Technology Obsolescence Mitigation

A certain part is needed for production or
maintenance of a product.

T Loss of the manufacturers or suppliers
of items or raw materials
l > Obsolescence

[ This certain part is not manufactured anymore J

or is not procurable anymore for other reasons. Situation

Result
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Technology Obsolescence Mitigation Strategies

* Lifetime Buy

— Buy all replenishment spares at once; add cost for long-term storage

* Equivalent in Form, Fit and Function

— Reassess cost of spares based on technology improvement cost
adjustment, learning curve reset.

— Additional Activities: Issue RFP, do acceptance testing, update
documentation, ongoing obsolescence management

* Technology Refresh

— Reassess cost of spares based on item’s new manufacturing complexity,
technology improvement cost adjustment, learning curve reset.

— Additional Activities: Same as Equivalent in FFF, plus integration with
the rest of the system, and potentially additional software
development. Also factor in potentially changed MTBF.
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Technology Improvement Model
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Technology Improvement/Obsolescence Model

Technology Maturity and Obsolescence Start
for two different Technologies (PLTFM = 1.4)
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Questions?

2?

??
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Contact PRICE®

www.pricesystems.com
1-800-43PRICE

gurney.thompson@pricesystems.com

v 2N =9

PRICE® Models TruePlanner TrueMapper

Estimate with Confidence™



)

> satelli
> receivi

> decryption in progre

Online Workshop - www.iceaaonline.com

Backup

21



resenteda ror the niine VVOorksnop - www.iceaaonline.com

Impact of Technology Model on Spares Cost
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Condition-Based Maintenance
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LR #2

LRU #3

Condition of LRUs is
measured at scheduled
intervals: LRU #1 is due
fortest on system
level, without removal
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Condition-Based Maintenance

PRIC

CONTINUGUS
Condition-Based Maintenance

System

uuuuuuu

LRU #1

LRL #2

LRU #3

Condition of LRUs is
measured by sensors
continuously; operating
data is analyzed after
each sortie of System
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