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The Maintenance Environment
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The Maintenance Environment

Constraints
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Resources 40%
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The Maintenance Environment

Maintenance is Complex

1. Known work — R-servs — must be performed, can still suffer from variation
2. Anticipated work — performed on some, but you can’t predict which

3. Unanticipated — completely unpredictable

Intro Problem Solution Results Sustainment Summary
© 2020 TOCICO




CRITICAL CHAIN 2020

The Maintenance Environment

Resources are finite

1. Manpower, Facilities, Parts, Tools

2. This creates competition and cascading impacts, seriously affecting execution of all
schedules
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The Maintenance Environment

Synchronisation and Integration

1. For all elements to be ready, departments have to work together

2. Inanuncertain environment, with constantly changing priorities, it can be difficult to agree
on priorities.

3. Everyintegration point means multiple activities or tasks must be complete before

commencing the next, or you suffer from outstanding work, re-work, or even genuine safety

issues.
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R2 - 25 days +40 % +40%

duration

40% on
time ?

R4 - 70 days +40 %

Extending this BREAKS the Fleet Capability ...
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Making it real - what you get
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Warner Robins Air Logistics Center Streamlines
Aircraft Repair and Overhaul

Mandyam M. Srinivasan
Stokely Management Center, College of Bustness Administration, University of Tennessae, Knovville, Tennessee 37996-0562,
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Srldhar Chandrasekaran
Strategic Services, Realization Technologies, San Jose, Caltfornia 95113,
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At Wamer Robins Al Logistc Cenler, long lad tines o spuiring and overhauling srrat were 8 serious
n

issue because some models were in short supply. In 2005,
tioms rescarch method for project managemeny, o rciice ead time fo repairin it

, the center implemented n, an opera-

;\m aircraft. The

implementation took eight months, without using any additional resources. The center mumx\‘l five additional
C-5 aircraft to the US Air Force’s operational inventory and generated additional revenue to the Transportation
Working Capital Fund estimated at $49.8 million annually. The replacement value for these aircraft s estimated

at $2
11 d

billion. The center is implementing the method for the C-130 and the C-17 cargo aircraft to free up
spaces. With the additional dock space, the depot can accommadate additional wark worth $65 million

in 2006, The center expects the additional workload to total $248 million by 2009 (the current C-5 annual operat-
ing budget is 295 million). Nonquantifiable benefits include increased responsiveness and casualty avoidance

during wartime.

Key words: facili quipment planning;

project

nnual spending on maintenance, repair, and
An\‘cmaul (MRO) for aircraft is now about $96 bil-
lion worldwide, exceeding the $75 billion estimated to
be spent on producing new aircraft annually (Stewart
2005). Spending in the military aircraft MRO market
alone is estimated to be about $30 billion, with the US
accounting for about 40 percent of that amount. To
manage the MRO activity effectively, Warner Robins
Air Logistics Center (WR-ALC) applies operations
research tools for project management and scheduling.

WR-ALC provides MRO services for various
weapon systems for its customer, the US Air Force.
These systems include transport aircraft, fighter jets,
and ground systems that provide maintenance sup-

Solution

port to these aircraft. WR-ALC provides MRO ser-
vices to four types of aircraft: the C-5 Galaxy, the
C-17 Globemaster, the C-130 Hercules transport air-
craft, and the F-15 Eagle fighter jet

The MRO activity consists of (1) program depot
maintenance (PDM), a heavy repair and overhaul of
aircraft with long lead times, and (2) unscheduled
depot level maintenance (UDLM), a short-cycle main-
tenance that takes from one to 30 days or more. The
US Air Force sends approximately equal numbers of
C-5 aircraft to WR-ALC for PDM and UDLM each
year. We focus on the C-5 aircraft that require PDM.

The C-5 line has 24 frontline supervisors and
about 460 mechanics, organized into skill groups, for

© 2020 TOCICO
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Implementation

DIY (Self-help) Cost of Labour

Labour + Direct

Rent an SME

e Total and complete business solution Expensive but effective

 All have a Cost of sorts ...
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Our Goal - 95%

Learn —» Trial —» Implement

v \ \

Implementation

Problems Experiment Commitment to Change
Context

Knowledge The Brown Sustainment of Change
Practice String Exercise
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Murphy’s Law

Behaviour Parkinson’s Law

A

Late Student Syndrome

Ford
Ohno
Goldratt
TOCICO
ipeline
Knowledge / .
Buffer
Experience CCP M
onstraints
Software

Early Warning
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2015 Deep Maintenance TAT - On or ahead of schedule
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And then...?

2015

| 2016 - 2019 |

2014 | |

Entire fleet modification/upgrade
program, on top of normal
maintenance

(33 jets Ahead of Schedule, On Budget)
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Entire fleet modification/upgrade program

33 jets, many, many thousands of man hours

AHEAD of
SCHEDULE,
ON BUDGET
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EVMS CCPM

Yesterday Today Tomorrow

% Complete Remaining

duration

Responsible Spending Daily
monthly
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Update Reporting Effort Tracking

Remaining Duration Update Effort Spent

Checklist Updates

Task Completions WERRTRITUINGNEL W—— :
CPI
Earned Value — ==t=—3p Earned
: SPI —

Schedule

Priority —_— BI

Project Metrics
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Intro

Bl POOR

CPI POOR

SPI POOR

Problem

Bl GOOD

CPI GOOD

Buffer recovery is
required. Check if
adding resources
will help.

SPI GOOD

This will happen
when the longest
chain is behind
schedule and feeding
chains are execut-
ing well. Plan buffer
recovery.

Resources are wast-
ed. Make resource
concentration effec-
tive for project by:
e Cutting resources
e Cutting the time
lines

Resources are wast-
ed. Make resource
concentration effec-
tive for project by:
¢ Cutting resources
e Cutting the time
lines

This can only hap-
pen if resource
dependencies are
missing in CC plan
as discussed in the
beginning. Fix the
CC plan.

In this case Bl will
be bad too. So,
buffer recovery is
required. Check if
adding resources
will help.

Solution
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The Challenge of Change = Sustainment

Challenge 1: Managerial Commitment to the rules
Challenge 2: Theory/concept into practice
Challenge 3: Sustaining the Rule and the Results
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Image: Lawrence Leech, CCPM

Break Rule 3:

Manage the Buffer only

Task priorities not
followed

“I think
shorter cycle

Too Many
conflicts —

Buffers Consumed

times are
unrealistic”

can’t follow
priorities

High WIP Long Cycle Times

Did not cut
Can not cycle times

reduce WIP

Did not
reduce
WIP

Break Rule 1: Break Rule 2:

Pipelining Buffering (reallocate safety)
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The Challenge of Change - Sustainment

Entropy & Dilution
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The Challenge of Change - Sustainment

Tell your story, so others may benefit.

Globally and nationally over 1,800 people

Evolve — expand upon the body of knowledge

And share it ...
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TOC Handbook, Cox & Schleier

THEORY OF

CONSTRAINTS

| Chapte’r 1, page 3
Eli Goldratt’s Intro to TOC

“Can we condense all of TOC into one sentence?

I think that it is possible to condense it to a single word — focus.”
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ACT
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Theory of Constraints

ACT

Critical Chain

Problem Solution Results Sustainment Summary
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FOCUS + ACT DON’'T FOCUS
+ ACT

FOCUS + DON’T FOCUS
DON’'T ACT + DON’'T ACT
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LIF / BAE Systems Australia - Our story

Chapterl Chapter2 Chapter3  Chapter 4

Intro
Problem
Solution
Results
Sustainment
Summary

\ J

A much greater, as yet unwritten, story ...

Intro Problem Solution Results Sustainment Summary
© 2020 TOCICO




CRITICAL CHAIN 2020

Simon White
Delivering Reliable, Repeatable Project Control
BAE Systems Australia

Originally a trained aircraft maintainer, Simon was one of the key team members on the LIF / BAE
Systems CCPM implementation. He has gone on to manage a fleet of fighter jets, manage Project
Control for the Aerospace Business Unit, and now manages Project Control for BAE Systems Australia.
He dislikes job titles, and prefers to describe people according to what they do, not what they’re called.

He is more than happy to tell you about the problems (and successes) faced during the last 5 years, in
the interests of expanding the global pool of knowledge and experience.

He likes to turn problems on their side, and sometimes do the opposite of the expected ...

e. simon.white3@baesystems.com
m. +61 477 33 66 19 BAE SYSTEMS

Or just stalk me on LinkedIn ...
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