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RCM Workscope Optimization

Typical workscopes focus on LLPs and
published technical data only:

Short term focus
Lack of real world feedback
Difficult to manage workscope(s) over entire life
of engine:
Huge number of variables
typically 16,000 choices
Opportunistic maintenance - hundreds of options

Laser Tip Measurement
Very complex problem
Spacer wear inspection \ Individual T/C harness

Reliability and cost modeling has created
realistic optimization capability - RCM:

Accumulate and scrub actual operating data

Use model to calculate cost per hr and average

time on wing (ATOW) for each possible workscope
scenario

Select workscope with lowest cost per engine flying Thérmal Barrier Coating
hour (CPEFH) Vane and Seal Support 5
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on Wing (ATOW) for lowest Cost Per Engine Flight

» 4 TF39

F 0 Planned:
o ;' .v;; *° ATOW - 1604 hrs
Sl cPerH -$1537 = 50% Lower Cost
€,

LA Optimal:
ATOW - 2203 hrs
CPEFH - $1031

30% Greater ATOW

Cost per Engine Flight Hour

Estimated Time on Wing
(MRO Event Cost)

Workscope
optimization is not
intuitive due to large
number of options
(2+)

Algorithm developed
to find optima

Significant cost and
ATOW gains

In use today on
certain USAF engines

Engineered Workscope Optimization Highlights Potential Benefits
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So0...we can use
RCM to generate a
unique workscope,
specifically for
optimum readiness
value...

HOW DO WE
IMPLEMENT THIS IN
A REAL WORLD
MRO
ENVIRONMENT?
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Transformation can make it possible ...

A Systems Engineering Approach to MRO Transformationm

HWN\NSOIRF NS IS NG NN (C1=ay EXECUTE COORDINATED CHANGE

Best Competitors
Level

PERFORMANCE

Step Change achieved
by simplifying structure
and reducing waste

Current Level

Over 15 Years of Transformation Experience
Over 160 cell redesigns to date around the world
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process ownership up...

Visual Factory for Lean / Cellular MRO Multi-Skills and Comprehensive Training
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Focused Data Driven Analysis
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changes to work scoping can be made

Comprehensive Systems Engineering
Approach to Step-Change™ & Sustainment

Current

Traditi | N .
raditional Situation

Boundary
Definition

Organization Analysis
A g o
é Natural Grouping
Continuous
Improvement -
A Systems Engineering Approach to
Achieving Step-Change™ Results

High Level
Layout

Implementati Detail Cell

Physical . .
on Planning Design

Implementation

Typical Process Shop Ownership 25-40%
Lean / Cellular MRO Cell Ownership >85%

Regional Airline Fan — AE3007
Knoxville From 100 Days to Sub 30 Days
120 AE3007 in house turn time
100}~
80
60

Step-Change™

L A

el oY A b

T .

407 Sy — : -
- Iw;'/‘l"l,I Yoal?
20

0
Nov-00 Mar-01 Jul-01

Redesign Timeframe

Nov-01

C-130/ P-3 Powerplant — USAF T56
San Antonio, TX From 100 Days to 30 Days

—e— SASAI actual turntime
turntime target
—— SA-ALC turntime

TURN TIME
(COMPRESSOR
MODULE)

—— 50 per. Mov. Avg. (SASAI actual turntime)

I

Before redesign

10

After redesign \ T?

80

(50% moving avg.) 1 ; @
!
Target n———p> 20
§ & & § § § § § 35 8°
E & 3 8§ § & 3 8§ & &
Implementation completed
Performance Before After
Measure (1999) (2001)
Turn around time 90 + days | <30 days
1st pass fill rate 50% >90% +
Back order days 15-25 days | <5 days
ENMCS Red Green
War Ready Engines Red Green
Water reuse 0% 85%

10
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changes difficult...

OC-ALC Initiatives

F100 Engine Today After Redesign
Rear Gearbox housing 15.0 miles travel 2.3 miles travel
1st stage Fan Assembly 48 ownership changes | 3 ownership changes
Forklifts required 24 3
Material handling carts required 256 5
Core Engine Turn Time 113 days 35 days

F100 Routing “Before” F100 Routing “After”

CORE CORE DISK& | DIFFUSERS | INTERMEDIATE SBU PLS HPT [ CE
SUPPLY UPPORT SEAI ASECYC12.3 18,000 CYCLE12&3 ~ o) |nsasv SUPPORT | 7| | OGISTIH
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&

FOTREPAR | FANDRIVE T{lRE,
7.800 YIDIS:
200 11,200 T g
’ — Shop
vF- For [T INLET FAN Siep SEED

VF DI} SUPPORT o REPAIR SYIDISSY)
6,600 7,200 2,400 7,800 8,400

HOLLYWOOD & VINE

Legend

|ENGINE CLUSTER|

CORE CLUSTER

FAN DRIVE/INLET
FAN CLUSTER

F100-229
CLUSTER
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Engine  InletFan e ke o | 3 130 Footprint Reduced to Single 320K SF Area,
Core  Turbine ] = | : 25 Production, 5 Supply, 4 Support Lean Cell

Gearbox Fan Drive Turbirere=
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makes substantial improvement possible

Inherent Reliability (ATOW) Weibull analysis:
Model X/1 Model * X/2" | Standard Aero
Type/Model "X/1 Type/Model “X/2 Type X/1 Workscoped Engine
USAF USAF Other Customer .
have 50% higher
Standard Standard Standard Inherent ATOW than
Aero Organic | Aero Organic Aero organically produced
ATOW | 2159 | 1,363 | 2,526 | 1,618 2,246 engines
_—r o3 IComponent — «— |Simulation
mprovements
: Baselining Workscope | < Reliability .
> (Build Optimization) Optimizatipon Analysis Tool Development
: :‘:;5 :‘;‘lj :ﬂ:EB l:;‘;,-'ESS YR2005 —I
. 1458 0.824 0.97 3015/1443 | | MOSD26
I:_Cl .1 1 10 100 1000 10000 100000 l M l M
00 {Hours) |, | Organic |, L, Condition
Depot Shop Squadron Monitoring &
| | Prognostics
Source & Analysis: CEMS Report E314. v
Suspensions from E314 and current times Data MIDCS
from E118 reports. Filtering: Engines Collection| ]
installed after FY0O; < 4 hours per day; Standard Aero Proprietary

negative TOWs eliminated 12
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Providing Best Value Readiness for the WARFIGHTER!

~ _ 4 N
Systems Enterprise Total Cost
Engineering + Lean / Cellular
RCM MRO Time on Wing

)




