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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 
Very complex problem

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 
hour (CPEFH)

Laser Tip Measurement

Thermal Barrier Coating
Vane and Seal Support

Individual T/C harnessSpacer wear inspection
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RCM determines the workscope required to give highest Average Time 
on Wing (ATOW) for lowest Cost Per Engine Flight Hour (CPEFH)

Planned:
ATOW - 1604 hrs
CPEFH - $1537

Estimated Time on Wing 
(MRO Event Cost)
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Optimal:
ATOW - 2203 hrs
CPEFH - $1031

50% Lower Cost

30% Greater ATOW

Workscope 
optimization is not
intuitive due to large 
number of options 
(213)

Algorithm developed 
to find optima

Significant cost and 
ATOW gains

In use today on  
certain USAF engines

TF39

Engineered Workscope Optimization  Highlights Potential Benefits



7

COPYRIGHT STANDARD AERO 2005 ©

So…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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A Lean / Cellular™ Maintenance Facility 
Transformation can make  it possible ...

Over 15 Years of Transformation Experience
Over 160 cell redesigns to date around the world

A Systems Engineering Approach to MRO Transformation™

PE
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TIME

Current Level

Step 
Change™

Step Change achieved 
by simplifying structure 
and reducing waste

Best Competitors
Level

Continuous Process Improvement

PLAN FOR A STEP CHANGE

Finance
Quality

Engineering
Marketing

Operations

EXECUTE COORDINATED CHANGE

Materiel

Human
Resources
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Because Key Elements of Lean / Cellular™ MRO drive 
process ownership up...

TOPIC, SKILL, TASK

EMPLOYEE

Norm June-00

Mitch June-00

Nick June-00

John June-00

Rick June-00

Jeff June-00

Todd June-00

Travis June-00

Diana June-00

Brian June-00

Rick June-00

Blaine June-00

Geoff June-00

ACTUAL 7 1 2 1 2 2 2 3 0 8 2 3 1 9 2 5 3 1 1 0

REQUIRED 7 1 2 1 3 2 2 3 1 8 2 3 2 9 7 5 3 1 1 1

TO BE TRAINED 0 0 0 0 1 0 0 0 1 0 0 0 1 0 5 0 0 0 0 1

Identified for training

Presently being trained

Requires experience

Fully experienced

Able to train / supervise
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DATE OF NEXT 
EMPLOYEE 

DEVELOPMENT PLAN C
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Visual Factory for Lean / Cellular MRO Multi-Skills and Comprehensive Training

Focused Data Driven Analysis Hands On and Computer Simulation

Management 
& Support co -
located with 
the shop

Any Wall Must 
Have 
Windows

Cellular 
“U”
shaped 
flow

Visual Control 
Systems

Lighting - 2X 
Industry 
Standard

Employees 
Clean their 
workspace

Perform own 
Preventive 
Maintenance

TRANSFORMATION FOCUSTRANSFORMATION FOCUSTRANSFORMATION FOCUS

CONTINUOUS 
PROCESS IMPROVEMENT
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And vastly increase the speed  and degree to which 
changes to work scoping can be made

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

High Level 
Layout

Detail Cell 
Design

ID Task Name Duration Start
1 FACILITIES 31d Thu 10/10/02

2 Preli min ary Drawi ng app roval 0d Thu 10/10/02

3 Fi nal Dra wi ngs com pl et i on 2d Thu 10/10/02

4 Fi nal Dra wi ngs approved 0d Fri 10/11/02

5 Wall  demoli tion on south side 7d Mon 10/14/02

6 Demol ish cl oset 1d Mon 10/14/02

7 Demol ish wal l 5d Tue 10/15/02

8 Repair ceil ing as requi red 1d Tue 10/22/02

9 Flooring  in Suppor t Cel l 21d Thu 10/24/02

10 Relocate PODs (1st stage) 1d Thu 10/24/02

11 Laydown Carpet  (2 secti ons) 1d Fri 10/25/02

12 Reinstall  PODs on west  si de 4d Mon 10/28/02

13 Move i n 0d Fri 11/1/02

14 Relocate PODs (2nd stage) 3d Tue 11/5/02

15 Laydown Carpet  (2 secti ons) 2d Fri 11/8/02

16 Reinstall  PODs as requi red 4d Tue 11/12/02

17 Move i n 0d Fri 11/15/02

18 Relocate PODs (3rd stage) 1d Tue 11/19/02

19 Reinstall  PODs as requi red 2d Wed 11/20/02

20 Move i n 0d Thu 11/21/02

21 Kitchen & Meeting Rm const 26d Fri  11/22/02

22 Meet ing Rms (NE) cons t ructi on 10d Fri 11/22/02

23 Cl osets Constructi on 5d Fri 12/6/02

24 Ki tchen Area construct i on 7d Fri 12/6/02

25 Entrance  to Support  Cel l 3d Tue 12/17/02

26 Fl ooring (T il es) instal lat ion 2d Fri 12/20/02

27 Rel ocate /install  of fi ce equipment 2d Thu 12/26/02

28 Wall  constru ction (RGB/Support) 15d Mon 12/30/02

29 Wall  con st ruct ion 10d Mon 12/30/02

30 Cl osets constructi on 3d Mon 1/13/03

31 Wall  pai nti ng 2d Thu 1/16/03

32 Fi nishi ng work as requi red 5d Mon 1/20/03

10/10/02 8:00 AM

Design

10/11/0 2 5:00 PM

CIC

CIC

CIC

Mov e,Electr,MIS

Floor

Move,Electr,MIS

11/1/02 8:00 AM

Electr ,Move

Floor

Electr

11/15/02 5: 00 PM

11/21/02 5:00 PM

CIC ,Electr,Paint,MIS

CIC,Paint

CIC,Electr ,Plum,Maint,Paint

EK

Floor

Electr ,Mai nt

CIC

Painter

10/6 10/13 10/20 10/27 11/3 11/10 11/17 11/24 12/1 12/8 12/15 12/22 12/29 1/5 1/12 1/19
October Nov ember December January

Implementati
on Planning

Physical 
Implementation

Traditional 
Organization

Boundary 
Definition

Current 
Situation 
Analysis

D
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1
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. 2
D
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t. 

3
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. 4

S tart

No

Yes

Process Name or Description Here
E ND

Copyright Standard Aero 2005

Continuous 
Improvement

 UCL

X Bar

LCL

A Systems Engineering Approach to 
Achieving Step-Change™ Results 

Comprehensive Systems Engineering 
Approach to Step-Change™ & Sustainment

85%0%Water reuse

GreenRedWar Ready Engines

GreenRedENMCS

<5 days15-25 daysBack order days

>90% +50%1st pass fill rate

< 30 days90 + daysTurn around time

After 
(2001)

Before 
(1999)

Performance 
Measure

85%0%Water reuse

GreenRedWar Ready Engines

GreenRedENMCS

<5 days15-25 daysBack order days

>90% +50%1st pass fill rate

< 30 days90 + daysTurn around time

After 
(2001)

Before 
(1999)

Performance 
MeasureRegional Airline Fan – AE3007

Knoxville From 100 Days to Sub 30 Days

Redesign Timeframe
0

20
40
60
80

100
120

Nov-00 Mar-01 Jul-01 Nov-01

D
ay

s

Before

After

Step-Change™

AE3007 in house turn time

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

Typical “legacy” MRO operations can make workscope
changes difficult…

37053234

3703 2103221

2211

3902

DLA

Ext. Sub.

EngineEngine
CoreCore
GearboxGearbox

Inlet FanInlet Fan
TurbineTurbine
Fan Drive TurbineFan Drive Turbine

F100 Routing “After”F100 Routing “Before”

200 200 200 200 # 200 # 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 # 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 110

200

400 400 400 # 400

400 400 400 # 400

400 400 # 400

400 # 400

#

#

200

400

Nozzle 
Seg 1      

4,800

ENGINE  
ASSY/DISSY

10,800

ENG. 
REPAIR

4,800

ENGINE 
SUPPORT  

7,200

GBX  
CYC 1,2,3

8,000

CORE 
DISSY/ASSY 

11,200

COMPRESS
REPAIR

7,200

COMPRESSOR
11,200

INTERMEDIATE
CASE CYC 1,2,3

12,000

BRNG HOUS
& SEALS

(SBU BRG BAY)

8,800

CORE 
SUPPLY

8,000

COMP
DISK & 
SEALS
8,000

DIFFUSERS
10,000

S
U

P
Y 

1,
80

0

N1 
229 

FDT/IF
4,200

N2
229 CORE

4,800

22
9 

R
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2,
80

0

INLET FAN
ASSY/DISSY

8,400

FANDRIVE TURB.
ASSY/DISSY

8,400

CASE & STATOR 1

11,200

FDT REPAIR
7,800

INLET FAN
REPAIR

7,800
I/F DISKS

6,600

CASE & STATOR 2
& RUBBER ROOM

11,200

I/F -
FDT

SUPY
2,400

Small NDI 

SBU  PLS
18,000

CENTRAL 
LOGISTICS

10,800

Nozzle
Seg 2
6,400

CORE 
SUPPORT

11,000

I/F - FDT
SUPPORT

7,200

22
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2,
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229 
SUPPORT

3,600

HPT 
CYCLE 1,2,& 3

14,000

MA
-t

3,
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T2

HOLLYWOOD & VINE

F119 
Shop

Swing 
Space

ENGINE CLUSTER CORE CLUSTER FAN DRIVE/INLET 
FAN CLUSTER

F100-229 
CLUSTER

Legend

(BU BRG BAY)

Footprint Reduced to Single 320K SF Area,
25 Production, 5 Supply, 4 Support Lean Cells

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
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Weibull analysis: 
Standard Aero 

Workscoped Engines 
have 50% higher 

Inherent ATOW than 
organically produced 

engines

Source & Analysis:  CEMS Report E314.  
Suspensions from E314 and current times 
from E118 reports.  Filtering: Engines 
installed after FY00; < 4 hours per day; 
negative TOWs eliminated

Standard Aero Proprietary

Organic
ShopDepot

OC ALC

Tool Development

Simulation

Workscope
Optimization

Data
Collection

Reliability
Analysis

Component
Improvements

Baselining
(Build Optimization)

Squadron Condition
Monitoring & 
Prognostics

MIDCS

Combining RCM and Lean/Cellular MRO Integration 
makes substantial improvement possible

2,2461,6182,5261,3632,159ATOW

Standard 
AeroOrganic

Standard 
AeroOrganic

Standard 
Aero

Type X/1 
Other Customer

Type/Model “X/2"
USAF

Type/Model "X/1”
USAF

Inherent Reliability (ATOW)
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Providing Best Value Readiness for the WARFIGHTER!

Time on Wing

Systems
Engineering 

RCM 

Enterprise
Lean / Cellular 

MRO
+      

Total Cost


