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Objective

e Identify options for reducing F414 cycle time

« Characterize relative benefit of options

e Recommend way ahead




Background

e NAS Lemoore AIMD 400 Division — F/A-18E/F F414

— Improvements via AirSpeed - Lean, Six-sigma, etc.
— Engine maintenance efficiency & quality

 Employed organizational modeling
— Similar to FEM & CFD modeling
— Focuses on more efficiently moving information
— Virtual Design Team techniques developed at Stanford

— Describes work in terms of information flow
* J.R. Galbraith
* Doing work effectively requires effective information flow

AirSpeed focus - item moving through the organization
Org. Modeling focus - information moving through the organization

Maval Postgradwate Schoal
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400 Division
F414 Organization

[ Division Officer J
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AZ 41V LPO 05E LPO 450 LPO
Administration F414 Maintenance Supply Engine Test Cell

{ 41V Crew J { 05E Crew J [ 450 Crew J

[Production Controﬂ

Acquisition Rescarch Program: Creating Synergy for Informed Change

Montercy, CA

Maval Postgradwate Schoal ‘ 5



F414 Maintenance Process
Top Level

Acceptance

MEI / Teardown

Build-up

\4

Post-Test
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High Pressure Low Pressure
Turbine Turbine
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F414 Detailed Maintenance Process

Acceptance MEI / Teardown Build-up Test Post REI
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Model Development Methodology

Developed model of 400 Division F414 maintenance
Model included off-core tasks

Assumptions / Simplifications

— Modeled single engine

— Modeled single shift

— Modeled engine Acceptance process as 14 day duration
— Did not model delay due to parts

* Once baseline model verified - Modified model
— ldentify potential courses of action for reducing cycle time
— Modeled 7 interventions + best of 7

Maval Postgradwate Schoal o]
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Model Variable Definition

Project variable definitions

Position variable definitions

Variable Value Based On... Variable Value Based On...
Work Day 8 hrs / day Culture All Generic. Not a concern in this study
Work Week 5 day / week Role OIC — PM, PC officer & Controller - SL, all
others ST
Team Experien Medium - A ment of interviewed 4 L . . .
ea penience ediu SSSRS er;oOnneTe ewed 400 Application Medium — Varies with individuals PCSing.
: Experience Results generally applicable when set to
Centralization High - Assessment of interviewed 400 Div. Medium
ersonnel — PC controllin . .
P g Full-time- FTE = (# personnel assigned to that
Formalization Low - Assessment of interviewed 400 Div. equivalent position) * (average % time spent working
personnel F414 tasks) * (1/6 to account for working a
Matrix Strength Medium - Assessment of interviewed 400 single engine)
Div. personnel Salary All set to $50. Concern here is relative vs.
Communication 0.30 - Nominal range is 0.2 to 0.9. Tasks absolute values
Probability are relatively routine and executed by
skilled personnel Skill Rating | All positions have High skill rating for their
Functional 0.075 — Nominal range is 0.05-0.10. position’s skill, Medium skill rating for the
Exception Design inefficiencies are very low. No skills of the positions they supervise, and
Probability technology problems associated with low for any skills associated with positions

accomplishing this project.

lower in the chain of command

Project Exception
Probability

0.075 — Nominal range is 0.05-0.10. There
are few interface problems with this work —
module assembly
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Model Variable Definition

Primary Task variable definitions

Meeting variable definitions
Variable Value Based On... Variable Value Based On...
Effort 400 Division value stream analysis Priority All set to High
Effort Type Assessment of interviewed 400 Div. Duration Assessment of interviewed 400 Div.
personnel personnel
Required Skill Assessment of interviewed 400 Div. Interval Assessment of interviewed 400 Div.
personnel personnel
Priority All tasks set to high, All off-core tasks set Repeating All meetings are repeating. Frequency
to low defined by interviewed 400 Div. personnel

Requirement

All set to low. Requirements for all tasks

Schedule to end

All meetings scheduled to end

Complexity are well understood
Solution All set to low. How to complete each task
Complexity is well understood
Uncertainty Assessment of interviewed 400 Div.
personnel
Fixed Cost All set to $50. Concern here is relative
vs. absolute values
Assigned Assessment of interviewed 400 Div.
Position personnel
Allocation

Meeting Time Start time defined by interviewed 400 Div.
personnel. Time is referenced relative to
the Start milestone
Meeting Assessment of interviewed 400 Div.
Attendance personnel
Meeting Assessment of interviewed 400 Div.
Attendance personnel. Based on percentage of
Allocation

personnel assigned to a position who

attend the meeting

Acquisition Research Program: Creating Synergy for Informed Change
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Organizational Model
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Organizational Interventions

#1 Parallel Acceptance process w/ other F414 tasks

#2 Combine Controller & AZ positions
— Without skill retraining
— With skill retraining

#3 Combine 41V and 450 Positions

— Without skill retraining
— With skill retraining

#4 Decreasing Centralization

#5 Adding Additional Personnel to Positions
#6 Altering duration and frequency of meetings
#7 Eliminating meetings

#8 Combination of the best of #1 - #7

Maval Postgradwate Schoal
Monterey, CA
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Evaluation of Intervention #1

Current F414 Process

Acceptance | MEI/ Teardown | Build-up —+ Test Post-Test

-

Combustor

A4

Py

a
é

Compressor

; :
High Pressure Lewe Pressure

Turkine Turbine
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F414 Maint. w/ Intervention #1
RFI <—>

A\ 4

\ 4

MEI / Teardown | Build-up —+ Test || Post-Test
N

I .
High Pressure Low Pressure
Turbine Turbine

\ 4

» Acceptance
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Impact - Schedule

Current Process

0SE LPO Dummy Task
Cortrollet Dummy Task
0SE Cresey Dumimy Task
450 LPO Dummy Task
41% LPO Dummy Task
PC Officer Dummy Task
450 Cresy Dummy Task
1% Crewy Dummy Task
Div-0 Dumimy Task
AF Dumimy Taszk
PC - Accept- | |
Update Reportz— | |
Azzign - Accept-| | |
Irventory - L 3
SM Werify - Induct— | |
WP to A7+ | |
Coppies— | I—
PC - MEI - A |
PC - MEI - B | |
Ir Wiark— | |
MEIH
MAF = | I—
Teardown - Remove hiodules - ko BChi- [ |
Pallet- | |
Palletize] L 2
Pick up 7 Store
lzzue - PCH
lzzue - 05E
Assign - Build-up—
Depreserve
Pick up- | E—
Buil-up ||
|
| —

*

+

Cut Test Cell MAF s
Pre-Test-
Fix— &
Sign-tlove-Test-hove] | |
Post MaF-| I

Post-Test R

“errify - RFIH | —

Sign MO MAF~ | |
Complete Log Book-

FFI
Engine Complete— 21 09 DayS —>
Finizh~
11."0‘5."00 '1'1."1‘3."00 11I2:3.l'00
Date

41% LPO Dummy Task:
Cortroller Dummy Task:
450 Cresy Dummy Task:

AT Dummy Task:

Diw-0 Dummy Task:
0SE LPO Dummy Task
PC Officer Dummy Task
05E Cresw Dummy Task:
A% Cresy Dummy Task:
450 LPO Dummy Task
Upciate Reports—
Azzign - Accept+
Invertory—

Z-Begin Induction—

WP to A7

Coppies—

PC - MEI - A

PC - MEl - B

In Wiark—

MEIH

T AFz—

Teardown - Remove Modules - Mo BChi-
Pallet

Palletize

Pick wp 7 Store

lz=ue - PCH

lzzue - 0:5E

As=ign - Build-up—
Depreseryve

Pick up-

Buil-up-

Cut Test Cell WAFs
Pre-TestH

Fix—
Sign-Move-Test-Move
Post MAF

Post-Test

S Werify - Incuct
“errify - RFI—

Sign WOk hAFS
Complete Log Book—
RFIH

Engine Complete—

Paralleling Acceptance / On-Engine Work

Finizsh+

*
+*
||““‘ ‘

7.3 Days or
58.6 hrs saved

13.77 Days —>+

T
11500

Significant Decrease in Schedule Duration — 35%
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Impact - Backlog

Current Process Paralleling Acceptance / On-Engine Work

Slight Decrease in Backlog

Maval Postgradwate Schoal
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Acquisition Rescarch Program: Creating Synergy for Informed Change




Impac

Current Process

Azsign - Accept-

Post MAF

WP to A7

Azsign - Build-up—

PC - MEl - A+

Sicin MOM MAF

RFI-

I Wiork

PC - MEI - B

Coppies

PC - Accept

lzzue - PCH

Updste Reparts-

“Werrify - RFIH

Cut Test Cell MAF =

Fick up-

Pallet

Depreserve]

Pre-TestH

Irvvertory—

lzzue - 05E4

Pick up ¥ Store

Palletize

b F =

Complete Log Book-

Post-Test

Fix—

KEIH]

SM Verify - Inductl
Sign-Move-Test-Move
AL - Accept
450 LPO Dummy Task
1% Crewy Dumimy Task:
PC Officer Dumimy Task:
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0SE LPO Dummy Task
O5E Crew Dummy Task:
41% LPO Dummy Task:
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Biuil-uip
450 Crewe Dummy Task:
Contraller Dummy Task
AT Dummy Task:
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Cost
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Depreserve
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Complete Loy Book-

Post-TestH

Fix

Z-Begin Inductionl

MEI]
450 LR Dummy Task
Sign-Move-Test-Move
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- Baseline

No Significant Impact
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Impact - Task Functional Risk

Current Process

Aszign - Accept:

Paralleling Acceptance / On-Engine Work

Pick up / Store

Post-Test P - MEl - &

Werrify - RFI Pre-Test

Complete Log Book “errify - RFI

Cut Test Cell MAFs Pick up

Depreserve PC - Accept

Sign-hMove-Test-Move Cut Test Cell MAFs:

RFI WP o AZ

Fick up MAF s

Update Reports Pallet

SM Verify - Induct: Azsign - Accept

Fix Post-Test

lzsLe - O5E Complete Log Boak

Tearcown - Remove Modules - Mo BCh Fix:

Irrvertory: Sign MOk MAF

MAFs Z-Begin Induction

Sign ROk MAF- lzzue - PC

Palletize Aszign - Build-up

Pick up § Store lsgue - 05E

lzsue - PC [;Epr:f;w;

L Sign-Move-Te-st-Mo-ve
PC - MEl - A

In work: Rl

PC - Accept Teardowven - Remove Modules - Ko BCh

o e

Post MAF Post MAF

MEL SM werify - Induct

palet Irventary

PC- ME.I -B e

Bu”_-Up Buil-up

;Dep.:?f; In Work:

AT - Accept < g Palletize

450 LPO Dummy Task
Controller Dumimy Task-—————— ]
0SE LPO Dummy Task-
4% Crewe Dummy Task-————— 1]
450 Cress: Dummy Task-
05E Crewy Dumimy Task-———— ]
PC Otficer Dummy Task-—————— ]
Div-O Durmeny Tesk——— 1]
AFDummyTask— ]
41% LPO Dumimy Task-] ]

T T T T T
i} 04 0z 03 04 05 06 a7

Functional Risk Index (FRI)
[Jotenzs [ Jozstoos []ostoors [Jo7stet10
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0

04

7oAz - Accept
Div-0 Dummy Task
05E Creswy Dummy Task
PC Officer Dummy Task
450 Crewy Dummy Task
AF Duminy Taszk
Cortraller Duminy Task4— 1]
05E LPO Dumimy Task-{—————— ]
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MY Crew Dummy Task—_———— ]
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T T T T T
an IR 0.2 0.3 0.4 as a6 or 03 o4 1.0
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Slight Increase in AZ Acceptance Risk
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Summary - Single Intervention

Intervention

Affect On...

Parallel engine
acceptance

Combine Controller &
AZ positions Without
Training

Project
Duration

Backlog

Cost

No significant impact

Risk

Combine Controller &
AZ positions With
Training

Combine 41V & 450
positions Without
Training

Combine 41V & 450
positions With
Training

Decreased
Centralization

Acquisition Rescarch Program: Creating Synergy for Informed Change
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Summary - Single Intervention

Affect On...
Intervention
Project Backlog Cost Risk
Duration
Parallel engine No significant impact
acceptance
Combine Controller & Decrease in Controller
AZ positions Without and AZ backlog.
Training Increase in Div-O and
n PC backlog over time
Combine Controller & Decrease in Controller
AZ positions With and AZ backlog.
Training Increase in Div-O and

n PC backlog over time

Combine 41V & 450
positions Without
Training

Combine 41V & 450
positions With
Training

Decreased No significant impact No significant impact
Centralization

Maval Postgradwate Schoal 20
Monterey, CA
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Summary - Single Intervention

Intervention Affect On Predicted Project Duration Affect On Functional Risk
Add AZ Personnel o 1.87 min saved / individual No significant impact
Add Controller No significant impact
Personnel ? 2 .
Add 41V Crew No significant impact
Personnel ? g P
Add 05E Crew S :
No significant impact
Personnel ?
Add 450 C
rew 4.42 min saved / individual No significant impact
Personnel ? |
Vary 0700 meeting duration & No correlation between risk and meeting
frequency - | interval or duration

Vary 0630 Meeting

frequency »

Combine Morning Meetings leaving
End of Day No significant impact
meetings Separate ?|

No significant impact to Functional Risk
when combining meetings

Separately Combine Morning
meetings and End of

Day Meetings ? |

No significant impact to Functional Risk
when combining meetings

Maval Postgradwate Schoal 21
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Combined Interventions
o Parallel engine Acceptance process
e Decreased centralization

« Combine morning meetings
— Time between meetings set to 2 days

« Combine end of day meetings
— Time between meetings set to 2 days

Affect On...
Intervention | Project Duration Backlog Cost Risk
26.3 decrease
in Buildup NG
Combined rework and significant

Interventions 10.49 increase g

) impact

in teardown

? rework

Maval Postgradwate Schoal 22
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Modeling Conclusions
Modeling indicated that...

e Assuming current avg. induction delays, & no
parts delays, the following interventions
effectively reduce F414 cycle time:

1. Parallel engine acceptance

2. Separately combining morning and end of day
meetings

3. Decreasing meeting frequency
4. Decreased centralization

 Combined interventions can reduce cycle time up
to 59 hrs (7.4 days)




Recommendations for 400 Div.

e Walk first...

— Separately combining morning & end of day meetings
— Decrease meeting frequency
— Assess impact
 Then run...
— Parallel Acceptance process
— Assess impact
e Once Induction process delays resolved
— Combine AZ & Controller positions w/ training
— Assess impact

 Keep NPS informed on results

;tfqtrﬁshic-n Research Program: Creating Synergy for Informed Change Nava Posigradnate School 24
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Study Impact

e 400 Div chose to implement highest-payoff
Intervention — Paralleling AZ Acceptance

Engine | Received | SAME SAME Engine Days
S/N Problems | Problems | Maintenance | Saved
Resolved Start
868472 |20 Oct 06 | 20 Oct 06 | 7 Nov 06 23 Oct 06
VFA-106
868083 |25 0Oct 06 | 26 Oct 06 |13 Nov 06| 29 Oct 06
VFA-2
868265 | 5Sep 06 | 5Sep 06 | 16 Oct 06 6 Sep 06
USS
Lincoln

;tfqﬁishic-n Rescarch Program: Creating Synergy for Informed Change
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Study Impact

e 400 Div chose to combine morning meetings

— 0630 PC-LPO coordination meeting and 0700
meeting

— Modification to a study recommendation

* Results were positive
— Less time spent coordinating
— More time spent turning wrenches




Study Conclusion

 Real-world instances of F414 cycle time
reduction exceed model predicted
reduction by 2X

e Organizational modeling is an effective
tool for improving organizational
performance — NAS Lemoore AIMD

e Organizational modeling complements
conventional process improvement
techniques employed under AirSpeed




Further Study

e Continue tracking implementation of study
recommendations
 Model other AIMD sites
— Before and after AirSpeed implementation
— Individual site interventions
— Other AIMD processes, e.g., Airframe, Avionics

 Model integrated AIMD processes using newly
developed Stanford SW

— SW specific to maintenance processes
— Facilitates comprehensive evaluation of AirSpeed

sition Rescarch Program: Creating Synergy for Informed Change | Neva! Postgraduate Schoal ‘ 28
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AZ-Acceptance — AZ Crew - (1-4)

SQ Delivers 1. Confirms engine logbook

Engine Logbook 2. Verify Squadron logbook Inventory
3. Transfers AEMS and ETR

Acceptance

Y

SN Verify / Induct— AZ Crew (11-13)

1. Verify serial number inventory

2.  Begin induction (i.e. cut all MAFs required)

3.  Hand 72N to controller for high time verification

Copies — AZ Crew (15-16)
1. Make copies of work packages for work centers
2. Logbook goes into NRFI drawer

\ 4

MEI / Teardown

Maval Postgradwate Schoal
| Monterey, OA
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Acceptance

v

MEI /
Teardown

nitiate MElI MAF

IPC — MEl/Teardown - B — AZ Crew
|

\4

MAFs — AZ Crew
|Compi|e MAFs when complete
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Build-up

MEI / Teardown

Test

Maval Postgradouate Schoal 32
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Build-up

T e St Pre-test — 450 Crew (40)

1. Perform pretest inspection
2. Prepare engine for test cell

Sign-Move-Test-Move — 450 Crew (42-56)
Sign Prep MAF

Mocks engine for run

Move engine to Test Cell trailer
Move engine to test cell

Prep Cell for run

Perform Hot Pres

Take oil sample and take it to 470
Sign off Run MAF and Hot Pres
Disconnect engine from Cell

10. Move engine to work center / rail
11. Put engine on 41V rail

12. Democks engine

13. Completes Post and signs off MAF
14. Closes work package

v

OCoNOR~ONE
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Test

Post
I
—

RFI =

Complete Logbook — AZ Crew — (63)
1. Complete logbook
2. Sign logbook
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Organizational Interventions

« #1 Parallel Acceptance process with all on-engine
activities

o #2 Combine Controller & AZ positions
— Without skill retraining
— With skill retraining

e #3 Combine 41V and 450 Positions

— Without skill retraining
— With skill retraining

o #4 Decreasing Centralization

o #5 Adding Additional Personnel to Positions

o #6 Altering duration and frequency of meetings
e #7 Eliminating meetings

o #8 Combination of the best of #1 - #7




Current F414 Process

MEI / Teardown

Build-up

A\ 4

Post-Test

Acceptance

+AIRCRAFT LOG

-

\

Compressor

; :
High Pressure Lewe Pressure
Turkine Turbine

/ )

Combustor
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Intervention #1

\ 4

MEI / Teardown

A4

Post-Test RFI |

Build-up ﬁ Test |

N /N

."?—_ L
{;} LR R

)
High Pressure

Turbine

Combustar
Compressor

’ Afterburner
Low Pressure
Turbine

\ 4

A 4

Acceptance

/"

+-AIRCRAFT LOG
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Current Acceptance Process

AZ-Acceptance — AZ Crew - (1-4)

SQ Delivers 1. Confirms engine logbook

Engine Logbook 2. Verify Squadron logbook Inventory
3. Transfers AEMS and ETR

Y

SN Verify / Induct— AZ Crew (11-13)

1. Verify serial number inventory

2. Begin induction (i.e. cut all MAFs required)

3.  Hand 72N to controller for high time verification

Copies — AZ Crew (15-16)
iy : 1. Make copies of work packages for work centers
ST TRERIETE el 2 Logbook goes into NRFI drawer

Postjpradaiie Soios 38
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Intervention #1

SQ Delivers Engine Logbook

A 4
\4
AZ-Acceptance — AZ Crew - (1-4)
1. Confirms engine logbook
2. Verify Squadron logbook Inventory
3. Transfers AEMS and ETR
SN Verify / Induct— AZ Crew (11, 13, 16) gﬂ,i“_"ad“‘?““‘_ - AZ C';ﬂ\’/l" A(|1:2) »
1. Verify serial number inventory egin induction (i.e. cuta S required)
2. Hand 72N to controller for high
time verification
3. Logbook goes into NRFI drawer
v
RFI

Copies — AZ Crew (15)
Make copies of work packages for work centers
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Impact - Schedule

Start

AT - Accept

05E LPO Dummy Task:
Cortraller Dummy Task
05E Creswy Dummy Task
450 LPO Dummy Task
41% LPO Dummy Task
PC Officer Dummy Task
450 Crewy Dumimy Task
41% Crewy Dummy Task
Div-0 Dummy Task

AF Dumtny Task

PC - Accept4

Upclate Reports—
Aszign - Accept—
Invertary -

SM Yerity - Induct

WP to A7

Coppies-

PiC - MEL - 2

FC - MEI - B

In WAiork

MEI

MAF =~

Teardown - Remove Modules - Mo BCh
Fallet

Palletize—

Pick up I Store

lzzue - PCH

lzzue - 05E

Azsign - Build-up-
Depreserve-

Fick up-

Buil-up-

Cut Test Cell MAFs
Pre-Test-

Fix
Sign-Move-Test-Move
Paost hAF

Post-Test

“errify - RFI-

Sign MOM MAF
Complete Log Book—
RFI-

Engine Complete]
Finizh+

+
‘ I
<M
Il’llll |

21.09 Days —»

II‘II’

110600

1M 300 11420/00

Date

Start:

PC - Accept

AT - Accept

41% LPO Dummy Task:
Controller Dummy Tasgk:
450 Cresy Dummy Task:
AT Dummy Task

Div-C Dummy Task

0O5E LPO Dummy Task
PC Officer Dummy Task:
05E Crevy Dummy Task:
4% Cresy Dummy Task:
450 LPC Dummy Task

Upclate Reports—
Assign - Accept-
Inventory—

Z-Begin Induction-
WP to AT
Coppies—

PC - MEl - A

PC - MEl - B+

In Wiork

MEIH

MAFz—

Teardown - Remove Modules - Mo BCh-
Fallet-

Palletize—

Pick up 7 Stare
lzzue - PCH

lzzue - 0:5E

Azsign - Build-up-
Depreserve-

Pick up-

Buil-uip-

Cut Test Cell MAFs
Pre-TestH

Fix
Sign-Move-Test-Move—
Paost MAF
Post-TestH

S Verify - Incduct
Yerrify - RFIH

Sign Wb bl AF
Complete Loy Book—
FFIH

Engine Camplete—
Finish~

*

7.3 Days or

*

|
L —
|
I

+

+

58.6 hrs saved

13.77 Days —>+

T T
110600 1113100

Significant Decrease in Schedule Duration — 35%
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Assign - Accept-
Post MAF

WP to A7
A.ssign - Build-up-
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Organizational Interventions

#1 Parallel Acceptance process with all on-engine
activities

#2 Combine Controller & AZ positions

— Without skill retraining

— With skill retraining

#3 Combine 41V and 450 Positions

— Without skill retraining
— With skill retraining

#4 Decreasing Centralization
#5 Adding Additional Personnel to Positions
#6 Altering duration and freqguency of meetings
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#2 - Combine Controller and AZ
Positions

Variant A
— Combine personnel

Same workload

AZ's & Controller DIV -0
authorized to do each [ } — No formal retraining
other’s work  Variant B

[ PC Officer } — Formal retraining
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Impact - Task Functional Risk
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Organizational Interventions

#1 Parallel Acceptance process with all on-engine
activities

#2 Combine Controller & AZ positions

— Without skill retraining

— With skill retraining

#3 Combine 41V and 450 Positions

— Without skill retraining
— With skill retraining

#4 Decreasing Centralization
#5 Adding Additional Personnel to Positions
#6 Altering duration and freqguency of meetings

A [}
"
sition Rescarch Program: Creating Synergy for Informed Change

Monterey, CA

Maval Postgradwate Schoal ‘ 50



#2 - Combine Controller and AZ
Positions

Variant A
— Combine personnel

Same workload

AZ's & Controller DIV -0
authorized to do each [ } — No formal retraining
other’s work  Variant B

[ PC Officer } — Formal retraining
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Organizational Interventions

#1 Parallel Acceptance process with all on-engine
activities

#2 Combine Controller & AZ positions

— Without skill retraining

— With skill retraining

#3 Combine 41V and 450 Positions

— Without skill retraining
— With skill retraining

#4 Decreasing Centralization
#5 Adding Additional Personnel to Positions
#6 Altering duration and freqguency of meetings
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#3 Combine 41V & 450
Positions

Same workload  Variant A
41V & 450 personnel ) — Combine personnel
authorized to do each DIV -O ) — No formal retraining
other’s work ) ’ e« Variant B

(" PC Officer ) — Formal retraining
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Impact - Task Functional Risk

Past MAF Fick up
A=zsign - Accept- Inventory—
Wertify - RFI WWH to A7
RFIH Pailet
cut Test Cell MAFs |zsue - PCH
Inventory - PC - Accept
AL - Accept- Post MAF
Pre-Test MEH
S Move.T ;ifﬂk ”p'% Palletize] . . K
Ign-Move- [ est-Mowe— o
SN Werify - InductJ] Updatep'??S;;JTo?tSst—% TeStl ng eng Ine task Is
- :'ﬁ:% SN Verify - Induct—% Topri sk area
MWEI . AZ - Accept-
Pallet-{] Ig;:pfzdsgdriz_%
Depresearve—] . l 1
Bullup] assign - accept-f] 2/4 top risk areas
lzzsue - PCH] RFIT = =
PC - Ml - &1 : i workf associated with 450
Complate Log Book-{ 0/4 top ”Sk areas Teardown - Remove Modules - Mo BCh-1 —~
in oricf1 _ ; Coppies—] original tasks
Upcite Reports i associated with 450 Fieil
Coppies—{ k MAF=—]
t &= taS S Fick up § Store—]
Palletize—] Issue - 05E-{] i
Prok up 1 Store 3 e R 1/4 top risk areas
Azsign - Build-up- Bui-up-l i d i h 4 1V
Issue - 05E] : By assoclated wit
e ot 2/4 top risk areas T P
ogv—— : . aiabe original tasks
post-Test 1ol associated with Compits Lot 2ot
Sign MCK r2F -] =sion - Build-up—] >
Teardown - Remd dules - Mo BCk .
PC Officer Duminy Tash- ] 41V Tasks Pre-Test 3/4 top ri sk areas
05E LPO Dummy Task- ] Div’“é gzm:: i:z:::
e e —— — PC Officer Dummy Task- ] now 41V-450 Crew
450 Cresww Dummy Task-{ I 41% Crew Dummy Task- ] tas kS
Dive-0 Dumimy Task-] 05E Crew Dummy Task—0 ]
41 Cresy Dummy Task- ] 05E LPO Dummy Task-I]
450 LPC Dumimy Task-I] 1% LPO Dummy Task—- ]
41% LPO Dummy Tazk-{ | Controller Dum —%
Cartraller Dummy Task—I ] ign-Move-Test-Move]

T T T T T T
0z 04 05 0B or 03 09 1.0 0.0 01 0.3 0.4 05 ag o7 ag 04 10
Functional Risk Index (FRI) Functional Risk Index (FRI)

[[otenzs [ Jozstens [osteors [o7sto10 [Hoton2s [ Jo2stens [osteoss [lo7ste1o
[ Baseline [ paseline

an a1

=

¥
o
ba




Organizational Interventions

#1 Parallel Acceptance process with all on-engine
activities

#2 Combine Controller & AZ positions

— Without skill retraining

— With skill retraining

#3 Combine 41V and 450 Positions

— Without skill retraining
— With skill retraining

#4 Decreasing Centralization
#5 Adding Additional Personnel to Positions
#6 Altering duration and freqguency of meetings
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#3 Combine 41V & 450
Positions

Same workload e Variant A
41V & 450 personnel [ BIV -0 } — Combine personnel

authorized to do each — No formal retraining
other’'s work « Variant B

[ PC Officer } — Formal retraining
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Impact - Cost
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Impact - Task Functional Risk
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Organizational Interventions

#1 Parallel Acceptance process with all on-engine
activities

#2 Combine Controller & AZ positions

— Without skill retraining

— With skill retraining

#3 Combine 41V and 450 Positions

— Without skill retraining
— With skill retraining

#4 Decreasing Centralization

#5 Adding Additional Personnel to Positions
#6 Altering duration and freqguency of meetings
#7 Eliminating meetings
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Impact - Schedule
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Impact - Cost
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Impact - Task Functional Risk
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Organizational Interventions

#1 Parallel Acceptance process with all on-engine
activities

#2 Combine Controller & AZ positions

— Without skill retraining

— With skill retraining

#3 Combine 41V and 450 Positions

— Without skill retraining
— With skill retraining

#4 Decreasing Centralization
#5 Adding Additional Personnel to Positions
#6 Altering duration and freqguency of meetings
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Number of added personnel

Yy =0.0142x + 21.063
21.50

Add Personnel to O5E:

L 4

Controller
L 4
<

Average duration rate of change with
respect to additional personnel =
10.5 min / person

Additional personnel impact low since
most tasks are “duration” tasks

8
Number of added Personnel

4 6




Adding Personnel-Risk Analysis

1
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% 04
b
i 0.2
™)
(6]
o 2 4 6 8 10 12
Number of personnel
1.000
0.800 A
0.600 v w
0.400
0.200
0.000 : : : : :
0] 2 4 6 8 10 12
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Number of personnel

gy for Informed Change

Controller
0.800 —
0.600 $
0.400
0.200 -
0.000 : : : : :
0 2 4 6 8 10 12
Number of personnel
05E
1.000
0.800 —0 ~
0.600 A —
0.400
0.200
0.000 ‘
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Number of personnel

Adding personnel has no
significant impact
on the Functional Risk Index
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Organizational Interventions

#1 Parallel Acceptance process with all on-engine
activities

#2 Combine Controller & AZ positions

— Without skill retraining

— With skill retraining

#3 Combine 41V and 450 Positions

— Without skill retraining
— With skill retraining

#4 Decreasing Centralization
#5 Adding Additional Personnel to Positions
#6 Altering duration and frequency of meetings

A [}
"
sition Rescarch Program: Creating Synergy for Informed Change

Monterey, CA
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Duration Impact - 0700 Mtg

Project _
Duration Interval Between Meetings (Days)
(Days)
1 2 3 4 5
20 | 21.09 | 20.46 | 20.53 20.39
30 20.85 | 20.56 | 20.72 | 20.34 | 20.46
Meeting
Dl(,ll{‘/la_.'[l)on 45 20.85 | 20.56 | 20.72 | 20.80 | 20.55
In
60 21.29 | 20.6 | 20.82 | 20.53 | 20.61
90 21.69 | 21.12 | 20.98 | 20.72 | 20.40




Duration Impact - 0700 Mtg

Duration (Day:

22.50

22.00 -

21.50
21.00

20.50 -
20.00 -

19.50
19.00

0700 Meeting

Days
Between
Meetings

——1
—u—2
3
4

—x—5

X7
F
20 45 60 90 120

Meeting Duration (min)




Duration/Risk Impact - 0700 Mtg

Project
Duration _
Days Interval Between Meetings (Days)
Functional
Risk Index
1 2 3 4 5
20 21.09 | 2046 | 20.53 20.39
0.59 0.62 0.69 0.76 0.70
30 20.85 20.56 20.72 20.34 20.46
0.62 0.66 0.87 > 0.67 0.66
Meeting 2085 | 2056 | 2072 | 20.80 | 2055
D‘d{f}ﬁ;’“ 45 062 | 066 |7087>| 071 | 066
60 21.29 20.6 20.82 20.53 20.61
0.70 | 058> | 0.65 0.75 0.71
90 21.69 21.12 20.98 20.72 20.40
0.67 0.73 0.69 0.59 0.74

wiNDS =
m '\? e ;1fqtr1i5i1i




Duration/Risk Impact - 0700 Mtg

0700 Meeting
Days

1 Between
_g 08 Meetings
¥ 0.6 - :}——%:5 (: :/ —a—2
3 3
5 04 4
g .
S5 0.2 5
L

O [ [ [ [ [ |

0] 20 40 60 80 100 120 140
Meeting Duration (min)




Duration Impact - 0630 Mtg

Meeting duration constant at 8 min

0630 PC-41V Meeting
21.15
21.1 -
g
g 2105 | \\
5 =
©
5 20.95 -
o
20.9 - - Y
20.85 I I I I I
0 1 2 3 4 5 6
Time Between Meetings (Days)

weli Greatest benefit from increasing time between meetings to greater than 2 days | ..
rj Max Benefit = 0.2 Days or 1.6 hours :




Duration/Risk Impact - 0630 Mtg

Meeting duration constant at 8 min

0630 PC-41V Meeting

0.900
0.800 e —— e

0.700

0.600 —
0.500 -
0.400
0.300

0.200 -
0.100 -

Functional Risk Ind
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Time Between Meetings (Days)




Organizational Interventions

« #1 Parallel Acceptance process with all on-engine
activities
o #2 Combine Controller & AZ positions
— Without skill retraining
— With skill retraining
o #3 Combine 41V and 450 Positions
— Without skill retraining
— With skill retraining
o #4 Decreasing Centralization
o #5 Adding Additional Personnel to Positions
e #6 Altering duration and frequency of meetings
o #7 Eliminating meetings
..Jﬁ'ﬁr, 8 Comek
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Duration Impact - Combined Mtgs

Morning Meeting: 20 min
End of Day Meeting: 20 min

Duration (Day:

20.9

Combining Meetings

20.8 -
20.7 -
20.6 -
20.5

20.4

20.3

20.2 -
20.1

—e— Combine Morning Meetings
Leavng End of Day
Meetings Separate

—=— Combinine Morning
Meetings & Separately
Combine End of Day
Meetings

1 2 3 4 5
Time Between Meetings (DaysO




Risk Impact - Combined Mtgs

Morning Meeting: 20 min
End of Day Meeting: 20 min

Combining Meetings

1.200

1.000 - . . .
V\ —e— Combine Morning Meetings
0.800 e Leaving End of Day

Meetings Separate

Functional Risk Ind

0.600 _ _ _
—a— Combine Morning Meetings
0.400 - & Separtely Combine End of
Day Meetings
0.200 -
O.w) [ [ [ | |
0] 1 2 3 4 5 6

Time Between Meetings (Days)
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Summary - Single Intervention

Affect On...
Intervention
Project Backlog Cost Risk
Duration
Parallel engine No significant impact
acceptance
Combine Decrease in Controller
Controller & AZ and AZ backlog.
positions Without Increase in Div-O and
Training PC backlog over time
Combine Decrease in Controller
Controller & AZ and AZ backlog.
positions With Increase in Div-O and
Training PC backlog over time
Combine 41V &
450 positions Not
Without Training considered >
Combine 41V &
450 positions Not
With Training considered >

No significant impact No significant impact




Summary - Single Intervention

Intervention Affect On Predicted Project Duration Affect On Functional Risk

Add AZ Personnel 1.87 min saved / individual No significant impact

Add Controller

No significant impact
Personnel g P

Add 41V Crew

No significant impact
Personnel g P

Add 05E Crew

No significant impact
Personnel J P

Add 450 Crew

No significant impact
Personnel g P

4.42 min saved / individual

Vary 0700 meeting duration &
frequency

No correlation between risk and meeting
interval or duration

Vary 0630 Meeting
frequency

Combine Morning Meetings leaving
End of Day

meetings Separate

No significant impact to Functional Risk

OBl e when combining meetings

eparately Combine Morning N . . :
H'I’-f:n metir No significant impact to Functional Risk
=L A — when combining meetings

.-irqnikiu‘rm Kesearch Prosn

| MOnNcrey, LA



Combined Interventions

« Parallel engine acceptance
e Decreased centralization

« Combine morning meetings
— Time between meetings set to 2 days

« Combine end of day meetings
— Time between meetings set to 2 days

Maval Postgradwate Schoal 90
Monterey, CA

Acquisition Rescarch Program: Creating Synergy for Informed Change




Start
AL - Accept

05E LPC Dummy Task
Controller Dummy Task
05E Creww Dumimy Task:
450 LPO Dumimy Task
1% LPO Dummy Task:
PC Officer Dummy Task
430 Cresvy Dummy Task:
4% Cresy Dumimy Task:
Div-0 Dummy Task

AT Dummy Task:

PC - Accept—

Update ReportsH
Azsign - AcceptH
Inventory—

=M Werify - Incuct—

WP to AT

Coppies—

PC - MEI - A

PC - MEI - B~

I wiork—

MEIH

MAFz—

Teardown - Remove Modules - Mo BChi<
Pallet-
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Pick up J Store—

lzzue - PCH

lzzue - D35E
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Depreserve—

Pick up—

Bil-Lip
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Pre-Test

Fix
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Post-Test
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Engine Complete—

Finish—

+*
‘ I
<M
Il.llll I

II.II’

21.09 Days —» «

T
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T T
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Date

Impact - Schedule

Start
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41% LPO Dummy Task
Contraller Dummy Tazsk
PC Officer Dummy Task
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0O5E Crew Dumimy Task
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450 Cres Dummy Task
4% Crewe Dummy Task
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450 LPO Dummy Task
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Post-Test
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Complete Loy Book-
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Engine Complete—
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*

*

7.37 Days or *
58.96 hrs saved

13.72 Days —» «

Decrease in schedule duration, driven primarily by Induction paralleling effort

T
111300




Impact - Backlo
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Backlog of most positions decrease. 450 LPO backlog increases




Teardown - Remowve Modules - Mo BChi-

Impac

t - Cost

Assign - Accept-
Paost A

WP to A7
Assign - Build-up-
PC - MEI - 2]
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L
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Work Cost = 942.56
Rework Cost = 48.43

Teardown
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T
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- Slight decrease in Buildup rework and slight increase in Teardown rework




Impact - Task Functional Risk
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Combined Interventions

e Parallel engine acceptance
e Decreased centralization
« Combine morning meetings
— Time between meetings set to 2 days

« Combine end of day meetings
— Time between meetings set to 2 days
Affect On...

Intervention | Project Duration

Backlog Cost Risk

26.3 decrease
in Buildup

Combined rework and signl?:‘?cant
terventi 10.49 increase | "
, ﬂm; - in teardown mpact

rework



