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« More than 5,000 design changes per year have been made to
the C-17, for the past three years (more than 1,000 major
design changes per year)

 Formal systems engineering (SE) process established in
1998, instrumental in design development

* Integral tie between C-17 SE process and overall Process
Based Management (PBM)

 Mission Assurance philosophy embedded in culture and
processes

« Open communication and shared vision support true
USAF/Boeing system engineering partnership

Integration of Processes, Tools and Training to
Reinforce the Role of SE in the C-17 Product Development Process
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Vision:
*The C-17 Enterprise is the World Class Leader in Systems
Engineering:

*Robust, standardized, effective, & efficient Systems
Engineering products, processes, & tools are applied &
Integrated across the C-17 Program to enable mission success

*For all system development there are thoroughly defined and
validated requirements, at all levels that are fully traceable
from customer needs through verification and validation

*Risks are defined and managed to ensure balanced technical,
schedule, and cost performance throughout the product life
cycle (Develop, Produce, Operate, Support)

Mission:

*To define & ensure common application of SE processes using a
controlled tailored approach, that will facilitate C-17 program and
mission success
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* People
— Gain greater Systems Engineering (SE) understanding
— Initiate common SE focus
* Improve Customer satisfaction (external)
— Systems Engineering (SE) Imperative
— Customer Involvement
* Need to Institutionalize systems engineering
— Greater Process discipline
— Internal customer satisfaction
* Increase Focus on Supplier Systems Engineering (SE)
— Requirements

— Quality
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Priorities

e Institutionalize systems engineering

—People: Training / rotation / communication /
knowledge transfer

—Process discipline, metrics
o Strategic roadmap
—Near term actions / address customer concerns
—Long range vision to keep focus
—Supplier SE roadmap
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External Influences

« USAF C-17 Upgrades
* Industry Initiatives (INCOSE, CMMI, LA, ...)
 Enterprise Value Stream Mapping (identifies SE as focus area)

 SE Survey
Internal Influences Infrastruct_u_re .
 Process (ISO, PBM, ...) L » Common vision buy-in
. Organization (IPTs) Understand situation * Management commitment
. People resources Define requirements e Participation
. C-17 baseline Perform tradg study e Resources
e SE HILT Develop and implement  PBM framework

Project participation
Employee Involvement
Lessons learned database

plan

Tool capabilities

World class leader in systems engineering
enabling mission assurance
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Release D
"% Denotes A&T Key Process

. : Originated: 17 August 2004
Airlift and Tanker Programs Enterprise Process Model Revised: 08 August 2005 p—

4.0
Integrate Product / Service
Definition

H- Ensure Integration of Strategic Business & m Perform Integrated Business Financial fiig
Functional Planning (E. Anderson) Management (T. Degani)

s [I0BAT] Ensure Organizational Effectiveness (E. Anderson)  [LOBAT] Communicare Posiions. & Ensure Customer Satisfaction (. Anderson)
ectig = o .
s Ensure Quality & Mission Assurance (A. Parker) o] 'S #5[L10AT 5 enginen the Team (0. Shapiro)
L] iFGrate & Deploy Processes &
=i [L04AT| Ensure Continuous Improvement (A. Parker) Procedures (E. |2

2.0 Manage Programs

Shce (8. Boteler)

Provide Ethics Guidance (C. McKendell

Process Owner: E. Anderson

Manage Program

Provide Integrated Performance
=g BOTAT ang Execution 02AT]Administer Contracts) [Z03AT] Minimize Program [2.04AT|Manage IWA "m Managementg (Cost & Schedule)
G. Heesacker) (R. Ullman) Risk (G. Heesacker) Performance (V. MacMath) ] - =
3.0 4.0 5.0 6.0 1
Create, Acquire Integrate Manage Produce Suppon |
& Grow Product/Service Suppliers Product Products &
Business Definition SEIES 1
Process Owner Process Owner Process Owner. Process Owner: Process Owner: 1
B. Bunin N. Newman ss - L. Hollenbeck |
Manage Material ) .
Create Opportunities Define & Manage Define Production | [:01AS] Provide Supply Support (D. Scnmlm)l
& New Markets (D. Lukafis) Product/Service 3 Plan (A. Balazs) . . .
Requirements o setecy 1 Provide Field Services (J. D. \I\ﬁllcw)I
53R Acouire New Business (C. Joubert-Honacki) 5021 ) Provide Parts, 1 Provide Retrofit &
Supplies, GFE, & Tools Modification Services (C. Beadle) |
(S. Sailors) Plan & Control Produc| to Assembly (3. Bouza) | provide Technical Data (b.8lack
Service Design (K. Erlifik)’ (K. Higachi) rovide Technical Data (D.Black) 1
[BO3AT Maintain / Grow [O3AT Concurrently ol Manage Supplier ® Assemble and Deliver 5Ag| Provide Product Training Support
Existing Business b 15 Develop L0 Performance (K. ng Product (A. Balazs) - (Y. Johnson) 1
(E. Anderson) Product/Service/ Manage Supplier ) . [7.06Ag] Provide Integrated Support
Build-to / Buy-to/ 5 R SN, Verify Prod?’\:n;_ﬂ ) |- Planning & Mgmt. (J. Homsher) :
Support Elements QL Cesses (M- King F.07As] Provide System Support Analysis
(T. Konieczny) B.0saT| (bapa0e Supply Base S| Soranh L 4 |
Product/Service Eo7at] Ma"aQEGOV t Property (S. Howard) 1 Provide Support Equipment |
(S. Tacawy) Manage Inventory (J. Mentz) (R. Schaefer)

8.0 Provide Enabling Infrastructure Process Owner: Tim Degani

Provide Financial Services Provide Safety, Health, and
B-2F01E - rovide Safety, Health, ai Manage Facilities & Manage Non-Production
zBoilg MMt e Services Environmental Services Equipment (S. Haynes) Procurement (S. Haynes)
o2ty (g tio) (K. Drew) G| Provide Security & Fire
EO3LE| Provide Communications Services fITeN (See Process 1.11) Pé"‘l_ec""” Services DS reserved)
(R. Sanford) evesque)

. . -2 10S5g]| Prowde Integrated Information
[B:04AT] Provide Legal Services (3. McBride)  [gozwrig] Provide Export/import
9 ¢ ) -Ccmp“ancs Py cfancy) ystems & Services (W. Koop)
Legend for AT:

SSG Engineering m Finance | HRl Info. Tech. | Legal | Operations
K. Elliott 562-593-1659 / E. Carr 562-982-8107

 Boeing Benchmark
e Institutionalized
* Involves Customer Throughout
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* Near term actions (6 months) and long term vision will be
Integrated into single SE improvement plan.

—Nine focus areas identified in early self assessment

—Best practice implementation based on internal (Boeing)
systems engineering survey (external to C-17)

—22 improvement projects from the 3 VSMs
—Discipline to process

e Metrics, Training, Communication, updated processes
and command media

—Engineering Best Practices corrective action plan
—SE Manual updates

—Implementation of IDS Command Media and SE HILT
Common Tools and Processes
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Plan Development/Status

Initially Initial SE
Identified Set Focus Survey
Current Vision Areas (external
State Identified to C-17)

Initial
Self-
Assessment

Recent Accomplishments

» Two sessions of Value Stream Mapping

(VSM) Completed in 2005

* Phase A Jun 05, Customer needs — CDR
* Phase B Dec 05, CDR - Verification)
» Technical Flowdown to Suppliers VSM

Completed (Feb 2006)
o SE Tool Training @ SG

o OSS&E Training by SG & Boeing in LB

Evaluation Value Develop
&Planning | Stream |Implementation
(for VSM) Mapping Plan

Implement
Plan

Current Focus Areas:
1. 22 Improvement Plans (from VSMs)
* Requirement definition

« Key opportunities to improve cycle
time reduction suppliers

2. Program Level Metrics
PMBP (SE) Improvement Plan
3. Training Engineering in SE Processes

11/1/2006
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Participation

Systems Group — 7 (Avionics, Conf Mgt, Structures, Lean, Production Ops,
Support Systems, Systems Eng)

Boeing Systems Engineers (non C-17) — 6 (AFS, Anaheim, C-130, Canoga
Park, Huntington Beach, 767 Tanker)

—  C-17 Engineering IPT — 29 (Systems Eng, Aircraft Systems, Processes and
Tools, Airframe & Mission Systems, Avionics, Project Mgt, Test & Evaluation,
AVI/SS)

— Analysis and Integration — 4 (Block Integration, Configuration Mgt, Change Mgt,
Program Mgt Systems)

- DCMA - 2

—  Supplier Management - 2
—  Support Systems — 1

—  Production Operations - 1

—  Lean Enterprise — 3
11/1/2006 10
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Apply Lean Techniques to Identillmprovements

o

11/1/2006

Define the boundaries
Define the objectives

“Walk” the process

— ldentify tasks and flows of material and A
information between them

Gather data

— ldentify resources for each task and flow
Create the “current state” map
Analyze current conditions

— ldentify value added and waste

— Reconfigure process to eliminate waste
and maximize value J

Visualize “ideal state” /
Create the “future state” map

Develop and track action plans

Copyright © Boeing 2006
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Systems Engineering (Phase A) VSM

HEE

Current
State

Near Term Improvement Projects identified

Q Interface Management

O Project Reviews

U Requirements Process Enablers
U Needs Definition

0 Systems Integration

O Trade Study Improvement
O Verification Improvement
O Project Team Memberships

O Statement of Requirements (SOR)
Development Improvement

Future
State

= Systems Engineering Current State Value S
= IIB-Long Beach g—S'Ehe Boe|ng Company

£ = egagh o800y

g 2,

NEM
ot s
e e

i
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» Stitched 3 existing maps together
— Systems Engineering Phase A

— Flight test
— Avionics Labs (AISF, AIA, FHS
vionics Labs ( ) L MR yu SyStemS
» Mapped 3 current state value streams
— Software I -
— Avionics Hardware
— Airframe and Aircraft Systems Hardware
& | Software
[] il EI
:_: 3 v Dv-
Phase B Avionics [ Y WUC P §
Current State T

By working jointly significant SE progress improvements have been made
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* Use PICK process

11/1/2006
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Design Review Template
Interface

Requirements Enablers
User Needs Meeting

SOR Development

Project Integration

Team Members NAR

Trade Study

Verification & Validation Plan

Verification & Validation Plan and Products

Team Leader
Jim Settlemyre
Samuel Son
Sunil Verma
Ralph Brunson
Sal Trujillo
Cecilia Rubio
Kim Carruth
Ralph Brunson
Ben Luong

Ben Luong

8/25/2006
3/28/2006
3/27/2006
1/4/2006
9/14/2006
5/28/2006
3/28/2005
8/2/2006
12/9/2005

10/27/2006

Peer Review Deployed program wide

System Requirements Traceability Plan

Aircrew Validation

Dana Pugh
Sal Trujillo

Dave Lotts

10/15/2006

11/3/2006

2006
9 VSM Phase-A Improvement Projects (0) Theodore b ——
9.1 1. Interface Management (Son Son (e ——
92 2.Project Reviews (Settlemyre) Settlemyre 3% it
93 3.Requiremernts Process Enablers (Verma) Verma 100% (—
94 4.Definition and Refinement of User Needs Brunson %
[B] 95  5Statementof Trujilo % [—
EN 96 6. Trade StudyImprovement (Brunson) Brunson 42106 8% (—7)
[0 | 97 7.Verffication & Validation Planning Improvement (Manson) Manson 12005 100% (—— 1)
[ | 98 8.Project Team Memberships (Carruth) Carruth 12905 100% —
100% [®8 | 99  9.Projectintegration (Samuel Son/Greg Wildenthaler) Rubio 62306 1%
100% E 10 VSM Phase B Improvement Plans {9} Theodore 1206 1212906 23%
356 101 1. Implement V&V Plan & Products (Zaninovic & Gocal) NZ & 66 13106 630106 2%
100% E 10.2 1.V&V Plan & Products Project Follow-up BLuong T
400 10.3 1a. Verification & Validation Products (Greg Gocal) Gocal 100% |
100% E 104 2.Peer Review Deployed program wide (Mukesh Luhar) Pugh 0l
42 105 3.System Requirements Traceability Plan (Sal Trujilo) Trujilo 10% [ —
100% [#% | 106  4AicrewValidation Lotts [ I
100% E 107 5. Test Facility Requirements Cohen 4% 7
450 10.8 6. Integration of Support Systems into Development Fox 0% |
100% E 10.9 7.Lessons Learn Captured Bunnel 0l |
454 10.10 8.Improve Risk Management Process Brunson 5%
100% [4 | 1001 9, Supplier Sen 0% i
100%
Frojsct ID:. B-5 Froject Test Capabliity
1ol 3
0% Sehsduls A—— | 95%
= Comple e
Combined uLanus [RE[0
with R-1 P10 EG L LS G ULRARN MO " F BRI 304, AU " PR RS

Team Membars

Lead T Colen cAdora
Memibiare Joam GUkmEs (T5E, Ban Luiorg SE
Shikeliolder & VWL Bregal S0, Paul Plam (DCHM&

Enterprise-wide collaboration

Project Test Capability (formally TFR) Steve Cohen 9/1506 (IPT} Peer Feuew crifioal Member s Sdics Syrkems Pequrement £ Veidsalan, Flghl e
Conies Sy ki Ter |, Te s 12 Euabualon, S0 E o (56)
Integration of Support Systems into Development Jim Fox 4/31/2006  100% Froblem o sl
curenl ricalonls bkmal R, X
I statement ke bt Ak reanme ke ak I be prosess ”e; (f)' !ﬁlﬂﬁiﬁ”é&i
Lessons Learn Captured Marybeth Catoline | 3/15/2007 ackson
AR T PR NP INEY, S N N AP IO aLEe 0 e e Meeal 2 Cpan e ae
- i commurizaksl ola Bl cmarizalons, vl b locondre bon b e en arganizalas i | or
B-8 |Improve Risk Management Process Ralph Brunson 10/13/2006 | 75% | YELLOW b Jectives a8 TP el 8 P b erde i
] ] " ) ) Transfer to Lab capabliles Wil b karelaled o aTes | Faoll lSiys bm Subsyskem Speddcala (TF
Supplier Mgt - Risk and TPMs, 2™ Source Tech Review, Verify all Reqt Santanu Sen c1 ﬁmrgr‘mbﬁgew al n.s-uan & capabl 1er makmidamye 2 the AIRVERACE
= {4 I eploy procedure = |
i i i Dedre cap bl harsd oW process Pragieaal Be FTP I Rcyde
BP-1 |Engineering Best Practice Samuel Son 12/21/2006 | 60% Dere rlle zhore revde wpe el Tor e TFS28: [
Creak PEMcommant medla proce e
BP-2 |Program Management Best Practice Samuel Son 9/31/2006 | 95% | YELLOW LRy
DU LR I NPIOURT T V0O INSIETTINY 130 LEST e T Al 120 Man S masaons 1 be completed
- ; ; I - I recuyloul e PRI
C-1 |Technical Documentation Creation - Templates & Checklists Willis Hamilton 11/17/2006 | 60% L TR o i aateen el e redece e
Lab Tl b5 Wil bie awsliable £ oaTer
- i i - illi i 0 Humber cnlaknlreqdrement b ke 13
C-2 |Control of Technical Documents released to Supplier Mgt - PE/PI Willis Hamilton 12/15/2006 | 13% v e an e er
. . - . chlists (e.g. SEAMS)
Control of Technical Documents released to Supplier Mgt - DR/MIP  |Willis Hamilton 12/15/2006 | 13% EE UG R UL L ;lﬂﬁﬂ::! lb;-!n.:::wlﬁceﬂlr . N— e
T W AT redewercanment, mee Irg mirkes
o ) ™ ) E: Bbksl FEMINE
Eliminate Redundant CMS Packages Reviews Willis Hamilton 6/30/2006  100% el
B GO B ineiend
Team fridlzed Dranl TFR procedune 1. Z0ApIOE il -
TEEAUES me by brededre process TRR obe clarged o 2 Thros R Sy achities
Projecic apilly ER-- T layos
. . Convduzied Peer Redewor*PrdecTes | Capabll ™ docunen ification &
aurces, ete)
MRl B E lagk
* |dentified 22 projects from 3 VSMs TR I v
S TR documend. O K wl 1 Hghileud Seqee al M ponl. 2 5T ets /| nCompliance Mati
2. Updak procedure peroukome ofmes kg EX T
3 TmRcipeer e wpa Hpant creak sohe i petr euew + T oenoe e |
) 4. CorslEipesr ruewd o and make Wpdakts T recemany 5. {1 1Marc6 / ; g;?“ﬂﬁ o
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Program-Level Metrics Review: Measuring Effectiveness of SE Process

[Metric Titles

| Aug-06| Sep-06| Oct-06 | Nov-06| Dec-06 |

|Systems Engineering Health

1. SE Scorecard

2. Best Practices Assessment (SE Unique)
2a. Program Management Best Practices
2b. Engineering Best Practices

3. Risk Management Effectiveness

3a. Project Approved Within Normal Lead Time

|Predictive Metrics

1. Requirements Quality (Engineering-Quality)
2. After-Initial Release/Initial Release (Engineering-Quality)
3. Design Reviews: Critical Action Items (IMP/IMS)

|[Reactive Metrics

1. Advanced Assembly Orders (Production-Quality)
2. LRU Tag Trend (Production-Quality)
3. Deviations & Waivers (Production-Quality)

|Operational Metrics

1. MTBM (l), Inherent (Aircraft Reliability)
2. # of Work Packages with RHI>=10 (Aircraft Safety)
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» Operational, Suitability, Survivability & Effectiveness conducted by SG and Boeing in Long Beach

» SE tool training provided on site to SG
» SE Overview training scheduled for all Air Vehicle engineers & project managers

1200

Systems Engineering Training

Systems Engineering Training Burndown

Series "BurnDown” Point 1

-4

@

@

c

=]

=

w

Oct-05 | Mov-05 | Feb-06 | Mar-06 | Apr-06 | May-06 | Jun-06 | Jul-06 | Aug-06 | Sep-06 | Oct-06 | Mov-06 | Dec-06

E==1BurnDown | 1034 1001 965 852 737 737 613 3649 232 212 100 il

—=»— Forecast 1034 931 823 725 g22 319 416 313 210 100 30 0 0 0

Month

11/1/2006
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2005 # * 2006 F 2016
SEAMS V5  CAPE CMMI L5

. Nov 2005) (Nov 2005 Re-appraisal
SE Strategic (Nov ) (Nov ) (SeppIZO(;?)
Imperative Value Stream
Mapping 59 Lessons
Trade Learned
Improvement
Study

Projects

Customer Requirements of People
Contact Management
Template IDS
SEAMS V5 Procurement SE Common Tools
Upgrade Specification Certification & Processes
SE Manual
0 Updates
Engineering Project Mgt PBM Discipline
Best Practices Best Practices Process to Processes

We are moving toward our vision of Systems Engineering Excellence
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 Number of driving forces for change

« Used a structured, lean engineering analysis of systems engineering to
take Systems Engineering on C-17 Program to the next level

— Performed value stream map on product development process from customer
need through verification

 Identify key improvement areas
» Integrated plans into System Engineering Strategic Imperative

 Built on our strong Process Based Management (PBM) foundation
e Change the culture

« Training is essential to deployment / sustainment

* Process application is key to institutionalization

» Application of Systems Engineering process execution encompasses
everyone

e Communicate at all levels

Application of Lean technigues is key In supporting our journey to

Systems Engineering Excellence

11/1/2006 Copyright © Boeing 2006 19
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