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Applying Systems Engineering
to Large Improvement Project
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 Today I'll cover:
— OBIGGS project
— The state of Systems Engineering
— SE implementation on project
— Project results
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OBIGGS I
DIRECTOR

Supplier Systems Field

Engineerin Production . . Trainin .
9 9 Management Engineering < Services

Team Co-located Facilities Dedicated Personnel

I | 'u'. Ji— i

Copyright © 2007 The Boeing Company. All Rights Reserved.



ez Anlelysis of Beitel o) |eleg)ifiy
POSSIENROOINCANSES

Pareto Analysis

OBIGGS COMPONENT REMOVALS

A
e
|| —
m
Il—
1l

NUMBER OF REMOVALS

/
|
|
|
|
\

SYSTEM COMPONENTS

4 main problem components were
focus of initial Improvement attempts
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Expanded Pareto analysis

OBIGGS COMPRESSOR FAILURE MODES

Pareto results for just one of the driving
components shows multiple issues
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Final Root Cause :

A The original design was inherently too complex
( ) and time consuming to fix to desired levels
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Profitably
Expand
Markets

Operational

Efficiency

Customer
Solutions

Stakeholder
Requirements
& Expectations

¢ Customer

+ Work Force
e Suppliers

¢ Community
¢ Shareholders

Run Healthy

Business

Achieve aggressive,

Leverage to
Emerging

Opportunities

sustainable improvements

to safet?/, quality,
e and cost

Strengthen stakeholder

schedu

relationships

Relentlessly improve and
integrate processes

Aggressively pursue a
sustainable competitive

advantage

Capture additional
C-17 business (C-17,
BC-17X, International)

Launch C-17A+

m Capture Performance
Improvement contracts

Expand alliances and

partnerships

Time

Create New
Frontiers

Create Agile Logistics
Mobility and Systems
Solutions

B Create Next Generation
Airlift/Support

B Create Network-Centric
Capability Integration

m Accelerate Technology
Integration
Our Vision:

People Working Tegether
1o Provide the World’s FFirst
Choice ior Global Airliit
and Mebility Selutions

A || — —.x_(
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Stakeholder
Requirements
& Expectations

e Customer

» Work Force
» Suppliers

o Community
« Shareholders

Operatione
Efficiency

Qur Vision:
Custome People Working Tegether

) to IProvide the Worlo’s [First
Solutions N e =
Choice ior Global Airliit

and Mebility Selutions

Wr VAN

Time
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Stakeholders

Internal

Engineering

Production

Supplier Management

Support Systems

Training

Field Services

Flight Test

External

Pilots

Maintainers

Customer Engineering

Suppliers

How Affected Stakeholders were
Identified

» Internal stakeholders identified via project
management process at kick-off meeting

» External customer stakeholders identified
by Boeing Field Services and USAF
engineering customers

» External supplier stakeholders identified
through competitive bid process
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Internal customers

Air Force customer
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Involvement was maintained by establishing ownership
from each team member and matching skills with needs

Supplier partnerships

Agreed to team plans

Control account responsibility
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Training Class

Benefit

System Engineering Workshop

Requirements definition

Model Based Definition

Eliminate 2-D drawings

Earned Value Management

Performance and Cost control

Integrated Performance and Scheduling

Schedule adherence

Employee Involvement

Address barriers as a team

Accelerated Improvement Workshops

Tool use for root cause analysis
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REVIEW

OCCURRENCE ATTENDEES

Project Team

Internal — Supplier Management,

Stand-Up Daily Systems Engineering, Project
Management
Action item review WWEEINY Customer, Project management

Pi
] Bi-monthly ]
Technical Interchange ) Customer, Project management
in person

Internal project review Bi-monthly Boeing executive leadership

: Bi-Monthly video Boeing and customer executive
Program review )

conference leadership
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check

blocka press

Brainstorming

Possible
Solutions

Benchmark Suppliers
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Performance

Reliability
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Design Requirements

5

3

1

1. Supports tank volume of [ cu ft

Supports > ||l

Supports < ||l

2. Maintain tank and vent system inert
through all mission profiles

Tanks and vent inert
through all profiles
0/

Tanks inert through all profiles,
vents most

Tanks and vents inert through
most profiles

a A alln (1)

4. Initialization time < [ min.

5. Mean-Time Between Maintenance,
corrective

min.<t< min.

hrs < MTBMc < hrs

MTBMc < [l hrs

urren

7. No increase in pilot workload

Same workload

Slight increase in workload

10. Qualified components

Qualified

Partially qualified

Not qualified

11. Fuel tank pressures

Meets pressure settings

Doesn't meet pressure settings

12. Single ASM failure does not limit
mission capability

All missions possible

95% of missions still possible

90% of missions still possible

13. Detect individual LRU failures

LRUs identified and
isolated by BIT

Failures identified, but fault tree
required for isolation

Periodic ops checks and
isolation required

14. Capable of inert [ fom descent
with any single failure

B fom possible with
all single failure types

I fom possible with all
except l failure types

I fom possible with all
except > l failure types

15. No two failures cause critical
structural failure or prevent recovery

No critical double
failures

Critical double failures exist

16. No Real Hazard 1>11

AllRHIs< 8

8 <RHIs< 11

Some RHIs > 11

17. Current cockpit philosophy

Integrated

Pseudo Integrated

Not integrated

18. Capability of retrofit

Easy retrofit

Hard to retrofit

Can't retrofit

20. General design practices

Design standards
followed in all areas

Design standards followed in
most areas

Design standards followed in
some areas

21. Production Cost Savings

CS>$!K

Ik < cs < Ik

CSS$.K

Note: Sensitive data blocked out
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Possible
Solutions

Assembled
Stakeholder Team

orload ight increase in workload
Qualified Partially o ifi Not qualified
e

ntified, but
for

Presented Analysis

Pseudo Integrated Not integrated
Hard to retrofit

Performed
Trade Study
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Business
Operations

Air Force
Engineering

Logistics
Support

TRADE STUDY

Production Maintainers

Engineering
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T Functional Analysis

OBIGGS 2
SYSTEM

NEA SUPPLY
HIGH POINT

NEA VENT AND
SWEEP VALVES

PENETRATION

BILGE CRAWLER
02 SENSOR

RAM AIR
SCOOP

NEA TO TANK1

BLEED AIR INLET

AIRFILTER
BIGGS HEAT EXCHANGER

ECS PACK

COMPRESSOR
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AM TASK PLAN (PTFI-0111

Project
Task
Plan

Stakeholders

Types of Impact

Internal
Engineering Create 750 new drawings for system and support
Production Plan, install, and test new system it

Supplier Management

Procure 1400 new parts

Support Systems

Create tech manuals and provision spares

Training Create new training course
Field Services Prepare to assist USAF
Flight Test Install instrumentation and verify new system performance

External

Pilots Understand display changes and reduced initialization time
Maintainers Use new procedures

Customer Engineering | Monitor project perfor ify

Suppliers

Design and deliver new system components

Stakeholders

Risk Mitigation Plans

Integrated Master
Schedule

.
[ w
FIP ot

Integrated Master
Plan
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|dentified functional impacts
within each department

— Work Breakdown Structure o

— Detailed Statement of Work
created

PROJECT/PRCGRAM 'WORK BREAKDOWN STRUCTURE | DATE: 12/02/99
DICTIONARY
OBIGH REDESIGN

TOTAL PROGRAM

ELEMENT TITLE

Environmental Systems

Trade Study

ELEMENT DESCRIPTION

ed requiremants

EFFORT REQUIRED

SOCIATED LOWER LEVEL ELEMENTS
=
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OBIGGS I CCBEIC040215 SUCCESSFUL PROJECT PERFORMANCE
RESULTS FROM EFFECTIVE TEAM
MANAGEMENT AND ACTION TO
RESOLVE ISSUES EARLY

Note: Sensitive data blocked out

INDIVIDUAL ACCOUNTS MONITORED
WEEKLY FOR COST AND
SCHEDULE PERFORMANCE
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| FORMAL DESIGN REVIEWS

» System Requirements Review

o System Design Review

* Preliminary Design Reviews (Supplier and Customer)
» Critical Design Reviews (Supplier and Customer)

|
DESIGN FOR MANUFACTURING AND ASSEMBLY
Teamwork

* Assembly Simulations
* Prototype Fit Checks on Aircraft
e Document Quality Inspections

PRODUCTION SUPPORT

* Proactive Issue Resolution
» First Article Inspections

L4

lﬁe

A

g

-

VALIDATION / VERIFICATION

« Combined Validation/Verification Component Reviews

(. ) . Flight Test
Communication e In Service Evaluation

Copyright © 2007 The Boeing Company. All Rights Reserved.



Stakeholders

Plan to Ensure Buy-in:

Validated By:

Engineering Developing own implementation plans. Reported Dedicated support to the project. Commitment to
progress to them regularly. plan evident during regular status reviews.
Production Early involvement for development of installation Requests for manufacturing features on designs.
plans. Collocated engineers on first assembly. Strong participation in mockup trial installations.
Full scale mockups of large parts. Positive feedback during first installations.
Supplier Early close coordination with engineering, Strong participation. Provided part-by-part status
Management participation in drawing release reviews weekly. Aggressive resolution of issues.
Support Development of own performance metrics and Enthusiastic participation in design reviews. Early
Systems reporting progress to stakeholders coordination of validation impacts with customer.
Training Early coordination with engineering aided course | Early development of plan, communication with
development project team and customer
Field Early visibility from design reviews. Aided Initiative in learning the system prior to first delivery
Services planning of future customer support
Flight Test Full time interaction with design team, from Outstanding management of installation of
development through test flights instrumentation in production. Close coordination
with engineering when developing test plans.
Pilots Dramatic potential improvement of inerting Affirmation during base visits
system
Maintainers Design reviews at bases prior to implementation. | Enthusiastic participation at bases during reviews,
Participation in mockup installation. mockup installation, follow-up communication
Customer Involvement in project selection. Frequent, Strong support for project. Teamwork in decisions
Engineering regular communication. Full system lab test. addressing challenges, regular communication.
Suppliers Frequent communication, design reviews,— they Strong patrticipation in developing design solutions.

were team members

Commitment to schedule needs.

Copyright © 2007 The Boeing Company. All Rights Reserved.
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Stakeholders

Plan to Ensure Buy-in:

Validated By:

Engineering

Production

Developing own implementation plans. Reported
progress to them regularly.

Early involvement for development of installation

plans. Collocated engineers on first assembly.

Dedicated support to the project. Commitment to
plan evident during regular status reviews.

Requests for manufacturing features on designs.
Strong participation in mockup trial installations.

Full scale mockups of large parts.

Positive feedback during first installations.

Supplier Early close coordination with engineering, Strong patrticipation. Provided part-by-part status

Management participation in drawing release reviews weekly. Aggressive resolution of issues.

Support Development of own performance metrics and Enthusiastic participation in design reviews. Early

Systems reporting progress to stakeholders coordination of validation impacts with customer.

Training Early coordination with engineering aided course Early development of plan, communication with
development project team and customer

Field Early visibility from design reviews. Aided Initiative in learning the system prior to first delivery

Services planning of future customer support

Flight Test Full time interaction with design team, from Outstanding management of installation of
development through test flights instrumentation in production. Close coordination

with engineering when developing test plans.
Pilots Dramatic potential improvement of inerting Affirmation during base visits

Maintainers

system

Design reviews at bases prior to implementation.

Participation in mockup installation.

Enthusiastic participation at bases during reviews,
mockup installation, follow-up communication

Customer Involvement in project selection. Frequent, Strong support for project. Teamwork in decisions
Engineering regular communication. Full system lab test. addressing challenges, regular communication.
Suppliers Frequent communication, design reviews,— they Strong patrticipation in developing design solutions.

were team members

Commitment to schedule needs.
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Stakeholder participation in
design development
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Type

How ldentified

How Addressed

Customer reluctance to fund
project due to high cost

Customer feedback during
negotiations

Detailed estimates, competitive
pricing & life cycle cost analysis

Supplier not willing to control
interfaces to requested
tolerances

Interface Key Characteristic
reviews

Negotiated compromise during
weekly supplier coordination
meetings

Production schedule impact
from late parts

Feedback from production
stakeholder on team

Established agreed-to lead
times for parts

Production schedule impact
from learning curve

Feedback from production
stakeholder on team

Fit checks, dedicated
engineering support

Production concern about
part damage on installation

Feedback from production
stakeholder on team

Assembly simulation and
created protective covers

Cluttered production work
space

Lean initiatives coordination
meetings with Production

Created point-of-use carts to
transport selected parts

Flight test airplane out of
service too long

Customer feedback during
flight test planning

Installed instrumentation in
production

Resistance to Model Based
Definition from QA

QA feedback at first article
inspection

Generated 2D inspection
sheets from 3D models
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Type

How ldentified

How Addressed

Customer reluctance to fund
project due to high cost

Customer feedback during
negotiations

Detailed estimates, competitive
pricing & life cycle cost analysis

Supplier not willing to control
interfaces to requested
tolerances

Interface Key Characteristic
reviews

Negotiated compromise during
weekly supplier coordination
meetings

Production schedule impact
from late parts

Feedback from production
stakeholder on team

Established agreed-to lead
times for parts

Production schedule impact
from learning curve

Feedback from production
stakeholder on team

Fit checks, dedicated
engineering support

Production concern about
part damage on installation

Feedback from production
stakeholder on team

Assembly simulation and
created protective covers

Cluttered production work
space

Flight test airplane out of

service too long

Lean initiatives coordination
meetings with Production

Customer feedback
during flight test planning

Created point-of-use carts to
transport selected parts

Installed instrumentation in
production

Resistance to Model Based
Definition from QA

QA feedback at first article
inspection

Generated 2D inspection
sheets from 3D models
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Achieved 7400% Increase in
system reliability vs. 1100%

Reduced In|t|aI|zat|on T|me
by a factor of 11 vs. 5

Reduced weight by 517 Ibs.
vs. 475 Ibs. allowing for

. B 20% system and 3:1 life cycle
iIncreased cargo capability

cost savings as predicted
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Process
Improvements Reduced Initialization Time

e Four different  Improved by a factor of 11
processes

Value
Creation Leverage tp

Frontiers

Profitably
Expand
Markets

Achieve anresswe,
sustainable T 3
improvements to safety, N . e

quality, schedule and People Working Together

cost ) P g
to Provide the Woi

m Strengthen stakeholder L Im proved Reliabil |ty

relationships Choice for Global Airlift

u %?L%’}E{?S%‘%L”;Q;g‘s’e and and Mobility Solutions . |mpr0ved by a factor of 74

Increased Revenue @
» Captured excellent rating for every award \\&k‘\f@
fee period throughout the project X

A\ )
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TThank You!

Mission Accomplished!
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