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L?z/ Lean was Born out of Necessity

AEROS
INITIATIVE

August 15, 1945 -- end of war with Japan

* Toyota faced a daunting challenge: How to succeed against
Western mass production auto giants poised to enter Japanese
market?

* Kiichiro Toyoda to Taiichi Ohno: “Catch up with America in three
years.”

* Ohno’s challenge: How to design a production system exploiting
central weaknesses of mass production model

Japan’s dilemmas

* Small & fragmented market, depleted workforce, scarce natural
resources, little capital

* Lean evolved as a coherent response to this challenge over a
number of decades -- a dynamic process of learning and
adaptation later labeled as “lean production” by Western
observers
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Use Less, Offer Greater Variety, Higher Quality, and More
Affordable Products in Less Time

LEA
AEROS
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NATIONAL BESTSELLER * Best Japanese auto companies
o i developed a fundamentally different
way of making things

' THEMHEHIH * These companies changed the
THHT [HHHEE | . dynamics of international competition

New goals in manufacturing systems --
combined benefits of craft and mass

production
THE STUH'}’ OF * Improved quality
LEAN PRODUCTION *  High productivity
HOW JAPAN'S SECRET * Efficiency at low volumes
e * Production flexibility
AL xEYDLMTIOR I * Rapid, efficient development cycle

WESTERN INDUSTRY

* Product mix diversity

* Lean production contrasts with
traditional mass production paradigm

* Systemic principles are transferable

JAMES P. WONACK, DANIEL T. JONES, AND DAHIEL RODS
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1993 Genesis of the
Lean Aerospace Initiative

THE MHEHIH US Air Force asked:

Can the concepts,

principles and practices
of the Toyota Production

THE STORY OF | System be applied to the
[EHH PH[}I]U[HUH military aircraft industry?

Yes!



L@ Lean Aerospace Initiative

INITIATIVE

Consortium

- Airframe, engine, avionics, missile
and space companies

« Air Force agencies and System
Program Offices (C-17, F-22, JSF,
Training)

« NASA, Army, Navy, NRO
Pentagon—OSD, AF HQ
International Association of
Machinists
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New Lean Thinking:

LEA

Evolving P igms

INITIATIVE

Lean
Enterprise
Toyota
Production
System
Mass
Production

Craft
Production
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@ﬁ/ Lean Enterprise Value:

The New Lean Thinking

INITIATIVE

Lean is not just a matter of eliminating waste,
rather becoming lean is a process of
eliminating waste with the goal of creating
value for enterprise stakeholders.

-Lean Enterprise Value, Palgrave Publishing
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| An Evolution In Consortium Priorities:
Enterprise Goals

INITIATIVE

LAI Mission: Research, develop and promulgate knowledge,
principles, practices and tools to enable and accelerate the

envisioned transformation of the greater US aerospace enterprise
through people and processes.

Support the on-going lean transformation of industry
Enable lean value-creating supplier base
Support lean transformation of the government

Educate and train stakeholders in value-creating lean principles
and practices

Improve effectiveness of organizations and all the employees
across the total enterprise

Support member lean implementation efforts by sustaining tools
and knowledge base and by sponsoring outreach events
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LAI Knowledge is Expanding to
R the Entire Enterprise
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Expanding
THE ENTIAPRISE LIVIL ROADAP E n te rp ri_se_"
Knowledge @&
Lean
Enterprise Focused Interaction
Research Between
Deeper Dive Functions
Into Content The Beginning
. of Enterprise
Connecting Research Enterprise
Lean Discrete transformation models
Factory Benchmarking for Pieces Emerging
Best Practices E— ?K?:ﬁ::; rganizing principles
e . TN . . .
: Integration strategies
Alean ’ A Transition - ]
Understanding in From Waste otivation for desired
Lean Aerospace Minimization to behavior
Auto Context

Value Creation earning, innovation

Fact N
actory Identify d-ow- Moving Closer and adaptation
Hanging FruitO to the Front End
AT 1993 1996 1999 Az
LAI Phase | LAl Phase Il LAl Phase lll Enterprise Value Phase
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Enterprise Value
Perspective



| Islands of Success
Across the Enterprise

AEROS
INITIATIVE
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Additional Examples:Lean Works

INITIATIVE

* Export licensing:
* 56 steps to 21 steps
* 52 handoffs to 5 handoffs

* Cycle time from 60 days to 30 days
* 50% 1st pass yield to >90% 1st pass

yield
* Payroll:

* Reduced non-value added steps by

50%
* 15 forms to 1 form

* Reduced signatures/ approvals by

25%
* Recruiting:

* Cycle time from 14 days to 48 hours

*  50% reduction of paper resumes

web.mit.edu/lean

T In Multiple Process and Industries

Proposal:
* Cycle time from 30.6 days to 7
days
Program support:
* $3M savings
Interface management:

* Proposal, contract, billing, and
collection steps

* Generated $21M additional cash
Engineering order release:

* Cycle time from 76 to 4 days

* Total queue time from 56 days to
60 minutes

Process definition:

* Work package completion cycle
from 4 months to 3 weeks

Financial reporting:
* 13 weeks to 3 weeks
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Lp More Potential for the Enterprise
m@n/ Value Propositions-Selected Examples

INITIATIVE

* Maintained F-16 sales price and decreasing order-to-delivery
time by up to 42% while production rate decreased 75%

* C-17 unit priced decreased from $260M to $178 M for final 80
aircraft of 120 aircraft buy.

 JDAM unit price of $15K compared to initial estimate of $68K.

* Northrop Grumman ISS lean enterprise implementation
reduced throughput times for major systems by 21 to 42%.

* |AM Boeing St. Louis 2001 contract incorporated appropriate
lean principles and practices.

* Both JSF competitors aggressively adopted

lean principles and practices in their designs.
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Lean Enterprise Value Concepts

INITIATIVE

- Stakeholders
* Creating Value

* The Three Levels of

Enterprise
“The core challenge for  Value Creation
industry in the 21st
century involves Framework

identifying and delivering .

value to every stakeholder. * Enterprise Level Lean
Meeting that challenge Principles

requires lean capability at

the enterprise level.”
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Enterprise Stakeholders

LEA
AEROS
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Customer End Users
Acquirers Consumers

Shareholders Partners

Corporation Suppliers
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L?z/ Creating Value

AEROS
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Delivering what stakeholders want and need.
For example:

* Timely, quality products at a reasonable price to customers
* Competitive returns on investments to shareholders

* Rewarding work environment, stable jobs for workforce

* Early and informed involvement of suppliers

* Environmental and civic responsibility to the public
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L;ﬂp/ A Total Enterprise Can Be .
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A Program Enterprise

@ é Value

A Multi-Program Enterprise

n N —_
Value
e Mbaa. PN °
———
I
Value
_ -~  E
: -y ~> Value
. Value
A NAME
Value
PI NI NI N
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i . . . The Global Enterprise

AEROS

INITIATIVE

. INTERNATIONAL

Value =
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'-?/ The Total Enterprise
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“A lean enterprise is an integrated entity that efficiently
creates value for its multiple stakeholders by employing
lean principles and practices.”

— Lean Enterprise Value,
Murman et al.
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Enterprise Example:
JSF Mega Program

AEROS
INITIATIVE

Centralized Control Rapid Decision

Making

Decentralized Flexible
Execution Repositioning
Major
Critical 8
Suppliers 4
Status at a World Class

Glance Metrics Team

Source: Tom Burbage,
Lockheed Martin Aeronautics
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Value Creation Framework
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L?E/ Lean Enterprise Value Principles
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Create lean value by doing the right job and doing the job right

Deliver value only after identifying stakeholder value and
constructing robust value propositions

Fully realize lean value only by adopting an enterprise
perspective

Address interdependencies across enterprise levels to increase
lean value

People, not just processes, effectuate lean value
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Integrated Enterprise

LEA
AEROS
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Customer

Manufacturing

( Operations

Product Support

Finance, H/R, ) Product

Legal, etc... Development

Supplier Network
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| Process Architecture
View of Lean Enterprise

INITIATIVE

Life Cycle Processes
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web.mit.edu/lean

Enterprise Process Architecture

Life Cycle Processes
Business Acquisition and Program Management
Requirements Definition
Product/Process Development
Supply Chain Management
Production

Distribution and Support
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Transforming
and Assessing
the Enterprise



Lean Enterprise Implementation
Processes and Tools

INITIATIVE

Implementation Issue Enterprise Tool

What are the key lean Lean Enterprise Model
principles and (LEM)
practices?

How do | transform my Enterprise Transition
enterprise to lean? to Lean Roadmap
(TTL)

Lean Enterprise Self
Assessment Tool
(LESAT)

How do | assess
my progress?
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web.mit.edu/lean

Promote lean leadership at all
levels

Relationships based on mutual
trust and commitment

Make decisions at lowest
appropriate level

Optimize capability and
utilization of people

Continuous focus on the
customer

Nurture a learning environment

LEM Overarching Practices

Assure seamless information
flow

Implement integrated product
and process development
(IPPD)

Ensure process capability and
maturation

Maintain challenges to existing
processes

|dentify and optimize enterprise
flow

Maintain stability in changing
environment
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L@ Lean Enterprise Implementation
Processes and Tools

INITIATIVE

Implementation Issue

What are the key lean
principles and
practices?

How do | transform my
enterprise to lean?

How do | assess
my progress?

web.mit.edu/lean

1 1}

Enterprise Tool

Lean Enterprise Model
(LEM)

Enterprise Transition to
Lean Roadmap (TTL)

Lean Enterprise Self
Assessment Tool
(LESAT)

©2003 Massachusetts Institute of Technology - Nightingale Creating Value Workshop 091703 30



Lean Enterprise
I'?,/ Transformation Issues

AEROS
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Why do many lean transformation activities fail?

What are the key success factors in implementing lean
enterprise wide?

How can we better assure that lean will impact bottom line
results?

Are there certain activities that are ideally performed before
others?

How do we assess an organization’s “readiness to change™?

web.mit.edu/lean ©2003 Massachusetts Institute of Technology - Nightingale Creating Value Workshop 091703 31



b

LEA
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Entry/Re-entry
Cycle

Adopt Lean
Paradigm
*Build Vision
*Convey Urgency
*Foster Lean Learning

*Make the Commitment
*Obtain Senior Mgmt.
Buy-in

Decision to
Pursue
Enterprise
Transformation

Enterprise
Strategic
Planning

Enterprise Transition to Lean

Roadmap

Long Term Cycle

Focus on the Value
Stream

*Map Value Stream

Initial *Internalize Vision Detailed
Lean Set Goals & Metrics Lean
Vision -ldentify & Involve Key Vision
Stakeholders ﬂ

+

Develop Lean Structure &
Behavior

*Organize for Lean Implementation
ldentify & Empower Change Agents
Align Incentives

*Adapt Structure & Systems

Environmental
Corrective

Action Indicators
Detailed

Corrective Action
Indicators

Focus on Continuous
Improvement

*Monitor Lean Progress

*Nurture the Process

*Refine the Plan

*Capture & Adopt New Knowledge

~

Short Term Cycle

Lean
Transformation
Framework

Create & Refine
Transformation Plan

*Identify & Prioritize Activities
*Commit Resources

*Provide Education & Training

Enterprise
Outcomes on Implement Lean Initiatives T
Enterprise i Transformation
Metrics *Develop Detailed Plans Blan

web.mit.edu/lean

sImplement Lean Activities




/ Enterprise Level Roadmap

Lé;/ The On-going Lean Enterprise

AEROS
INITIATIVE

Long Term Cycle

Entry
Focus on the Develop Lean Structure &
Value Stream Behavior
to the Lean
voice of the Vision
customer ﬂ
Enterprise +
Strategic :
DEmilie E"(‘;’ lelil el Short Term Cycle Lean
orrective Detailed Transformation
Action Indicators Framework

Corrective

Focus on Continuous Action
Improvement Indicators

Outcomes on
Enterprise Implement Lean Plan

Create & Refine
Transformation Plan
Enterprise
Level
Transformation

Lean Impact

Metrics Initiatives
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Lean Enterprise Implementation
Processes and Tools

Implementation Issue Enterprise Tool

What are the key lean Lean Enterprise Model
principles and (LEM)
practices?

How do | transform my Enterprise Transition

enterprise to lean? to Lean Roadmap
(TTL)

Lean Enterprise Self
Assessment Tool
(LESAT)

How do | assess
my progress?
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@ﬁ/ How Do | Assess My Progress?

AEROS
INITIATIVE

Enterprise TTL application highlighted need for
assessment tool

Lean Enterprise Self Assessment Tool (LESAT)
developed by joint industry / government / MIT team in
collaboration with UK LAl

LESAT supports both

* “As-Is” Analysis
AND

* “To-Be” Vision

Targeted at Enterprise Leadership Team
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What Is LESAT?

LEA
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* Atool for self-assessing the
present state of “leanness” of an
enterprise and its readiness to
change

* Comprised of:

* Capability maturity model for
enterprise leadership, life
cycle and enabling processes

* Supporting materials:
(Facilitator's Guide,
Glossary, etc.)

web.mit.edu/lean
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~ LESAT Structure is Consistent with
Enterprise Architecture

INITIATIVE

Section | Section I Section Il

Life Cycle Processes

Life

Cycle

Processes

web.mit.edu/lean
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LESAT Section |I: Example

LEA
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|.B.3 Lean Enterprise Vision - new mental model of the enterprise

Senior leaders have varying visions of lean, from none to
well-defined

Senior leaders adopt common vision of lean

Lean vision has been communicated and is understood
by most employees

Common vision of lean is shared by the extended
enterprise

Stakeholders have internalized the lean vision & are an
active part of achieving it

web.mit.edu/lean ©2003 Massachusetts Institute of Technology - Nightingale Creating Value Workshop 091703 38
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LESAT Section ll: Example

ﬁﬁ\%
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INITIATIVE

I.C.2 Incorporate Downstream Stakeholder Values (Manufacturing,
Support, etc.) into Products & Processes - Understanding downstream
stakeholders allows value to flow seamlessly to customer

Manufacturing issues are considered late in design

Manufacturing & assembly issues are considered earlier in projects, but
in an ad hoc manner. Supplier & cost considerations are limited

Multi-functional teams include some downstream disciplines and key
suppliers

Priorities of downstream stakeholders are quantified as early as possible in
design, and used for process evaluation and improvement

Downstream stakeholders’ values in the extended enterprise are quantified,
and balanced via tradeoffs, as a continuous part of the process
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L?/ LESAT Section llI:

AEROS

INITIATIVE DiagnOStic QueStions

* Are common tools and systems being used across the
enterprise?

* How well have the financial and accounting systems been
integrated with non-traditional measures of value creation?

* How well can stakeholders retrieve financial information as
required?

* Are human resource practices reviewed to assure
intellectual capital matches process needs?

* Are enabling infrastructure processes being aligned to
value stream flow?

* Do processes create the least amount of environmental
hazards practical?

* |s the information technology system compatible with
stakeholder communication and analysis needs?
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Industry Application of TTL and
LESAT Action Plans Linked to
Assessment Results

LEA
AEROS
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Enterprise Level Roadmap
Long Term Cycle

Entry/Re-entry
Cycle

Focus on the Value
Stream

Wap Value Stream
¥nternalize Vision
¥Set Goals & Metrics
¥dentify & Involve Key
Stakeholders

Develop Lean Structure &
Behavior

Adopt Lean
Paradigm
¥Build Vision
¥Convey Urgency
¥oster Lean Learning
¥ake the Commitment

¥Organize for Lean Implementation

Detailed y
¥dentify & Empower Change Agents

Lean

Initial
Lean
Vision

SECTION I: LEAN TRANSFORMATION/LEADERSHIP

Definition: Develop, deploy, and manage lean implementation plans throughout the
enterprise, leading to: (1)- long-term sustainability, (2)- acquiring competitive ad vantage,
and (3)- satisfaction of stakeholders; along with a continuous improvement in all three
parameters.

¥Obtain Senior Mgmt.
Buy-in
Environmental
Corrective
Action Indicators

LA Enterprise Strategic Planning - the decision to pursue a lean transformation is strategic in nature. Its impact throughout the
enterprise is profound and pervasive, affecting all business practices and processes. The lean enterprise will behave in a fundamentally

Focus on Continuous new manner, significantly eliminating waste and enhancing relationships with all stakeholders.

web.mit.edu/lean
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Enterprise Improvement Diagnostic Questions e Are enterprise leaders aware of the strategic opportunities (i.e., greater growth, profitability, and market
Transformation Monitor Lean Progress penetration) associated with transitioning to a “lean enterprise™?
Wurture the Process e Are enterprise leaders familiar with the dramatic increases in competitiveness that many companies have
Ent ) ¥Refine the Plan realized as a result of transitigad Loan
nterprise MCapture & Adopt New Knowledge ® Has asuitable strategy for gra :
Strategic Tean Indicators « Lean implementation is inelu Lean Roadmap Action Plan
Outcomes on e Results of lean implementati PROGRAM:
i e Strategic planning is strongl: . . .
Enterprise TP [ Lean Section .A: Lean Transformation / Leadership
Metrics # | Practi
ractices Level 1 Leve toh eted b
i i i i 0 be com|
A ntegradon of | | Cocemdtely | lnire]  Objective Impacts / Issues {2 aneneisy
:;Ica“ n S‘;‘“cg‘“ practices are not levels & is fi The decision to pursue a lean transformation is | Impact:
anning Frocess | cvident in culture or strategic in nature. lts impact throughout the .
Lean impacts growth, | S ES PN enterprise is profound and pervasive, affecting
profitability and market all business practices and processes. The lean
penetration : : B
A2 | Focus on Means of defining Structured p enterprise will behave in a fundamentally new
Customer Value | value to customer(s) is | defining val manner, significantly eliminating waste and Issues:
informal & applied to se| enhancing relations hips with all stakeholders. .
Customers pull value unstructured customers
from enterprise value
stream
A3 | Leveraging the Relations with Initial oppor}
Extended customers and suppliers | identified fo
N reflect a "We-They" establishing R
Enterprise mentality enterprise i P
Value stream extends Success Criteria Major Milestones
from customer through . ;. "
o Enterprise laaclors are swara of the straleglc Task o1
suppliers opportunities associated with transitioning to
a “lean enterprise” 1213
* The enterprise is involved in defining and * Understand Need for
documenting the best methods for Change
contributing to customer success * Build Aw areness
+ The strategic planning process includes key Within Senior
stakeholder’sneeds from across the Leade[ship Team .
enterprise « Establish Enterprise
S - Northrop Grumman, 2001 Saeey
ource:. ortnrop Gru an,




Enterprise
Implementation
Insights



LESAT as a Leading Indicator of

Improved Enterprise Value Delivery
AEROS
State of Enterprise Leanness Enterprise Performance Measures
(LESAT - Leading Indicators) (Lagging Indicators)

Customer focus of Sec
Il creates

Customer Value
Life Cycle Processes

(LESAT Sec )

Reduced waste in
Sec Il & Il cuts

costs and creates Financial Value

Leanin Sec I, Il & Il
creates a more Employee Value

involved and
\ empowered
workforce

h'd
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Proposed Leading Indicator Relations in
Lean Enterprise Transformation

INITIATIVE

Life Cycle Processes
(Revenue Generation)

Leads,
Enables
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Leadership and Lifecycle Processes
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Leadership and Enabling Infrastructure
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Enabling Infrastructure and Lifecycle
Processes
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L?E/ Main Empirical Findings

AEROS
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1) The aerospace industry is in its lean enterprise infancy

2) There are significant correlations in the lean maturity
of enterprise processes

3) Leadership commitment is critical to lean enterprise
transformation

4) Management information feedback is present in high
lean maturity enterprises
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“The notion that you can drive lean
from the bottom up is ‘pure bunk’.”

-Mike Rother
Becoming Lean,1998
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@ﬁ/ Enterprise Leadership
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Major undertaking to transform enterprise from mass-
production orientation to one based on Lean

Comprehensive change initiative - touches every person
and process in the organization

Enterprise Leader must lead a change initiative of this
magnitude

Success depends upon the personal involvement,
understanding, and leadership of enterprise leader

CANNOT BE DELEGATED
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LEAf ;
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“The soft stuff is the hard stuff”

-Chris Cool, VP, Lean Enterprise
Northrop Grumman, 1SS Sector
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L?z/ Enterprise Implementation Insights

AEROS
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* Transformation is continuous and takes years, not
months

* Senior executive leadership, commitment, and
involvement are critical success factors in
enterprise transformation

* Biggest challenges is institutionalizing lean and
sustaining the change

* Focusing on time forces everyone to think of the
“enterprise”

* Enterprises must be viewed as a holistic system
* Substantial potential in Enterprise
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L?z/ Enterprise Assessment Insights

AEROS
INITIATIVE

* Differences in perception were disclosed between
management layers
* VP’s: “We're highly committed!”
* Directors: “Doesn’t look like it to us!”
* The “gap” analysis between current levels and desired levels
helped identify strategic “holes” in the enterprise and its
processes

* The discussion resulting from the assessment analysis proved
a healthy diagnosis tool for the enterprise more so than the
exact scores

* A more holistic understanding of the role of leadership, core,
and enabling processes in delivering value almost always
ensued
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Next Steps
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Lean Now

Goal: rapidly deliver capability to war fighter

e Initially focus on industry and
government interfaces

* Prototype processes

* Inactive contract closeout, Alpha contracting, CTF

* Leverage collective knowledge and
efforts

Led by industry SMEs: Raytheon, Northrop Grumman,
Lockheed Martin, Boeing, Textron, Rolls Royce, P&W,
Rockwell Collins

* Supported by LAl research, knowledge, and tools
* Achieved by joint industry and government teams

° Approach

Pre-engagement to obtain leadership buy-in
*  Workshop to provide training
* Initial VSM of program or process
* Focused events to follow-up
* Implement improvements and realize results
* Leverage prototypes to broaden scope of initiative
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L@ Enterprise Value Focus:
Research Imperatives

INITIATIVE

Evolving integrated aerospace enterprises that efficiently
create value for multiple stakeholders by employing lean
principles and practices

® Program enterprises

® Multi-program (multi-divisional) enterprises

® US aerospace enterprise

Emphasis on:
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@ﬁ/ Enterprise Value Focus:

Key Questions

* How to architect/design future lean enterprises?
* Lifecycle value creation perspective
* Qrganizing principles
* Integration strategies

* How to accelerate lean enterprise transformation?

* WWorkforce and cultural change
* Metrics for motivating desired behavior
* Information technologies

* How to build evolving and adapting lean

enterprises?

* Evolutionary acquisition & spiral development
* Knowledge management
* Fostering innovation across acquisition value stream
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' Realizing Enterprise Potential
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Lean \\X
Enterprise Leangerprse
| e Va\ﬁv\e

nnnnnnnnnnnnnnnnnn

THE HACHINE
A THAT CHANGED
THE WORLD

| - S ¥ =
1993 Phasel 1g99g FPhasell 4,999 FPhaselll  5g5goPhase
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