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Innovation — the heart of lean

TPS (the genesis of lean) evolves, adapts and continually improves — it
has human ingenuity and innovation at its very core

JIT or Kanban are “counter measures” with an implicit expectation
that a better method will be developed

* Llean atit’s heart is a powerful system of continuous innovation -
successful in a variety of environments

* This is the essence of lean product development. It is a powerful and
profound system to focus the creative power of people across the
enterprise on delivering truly great products...and its not new

Share-Learn-Grow.
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Event Sequence of LPPD Research

Al Ward develops concept of “Set-based Recursive
Design™ @MIT (Late 1980s)

MIT Studies and “The Machine That Changed the

World” Womack, Jones & Roos (1990) Product
Development

“ Product Development Performance” Clark &
Fujimoto (1991)

University of Michigan Japan Auto Studies (1991-
98) (Liker/Ward/Sobek/Hammett)

High Performance Product Development U of M
Research (J. Morgan 1999 to 2003)
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Research Results: High Performance

Product Development at Toyota

Best Quality

* First place in seven of sixteen J.D. Powers categories for
initial quality in 2001, nine in 2002, six in 2003, seven in
2004, and ten in 2005 (Total of 39 to 29 total for all of
N.A. since 2001) Lexus capturing three of the four luxury
categories as well as being rated as the highest quality
brand in JD Powers) Industries lowest TGW/1000 and
highest over all customer sat (80). The highest quality
assembly plants worldwide and first place in five of ten
categories of Consumer Reports Top Autos.

Sales and Profit

* AVG Profit/Rev: Toyota $7.5B/S135.7B vs. NA Avg.
($45)m|| / $171.88 2% MichiganEngineering
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Research Results: High Performance
Product Development at Toyota

Speed to Market

* Product development lead times that were half of their
competitors

Most Efficient Process

* Best in industry engineering efficiencies and fraction of
the engineering changes than competitors. Designs that
drive the worlds most efficient plants, T.P.S. and
smoothest launches

Py | MichiganEngineering
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Toyota Product Development

We found that Toyota’s product development
system is as powerful and profound as their
manufacturing system...

...and may be even more important

Share-Learn-Grow.
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ramework for a Lean Product
Development System
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Transforming An American lcon
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It’s nearly impossible to describe...
o ($17B) in losses

20yr market share decline

$1.90 stock price

Sudden supplier bankruptcies

“Cage fighting” culture

Massive layoffs

Betting the company on a $23B loan

¢ © ¢ © ¢ ©

“l was right — Ford’s problems weren’t as bad as Boeing’s. They were much, much worse” - Alan Mulally
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It’s nearly impossible to describe...
o $8B profit (even with a European recession)

2-yr market share increase

$17 stock price

Stronger global supply base

“ONE FORD”

Hiring thousands

¢ O ¢ © ¢

Share-Learn-Grow.
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2 New global
development process

@ Global development
organization

# Completely new
product portfolio


http://pictures.topspeed.com/IMG/crop/201201/2013-lincoln-mkz_1280x0w.jpg
http://autoeuropecar.com/ford/2013-ford-escape-will-be-sold-in-north-america.html/attachment/2013-ford-escape-review
http://www.inautonews.com/wp-content/uploads/2012/01/2013-ford-ecosport-delhi-3.jpg
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lean product
development
system

The best people create the best products

So we develop people & products simultaneously
EY, |V =

CAIVIL £ iascuing Share-Learn-Grow.
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People

Create a Chief Engineer System to Lead
Development from Start to Finish

Organize to Balance Functional Expertise and
Cross-Functional Integration

Develop Towering Technical Competence —
Mastery in All Engineers and Create Leaders Who
Are Technically Competent

Fully Integrate the Enterprise Including
Suppliers into the Product Development System

Build in Learning and Passion for the Product

Build a Culture to Drive Excellence and Relentless
Continuous Improvement
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The Chief Engineer

 Fundamental. . .but difficult to develop

« Groomed as super engineers and superb leaders with
strategic assignments

« Responsibility without commensurate authority.

e Strong personalities. . .unreasonable and demanding — but
focused

 The voice of the customer - intuition and technical
understanding.

« Success depends on Functional organizations.

Share-Learn-Grow.



IRVINE-CALIFORNIA-MARCH-13-14-2014

Oraanize around the value stream

North America
- g

Jim Morgan
Director Global Body Exterior, Safety
&SBU Engineering

A
Body Structures

7.

Exterior Systems

Stamping Program Mgt

* Stamping

Business Office

Craftsmanship

Safety

L
EX

TDM

Global Functional Skill Teams

Share-Learn-Grow.
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How do you transform
A brand new college graduate
into a Technically Mature, Highly

» Skilled and Efficient Employee?
S ) A

Share-Learn-Grow.
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Create Towering Technical

Competence
Honor technical excellence and value creation

Developing Engineers as a Priority
« TMM
« ITDP
* Mentoring & targeted assignments
» Design reviews — for developing people and products
« Technical mastery

Strong Functional Organizations

» Foster deep technical knowledge — continually advance your
product

» Provide an infrastructure for learning & continuous improvement
» Organize around the value stream
» Create a true competitive advantage

Share-Learn-Grow.
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Technical Maturity Model @Ford

« Technical Maturity Models (TMM) around Critical Functions

 Skills required for Every Phase
of PD mapped to the Function

« Mixture of Industry/Specialized
Training/On-Job Experiences
Defined to meet requirements of

Technical nNOViceu 1] LE] “EXpel’t”

Maturity Models  “User”,

L0

gaoohd
m“ﬂﬂli

P

« System must teach Employees
what they do not learn in school.
“Body Structures 101"

« Mentoring role of Functional
leaders

= AR A= Association

2AIVIL B lnacturing Share-Learn-Grow.
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Design Reviews

« Great for developing products and people
« Cross-functional participation

« Rigorous, candid...and difficult

* Prep work part of learning

» Critical questions...Did you consider?.....How did you
arrive at that?...What's the data say?.....Have you
thought of?....What are your benchmarks?

« Scientific Method: Go and see, develop a hypothesis,
execute tests, analyze, action plan

« Bring it back to foundation documents — capture
knowledge

Share-Learn-Grow.
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Learning At The “GEMBA”

ST

“Go and See” what is really happening — grasp
the situation for yourself

Ask questions — deep understanding for all.
Show Respect
Coach and set clear expectations

Come back and do it again — CADENCE. Make
learning part of the process
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Include The Extended Enterprise

Bloomberg Fully integrate and align around delivering great products

Businessweek

Ford Eﬁ;omsts Supplier Standing in Placing Among Top 3 ’Ihe Detr()lt News

(Updates closing share prices in the eighth paragraph.) Wednesday, May 17, 2006 Metro Edition

By Doron Levin
May 10 (Bloomberg) -- Ford Motor Co., following its first annual profit since 2005, became the only non-Japanese automr or ’

in a survey of suppliers.

|
Study Shows Ford Climbs to #3 Overall in 'Working Relations' retOOIln
With Suppliers; Honda and Tovota Still #1 and #2, but Slipping;
GM Gaining .
il -
500 H
et
8
=} 2002 - 2010 # Changes at D bom
: PR Newswire i
-] United Business Medea for more efficient
Z factories in the future.
18 e
% DEARBORN — Ford Motor
= Co. is sending a message to its re-
@ maining North American facto-
2 ries: Be competitive or beware,
o k£
= <
;f g 300 -
x 2
g
'-g ‘One Ford’ Plan Making Auto Maker, Suppliers
= $loo More Competitive
; By James M. Amend
§ WardsAuto.com, Aug 3. 2010 4:5Z BM
& TRAVERSE CITY, MI—Ford Moter Co. intends to slash its global
s supplier listto 750 from the 3,000 it employed just a few years ago,
one of the auto maker's top purchasing executives says. MBS CAR Management
Briefing Semi
100 The reducticn is part of the company’s vaunted “One Ford™ strategy, o °rieling seminars

2002 2003 2004 2005 2006 2007 2008 2009 2010

Rirnit Rehrandt Fard's nawlv annaintad norchacinn diractar af nlahal

Share-Learn-Grow.
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The Matched Pair Process

“Matched pairs” at Director, Chief & Manager
levels in Engineering & Purchasing

Speak with one voice of Ford Motor Company

Align processes, tools & objectives around
delivering great products

Improved quality & speed decision making

ABF (Aligned Business Framework) for major
suppliers

Share-Learn-Grow.
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Lead
Time

0 Capacity 100%
Q CAPACITY UTILIZATION

RS Rty 7 it L - | T :C_%.é -: :_\l__:-:; P50 O
STANDARD PROCESS & Ml NN = m o 2o
ARCHITECTURE EITR| LTl AT
FEE T T

s lean product S o

. - 2 -1 =1l =
PERFECT DRAWING PLAN

. e system

= &

2 2
CTo=| S *C ( - )te

STANDARDIZATION

2

REDUCE
VARIABILITY

= MR M= Association

2AIVIL B landtacturing Share-Learn-Grow.
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Process

STUDY/KENTOU (Front Loaded process to create the right
product)

* Product immersion

« Chief engineer concept paper

« Set-based collaboration

EXECUTION (to deliver the product right)

« Capacity/Capabillity

« Enabling process logic

« Create Flow/Synchronize cross functionally

« Compatibility before completion/minimum feasible maturity
« System of standards (fixed and flexible / C.1.)
REFLECTION/LEARNING

« Learning at GEMBA

« Reflection/Hansel

Share-Learn-Grow.
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Study: Create the Right Product

Create mechanisms to

align the enterprise

around delivering the

greatest value to the

customer

« Mono-sukuri — Brings
enterprise together to
deliver value to the

CUStOmelj Nﬁm i" ”3 ‘ } 7

 Kara-kuri —teardown &= -1+ &~ = ?’,'r
link to attributes

* Bundled Planning

Share-Learn-Grow.
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Study: Create the Right Product

“Set Based” Enablers:

 Utilize mechanisms to
examine multiple
designs/solution sets

« Early Design Reviews
« 3X Internal

« 3x Competition

« R&D

« Supplier Tech

* Design Efficiency

Share-Learn-Grow.
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Creating Flow
%’ %—:.g = 5 L:r:é,; 2]

Capacity/Capability

— Linked
— Dynamic
— Capability study
Enabling Process Logic
— Clear guality of event criteria

T VASHER
i

— Scalable

— Built in C.I. mechanism
— Synchronize cross-functionally
Create Flow

— CbC (Compatibility before Completic . \

— MFM (Minimum Feasible Maturity)

— Virtual / Physical

Detailed Scheduling / Execution Discipline
— Block timing = “traveling hopefully”

Powerful Standards Underpin the Process

Share-Learn-Grow.

Fixed and flexible
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Capability & Capacity

* Tough to know one without il el e T
really understanding the other e e
: : C e T e [Fee - HLE
« Task and inter-arrival variability | = =<l _LL

and system capacity effects

* Numerous dynamic contributing variables to
consider

* Process capability studies
* Create flexible capacity where possible

 Understand and monitor critical milestones

Share-Learn-Grow.
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Compatibility Before Completion

Completeness 4 Traditional
Engineering thoroughness of SN
given design including
design analysis for failure
mode avoidance, testing and
verification

. Release Point
Y

Part Detail

CONCLUSION Verify Attributes Lean PPD

Early focus on completion . Resolve Package Process

creates more CAD work and e

late engineering changes . Program Start >
LPPD synchronizes the Compatibility

processes of compatibility Should be a subset of completeness, virtual (CAD/CAD)

checks done prior to CAD freeze for robust release.

and completeness minimizing DPA work streams ensure critical interdependencies are

rework workload and checked. Synchronization
shortening lead time Sequencing value-added work across
Functions to eliminate rework loops (gives &
7 gets)
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Powerful Global Standards

Process}Dr‘iven Product Design (PDPD

Fender - Procesa Driven Product Deaign

Standard Architecture

ot 10 2006 WY 3007 WY > 2090 WY

“Today's standardization is the necessary foundation on which tomorrow's improvements will be based...
the best you know today... to be improved tomorrow. But if you think of standards as confining, then
progress stops” Henry Ford

== MR M= Associatior:

2AIVIL B landtscturing Share-Learn-Grow.
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A Plan for Every Part

PDP Overview — "Recipe for Success” Commodity Business Plan

AL IR N Jl 22 <

i

Global Commodity Business Plan
Sheetmetal

L

m—
(A==

Purchasing Lead: Enginsering Lead:
Cost Estimating Lead: Finance Lead:
LSO Global Directors: J. Morgan

* Medium range plan for platform
architecture and materials

e Supplier strategy development

* Manufacturing footprint
development

* Value chain analysis

S ARAE pssociaticr Share-Learn-Grow.

=AIVIL Bl
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| Enabling Standards & Innovation

Hydroforming

Hydro-Forming Process: PSH Process
1.  Rolled tube e
. 2. Pre-bend part to approximate configuration ( ) '
E n ab I I n g Stan d ard S an d 3. Pre-crush the bent tube with an internal ' I‘_._(./ _q
pressure in the tube of approximately 1000 psi
to control the deformed shape iy
- 4. Pressurize tube to achieve final geometry —
strong foundational 5. FinalTim and i [=]

knowledge allow innovation
In complex systems

A challenging environment
Enabling process

Skilled, creative, motivated hy/a s e
people Worklng | - Package Efficiency

collaboratively.
Opportunities often cross
Functions

Share-Learn-Grow.
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=-AR AE= Association

Enabling Standards & Innovation

Often a response to
complex and conflicting
market/regulatory
demands. Front end
challenge: design
leadership/pedpro/LSD/
crash/aero & CO2
emissions

Or “adjacent
iInnovation” to change
an entire industry...

Prog Die vs. In-Die Automation

Scallop Blanks Laser Welding

BIW Topology
Optimization

“AIviC

forMawlacluing

Share-Learn-Grow.
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o«

lean product
development
system

Tools That Enable People & Processes
2= /IR A= Association

2AUVIL SN ntacturing Share-Learn-Grow.
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TOOLS and TECHNOLOGY

Adapt Powerful Technology to Fit Your

People and Process to Fully Leverage Their
Capabillities

Align Your Organization Through Simple,
Visual Communication

Use Powerful Tools for Standardization,
Alignment and Organizational Learning
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Powerful Technology: The Digital

Analytical Prototypes

“,y

Yy

CAD/Engineering Templates u Sa bl I Ity

Value Stream

Common language from studio to shop floor
Eliminate data conversion steps, errors &
other waste

Enabler for global PD strategy and re-

nghtlng Slmulatlon

Virtual Manufacturing Ty

Digital DeS|g n Verification

Shop Floor Die Design
Viewing, Measurement, &

VIRTUAL ENGINEERING

From Beginning... to'End DIGITAL SHOP FLOOR
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tamping Development Plan
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Basic Engineer Development

Completeness I\/Ian agement TOOIS

Svynchronization

Verification Matrix

Compatlbllltv

Pty
L T S PR L YN T T T T

R RRRE] fi18

Design Development Chart (Perfect Drawing Plan)

DPA Checklist

= AN A= Associa
2AIVILC Bl ”’Wm

Share-Learn-Grow.
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Make Critical Metrics & Quality Visible

C346 Body Engineering Efficiency Health Charts

Ford Confidential Design Efficiency: Body Structure

Ford Confidential Design Efficiency: Body Structure Tenplatz verscn 1. PN =]t S < IS - et ok = | Mpweeton Descromen | < |
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Align your Organization with Tools
and Stretch Your Team

P T oY kL — L3
GLOBAL STAMPING STRATEGIC PLAN et 1 ikt e bt s shntute
Champion / Lead: J. Morgan £ T Thg g )
- 5 Tares Qe nd st gt oo T
Purpose and Desired Outcomes Recommended Global Actions & Agreement Summary < P - e B e
Develop and implement actions through Global Stamping to achieve Best in agree - [e— - T i 50t e e kg o vonb
Class levels in Investment, material cost, quality, craftsmanship, timing, and
productivity. 1. Increase quantity and content sourcing to low cost Pt gt s Vg s gk - T —
Countries.
o Ty ———— fia
Business Plan Status vs. BIC - 2. Dovelop and implement Global (ool sourcing business .
partners and tooling matched pairs process - (=== A Tradion s st o oo re iz, e s ot i e b, s
Objective 2009 2010 | 2014 Target 3. Expand current APA / China stamping engineering o ST e DR e
YE E YE fully stamping s v Lessa R ey e e———
[y ——— Py P — - [T e s 0 St e gt ok ot .
. a single Global material optimization process. <
Material Utiization 57% 63%
s Global Feasibility process on all stamping - o ch U ke VB gl s et -
Craftsmanship Standard Too% - c520 parts and all programs. -
Quality maturity Model 100% - C520 6. Implement Global Craftsmanship Standards. . [P —— et g
Health Charts 100% - €520 . Quatity maturity Model - Foo o . it . it s W et Trceof cach bk,
Hard tool at VP, PCF1, TT v VP = 100% (GPDS 2.2.2) v Y s nesrEyE el e
T L00% (GROS 2 - LT — - T e ——
ool oo 8. Implement Health Charts.
TT = 1000 All Programs | Global press e e e T iy e s . i
Pieces / Line LT27M NA ™ 3. 7MAline -
2.3am ey 10. Achieve economy of scale on press lines and major annpron R e e
stamping equipment purchases. - [ —— - e g, b s g i
11. Cascade and implement PDPD targets for all programs. - pro— pr—
Strategic Considerations 12, Standardize 0ol room operations and deliver best in oty b d v 3 ol 88 o T e A
" - - - class tool room performance Tio P b cis v wnshes ok by b o - s [} "
- Internal tool room capacity, aluminum, exotic materials 5
§ . . " onduct Global stamping operations benchmarkin
- Design leadership may preclude best in class material utilizaton e B R o e - . st b e
- PTC long lead funding will increase plans for each line e
« Insourcing may increase F&T program investment 14. Deliver comprehensive Global stamping business plan = mlamn G Cofemon s S
- Coordinate sourcing pattern with body construction 15. Deliver comprehensive Global tool shop business plan - s r b tespon i o e e et o BT sk e b 063
16. Create Die Shop of the Future. - Dot chagboceatine. Guskos Do ot [forn
- [ — e s e
SLIDE 6 = _—
[Pv—" s
PROGRAM DELIVERY - HARD TOOL PARTS FOR Pt
. . PCF1 (% HARD TOOL PARTS)
A3 / Business P anning Process e | e
INVESTMENT EFFICIENCY - PDPD
SecReT

Die reduction / compliant to BIC processes

1.  Global BPR Process :
. A3 Hierarchy / Clear Objectives —
. Master Schedules :

2
3
4.  B.PR.Metrics e
5
6

[ [

. Global Leadership Week

[ T MarginatPan o Recover [

; All Hands Meeting B.P.R. METRICS

Share-Learn-Grow.
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o T&D Results: Cost Current Program =» Future Vision
f 2003 ° 6 0
COST PER DIE of
= Manpower On Role = = gélng

100% ———

400

soc S Impact of Engineered Draw Beads

9% of 2003 Cost

200

100

2003 2004 2005 2006 2007 2008 Fest

No. of Dies. 12 26 255 255 o 250
# Outsource for Tryout 32 20 8
Note: Data Normalized at 2008 Economics (incl JSP, PSP, & Spending Related Exuenses)

D258).

FordCantintal

* Reduction of time and marpower- 93% reduction since 2003
+ Mew draw bead standard improves material utiliz ation

Bodyside Outer Die Tining Comparison - Recent Pr

e = Better matchio FEA intryout
+ BestYTD -4 hours (Fusion Inner Hood)
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Effect of Scanning on

P . .
Draw Die Press Time

et

I 7008 07 m

Reusable CAD files

Timing

DearbornT ool And Die Plant

(GPDS Target= 11 weeks)

2005 2006 2007 1s(01r ndar
2008

3 Operations
—
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A Systems Approach

lean product
development
system

R

Results
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Dearborn Tool and Die

L&OH COST PER DIE Tool/Die Timing Improvement
100% [oeoe ] 2005
B86% 79% - -
e — F
L 08 B [Ee]
5 061 R 54% 4895
3 [ LA o
ol Il = 2009
5 L - —
£ g0 I I B 4|_’> - Draw Die Tryout Timing
2004 2005 2006 2007 2008 2009 2010 2011 =
. | o] 2013 s
Quality Improvements: . — g
25% Dimensional improvement in first panel to gage - =
Tighter tolerances _ E -
. Improved surface quality and craftsmanship } } } s
. Diverse new materials __ —
62% Improvement Hrs Per Die 60% Reduction in Lead Time
Static Issues Per Die Dynamic Issues Per Die FPG & PBO PIST%

o) 100%
100%

19pt FPG PIST % Improvement

90% Reduction — Static Issues 89% Reduction — Dynamic Issues
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Exceeded investment targets

INVESTMENT EFFICIENCY -- TOOL INVESTMENT

®Flan B-Car - C-Car
* Forecast
® Adual

55% Reduction

Share-Learn-Grow.
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Precision & Design Fidelity
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2006 - 2010 Explorer 2011 Explorer
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Precision & Design Fidelity

ESCAPE
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Precision & Design Fidelity
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Repairs
R/1000 Trend By Function

2006 2007 2008 2009 2010 2011 2012

Reduced 53%

2= /IR A= Association
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TGW

120.0%
GORS 1 J— * GQRS 2
100.0%
100.0%
80.0%
69.1% 67.2%
+ 4
60.0%
40.0%
20.0%
0.0%
2006 2007 2008 2009 2010 2011
|+FORD 100.0% 87.9% 80.0% 72.1% 69.1% 67.2%

Reduced 33%
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Ford Safety Leadership

Most number of 5 stars

Most number of IIHS Top Picks
Fiesta Global 5-star and first B-car named IIHS Top Pick
2013 Fusion Top Safety Pick Plus

)

Nl

‘I am writing to express my heartfelt thanks....”
- High speed roll-over (no injuries)

“Under no uncertain terms, we would not have walked away with a lesser vehicle.”
- Head on Crash (no injuries)

Semi lands on top of Fusion...Roof Crush
(Only Minor Injuries to Driver)

“...sincerest thanks, to the engineering team...”
5-Star Edge (Driver walked away)

= AR AC

CAIVIL £ iascuing Share-Learn-Grow.
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Great people, great products and a great
place to work

Employee Satisfaction Index

80%
) 70% = ,/.
% /I —
S 60%
% (1]
L
S 50%
40%
30%
20%
10%
0%
2006 2007 2008 2009 2010 2011 2012
=—#—Employee Satisfaction Index 43% 49% 55% 66% 66% 68% 75%

32 Point Improvement

Share-Learn-Grow.
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Lean Product --
Process Development

JAMES M. MORGAN
JEFFREY X, LUXER
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THANK YOU!
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