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Introductions
• My Background:

– BS / MS in M.E.
– Expertise: flow, combustion, chemistry, heat-transfer, hydrogen
– Enough to be dangerous:  plasma, controls, electronics, fatigue
– SDM program: PDD, supply-chain leverage, game theory

• My Field: Emission Control 
– Traditionally for on-road vehicles
– Recently for Heavy-Duty Diesel trucks

• My Career: Technology Development at Tier-1 Suppliers
– 1st 8 years: ArvinMeritor

• Most recently Director of R&D for CV Emissions
– Last 3 months:  Eaton

• Chief Engineer for Engine Integration



The Diesel Emissions Challenge

– A massive technical challenge
– A great spectator sport

• Winners make $Bs
• Losers wither & die

EU 1992

US 1991

EU 2000

US 1998US 2004

US 2007

US 2010

P
ar

tic
ul

at
e 

M
at

te
r 

(g
/k

w
hr

)

NOx (g/kwhr)

engine 
technology 
advances



Regulatory Pressure Leads to Technical Innovation (good)
-innovative, complex, systems

Lots and Lots and Lots of potential ‘solutions’ (good?)



This Presentation:
– Deals specifically with taking innovative complex systems into 

product development

– Addresses four issues that arise:
• Technology Vision
• ‘Capabilities and Projects’
• Risk Mitigation 
• Process Architecture

– Relies heavily on anecdote & unproven research

– Clearly states problems; guesses at solutions

– Includes a few notes on successful innovation

– Starting Point: a typical slide at a typical R&D Program Review
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Program Review Question #1:
“What is the Program’s Status?”

•We report our best result compared to stated objectives.

•No one asks about our un-inspiring cases.



Data-Gaming Issues
The Obvious Issue:
• Is this slide ‘gamed?’
• Is it wrong to present the 

best point only?
• Is the story different if other 

points are presented?
• Is the presenter objective?

The Less-Obvious Issues in 
complex innovative systems:

• What about the 10-20 additional 
axes of importance?

• Is it too early to look at it like this?

• Can you boil the value proposition 
down to two axes?

1. “Designers See and Seek Value” (Baldwin & Clark)

2. Complex systems entail complex value propositions

-’the race’



Seeking Value in a Complex New Technology: 
Example

‘Incumbent’ 
Architecture A

‘Innovation’
Architecture B

Functional Targets:

•Weapon Reach

•Equipment Weight

•Shield Yield Stress

•Shield Area

•Net Distance

•Statistical Kill Efficiency 
in Battle (SKEB Index)

•Etc.

Comparison of Functional Targets becomes all-consum ing

Organizations confuse comparisons with actual fight ing



Seeking Value in a Complex New Technology: 
More Examples

Hulk vs Spider-Man

Godzilla vs King Kong

Diesel vs Hybrid-Electric



Technology Vision
• Target-setting is a simplistic exercise

– Meeting early target does not imply success
– There is such a thing as ‘too early to judge’

• Seeing Value in complex new systems 
– rare skill
– If it was predictable, it wouldn’t fascinate us….

• Introducing new complex systems is akin to combat
– Not for the squeamish
– It ends badly for many…
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Capabilities and  Projects

C P

^
complex system innovation

•Product development projects build new capabilities

•Existing capabilities enable new product development projects

•What’s so hard to understand here?

Charlie Fine, SDM lecture 2001



The Dynamic of Complex, Multi-Disciplinary Systems

P

•Multi-Disciplinary Systems Require Multi-Disciplina ry Capabilities

•(Read as “Capital-Intensive Infrastructure”)

•Capabilities-cost can easily scuttle original firm planning assumptions
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Plasma / Burner Subsystems:
1. fuel system
2. plasma ignition
3. hydrogen catalysts
4. high-temperature valve
5. particulate filter
6. electronic control hardware
7. control algorithms

New Capabilities Example: 
ArvinMeritor’s Plasma & Burner Systems



Minimum Activity Per Sub-System:
1. design it
2. buy or make prototypes
3. test them to see if they work
4. re-design or re-source based 
on what you learned
5. prove they work well enough 
for someone to buy
6. produce or buy in mass 
quantities with minimal defects

New Capabilities Example: 
ArvinMeritor’s Plasma & Burner Systems

Q: What’s it all cost?

A1: IF it’s a guaranteed success, THEN the investment is easy to make

A2: IF there’s any uncertainty, THEN it’s probably too expensive.

Plasma / Burner Subsystems:
1. fuel system
2. plasma ignition:
3. hydrogen catalysts
4. high-temperature valve
5. particulate filter
6. electronic control hardware
7. control algorithms



Plasma / Burner Subsystems:
1. fuel system
2. plasma ignition
3. electrodes
4. hydrogen catalysts
5. high-temperature valve
6. particulate filter
7. electronic control hardware
8. control algorithms

Reasonable People May Ask:
“Can you share the investment with other firms?”  
“Don’t you need supplier-partners?”

For Established-Product: YES
• established business & leverage
• credible program timing & volumes
• well-defined specifications
• established ability to test supplied parts
• ‘established reality’

For New Innovations: ???
• none of this ‘reality’ is established yet.
• can you tell suppliers what to do?
• will they commit to do it?
• If they didn’t, would you know?

New Capabilities Example: 
ArvinMeritor’s Plasma & Burner Systems



‘Capabilities and Projects’

• C-P paradigm is well accepted and useful
– For established products
– For simple scenarios
– For components

• C-P paradigm is painful and fearsome in 
new complex systems
– Accountants in particular dislike it
– But that doesn’t mean it’s not true

• Beware the outsourcerer
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Typical Risk-Mitigation Strategy 
for New Technology Development

R&D Phase Product Development Production
“The Pushers” “The Skeptics”

Corporate “budget plan” money 

Individuals rise or fall with their 
programs

Discipline enforced from 
hierarchy

Corporate “risk money”

Multiple program options for 
individuals

Discipline enforced from 
within



Typical Risk-Mitigation Dynamic 
for New Technology Development

‘What might be’ ‘What will be’ ‘What is.’

Actual Risk
(red curve)     

Acceptable Risk (blue lines)

fun 
gap

pain
gap

Repeat curve here; but with 
lower tolerance for risk; 

higher penalties for failure



Risk Mitigation
• Organizations are formally comprised of two things

– Reporting structures
– Budgets

• Sub-organizations are designed to handle varying levels of risk
– R&D (high-risk)
– Product Development (mid-risk)
– Production (low-risk)

• New complex systems tend to entail a lot of risk!
– Newness
– Complexity & ‘unknown-unknowns’
– Unforseen interactions
– Untested capabilities to do all this stuff…..

• For example, who decides when a new widget moves 
from one category to another?…..
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An Observation:
– R&D groups organize all different ways

– Product engineering groups organize in one basic way:
• Specific individuals are responsible for specific defined 

parts/subsystems

– Upside: Product Engineering groups know who is responsible to 
make design decisions

– Downside for new complex systems: How to get specific???
• What are the sub-systems?
• What are the requirements?
• Who is capable and responsible?
• What are the deliverables and when?
• What’s core, what’s fluff?
• How to do this all according to established corporate procedure?



Complex new technologies scream out for a 
process architect!

• Drives out process uncertainty

• Defines key terms with meaningful & consistent guidance:
– ‘System Integration’
– ‘Gate Review’
– ‘Design Release’ or ‘Sign-off’
– ‘Design Validation’

• Assigns work & makes decisions consistent with this 
guidance

• Marries 
[complex technical reality]
with 
[established procedure for doing a job]

Innovators

Financiers



Example: DSM on a complex new technology

• A new & complex technology in R&D
– High-risk, high-reward
– Classic corporate research program

• Originally driven by 2 key individuals + 2 part-time contributors
– ad-hoc division of labor
– under-the-radar, low-resource effort
– success leads to higher visibility; more resource, more demands

• Handed to a different team of 8 people + 10 part-time contributors
– Activity-based work assignments (ie, test team, computation team, vehicle 

team, mfg team, etc.)
– Immediate problem: who decides on design changes?
– months of grand frustration & mis-management

• Assignment: Define a workable process to evolve the design
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1 2 3 4 5 6 7 8 9 # # # # # # # # # # # # # # # # # # # # # # # #

compnent  x 1 x 2 1 1
compnent  x 2 2 x 2 1 2 1
compnent  x 3 1 2 x 2 2 1
compnent  x 4 1 2 2 x 2
compnent  x 5 2 2 2 x
compnent  x 6 x 2 1 2 2 2 2 1  2 1  1 1 1 1 1 1 1
compnent  x 7 1 1 2 x 2 1 1 2 2 1 2  2  1 1 1 1 1 1
compnent  x 8 2 2 x 2 1 2 2 1 2 1 2 1
compnent  x 9 1 1 2 x 2 2 1   1
compnent  x 10 1 1 1 2 x
compnent  x 11 2 2 2 x 1 1
compnent  x 12 2 2 2 1 1 x 1 1 2
compnent  x 13 1 1 2  1 x 2 1
compnent  x 14 1  1 2 x 1 1 1 1
compnent  x 15 2 2 2 1 1 2 1 1 x
compnent  x 16 x 2 2 1 2 1 2 2 2 1 1 1 1 1
compnent  x 17 1 2 x 2 1 2 2 2 2 2 1 1 1 1 1
compnent  x 18 1 2 1 2 2 x 1 2 2 1 1 1
compnent  x 19 2 1 1 1 x 1 2 2 2 1 2
compnent  x 20 1 1 1 2 2 2 1 x 2 2 1
compnent  x 21 1 1 1 1 2 2 2 x
compnent  x 22 2 2 1 2 x 2 2 1 1
compnent  x 23 2 2 1 2 2 x 2
compnent  x 24 2 2 1 2 2 2 x
compnent  x 25 1 x 1 1
compnent  x 26 2 1 1 x 2
compnent  x 27 1 1 1 1 2 x
compnent  x 28 1 x
compnent  x 29 1 1 x
compnent  x 30 1 1 1 x
compnent  x 31 x
compnent  x 32 1 1 x
compnent  x 33 1 1 x

Step 1:  DSM-Based System Decomposition

Find the naturally-occuring sub-systems of this new 
complex full system



Step 2:  Pick Individuals for Each Sub-System

•A lot of confidential conversation on ‘who’s capable’

•Commonize reporting structure of Joe, Sue, and Ed

•One ‘final decision point’ for tough design decisions

•End Result:  Each box gets a name, a set of resources, and a list 
of deliverables mapped to corporate PD process

Joe’s 
components

Sue’s 
components Ed’s 

components
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1 2 3 4 5 6 7 8 9 # # # # # # # # # # # # # # # # # #

1 x 2 1 1
2 2 x 2 1 2 1
3 1 2 x 2 2 1
4 1 2 2 x 2
5 2 2 2 x
6 x 2 1 2 2 2 2 1  2 1  1 1
7 1 1 2 x 2 1 1 2 2 1 2  2  1 1
8 2 2 x 2 1 2 2 1 2 1 2
9 1 1 2 x 2 2 1   1

10 1 1 1 2 x
11 2 2 2 x 1 1
12 2 2 2 1 1 x 1 1 2
13 1 1 2  1 x 2 1
14 1  1 2 x 1 1 1 1
15 2 2 2 1 1 2 1 1 x
16 x 2 2 1 2 1 2 2 2 1
17 1 2 x 2 1 2 2 2 2 2 1
18 1 2 1 2 2 x 1 2 2 1 1 1
19 2 1 1 1 x 1 2 2 2 1 2
20 1 1 1 2 2 2 1 x 2
21 1 1 1 1 2 2 2 x
22 2 2 1 2 x 2 2 1 1
23 2 2 1 2 2 x 2
24 2 2 1 2 2 2 x
25 1 x 1 1
26 2 1 1 x 2
27 1 1 1 1 2 x



Step 3: Live It!
• Point out who’s doing someone else’s job

• Hold people accountable for new stuff they’re not 
familiar with
– And help them gain understanding of it

• Put sub-system owners in front of customers, 
management, suppliers

• Never violate decision making principle
– Sub-system owner makes decisions
– His boss has veto power
– (retain super-veto for worst cases….)



Process Architect / DSM Example

• Net Result of DSM-based process re-design:  +++

• PDD Truism: things become unclear
– In new complex systems, things are less clear, more  

persistently

• Tools can be applied here!
– DSM can drive organization
– Organization drives decision making

• In this example, DSM is for structure not optimization
– It never really got optimized 
– and no one cared if it was…
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Notes on innovation:
Useful Thought #1

“There is nothing more difficult to take in hand, more 
perilous to conduct, or less certain in success, than 

to take the lead in the introduction of a 
new order of things.  

For the innovator has for enemies all those who 
have done well under the old conditions, but 

lukewarm defenders in those who may do well 
under the new.”

N. Machaivelli, “The Prince:”



Notes on Innovators:
“Great Innovators have the mind of a child”

- Open

- Imaginative

•Great Innovators have long memories and long attent ion spans

•Great Innovators are persistent and hard working

•Great Innovators have great vision 

- Petty

- Cruel

- Loud

- Self-Centered



Notes on Innovation:
Useful Thought #2

"Our imagination is stretched to the utmost, 

not, as in fiction, to imagine things which are not  really there, 

but just to comprehend those things which 'are' the re."

Feynman



Thank You

Questions / Comments ?


