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Roadmaps and Roadmapping

Key points:
• A Roadmap is a customer driven strategic plan with a 

strong action focus.
– Connecting customer needs to research challenges to 

technology development
• The Roadmapping process results in an aligned view of 

the way forward and shared ownership of actions to get 
there.

• Engineering Research Centers can use Roadmapping to 
develop and gain support for strategic research and 
technology plans…

Case Study:
The Technology Roadmap for the Fluid Power Industry

2009 Edition
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Technology Roadmap for the Fluid Power Industry

• The purpose is to provide companies, universities, 
governments, and other research providers and 
funders with an industry wide consensus regarding 
the research and development needs of the fluid 
power industry. 

• It charts a research and technology development agenda for the 
next ten years to realize industry elevating advancements in mobile 
hydraulics, industrial hydraulics, and pneumatics.

• These advancements will help the industry:
– Meet the future needs of fluid power customers;
– Expand fluid power into new customer markets; and
– Attract the best and brightest young engineers to fluid power.

• This Roadmap also describes an action plan of research 
investments and technology developments needed to achieve 
those advancements.
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Roadmapping Process
• The Roadmapping effort was organized by the National Fluid Power

Association (NFPA). 
• NFPA selected the National Center for Manufacturing Sciences (NCMS) and 

the Albright Strategy Group to facilitate its roadmapping process. 
– NCMS is a leader in developing collaborative partnerships to promote research & 

development and the advancement of manufacturing. 
– The Albright Strategy Group, LLC works with corporations, industry groups and 

government organizations on roadmapping, technology planning and assessment, 
and developing competitive strategies. 

• Two 2 ½ day facilitated sessions at 
NCMS Headquarters, Ann Arbor, MI

• Participating organizations 
– 20 fluid power industry participants 

(NFPA members)
– The Center for Compact and 

Efficient Fluid Power (CCEFP) 
• Created technology roadmaps for 

– Hydraulics (Industrial & Mobile)
– Pneumatics

The Albright Strategy Group
Roadmaps and Roadmapping

Technology Futures
Strategy
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Technology/Capability 
Roadmap

(Know-how)

Summary and Action 
Plan

(To-do)

Risk Roadmap
Electrical sys perceived more efficient Electrical sys perceived more efficient 

Risk Categories

Regulatory/ 
Political

(Standards, regulations)

Economic
(cost, contract, budget)

Resource
(e.g., organizational, 

execution)

Market 
(growth,strategy, 

product attributes, 
etc.)

Technical
(component or system 

performance)

Long2013 2014 2015 2016 20172009 2010 2011 2012 2018 Long2013 2014 2015 2016 20172009 2010 2011 2012 2018

End customers turn to lower cost electromechanical solutionsEnd customers turn to lower cost electromechanical solutions

Younger eqpt operators, lower skilled, want "video game" controls

Perception: Electrical=greenPerception: Electrical=green

Low standards adoption in FP industryLow standards adoption in FP industry

Smarter and more efficient electrical gridSmarter and more efficient electrical grid

Electrical advantage for power mgtElectrical advantage for power mgt

Greater regulation re: leaksGreater regulation re: leaks

Funding for green solutions favors electricalFunding for green solutions favors electrical

CO2 regulationCO2 regulation

Tier 4: Pressure to improve efficiency exceeds industry's capabilities

Electrical technology more attractive to new graduatesElectrical technology more attractive to new graduates

Decreased ROI for new technologiesDecreased ROI for new technologiesPost recession pressure on resources (oil)Post recession pressure on resources (oil)

Customers shift to incremental improvements/spendingCustomers shift to incremental improvements/spendingCompany R&D budgets directed to key issues Company R&D budgets directed to key issues 

Few engineers entering industryFew engineers entering industry

Electromechanical learning curve enables much lower costsElectromechanical learning curve enables much lower costs

Breakthrough in electric motor technology: superconductor, supercaps, incr. power densityBreakthrough in electric motor technology: superconductor, supercaps, incr. power density

Direction
(Know-what)

Functional Architecture

CONVERT fluid power to linear or 
rotary mechanical power.

MONITOR performance of a fluid 
power system

CONTROL the direction, pressure 
and rate of flow

COMMUNICATE/INTERFACE

CONTAIN fluid

CONDITION fluid

CONDUCT fluid between 
components

MANAGE Energy (store & recover)

CONVERT input power to fluid 
power

Fluid Power Functions

CONVERT fluid power to linear or 
rotary mechanical power.

MONITOR performance of a fluid 
power system

CONTROL the direction, pressure 
and rate of flow

COMMUNICATE/INTERFACE

CONTAIN fluid

CONDITION fluid

CONDUCT fluid between 
components

MANAGE Energy (store & recover)

CONVERT input power to fluid 
power

Fluid Power Functions

Technology Drivers 
& Targets

Technology Drivers
(Attributes)

Customer Drivers

Energy Efficiency
Compact - reduce size & weight
Uptime (Reliability & Durability, 
Serviceability/Maintainability
Easy to use (productive 
independent of user skill)

Energy Efficiency (Output/Input)
Power Density
Tribology
MTTR
Service Life
MTBF
Repeatable, Consistent 
ProductivityOperator Skill

Competition/Strategy
Our Mission:
• Ensure fluid power as the technology of choice—consistently offering the best value 

compared to competing technologies—for motion control and energy 
storage/recovery applications in all environments.
By

– Improving performance of fluid power systems
– Increasing awareness of the benefits of fluid power
– Making fluid power easier to use

Roadmap Objective:
• Identify industry-elevating technology advancements in hydraulics and pneumatics 

that will:
– Meet the future needs of fluid power customers;
– Expand fluid power into new customer markets; and
– Attract the best and brightest young engineers to fluid power; and

• Determine an action plan of research investments, capability developments, and skills 
acquisitions needed to achieve those advancements.
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O urCo rel.  position 

Competitor #2
Competitor #1
O urCo

OurCo LeadsO urCo Lags

Customer Driver #1

Customer Driver #2

Customer Driver #3

Customer Driver #4

Customer Driver #5

Customer Driver #1

Customer Driver #2

Customer Driver #3

Customer Driver #4

Customer Driver #5

Current/Emerg Markets

Fluid Power Technology Roadmap Framework

Definition
and Scope

(Know-why)
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O urCo rel.  position 

Competitor #2
Competitor #1
O urCo

OurCo LeadsO urCo Lags

Customer Driver #1

Customer Driver #2

Customer Driver #3

Customer Driver #4

Customer Driver #5

Customer Driver #1

Customer Driver #2

Customer Driver #3

Customer Driver #4

Customer Driver #5

R&D Challenges
Buiding 
"smart" 

components

Increasing 
energy 

efficiency

Reducing 
size of 

components 
and systems

Improving 
Uptime 

(and 
Reliability

Reducing 
environ-
mental 
impact

Improving 
energy 

storage and 
deployment, 

recovery . Awareness
Open 

Standards
Safety 

compliance Mobil
e H

yd
ru

ali
cs

Industr
ial
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yd

rua
lic

s

Pneu
man

tic
s

Objectives & Targets
Reduce parts, weight, or connections to improve integrate-
ability X x x x x x x x x

Increase machine intelligence to improve energy efficiency, 
productivity. X x x x x x x

Diagnostics to Prognostics X x x x x x
Devices connected, controlled X x x x x x
Ease of use X x x x x x x x
Reduce range between novice and expert operators X x x x x
Consistent operator interfaces X x x x x x
sensor feedback-future: 50% improvement X x x x x x
wireless-future: 100% decrease X x x x x x
plug-n-play: 25% improvement X x x x x x
user interface: 1 X x x x x
modularity of product: 25 % increase in Sub-assy's X x x x x
modularity of system: 25 % decrease in Sub-assy's X x x x x
system configuration tools: X x x x
Double system energy efficiency in 10 years for benchmark 
tests. X x x x

Pump: 95% efficiency at BEP, 85% at 15% displacement 
(10yr) X x x

For example: Improve Motor efficiency by 5%/year X x x
Increase stiffness by x% improve repeatable, consistent 
productivity X x x

minimize pressure loss: 40% improvement (pneu) X x x x
create recovery methods-future: recapture 20% of energy 
wasted (pneu), 80% RT for mobile equip, X x x x x

friction reduction: 50% reduction, pneu: rubber spool 
valves) X x x x

Increase system efficiency through heat recovery X x x x x
faster response time: 500 % faster x X x

R& D Challenges Industry Initiatives
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O urCo rel.  position 

Competitor #2
Competitor #1
O urCo

OurCo LeadsO urCo Lags

Customer Driver #1

Customer Driver #2

Customer Driver #3

Customer Driver #4

Customer Driver #5

Customer Driver #1

Customer Driver #2

Customer Driver #3

Customer Driver #4

Customer Driver #5

Customer Drivers
825Energy Efficiency
825Safety (new regs)
825Smart Devices
735Reliability
735Value
624proportional technology
624Physical Size
624Ease of use

555Repeatability

534Maintenance free

534Environmental Durability

333Speed

343Self contained system

OSI
Pneumatics
Customer Drivers

825Energy Efficiency
825Safety (new regs)
825Smart Devices
735Reliability
735Value
624proportional technology
624Physical Size
624Ease of use

555Repeatability

534Maintenance free

534Environmental Durability

333Speed

343Self contained system

OSI
Pneumatics
Customer Drivers

915Energy Efficiency
825Compact - reduce size & weight

825
Easy to use (productive 
independent of user skill)

825Manage machine complexity
825Increase Productivity
825Environmental Responsibility
825Easy System Design

735
Uptime (Reliability & Durability, 
Serviceability/Maintainability

735Safety

735Value

534Coolness (Style)

534Govt regulation

OSI
Hydraulics
Customer Drivers

915Energy Efficiency
825Compact - reduce size & weight

825
Easy to use (productive 
independent of user skill)

825Manage machine complexity
825Increase Productivity
825Environmental Responsibility
825Easy System Design

735
Uptime (Reliability & Durability, 
Serviceability/Maintainability

735Safety

735Value

534Coolness (Style)

534Govt regulation

OSI
Hydraulics
Customer Drivers

Industry Position
Fluid power is energy transmitted 
and controlled by means of a 
pressurized fluid, either liquid or 
gas. 
Fluid power includes both 
hydraulics and pneumatics, and the 
market is composed of a number of 
application/ industry segments 
including mobile and industrial 
applications, aerospace, energy, 
and infrastructure.

– The top graph on this page shows 
U.S. shipment dollars for fluid 
power products including 
Hydraulic and Pneumatic 
shipments.  

– The bottom graph shows the 
markets for aerospace and non-
aerospace applications.

New Technologies
Map to Investments
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Potential to change the
basis of competition

Product/Process
Differentiation

Widespread
and Shared

Low cost, std HW+SW 
sensor platform 

(Volume)

Low cost sensors w/ 
increasing 

functionality

Cost Effctve onboard 
system diagnostics

Resonance 
control

Platform for intgrtd
system & 

component cntrl

Optimized system 
control/topology

High RPM,low
noise pump

Elim energy consuming 
metering (mobile)

Common 
communication: at 
application layer

Improved joint design for 
high pressure ops

Improved seal 
design/surface finish

Contamination tol
components

stds for 
contamination

High pressure family

Zero leak external 
(start-up, vibration)

Reduce restriction w/ 
nano-surfaces

Altern storage 
technol

SeriesAcccumulators/ 
Hydrostatic pump/motors

Parallel Hydrostatic 
Accumulator 

Single Environ neutral, 
high perform, fire resis

Environmentally 
neutral fluid

Improved compressibility & 
lubricity for high pressures

Elim aspiration & 
timing noise

Free piston 
engine pump

Reduce friction: Eliminate 
high load sliding elems

Increase load bearing 
capability

Improved component 
efficiency

Higher pressure 
Accumulator

Action Summary

Standards 
Strategies

Needed: 
• Benchmark Standards for measuring energy efficiency (ex: duty cycle)
• Commonized (global) standards for energy storage and recovery
• Performance Standards for testing connectors, seals in dynamic applications. Design standards
• Communication protocol, electrical connection, and platform standards for sensors

20182017201620152014Tech. Area 2009 2010 2011 2012 2013 20182017201620152014Tech. Area 2009 2010 2011 2012 2013

MONITOR performance 
of a fluid power system

CONTROL the direction, 
pressure and rate of flow

COMMUNICATE/INTERFACE

CONTAIN fluid

CONDUCT fluid between 
components

MANAGE Energy 
(store & recover)

FLUID

CONVERT input fluid 
power

MONITOR performance 
of a fluid power system

CONTROL the direction, 
pressure and rate of flow

COMMUNICATE/INTERFACE

CONTAIN fluid

CONDUCT fluid between 
components

MANAGE Energy 
(store & recover)

FLUID

CONVERT input fluid 
power Improved component efficiency (e.g. CCEFP programs)

Environmentally neutral fluid, w/ incr
life, reduced cost

Altern storage technol (strain, flywheel accum

Zero leak external (start-up, vibration)

Improved seal design/surface finish (incorp new standard for 
O-ring grooves)

Common communication: at application layer

High RPM,low noise pump

Optimized system control/topology (e.g. TIER)
Platform for intgrtd system & 

component cntrl
Cost Effctve onboard system diagnstcs:fluid condition, 

flow, pressure, etc.
Low cost sensors w/ increasing functionality

Low cost, std HW+SW sensor platform (Volume)H

H

M

H

H

M

L-H

H

M

M

H

H

H

H

M

H

H

M

L-H

H

M

M

H

H

Resource Level

Industry Supplier

Industry Supplier

Industry

Univ Industry
Univ Industry

Industry
Industry

Industry

Univ, Industry

Univ

Supplier

Univ Industry

Industry Supplier

Industry Supplier

Industry

Univ Industry
Univ Industry

Industry
Industry

Industry

Univ, Industry

Univ

Supplier

Univ Industry

Primary

Map to Elements
R&D Challenges Product/Platform 

TechnologiesCustomer Drivers

Increase energy efficiency

Increase up-time

Derive greater value

Improve safety

Increase productivity

Reduce size & weight

Allow easy system design

Comply with govt. 
regulation

Increasing energy 
efficiency

Improving reliability

Building "smart" 
components and systems

Reducing size

Reducing environmental 
impact

Improving & applying 
energy storage, recovery, & 

redeployment

CONVERT input power to 
fluid power

FLUID

MANAGE Energy (store & 
recover)
CONDUCT fluid between 
components

CONDITION fluid

CONTAIN fluid

COMMUNICATE/INTERFACE

Technology Roadmap
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Vision Challenge

Challenges & Objectives

Increasing energy efficiency

Improving reliability

Building "smart" components and systems

Reducing size

Reducing environmental impact

Improving & applying energy storage, recovery, & redeployment

Fluid Power Functions

CONVERT input power to fluid power

FLUID

MANAGE Energy (store & recover)

 | Priority

 Reduce energy consumption of the system by half  for benchmark for IC

 80% Effic of Electromech systems

 Equal efficiency of electromechanical systems (improving over time) for standard benchmark tests

 Reduce unscheduled system downtime by half

 Safety: Maintain or reduce accident rate, esp. for higher pressure systems

 Define global stds for control & communication  Define global plug & play communication standards

 Increase power density (Size to HP output) by 50%

 Develop & adopt affordable biodegradable, nonhazardous materials with traditional performance

 Hydraulic system and components that operate with environmentally neutral fluids

 Eliminate leaks

 Meet or exceed competitive (electromechanical for industrial) performance levels for sound emission
 Increase Kilowatt hours per unit volume of 
storage device: Improve by a factor of 4  Increase Kilowatt hours 

per unit volume of 
storage device: Improve 
by a factor of 10

 Improved component efficiency (CCEFP programs) Energy Efficiency

 Increase load bearing capability Size

 Reduce friction: Eliminate high load sliding 
elems

Size

 Free piston Energy Efficiency, Size

 Elim aspiration & timing noise Environmental

Improved compressibility & lubricity for high Size

 Environmentally neutral fluid, w/ incr life, reduced Environmental

 Single 
Environ 

neutral, high 
perform, fire

 Parallel Hydrostatic Accumulator Energy Efficiency

 SeriesAcccumulators/ Hydrostatic pump/motors Energy Efficiency

 Higher pressure Accumulator Storage&Recovery

 Altern storage technol (strain, flywheel accum Storage&Recovery

(Know-when)
Market

Pull Technology 

Push

Understand Customer Markets
and Customers’ Needs

Define the Technology
Infrastructure and Envision 
Technology Advances

Build an Action Plan and 
Investment Strategy

Identify R&D Challenges
and Research Objectives
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Roadmapping: Industry Involvement

Benefits from the Fluid Power roadmapping engagement:
• Participation from a wide cross-section of the industry.
• Active sharing of (pre-competitive) ideas
• Developed a shared understanding of competitive threats to the 

industry.
• Developed a common set of industry objectives.
• A concise communication tools to describe the industry future:

– To industry participants
– To suppliers
– To customers

• Defined several potential industry initiatives:
– New technologies
– Standards development 

• Many discussions among participants of their common interests.
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Roadmapping: Implications

Roadmapping by Engineering Research Centers with 
industry teams can provide:

– Industry involvement in direction setting.
– Context and priorities for research roadmaps.
– Shared ownership of a research agenda.
– Pre-qualified research partners.
– A timeline for expected research deliverables.
– A framework for evaluation of research progress.
– Engaged industry participants ready to commercialize new 

technologies.
– A framework and forum for revisiting and updating a research 

agenda over time.
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Summary
• A Roadmap is a customer driven strategic plan with a 

strong action focus.
– Connecting customer needs to research challenges to 

technology development
• The Roadmapping process results in an aligned view of 

the way forward and shared ownership of actions to get 
there.

• Engineering Research Centers can use Roadmapping to 
develop and gain support for strategic research and 
technology plans.
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Strategy

www.albrightstrategy.com


