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About Advanced Fluidics

Research and Product Development in

1.Aerospace Sciences — Aerodynamics, combustion
2.Micro/Nanofluidics/nanotech-based biosensors

3.Medical Instrumentation
4.Technology Roadmap Development and Training

S. Raghu
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OUTLINE

1. Technology Development and TRLs

2. Invention to Product: Processes (Things To Do) and
Timelines

3. Examples of Invention to Products
4. Pitfalls to commercialization

5. Conclusions
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An idea is not an invention

An invention is not a product

Not done before ;2 Necessarily useful invention!

Useful Invention = Successful Product only if marketed well

S. Raghu 4
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The path from invention to a product

It 1s important to understand that there are quite a few things to
be done 1n taking an invention to a product — and it takes some
time and lots of money to accomplish all these!

Your input from the previous session ....

S. Raghu
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TEAM A — Company matters

Legal matters, Patent search, patent application
Vigilance — patent infringement

Trademark, Logo, Company name, website
Potential licensees

Negotiation terms

Management teams

REGISTRATION

Land registration — premises

Rental property

6 months



TEAM B - Finance

Sales estimates 1 week

Distribution channels

Cost estimates — R&D, Production, etc 1 week
Profit estimates

Financial assessment 1 week

Raising capital — Banks (Loans, overdrafts, etc)
Investors?

Forecasting

ROI
Tax breaks

1 month?7?7??



Team C — Sales and Marketing

Market study, Competition Analysis

Find customers

support conferences — exhibition and
presentation

Use social media

How to convince customers — advertising —
advantages of product

Product distribution

|dentify distribution channels

Guarantees and warranties

6 months



TEAM D — Technology
Development

Design of system

Choose components

Simulate system

Order special parts

Prototyping in the Lab — distribute to professors
Testing

Proving — Use University for proof of concepts
Production line and feedback

Product certification

Product benchmarking

Technology Roadmap

Quality Standards/Green certification

6-12 months clossroom exere -



TEAM E - Manufacturing

Location — tech transfer
Outsourcing/Legal documents
Regulatory Standards

Suppliers — buy components
Packaging

Distribution

Inventory and warehousing

Product line and manufacturing lines
Post-sale servicing?

6-12 months

10



The path from invention to a product

6 aspects of taking an invention to a product

1. Technology Development
2. Securing Intellectual Property My presentation

3. Manufacturing Process development

4. Financials
5. Business Development

6. Company set-up and management

S. Raghu 11
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Technology Development and
Technology Readiness Levels (TRL)

TRL Table: Developed by NASA and commonly used in the US
(and more recently 1in Europe) for technology development programs
to measure the maturity of a technology. Also important in the
valuation of the product/company.

9 Stages of Technology Readiness Levels — TRL 1-9
(Ref: John C. Mankins (1995), http://www.hqg.nasa.gov/office/codeq/trl/trl.pdf)

S. Raghu 12
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Technology Readiness Levels (TRL)

Technology, System Test,
Qualification and
Operation

A

Technology
System / Subsystem |
Development

Technology

Demonstration

Technology
Development

Research to prove
Feasibility

Basic Technology
Research

TRL 9: Actual Technology system qualified
through successful mission operations.

TRL 8: Actual Technology system completed and
qualified through test and demonstration.

TRL 7: Technology system prototype demonstration
in an operational environment.

TRL 6: Technoclogy system / subsystem model or
prototype demonstration in a
relevant environment.

TRL 5: Technology component and / or basic
technology subsystem validation in a
relevant environment.

TRL 4: Technology component and / or basic
technology subsystem validation in a
laboratory environment.

TRL 3: Analytical and experimental critical function
and / or charcteristic proof-of-concept.

TRL 2: Technology concept and / or application
formulated.

TRL 1: Basic principles observed and reported.

http://www.aof.mod.uk/aofcontent/tactical/techman/content/trl_applying.htm

Entrepreneurship Workshop for Physicists and Engineers

ICTP, Trieste, Italy
31 March — 4 April, 2014
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How long does it take to get from
TRL1 to TRL9?
(what is your estimate?)

S. Raghu

Entrepreneurship Workshop for Physicists and Engineers

14



Invention to Product: Steps and Time-Line

TRL 2

Invention
1. Notebook entry

practice

0 16 12

2. Literature Survey
3. Invention Disclosure Form
4. Identify patent attorney
5. Check regulatory issues

6. Provisional Application
7. Start reduction to

8. Develop product ideas

9. Conduct market research

10. Identify and contact potential
sponsors for product development

11. Sign non-disclosure forms

12. Complete reduction to practice
13. Complete Non-Provisional
patent application (2-3 months)
14. Assemble team to do further
work

18

15. Start product
development

Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy
31 March — 4 April, 2014

of product

23. Get feedback from

‘ customers

| | TRL3 | TRL4 lTRLG }

24 30 36 42

"

contractors

22. Finish alpha-versioq

19. Start manufacturing
consideration, location
20. Identify suppliers, sub-

21. Permits and Licenses

Product
TRL 8

48 Months

16. Finish bread-board version
of product (TRL 4)

17. Obtain requirements from

customers

18. Start industrial design and
packaging

S. Raghu

24. Beta-version of product
25. Start manufacture

26. Patent might be issued
anytime now!

15




Angel Investors

Phase Il

48 Months

Valley Of Death

16
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Examples of Timelines for Products

S. Raghu
Entrepreneurship Workshop for Physicists and Engineers
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17



Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy
31 March — 4 April, 2014

Windshield Washer Nozzle

S. Raghu
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Example: Windshield washer nozzles based on
hydrodynamic instabilities

(market pull)
Inventor: Surya Raghu, USA

Invention process: August-October 1998
US Provisional application: October 1998
Non-Provisional Application: October 1999
Patent issued: July 2001

Development:

Currently an automotive product in use from 2001

S. Raghu
Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy
31 March — 4 April, 2014
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The Issued Patent

a» United States Patent

Raghu

US006253782B1

(10) Patent No.: US 6,253,782 B1
45) Date of Patent: Jul. 3, 2001

ex)

FEEDBACK-FREE FLUIDIC
AND METHOD

ILLATOR

(75) Inventor: Surya Raghu, Ellicott City, MD (US)
(73) Assignee: Bowles Fluidics Corporation,
Columbia, MD (US)
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.
(21) Appl. No.: 09/417,899
(22) Filed:  Oct. 14, 1999
Related U.S. Application Data
(60) Provisional application No. 60/104,511, filed on Oct. 16,
1998.
(51) Int.CL7 ... .. F15C 1/06
(52) US.CL ... 137/14; 137/809; 137/310;
137/811; 13 137/826; 13 3; 137/835
(58) Field of Search 137/826, 833,
137/835, 808, 809, 810, 811, 812, 813,
14
(56) References Cited
U.S. PATENT DOCUMENTS
* 9/1965 Fox et al 137/811
* 7/1969 Zaloudek . . 137/809
5/1979  Stouffer 239/11
1/1980 Bauer 239/11
4,463,904  8/1984 Bray, Jr. 239/284 R
4,508,267 4/1985  Stouffer 239/11
4,854,176 * 8/1989 Okabayashi
4,976,155 * 12/1990 Challandes
5,213,269 5/1993  Srinath et al.

239/589.1

5.213,270 5/1993  Stouffer et al.
5,396,808 * 3/1995 lluang et al.
5,638,867 * 6/1997 Huang ..

FORLIGN PATENT DOCUMENTS
1550510 * 3/1970 (DE) ...

* cited by examiner

Primary Examiner—A. Michacl Chambers
(74) Attorney, Agent, or Firm—Jim Zegeer

67 ABSTRACT

A fluidic oscillator includes a member having an oscillation
inducing chamber, at least one source of fluid under
pressure, at least a pair of power nozzles connected to the at
least one source of fluid under pressure for projecting at least
a pair of fluid jets into the oscillation chamber, and at least
one outlet from the oscillation chamber for issuing a pul-
sating or oscillating jet of fluid to a point of utilization or
ambicnt. A common fluid manifold connected to said at least
a pair of power nozzles. The shape of the power nozzle
manifold forms one of the walls of the interaction or
oscillation chamber. In some of the fluidic circuits, the
length can be matched to fit existing housings. The power
nozzle can have oflscts which produce yaw angles in a liquid
spray fan angle to the left or right depending on the direction
desired. In some embodiments, the exit throat is off axis (off
the central axis of the symmetry) by a small fraction to the
left or right to move the leftward or rightward yaw angles in
the spray. The outlet throat may be offset along the longi-
tudinal axis by a small amount to produce a yaw angle of
predetermined degree to the left or right depending on what
is desired. Thus, one can construct circuits for yaw using a
combination of the techniques deseribed above which suits
most applications.

25 Claims, 15 Drawing Sheets

Entrepreneurship Workshop for Physicists and Engineers

ICTP, Trieste, Italy
31 March — 4 April, 2014
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Invention to Product Time-Line

Windshield Washer Nozzle

. 12. Complete reduction to practice
Invention 13. Complete Non-Provisional patent
application (2-3 months)

14. Assemble team to do further

1. Notebook entry

July.19TS Oct. Oct 1999

2. Literature Survey

3. Invention Disclosure Form
4. Identify patent attorney

5. Check regulatory issues

8. Develop product ideas

9. Conduct market research

10. Identify and contact potential
sponsors for product development

11. Sign non-disclosure forms

product

work
6. Provisional Apphcaﬂog 15. Start product N
7. Start reduction to practice development

Nov.1999

t t

sub-contractors

22. Finish alpha-version of

22. Get feedback from

19. Start manufacturing
consideration, location
20. Identify suppliers,

21. Permits and Licenses

Product

TRL 8

Aug 2000 July 2001

A

16. Finish bread-board
version of product (TRL 4)
17. Obtain requirements
from customers

18. Start industrial design

Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy
31 March — 4 April, 2014

and packaging
S. Raghu

24. Beta-version of
product

25. Start manufacture

26. Patent might be issued
anytime now!

21




The Final Product: Windshield Washer Nozzle

(Manufactured in Zacatecas)

40 million
nozzles/year
Used in
GM,Ford,
Chrysler,
Volkswagon,

Mercedes

Saab, Jaguar

Toyota, Honda

S. Raghu 22
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Links to commercial products

http://www.deltafaucet.com/smarttechnology/h2okinetic-
technology.html

http://www.bowlesfluidics.com/products/advanced/case-study-

toro-irrigation-irrigation-nozzles-precision-spray-nozzles/

http://www.bowlesfluidics.com/products/advanced/case-study-

evapco-cooling-nozzle-uniform-flow-distribution/

http://www.bowlesfluidics.com/products/advanced/case-study-

sundance-spa-custom-spa-nozzles/

http://www.bowlesfluidics.com/products/advanced/system-
integration/

S. Raghu
Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy
31 March — 4 April, 2014
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Example: Wireless Corrosion Health Monitor

Inventors: Guy Davis, Chester Dacres and Lorrie Krebs
(DaccoSci Inc)

Date Applied for patent: August 1999

Date Issued: Dec. 2001

Date product development began: Oct. 2005

(DaccoSci, Advanced Fluidics and Virginia Technologies)

Current status: Marketed by Electrawatch

S. Raghu 24
Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy
31 March — 4 April, 2014
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The Issued Patent

W0 VAT O

878B1
a2 United States Patent (10) Patent No.:  US 6,328,878 B1
Davis et al. 45) Date of Patent: Dec. 11, 2001
SENSOR FOR [ Primary Examiner—Robert J. Warden, Sr.

(54) ADHES

AND EVALUATING COATING AND
¢ DEGRADATION
HEMICAL PROCE

SUBSTRATI
ELECTROC]

(75) Taventors: Guy D. Davis, Baltimore; Chester M.
Dacres, Columbia; Lorrie A. Krebs,
Baltimore, all of MD (US)

(73) Assignee: Daceo Sci, Inc., Columbia, MD (US)

(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

(21)  Appl. No.: 09/372,074

Aug. 11, 1999

GOIN 17/04; GOIR 27/02
205/776.5; 205/791.5;
4/693; 324/700; 204/404
324/693, 700,

324/7°

(58) Field of Search ......
324/707, 71

, 7. 205/776.5, 777,
791.5; 204/404; 422/53
(56) References Cited
U.S. PATENT DOCUMENTS
4,806,849 * 2/1989 204/404
4,890,622 * 1/1990 128/640
4,899,754 * 2/1990 128/640
* 12/1991 204/404
* 41994 204/404
* 81995 128/640
* 1199 324/693
* 472000 205/776.5

OTHER PUBLICATIONS

Simpson ct al “Evaluation of the cffects of acidic deposition
on coated stcel substrates”, Prog. Org. Coatings, 20 pp.
199-216, month unavail. 1992.*

* cited by examiner

Assistant Examiner—Kaj K. Olsen
57) ABSTRACT

A portable and nondestructive adhesive tape corrosion sen-
sor which is utili
tions in detecting coating and substrate degradation using
i 5 (EIS) of coated or
uncoated metal structures has been developed. The inven-
tion allows for broad applicability, flexibility in utilizing the
sensor in various environments without structural compro-
mise and the ability to inspect and evaluate corrosion of the
actual structure, regardless of the size, shape, composition,
or orientation of the structure. The electrodes may be
removed once a measurement is made or remain in the
original fixed position so that subsequent measurements
may be made with the same electrode. The nondestructive
sensor apparatus is comprised of a pressu
sive tape that cor of a conductive film or foil and
conductive adhesive overlapping another pressure-sensitive
adhesive tape that consists of a conductive film or foil and
tape serv
sensing element or devi ¢ non-conductive tape
as the lead between the sensing element and the point of
In an i i ion, the tape with
the conductive adhesive may be used alone, acting as both
sensor electrodes and the lead to the point of measurement.
‘The metal structure or other substrate being sensed or
evaluated for degradation serves as the working electrode.
This two electrode sensing device is responsive to water
uptake, incubation, and corrosion by meas
in impedance spectra. The invention
quantify and monitor coating and metal degradation from its
carliest stages, well before any visual indication of corrosion
appears, under both laboratory and field conditions.

zed under actual field or laboratory condi-

2 Claims, 2 Drawing Sheets

S. Raghu
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Product concept
(2005)

Invention to Product: Corrosion
Health Monitor

INVENTION — Patent
(2001)

Product (2008)

Www.elect]rwatch.com

“mock-up”
(2006)

v |
=

TRL 7 (2007) Prototype 1

S. Raghu 26
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NEWS MISSIONS MULTIMEDIA CONNECT ABOUT NASA

releases missions & launch dates NASA TV & more MNASA apps hudget, careers & more

(} MNews, features & press Current, future, past Images, videos, Social media channels & Leadership, organization,
ASA
J

For Public | ForEducators | ForStudents | For Media B send B2 Share

News & Features Text Size 13 &=

» News Topics Naov. 14, 2013

Naowsxe Ralaacac

RELEASE 13-340
NASA, Boeing Finish Tests of 757 Vertical Tail

With Advanced Technology

.
BT o

“The flow control on the 757 vertical tail model
comes from sweeping jet actuators, which are
devices that essentially blow air in a sweeping
motion along the span of the tail”

“NASA’ s goal for the AFC project is to increase
sideforce 20% on demand, and shrink the vertical
tail by 17% to reduce aircraft fuel burn by 1-2%.”

(http://www.aviationweek.com/Article.aspx?id=/article-xml/
awx_11_14 2013_p0-636930.xml&p=1)

Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy
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Aerodynamic Flow Control Devices
for Future Airplanes

Z
!
Rudder titts |
f to the right | "
.
\ R -X
dirplane yaws right ’
Root
Acrodynamic Measurement
Reference Une Domain
http://wingsovermars.arc.nasa.gov/surfaces.html
.. Synthetic

Jet Orifice

b)

Rathay et al, AIAA 2012-0071

S. Raghu: Invention to Product: Processes and Timelines
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Aerodynamic Flow Control Devices
for Future Airplanes

ldea: 2006:

Started working in 2008 (Invention)
Provisional Patent application — July 2009
Full US Patent Application in July 2010
Patent Issued February 2013

Team: Advanced Fluidics + NASA + U. of Arizona +
Boeing

The development cycle is much longer because of
system level requirements and testing

TRL ~6 Competition begins!

Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy
31 March — 4 April, 2014



Entrepreneurship Workshop

April 23-27, 2012
Trieste, Italy

The Issued Patent

a2y United States Patent

Raghu

US008382043B1

US 8,382,043 B1
Feb. 26, 2013

(10y Patent No.:
(45) Date of Patent:

(76)

(")

(56)

METHOD AND APPARATUS FOR
AERODYNAMIC FLOW CONTROL USING
COMPACT HIGH-FREQUENCY FLUIDIC
ACTUATOR ARRAYS

Inventor:  Surya Raghu, Columbia, MD (US)

Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 248 days.

Appl. No.: 12/804,225
Filed:  Jul. 16,2010

Related U.S, Application Data

Provisional application No. 61/274,417, filed on Aug.
17. 2009,

Int. C1.
B6dC 2104 (2006.01)
US.CL ... 2440207, 244/204; 244/1 N

Field of Classification Search ... e 24401 N,
244/200, 200.1, 204, 204.1, 207, 208, 209
See application file for complete search history.

References Cited

Rene Woszidlo, Holger Nawroth, Surya Raghu and [sracl J.
Wygnanski, “Parametric Study of Sweeping Jet Actuators for Sepa-
ration Control”, AIAA 2010-4247, presented at the Sth Flow Control
Conference, Jun. 28-Jul. 1, 2010, Chicago. [Hlinots, pp. 1-21.
Thomas M. Cnttenden and Surya Raghu, “Combustion Powered
Actuntor With Integrated High Frequency Oscillator™, Int. Conf. on
Jets, Wakes, and Separated Flows, ICIWSF-2008 Sep. 16-19, 2008,
Technical University of Berlin, Berlin, Germany, pp. |-8.

Surya Raghu and Ganesh Raman, “Miniture Fluidic Devices for Flow
Control”, Procesdings of FEDSM™99, 1999 ASME Fluids Engineer-
ing Davision Summer Meeting, FEDSM99-7256, Jul. 18-22, 1999,
San Francisco, pp. 1-6

James W. Gregory, John P. Sullivan, Ganesh Raman and Sury Raghu,
“Characterszation of & Micro Fluidic Oscillator for Flow Control”,
2nd AIAA Flow Coatrol Conference, Portland, OR, Jun, 28-Jul, |,
2004, pp. 1-14.

* cited by examiner

Primary Examiner — Tien Dinh
Assistant Examiner — Richard R Green
(74) Aworney, Agent, or Firm — Ellis P, Robinson

(57) ABSTRACT

The present invention is directed to the manufacture of and
the use of an acrodynamic How control device having a com-
pact array of a plurality of fluidic actuators in planar, curved,
circular and annular configurations. The compact array of
fuidic actuators of the invention mav be desianed to nroduce

S. Raghu: Invention to Product: Processes and Timelines
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Aerodynamic Flow Control Devices

. 12. Complete reduction to practice
Invention 13. Complete Non-Provisional patent

application (2-3 months)
2006 14. Assemble team to do further 22. Get feedback from
work (U. Arizona, NASA, Boeing)
6. Provisional Application
7. Start reduction to practice

customers

A 1 A
19. Start manufacturing
consideration, location
20. Identify suppliers,
sub-contractors

21. Permits and Licenses

2006. I 2009 2010 2011 2013

2. Literature Survey

3. Invention Disclosure Form
4. Identify patent attorney
5. Check IP issues

8. Develop product ideas 16. Finish bread-board ~TRL6
10. Identify and contact potential version of product (TRL 4) 26. Patent issued
sponsors for product development 17. Obtain requirements _ Feb 2013
(NASA and Boeing) from customers -
11. Sign non-disclosure forms 18. Start industrial design
and packaging
Entrepreneurship Workshop for Physicists and Engineers S. Raghu 31
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“PITFALLS IN COMMERCIALIZATION”

1. Reinventing the wheel

S. Raghu

Entrepreneurship Workshop for Physicists and Engineers

ICTP, Trieste, Italy
31 March — 4 April, 2014
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“PITFALLS IN COMMERCIALIZATION”

2. Ideas that did not work 1n reality — not really an
Invention

- Do not stand the test of science!

Example: Perpetual Motion Machines

Car moves foreves

ﬁ Powerful magnet

Steel rod

http://www.lhup.edu/~dsimanek/museum/patents.htm
S. Raghu 33
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“PITFALLS IN COMMERCIALIZATION”

3. Ideas worked and even patented but limited or
no applications (no products)

S. Raghu 34
Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy
31 March — 4 April, 2014
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More Inventions

S. Raghu: Invention to Product: Processes and Timelines
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What not to do?
(“less-useful” patents)

http://www.freepatentsonline.com/crazy.htmi

S. Raghu: Invention to Product: Processes and Timelines

36



“PITFALLS IN COMMERCIALIZATION”

5. Products successful only for a while or technology outdated

Fountain Pens

Typewriters

Pay Phones

Landline phones

Carburetors

Internal Combustion Engines?

S. Raghu
Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy
31 March — 4 April, 2014
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CONCLUSIONS

Invention to a Product involves quite a few steps and
processes

Technology Readiness Levels (TRL) is a good metric for
determining the stage of the product.

S. Raghu 38
Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy
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CONCLUSIONS

The leap

Product = $3S$$

S. Raghu 39
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CONCLUSIONS

Watch out for pitfalls!

S. Raghu

40



Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy
31 March — 4 April, 2014

THANK YOU

S. Raghu
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Challenges for Inventors and Entrepreneurship
in Developing Countries

1. Poor physical infrastructure and no financial support
2. Lack of government and institutional support

3. Lack of planning and metrics for progress

4. Economic, cultural and moral factors on inventions

5. Societal and cultural taboos on failure

S. Raghu 42
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Opportunities

You have to make them yourselves!

S. Raghu
Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy
31 March — 4 April, 2014
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Grand Challenges (National Academy of Engineering, USA)

[http://www.engmeerin,czchallen,czes.or,cz]g

*Make solar energy economical
*Provide energy from fusion

*Develop carbon sequestration methods
*Manage the nitrogen cycle

*Provide access to clean water

*Restore and improve urban infrastructure
*Advance health informatics

*Engineer better medicines
*Reverse-engineer the brain

*Prevent nuclear terror

*Secure cyberspace

*Enhance virtual reality

*Advance personalized learning

*Engineer the tools of scientific discovery
S. Raghu
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How do we promote inventions and innovation in scientific
and educational institutions?

1. University-Industry interaction.

Example: Presentation of Industrial R&D needs to
Universities so that researchers will see the market needs.

2. Industry sponsored projects to students and faculty

3. Industrial internships for students and faculty

4. Encouragement — 1t 1s OK to fail!

5. Patents are not substitutes for papers — too expensive!

S. Raghu 45
Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy
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Some Useful References:

1. www.uspto.gov

2. Patent It Yourself --A complete inventor's guide. (11th ed. Spring
2005) By David Pressman, Patent Lawyer, San Francisco

3. http://www.wipo.int/portal/en/resources innovators.html

4. http://www.wipo.int/patentscope/en/data/
developing countries.html#P11 68

5. http://www.engineeringchallenges.org

S. Raghu 46
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Dr. Snore
Anti-Snoring Device
For better breathing
Helps in sleep apnea

Inventor: Dr. Nasri Al-Zeir
(Small business, Jordan)
Patented in Jordan

3. Press gently on both ears (knobs)

Commercialization started in 2011 | poum e s punmepaee

oA s ysyiy St <
o)
Guess who is the customer? i memiicam. .

the device gently in any direction
to get most comrortable position,

Initial Manufacturing in USA 5. Enjoy sound sieep & happy dreams..

Global Marketing Efforts

Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy

31 March — 4 April, 2014
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Beginning steps

1. Think of products that can be developed using the invention.
Your invention/product can stand on its own or be a part of
others’ product or system. ....

2. Connect yourself to the markets in the field of invention and
possibly other related areas.

3. Document your invention - this 1s important for patent filing
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Research and Inventions
(Solving puzzles and problems)

Applied or Commercial Research (“use-inspired science” or
market-pull research) o
Research responding to a need - objectives are somewhat [

known. | y
Nano-sized additive strengthens concrete (Technology Review)

Basic Research (market-push research)
Typically University Research/Research Institutions
Example: Research on Properties of fluids or matter

Generally, we have faster development of
products from Applied or Commercial
Research

Graphane makes its debut
(NanotechWeb)
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Inventions and Technology Readiness Levels (TRL 1-9)

R

TRL1

Lowest level of technology readiness. Research begins to be translated into applied
research and development. Examples might include

a) Paper studies of a technology's basic properties (at the level of a proposal to a
funding agency)

b) An exploratory idea that could potentially generate a new product/technology
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Inventions and Technology Readiness Levels (TRL 1-9)

TRL 2

Invention begins. Once basic principles are observed, practical applications can
be invented. Applications are speculative and there may be no proof or detailed
analysis to support the assumptions. Examples are limited to analytic studies.
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Inventions and Technology Readiness Levels (TRL 1-9)

TRL3

Active research and development is initiated. This includes analytical studies

and laboratory studies to physically validate analytical predictions of separate
elements of the technology.

Examples include components that are not yet integrated or representative —
bench-top or “warm-feeling” experiments.
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Inventions and Technology Readiness Levels (TRL 1-9)

TRL 4

Basic technological components in the intersect areas are integrated in a
similar fashion to establish that they will work together. This 1s relatively "low
fidelity" compared to the eventual system.

Examples include integration of "ad hoc" hardware in the laboratory.

Device fabricated in the lab and either glued or attached with fasteners.

(Dennis Culley, NASA/TM—2006-214396)
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Inventions and Technology Readiness Levels (TRL 1-9)

TRLS

Fidelity of breadboard technology increases significantly. The basic
technological components are integrated with reasonably realistic supporting
elements so it can be tested in a simulated environment.

Examples include "high fidelity" laboratory integration of components.
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Inventions and Technology Readiness Levels (TRL 1-9)

TRL 6

Similar but not necessarily the same system, which 1s well beyond that of TRL3S,

is tested in a relevant environment. Represents a major step up in a technology's
demonstrated readiness.

Examples include reliability and satisfactory performance characteristics in
a high fidelity laboratory environment or in simulated operational environment
(operating range of temperature, humidity, pressure, etc.)

Reduces

*Product liability

*Product recalls

Corrosion Sensor
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Inventions and Technology Readiness Levels (TRL 1-9)

TRL 7

Prototype near or at planned operational system. Represents a major step up

from TRL 6, requiring demonstration of an actual system prototype in an
operational environment.

Examples include testing the prototype in a mock-up of the final product.
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Inventions and Technology Readiness Levels (TRL 1-9)

TRL S8

Technology/product proven to work in its final form and under expected
conditions. In most cases, this TRL represents the end of true system
development.

Examples include developmental test and evaluation of the system in its intended
environment to determine 1f it meets specifications.

Aileron & Flap
Incorporating

(DARPA MAFC Briefing 2003) MAFC
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Inventions and Technology Readiness Levels (TRL 1-9)

TRLY

Actual application of the technology or product in its final form and under
mission conditions, such as those encountered in operational test and

evaluation. Examples include using the system under operational mission
conditions.
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ATRIAL FIBRILLATION MONITOR

Detect any type of arrhythmia in the heart pulse based
on cardio-signal analysis.

*Developed the technique particularly to identify
potential AF patients who would otherwise go
undetected.

*1in 10 people over 60 have AF and most of these go
undetected. 1% of population estimated to have AF.
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ATRIAL FIBRILLATION MONITOR

UK: MELYS DIAGNOSTICS
USA: ADVANCED FLUIDICS |«
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ATRIAL FIBRILLATION MONITOR

Inventor: Dr. Dawood Parker, UK

Invention process: 2003-2006

European Patent application: May 2006

Complete Specification: May 2007

Patent 1ssued (date): To be issued

Development:

1. Proof of concept

2. Validation with EKG (UK &UYS)

3. Pre-production (Alpha) Prototype ready in November 2007
4. Manufacturing prototype Version 1 2008

5. FDA Approval Process and Redesign for Manufacture (2009)

S. Raghu
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Example 1. Atrial Fibrillation Monitor produyct

. . TRL 8
TRL 2 12. Complete reduction to practice
I . 13. Complete Non-Provisional patent
nvention application (2-3 months) 5. Finish aloh b
1. Notebook entry 14. Assemble team to do further work - InIshraipha-version o
product
6. Provisional Application o i 22.tGet feedback from
7. Start reduction to practice o ISR IO SULSITIEE
development l
2003-2006 2006 Nov 2006 Dec 2007 Jan 2008 April 2012

I A A 1 A

2. Literature Survey 19. Start manufacturing

3. Invention Disclosure Form ggnsllgerajuon, 100?1:101’1
4. 1dentify patent attorney . Identify suppliers,

5. Check regulatory issues sub-contrgctors ,
21. Permits and Licenses

8. Develop product ideas 16. Finish bread-board version VAL T8 s o o
9. Conduct market research of product (TRL 4) product
10. Identify and contact potential ~ 17. Obtain requirements from 25. FDA Approval
sponsors for product development customers 26. Patent might be issued
11. Sign non-disclosure forms 18. Start industrial design and anytime now!
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“Less-useful”’ Patents

Apparatus for facilitating the birth of a child by centrifugal force
- US Patent 3216423

Electrified table cloth US Patent 5107620
Method of exercising a cat US Patent 5443036
Motorized ice cream cone US Patent 5971829

Mouse device with a built-in printer US Patent 6650315
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What is this?

A ? - ‘ ; > :
If, your rung_n’g ”‘ﬁpdows @E@,ﬂm comes alpoint whengyouire
probabl, gomg?fo EVE @ ’CtrI+AIt+eI“,but whyl (bother, using
yourg fmgers tojdo]it yousvelgotsal perftl\,( a_?gned stick{toldo it

-M"”, -

http://wildammo.com/2012/04/19/10-interesting-but-useless-inventions-you-may-or-may-not-want/#8
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NASA Press Release

“NASA Chooses Demos For Next Phase Of Green Aircraft
Program ” — Aviation Week News — January 11, 2013

“....The active flow-control experiment will flight test sweeping-
jet actuators on the vertical tail to increase rudder
effectiveness. Increasing the sideforce on demand by making
the rudder more effective will allow the tail to be smaller,
reducing drag and weight.

The goal is to increase the side force by 20%, for 1-2%
fuel saving. Wind-tunnel tests have demonstrated a 50%
improvement. The flight test is planned for 2014-15.”
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Why do we need inventions and new products?

«Improve quality of life — “useful”

Commercialization for economic benefit — profit, to be more
specific.
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What are you inventing?

New Technology? (Method and Apparatus or Process)
“Technology is a capability that can be used in a product.”
Example: Laser

(When lasers were invented in 1960, they were called "a solution looking
for a problem”)

OR
A New Product? (Apparatus)
“makes use of existing or new technologies”

Optical readers/scanners, laser-based eye surgery systems, laser pointer,
measurement systems, golf trainer, laser machining, etc.

A new product has a customer and a market in mind

S. Raghu 68
Entrepreneurship Workshop for Physicists and Engineers
ICTP, Trieste, Italy

31 March — 4 April, 2014



“PITFALLS IN COMMERCIALIZATION”

4. Found applications but products not successful in market
too expensive, too complicated, too big, too small, “crazy’ ...
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