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Purpose of TRL Briefings
The TRL methodology was introduced to the ARIES 
project a year ago and the project immediately 
embraced the concept.
In March of 2008, an ARIES team briefed OFES who 
then wanted to introduce the concept to FESAC
Mark Tillack and David Whelan, Chief Scientist for 
Boeing defense branch presented the TRL 
methodology, capabilities and Boeing utilization to 
FESAC

FESAC was very interested in the TRL approach and stated 
that several Research Needs Workshops (ReNeW) are 
applying this methodology in their technology assessments 
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Role of R&D in BCA
• Description:  Boeing, a World leader in commercial aviation
• Mission:  Provide products and services to allow 

passengers to fly where they want to go, when they want to 
go

• Strategy:  Deliver superior design, efficiency, and support 
to customers and passengers
– Continuous improvement
– Insertion of new technologies
– Adapt technologies from Phantom Works to commercial 

aerospace environment

http://rds.yahoo.com/_ylt=A0WTb_hP03RJ2zQADnSJzbkF;_ylu=X3oDMTBpdnJhMHUzBHBvcwMxBHNlYwNzcgR2dGlkAw--/SIG=1knork3r1/EXP=1232479439/**http%3A//images.search.yahoo.com/images/view%3Fback=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253Fp%253DBoeing%252B787%2526sp%253D1%2526fr2%253D%2526y%253DSearch%2526ei%253DUTF-8%2526fr%253Dmy-myy%2526x%253Dwrt%2526js%253D1%2526ni%253D21%2526ei%253DUTF-8%2526SpellState%253Dn-2431696590_q-OQiGmBZlNKYeuCltZbmYTAAAAA%2540%2540%26w=1200%26h=886%26imgurl=www.abacuspub.com%252Fb787%252Fboeing_01.jpg%26rurl=http%253A%252F%252Fwww.abacuspub.com%252Fcatalog%252Fs658.htm%26size=172.7kB%26name=boeing_01.jpg%26p=Boeing%2B787%26type=JPG%26oid=db5326efe25778f8%26no=1%26tt=16,917%26sigr=11938lilr%26sigi=114tb1f08%26sigb=15gssqdl0
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Role of R&D in IDS
• Description:  Combine weapons and aircraft 

with intelligence, surveillance, communications, 
architectures, and integration.

• Mission:  Understand needs, provide solutions
• Strategy:  Use technology to improve existing 

solutions and deliver new solutions
– Continuous improvement
– Insertion of new technology
– Adapt technology from Phantom Works to 

military environment

http://rds.yahoo.com/_ylt=A0WTb_nD03RJcVkBO2CJzbkF;_ylu=X3oDMTBpdnJhMHUzBHBvcwMxBHNlYwNzcgR2dGlkAw--/SIG=1nhp5nbpj/EXP=1232479555/**http%3A//images.search.yahoo.com/images/view%3Fback=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253Fp%253DF-15E%252Bsonic%252Bboom%2526fr%253Dmy-myy%2526ei%253Dutf-8%2526x%253Dwrt%2526y%253DSearch%26w=500%26h=359%26imgurl=static.flickr.com%252F2227%252F1616473938_a7d96548dc.jpg%26rurl=http%253A%252F%252Fwww.flickr.com%252Fphotos%252Fmagic_man%252F1616473938%252F%26size=59.3kB%26name=Color%2BSpectrum%2B--%2BF-15E%2BStrike%2BEagle%26p=F-15E%2Bsonic%2Bboom%26type=JPG%26oid=4c55d06abc425076%26fusr=Magic_Man%26tit=Color%2BSpectrum%2B--%2BF-15E%2BStrike%2BEagle%26hurl=http%253A%252F%252Fwww.flickr.com%252Fphotos%252Fmagic_man%252F%26no=1%26tt=1%26sigr=11il58pe4%26sigi=11gg4beeu%26sigb=131p51b21%26sigh=117ag6knv
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Role of R&D
in Phantom Works

• Description:  Boeing advanced R&D unit
• Mission:  Provide solutions that improve 

aerospace products and services.
• Strategy:  Two team types

– Technology teams: engineering,   
information, and manufacturing

– Strategy teams: new business
– Both examine technologies for fit with  

Boeing business or potential business
– Selected technologies matured to          

“flight-quality”

http://www.boeing.com/phantom/news/2007/q3/070726c_nr.html
http://images.google.com/imgres?imgurl=http://www.geocities.com/spacetransport/images/x43-1_diag.gif&imgrefurl=http://www.geocities.com/spacetransport/tech-x43.html&usg=__JhvNqp9FMn5ZjdtbFlu10zNBFDc=&h=322&w=450&sz=38&hl=en&start=3&tbnid=SjHhz68s7kLrkM:&tbnh=91&tbnw=127&prev=/images%3Fq%3Dx-43%26gbv%3D2%26hl%3Den%26sa%3DG
http://www.globalaircraft.org/photos/planephotos/x-43_2.jpg
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• Features
– Unique procedures per company and division
– Product maturation in terms of passing tests
– Which tests, in what order, was matter of experience

• Benefits
– Worked well enough once teams experienced

• Drawbacks
– Terms not well defined and no common terminology
– Numerous In-Scope vs Out-of-Scope debates
– Considerable learning curve
– Innovation reset learning curve

Aerospace R&D Management
before TRL’s



ARIES Project Meeting, L. M. Waganer, 21-22 Jan 2009Page 8

Impact of Implementing
Immature Technologies

1. Late technology maturation raises expected cost
2. Late maturation stretches planned schedule
3. Costs skyrocket,  Schedule loses meaning,  

Technology maturation fails to follow plan,  
Changes ripple through project design late in 
program cycle

4. Failed technologies replaced by fall-backs
5. Project (often) fails to meet requirements
6. Program (often) canceled
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Managing Innovation in 
Development

• Current TRL of needed technologies

• Time to get to desired TRLs

• Risks to reaching desired TRLs

• Consequences of failing to reach TRLs

• Mitigation of risks

Managers must know:
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TRLs in Definition and Risks

TRLs facilitate these steps

• Program Definition and Risk Reduction 
(PDRR) of a major development effort is 
characterized by:
– Understanding “What” and “How”
– Defining requirements to fill urgent user need
– Maturing and incorporating new technologies
– Performing on an aggressive schedule
– Using success-oriented budgetary projections
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Example: Fly-By-Light 
Optical Voltage Sensor

ECD Actual Plan:
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Mitigation Plan Status:
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Likelihood Rationale:

Consequence Rationale:

Photonic sensors for electric field that have the required time resolution and 
field sensitivity may not be developed successfully. 

The physical effect in the sensor design is well known however, it has 
not been applied before to this purpose with such stringent performance requirements.   

The consequence of not successfully developing the planned 
sensor is the use of much less compact photonic technologies, with consequent 
difficulty of integration into the system. 

Some evidence of sensitivity  to optical mode shifts. If so, 
address in H-Bridge design in the Validation Phase.  Risk item is closed. G

Program
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1=1-Identify source of sensor material expected 
to deliver needed polarization rotation with the 

required transparency in the expected electric fields

7/31/03 8/18/03

2=2-Design functional and compatible optic and 
electric circuits for sensor.

9/15/03 9/9/03

3=3-Integrate sensor elements and optics for low 
and high voltage sensors.

11/15/03 11/18/03

4=4-Integrate and test sensors with H-bridge. 8/26/04 8/26/04



ARIES Project Meeting, L. M. Waganer, 21-22 Jan 2009Page 12

• Features
– Simple progress tracking framework
– Applicable from part level through system level
– Maturation still requires passing tests
– Simple framework for order and timing of tests

• Benefits
– Customers and suppliers understand requirements
– Change impacts easier to determine
– Facility needs easier to determine

• Drawbacks
– Effectiveness highly dependent on customer and 

supplier involvement.

Aerospace R&D Management
with TRL’s
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Time for TRLs in Schedule

• Understand Lethality

• Understand Atmospheric Effects

• Establish Adaptive Optics Requirements

• Demonstrate Laser Improvements

• Understand Environmental Impacts

• Demonstrate Full Scale Flight Weight ABL Laser Module

• Demonstrate Active tracking of Boosting Missile

• Demonstrate understanding of Range Variability/Atmospherics

• Demonstrate Simultaneous Fine Track/Compensate Low Power Scoring Beam

• Resolve all Aircraft Integration Issues

• Demonstrate Lethality Against Boosting TBMs

94                      95                    96                 97                    98                     99             00                    01                   02                  03  

Concept Design       PDRR

Most subsystems should reach 
TRL 6 before 10% of total 

funds committed

Program Risk

Resource Commitment
5%               10%                                              60%

Downselect CDRPDR

ATP 1MS I

GND TESTING      FLIGHTGround Testing                            Flight

ATP 2

FY
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• Being incorporated into proposal risk 
management procedures

• Being incorporated into program management 
procedures merging technology and 
application readiness
– Procedure 5157 in Boeing

• Both incorporations include aspects of other 
readiness measures, e.g.
– Manufacturing
– Integration (not yet firmly defined)

– System
– Cost

Aerospace Plans for TRLs
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• TRL concept allows flexibility in definitions in the 
levels according to the needs of different agencies

• DoD definitions differ slightly from NASA definitions
• DoD tailored definitions for different technology areas

– General
– Software
– Biomedical
– Fissile Nuclear Fuel

• DoE - Incorporation of TRLs into Technical Business 
Practices at Sandia National Lab (proposed)

• 2002 – TRLs adopted by British MoD for technology 
management within program and project management

TRL Tailoring
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Conclusion

• TRLs simplify aerospace R&D by 
providing a common language for 
understanding technology maturity and 
by providing a framework for assessing 
technology risk.

• Aerospace industry both adopted and 
expanded on TRL concept
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Summary by Les
• FESAC, OFES and some  ReNeW teams are embracing 

TRLs as a methodology with a metric to assess the 
technology maturity of fusion technologies and quantify 
remaining developmental gaps 

• TRLs provide a framework for assessing technology 
risk.

• Aerospace industry provides the example and expertise 
to help implement and execute the TRL process


	Slide Number 1
	Purpose of TRL Briefings
	Technology Readiness Levels and Aerospace R&D Risk Management
	Role of R&D in BCA
	Role of R&D in IDS
	Role of R&D�in Phantom Works
	Aerospace R&D Management�before TRL’s
	Impact of Implementing�Immature Technologies
	Managing Innovation in Development
	TRLs in Definition and Risks
	Example: Fly-By-Light �Optical Voltage Sensor
	Aerospace R&D Management�with TRL’s
	Time for TRLs in Schedule
	Aerospace Plans for TRLs
	TRL Tailoring
	Conclusion
	Summary by Les

