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Special Recognition

VEXTEC extends its appreciation to EB Airfoils, LLC

EB Airfoils had the foresight to recognize the benefits of using

Computational Simulations to dramatically reduce the 

Cost and Time associated with FAA certification

www.ebairfoils.com

http://www.ebairfoils.com
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Executive Summary

Ø VEXTEC Virtual Life Management (VLM) Simulations can be 
used in place of traditional time consuming and expensive 
physical testing presently associated with FAA certification.

Ø The time required in preparation of FAA certification can be 
reduced to 60 – 90 days due to the use of a full fleet 
reliability simulations.

Ø At the blade operating conditions, the EB Airfoils repaired 
blade has similar fatigue durability as a pristine (unrepaired) 
blade.

Ø The fatigue lives of the blades in the vibratory modes of 
interest are statistically equivalent in terms of mean and 
standard deviation.
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By simulating how materials behave at the microstructural level….

VEXTEC accurately predicts the durability and true lifetime cost of a 
single part…a whole product line…or an entire fleet

VEXTEC Corporation

ü Component Durability Life Cycle Simulations
Simulate full durability life with limited testing

ü System Level & Reliability Simulations
Simulate long term reliability and sustainment affects
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Traditional Fatigue Analysis

Fatigue Life b
f aN Aσ=

Empirical Methods

ü Traditional life analysis requires significant testing at various 
loads to establish S-N curves

ü Each test is discrete – not applicable to “What If” scenarios

Good Only for Tested Geometry/Conditions
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VEXTEC Technology Approach

Ø Physics Based Microstructural Modeling
ü Models the material at a fundamental level
ü Loading and environment become extrinsic to the material model
ü Established material libraries used directly in fatigue analysis

Ø Computationally Efficient
ü Probabilistic analysis of material properties
ü VBE™: Variability-Based Engineering
ü Analysis performed on Personal Computers

VEXTEC Generic Ti 6-4 SEM
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VEXTEC Physics of Failure Modeling
ü Physics-based microstructural model 
ü Combine computational and statistical methods 
ü Statistically representative elements
ü Micromechanics

Not Limited by Geometry or Loading
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Engine Blade Repair Simulation

for EB Airfoils, LLC
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Program Objective

Ø EB Airfoils has developed a repair process for the 1st Stage Fan 
Blade and contracted VEXTEC to determine the durability of one 
of the repaired blades in parallel to their normal evaluation 
process

Ø VEXTEC Objectives:
Ø Develop microstructure-based, probabilistic model for the pristine 

(original) and repaired blade
Ø Construct Durability simulations to compare both blade conditions

Objectives were met !
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VEXTEC Material Model is Accurate 

Ø Performed Lab Work on Repair
ü Optical metallography 
ü SEM of weldment

Ø Outcome of Lab Evaluation
ü A gradient microstructure exists 

both chord-wise and span-wise

Ø Conclusion
ü Existing VEXTEC Ti 6-4 

micromechanics model is 
appropriate and can accurately 
evaluate the gradient 
microstructure
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S-N Curve as Expected

0

20
40

60
80

100
120

140

1.00E+04 1.00E+05 1.00E+06 1.00E+07

Cycles

M
ax

 S
tr

es
s 

(k
si

)

20 Micron Parent
5 Micron Fine
700 Micron Coarse

üFine Grain Better in HCF; Coarse Grain Better in LCF



13VEXTEC PROPRIETARY

Design Space well within Limits
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Simulation Results as Expected

Ø Simulations produced for Parent Metal, Coarse Grain and 
Fine Grain Microstructures

Ø Outcome of Micromechanical Predictions
ü The coarse grain microstructure damage tolerance is 

generally better than parent material 
ü Conversely, the fine grain microstructure fatigue behavior

is generally better than parent

Grain size variability can impact the fatigue behavior
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Blade Simulation Process

Specific 
Material 
Models

Specific
Micromechanical 

Models

Fan Blade S/N CurvesSpecific
FEA Models

Ø Vibratory modes 4 and 7 analyzed

Ø Fan Blade Durability Simulation 
ü Produced S-N curves in each mode for 100 blades at each 

stress level
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Repaired Blade as good as Pristine Blade
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Mode 4: Goodman Diagram Acceptable
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Repaired Blade as good as Pristine Blade
Vibratory Mode 7
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Mode 7: Goodman Diagram Acceptable
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EB Airfoils – Summary

Ø At the blade operating conditions, the EB Airfoils repaired 
blade has similar fatigue durability as a pristine 
(unrepaired) blade.

Ø The fatigue lives of the blades in the vibratory modes of 
interest are statistically equivalent in terms of mean and 
standard deviation.

Ø VEXTEC Virtual Life Management (VLM) Simulations can 
be used in place of traditional time consuming and 
expensive physical testing presently associated with FAA 
certification.

Ø VEXTEC Simulations provide for virtual testing of an 
entire fleet under expected operating conditions instead 
of a limited number of physical specimen samples.
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FAA Certification Process
for Major Engine Repairs
14 CFR Part 33
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FAA Certification Process for Major 
Engine Repairs
14 CFR Part 33

Applicable FAA National Policies and Guidance

Ø FAA Order(s) 8110.37D, 8110.54, 8300.14
Ø FAA Advisories AC 33.2B, AC 33draft XX, AC 33-75-1, 

AC 43-18 Chg 1, AC 43-210, & AC 120-77
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AC120-77

AC 120-77 Maint
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AC33draft 
Appendix

AC 33draft 
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AC 33 draft XX –
Template 3- LP/ 
HP Comp Blades 
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FAA Order 
8300.14
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FAA Order 
8300.14
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FAA Order 
8300.14
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FAA Order 
8300.14
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FAA MAJOR REPAIR CERTIFICATION PLAN

1. Determine the certification basis of the component
2. Determine the Part Classification per FAA National Policy [AC 33 

draft XX, AC 120-77 and  AC 43-18]
3. Determine if any unresolved SDR’s
4. Determine if any applicable AD’s
5. Determine with your project ACO if CMACO coordination will be 

required
6. Determine extent of test plan and analysis
7. Determine with your ACO designee authority and involvement for 

the project data approvals
8. Communicate with cognizant FAA FSDO on project
9. Post Approval review
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Thank you!

Durability & Reliability Simulations

www.vextec.com

http://www.vextec.com

