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Agenda

ÅSBIR program overview

ÅQuesTek background

ÅFerrium C64

ÅFatigue initiation and microstructural fatigue modeling

ÅImpact of HIP on fatigue

ÅC64 results
ï Axial fatigue

ï Single tooth bending fatigue

ÅConclusions
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ñFatigue Resistant Martensitic Steel for Rotorcraft 

Drive Train Componentsò

Å Army-funded SBIR program - Topic No. A10-035

Å Phase I project - Contract No. W911W6-11-C-0007

Å Phase II project - Contract No. W911W6-11-C-0053

Å Program Officer - Matthew Spies & Clay Ames

Å Phase I 

ï Ferrium C64 steel was developed to improve bending and contact fatigue 

resistance 

ï Developed novel hot isostatic pressing (HIP) technique to improve interfacial 

cohesion between nonmetallic inclusions and steel matrix

ï ~40% improvement in mean fatigue life behavior 

Å Phase II

ï Optimize HIPping process

ï Manufactured Ferrium C64 specimens (axial and single tooth bending fatigue) 

that were testing against incumbents (Pyrowear X53)

ï Statistical analysis shows HIPping significantly improves C64 fatigue (axial) 

performance
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Background - QuesTek Innovations LLC

Å Founded 1997

Å 15 employees (7 with PhDs)

Å A global leader in computational materials design:
ï Our Materials by Design® technology and expertise applies Integrated 

Computational Materials Engineering (ICME) tools and methods to 
design new alloys 50% faster and at 70% less cost than traditional 
empirical methods

ï Aligned with President Obamaôs Materials Genome Initiative

Å Creates IP and licenses it to alloy producers, processors or 
OEMs

Å 30+ patents awarded or pending worldwide

Å 4 computationally-designed, commercially-sold alloys

Å Designing 10+ new Fe, Al, Cu, Ni, Co, Nb, Ti, Mo and W 
based alloys for government and industry
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Design material as a system to meet customer-defined 

performance goals

e.g. this ñDesign Chartò for Ferrium C64 was developed 

under a contract resulting from U.S. Navy Solicitation 

Topic #N05-T006.

Computational Materials Design Overview
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Ferrium® C61® and C64® property comparisons

C61 = AMS 6517

C64 = AMS 6509
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Å Rotorcraft 

ï Upgrades e.g. V-22

ï New platforms e.g. CH-53K

ï Evaluation in new U.S. Army-funded 

Future Advanced Rotorcraft Drive 

Systems (FARDS) program

Å Weight/size-sensitive or high-

temperature ground vehicle 

drive assemblies

Å Bearings

Å Vehicle plate armor

Å Other TBD

Potential platform applications for C64ðexamples

V-22

Platform Sponsor for SBIR

V-22 Future Upgrade

CH-53K
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All four are double-vacuum-melted VIM/VAR steels:

Ferrium S53®

Licensee #1 - Feb. 2007:

Licensee #2 - Dec. 2007: 

Ferrium C61Ê and C64Ê 

Licensee #1 - Nov. 2009:

Ferrium M54

Licensee #1 - April 2010: 

More Licensees are Anticipated
QuesTek is creating robust, competitive supply chains

Commercializing new alloys through licensees
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Tooth Fracture Surface Mating Fracture Surface

Alumina particles

Clusters of debonded particles on fracture surface

Ben Tiemens, PhD 

Thesis, NWU, 2006

C61 ï

G1T6

Crack formation at inclusions

(4340 steel with MnO-SiO2-Al2O3 inclusions)
(Figueroa, et. al., 1983)

Introduction: Fatigue crack nucleation at inclusions

Extensive experimental 

evidence is available on 

fatigue crack initiation at 

non-metallic primary 

inclusions in processed high 

strength steels

Fatigue crack nucleation and small crack growth at primary inclusions consumes a significant portion of 

service life (~70-90%) under high cycle fatigue (HCF) 

(Lankford and Kusenberger , Met. Trans A, 1973)

Influence of residual stress 

and inclusion type on crack 

nucleation site


