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First Flight: QuesTek Ferrium S53°®
T-38 main landing gear piston
December 17, 2010

Material approval: November 2009
Component approval: August 2010

Component installation: November 2010
First flight: December 2010
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A) Cybersteel 2020 (ONR-DARPA D3D; AM)

B) HT Carburizing Steels (DOE-OIT; GM)

MTL/SRG

C) Cyberalloys/SMA (NASA, ONR, DARPA, MDT, GM, Ford/Boeing)
D) Bulk Metallic Glasses (DARPA-SAM, ONR)
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Hierarchy of Design Models

Solidification .«
X Design DICTRA
SEM/EDS TC/APL

TC/MART
CASIS, MAP

LM, TEM
MQD, DSC

ABAQUS/SPO

TC, AV
SANS, XRD

APFIM, AEM
5, H _{ TC(Coh)/DICTRA

| PrecipiCalc™
 ABAQUS/EFG

SAM
Ksa(AY)



CyberSteels to Market

AMS5922

S53 Stainless
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AMS6517 Ferr
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UHS Stainless Steel for Landing Gear

Accidents by Aircraft System
Commercial Jet Transport Aircraft
1958-1993

10 O Windows
& Air Conditioning
B Autoflight
13 M Electrical Power
15 B Navigation
16 B Engine Exhaust
O Stabilizer
22 & Doors
27 O Fuel system
33 B Nacelles/Pylons
37 O Power Plant
39 B Equip/Furnishings
M Structures
40 O Hydraulic Power
42 M Flight Controls
W Wings
85 B Fuselage
100 M Engine
185 O Landing Gear
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Occurences
Source: FLIGHT SAFETY FOUNDATION-FLIGHT SAFETY DIGEST-DECEMBER 1994

Issues:
Over 5200M spent in LG per year
80% corrosion related SCC failures
Cad plating used to protect current steel
Known carcinogen (AF 2000 Ib/yr)

SCC failure

HE failure

Stainless Benefits:

Dramatic reduction in LG cost (60%=
S$120M per year)

Significant reduction in SCC failures
Cadmium plating not required
General corrosion mitigated

80% of Steel Condemnations Avoided



S53 System Flow-Block Diagram
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S53 Robust/Sensitivity Analysis with
Compositional Variation

Variations of:

Structure — carbide solvus Ts, martensite
Ms, precipitation control AG’s

Property — hardness HRc, toughness CVN

Results of 1000 runs (12 minutes on a Pentium IV 2.2GHz CPU)

Compositional Variations
(wt%, £60):

C +£0.01 Cr £0.2 Mox0.1
W £0.1 Co £0.3 Ni 0.1
V $0.02

Probability Distribution for CVN Probability Distribution for DG({M2C) Probability Distribution for DG(Intermetallic)
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Weight Fraction Solute in FCC

Ferrium S53 — Design For Scale
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S53 AIM Analysis for UTS
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S53 Development Milestones &
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=§ Dec 00 — ALGLE Bridge March 03 — ESTCP LG Jan 07 — Carpenter Oct 07 — Latrobe
= Program starts Program starts license completed license completed
[T
f June 01 — SERDP Phase Il June 06 — ESTCP RGA I /
B " Program starts Program starts Dec 08 — DoD Corrosion
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9o Program starts ALGLE and MSD Projects start AIM Project starts
a s
€9 / / \ I 7\ \ \ \ I
'g 5 Nov 00 —Series 1 & 2 designs June 02 - Series 6 designs Jan — 04 S53 manufacturing
E_ ‘ﬁ demonstrate tensile properties demonstrate all mechanical specification released for
o § in 300 Ib heats. property goals \ production
< 1 1 A1 N7 I
Jan 01 - Series 3 designs June 03 - S53A demonstrates
determine melt practice scale-up of tensile properties.
specifications 4‘
Dec 99 " : L : | N - -Z - amn
[ = _qst g L’—‘ _ ath .
2 Jan 05 = 1% production 553D Sept 06 4™ production Jan 07 — 7th & 8th Feb 07 — 9t & 10% Dec 07 — AMS
4] meets specification and heat is out of spec and is 1
= . heat completed. heat completed complete.
= quality tests. scrapped.
s — Z /S L / |V |
g v _cthg gth _ i _
z s Feb 05 — 2" production heat is Feb 06 — 3" heat completed. Nov06 —>5%&6 MEIED O =P Gt Apr 08 = MMPDS
2% . heat completed. complete. complete
< 9 completed and ships. L , . Y
2 Oct 0.6 - A”\./I driven process Nov 07 — 11th heat completed. Sep 09 — AF matls. ERB approval
reoptimization completed.
58 = —7 4 /L
B § Dec 05 — 15t A10 drag brace April 08 — A10 MLG May 09 — T38 MLG fatigue rig Aug 09 — T38 MLG limit and
EE 9 completed. testing complete. testing complete. ultimate tests complete.
= /7 Z | ~ Z /
S Feb 06 — Forgi Aug 08 — A10 MLG /
E dZmonstra(t)i;gr:ncgom lete lljglification complete SRt SRR LCIERE
s plete. q plete. Planned - First Flight
Q.
€ .
S Design AIM




o structure

NAVAIR: N68335-07-C-0302
and N68335-08-C-0288

Navy/ONR: N00014-05-C-0241 _

NAVAIR: N68335-05-C-0207 and
N68335-07-C-0108

JSF

free High Strength
Cuprium™

ONR: N00014-07-M-0445 STTR-|
Seahawk
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Prognosis Smart Steel

CVN21

CS130 Deck Steel

ONR: N00014-05-M-0250

NAVAIR: N68335-06-C-0339

NAVAIR N68335-10-C-0174
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ONR: N00014-09-M-0220

Naval EM

Technology Transfer
q] sl Navy Alloy Designs

OSD N00014-09-M-0400

High-Strength, Anodize-Free,
SCC-Resistant i

SCC-Resistant Structural Al

Marine Corps: M67854-10-C-6502

Future Lightweight Medium
Machine Gun
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NAVAIR N68335 10 C-0229
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