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| is usually used

in the 280 to 300 ksi ultimate tensile strength range. The prime candidates for supplementing the
low-alloy steels in current use, are AF1410 and AerMet 100. They are highly alloyed, martensitic
precipitation/age hardening alloys (maraging steels).



https://saenorm.com/api/?name=5b6cb41a1a6702d6067f8e92045c0c18

SAE AIR5052

4. MATERIAL PROPERTIES:

4.1 Mechanical Properties:

4.2

4.3

Comparisons of several mechanical properties for AF1410, AerMet 100, and 300M are shown in
Figures 1 through 6 (1). For illustration, properties for H11 medium-alloy steel and Hy-Tuf steel

are included. In general, AerMet 100 exceeds 300M for yield strength and fracture toughness at
an equal or greater ultimate tensile strength. AF1410 falls slightly lower than 300M for yield and

tensile streng

ths at a much greater fracture toughness. (2)

Fracture Tou

AF1410 and
capabilities.

value is compared to 105 ksivin at 285 ksi UTS for AerMet 100 and ‘440 ksivin

AF1410. Sin
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Fatigue Prop
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Test Conditid

The fatigue b

inert and corrfosive environments. The’AerMet used in this study was initially fg

and annealed

1. Solution freatment at 1625/°F for 1 hour and air cooling

2. Deep free
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Material Prof

MNress.

AerMet 100 alloys offer significant advantages over 300M infractd
Typical Klc fracture toughness values are 50 ksivin at 290-ksi UT{
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brties and Crack Growth:
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Yield Strength and Tensile Strength

B 0.2% Y.S. (ksi) B U.T.S8{ksi)

FIGURE 1 - Yield Strength and Tensile Strength
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FIGURE 6 - Axial Fatigue Resistance of AerMet 100
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4.3 (Continued):

Conclusions:

TABLE 1
AMS 6532

Test Sample  Per MIL-HDBK-5F
Yield Strength (ksi) 250 235
Tensile Strength (ksi) 285 280
Elongation (%) 14 10
Reduction of Area (%) 65 55
Klc (ksivin) 115
Modules (1000 ksi) 28.2 28.2
Density (Ib/in%) .285 .285

Based on a study of fatigue crack growth in AerMet 100 steel; tested in dry nitrpgen gas and a

3.5% NaCl s

blution, the following conclusions can be drawn:

1. The fatigyie crack growth resistance of the AerMetr 100 Steel is superior to that of the 300M

steel in inert and corrosive environments.

2. The signi

(a) Near

icant features of fatigue crack.growth in the AerMet 100 steel are

hreshold fatigue crack growth rates, below 10E-6 in/cycle, are fagter in dry nitrogen

gas than in a 3.5% NaCl solutien due to corrosion product induced crack closure.

(b) Fore

less ip dry nitrogen gas'than in a 3.5% NacCl solution.

hch of the employed 'stress ratios, R = 0.1, 0.5 and 0.8, the delta K threshold value is

(c) The larger thestress ratio, the greater is the near-threshold fatigue cragk growth rate and

the smaller is-the delta K threshold value in both environments.

(d) At hi

qh fatigue crack growth rates, above 10E-6 in/cycle, the effects of gnvironment and

stressTatio are suosrantiauy reauced.

(e) The near-threshold fatigue crack growth behavior in a 3.5% NaCl solution is attributed to a

mech

anism involving corrosion-product-induced crack closure.

See Figures 7 through 14. (7)

-10 -
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FIGURE 7 - Variation of Fatigue Crack Growth Rate, da/dN, with Stress Intensity
Range, AK, for Stress Ratio R = 0.1, 0.5 and 0.8 in Dry Nitrogen Gas
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FIGURE 10 - Variation of Fatigue Crack Growth Rate, da/dN, with Stress
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FIGURE 11 - Variation of Fatigue Crack Growth Rate, da/dN, with Stress
Intensity Range, AK, for Stress Ratio R = 0.5 in Dry Nitrogen Gas and a 3.5% NaCl Solution
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FIGURE 12 - Variation of Fatigue Crack Growth Rate, da/dN, with Stress
Intensity Range, AK, for Stress Ratio R = 0.8 in Dry Nitrogen Gas and a 3.5% NaCl Solution
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FIGURE 13 - Variation of Fatigue Crack Growth Rate, da/dN, with Stress
Intensity Range, AK, for AerMet 100 and 300M Steels in Inert Environments
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FIGURE 14 - Variation of Fatigue Crack Growth Rate, da/dN, with Stress
Intensity Range, AK, for AerMet 100 and 300M Steels in Corrosive Environments
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4.4 Corrosion Resistance:

4.5

The corrosion resistance of the maraging steels, due to their highly alloyed composition, is
superior to that of low-alloy steels. The galvanic compatibility of maraging steels is very similar to
low-alloy steel.

A study was conducted on the corrosion behavior of landing gear steels, AerMet 100, 300M,
AF1410, Hy-Tuf and 4340. It included investigation of immersion corrosion in a 3.5% NaCl
agueous solution, salt spray corrosion in a fog chamber of 5% NaCl aqueous solution and
humidity corrosion using distilled water. The immersion corrosion and salt spray corrosion rates

of AerMet 10memmm

humidity chamber at 120 °F, AerMet 100 did not show any measurable corrosiq

employed tes
rate is 2.0413

Figure 15 sh
square sheet

Figure 16 sh
the beginning

Corrosion pre
Stress Corro

Ultra-high str|
stress corros
thresholds (K

AF1410 stee
reduced susd
steels such a
exposure tim
and has a ve
with 35 Kksivir]

t period of 110 days, whereas 300M is quite susceptible tohumidi
mpy (mils per year) or 0.0447 mdd (milligrams per square decim

DWS immersion corrosion rate expressed by the reductions in size

Dws the salt spray corrosion rates. As for immersion corrosion, the
of the exposure and decreases with time;(10)

tection is required for AF1410 and AerMet 100 steels.

sion Cracking Resistance:

ength steels do not reach.a-true threshold stress intensity at 1000

on cracking tests (10,000’hours or more) are required to establish

Iscc) for these steels:

(Co-Ni) and its\derivatives, 0.20C AF1410 and AerMet 100, show

S 300M, 4340 and Hy-Tuf, and maintain their advantage to a lessg

es up t0:10,000 hours. (300M steel is very susceptible to stress c

y low(stress corrosion fracture toughness.) The Klscc value for 3
forAerMet 100 and 55 ksivin for AF1410 at comparable strengtt

In a 100%

n within the

ty corrosion. Its
bter per day).

and weight of

specimens suspended in the 3.5% NaCl solution‘at room temperature.

rate is greatest at

hours. Long term
stress corrosion

substantially

eptibility to_stress corrosion up to 1000 hours of exposure, compayed to low alloy

er extent for
brrosion cracking
DOM is 10 kisVin
levels. (1) (4)

Highest SCC resistance is associated with the ultra-high strength steels with low carbon, lath

martensite m

icrostructures, with fine M,C type carbides.
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FIGURE 15 - Immersion Corrosion Rates of AerMet 100 Steel and 300 Steels
(a) Size Reduction Rate, (b) Weight Reduction Rate,
(mpy: mils per year, mdd: milligrams per square decimeter per day)
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4.6

4.7

Temperature Capabilities:

The upper boundary of temperature limitations for low-alloy steels is determined by their
tempering temperatures. This is 525 to 625 °F for 300M at the 280 to 300 ksi strength level (3).
The maraging steels, because their hardening mechanism is much different than quench and
tempered steels, can withstand 700 °F for 3000 hours (3). The low temperature boundary for
low-alloy steels is the ductile to brittle transition temperature. This is approximately -100 °F for
300M. At this time, available data indicates no ductile to brittle transition for either AF1410 or

AerMet 100 at -60 °F.

The effect of
cadmium car] operate in service up to 900 °F while ion vapor deposited alufirit
good to 925 qF.

The higher tgmperature capability of the maraging steels could benefit aircraft
results in higher axle temperature limits. Axle temperature limitation is usually
brakes, espetially carbon brakes that operate at higher temperatures. Axle ten
cause comprpmises in design, performance and cost. For.example: heavier h
composite aqle bushings, axle heat shields, and increased.cooling times.

Embrittlement:

300M steel af high strength levels is susceptibleto hydrogen embrittlement, ter
embrittlemenf, and liquid metal embrittlement)(3). The resistance of AerMet 10
hydrogen emprittlement is superior to that.ef 300M steel. This is based on hyd
embrittlemenf testing: Specimens of AerMet 100 and 300M steels were electrg
charged then[ bright cadmium plated to"prevent egress of hydrogen. Tensile te
conducted at|three strain rates and-the hydrogen embrittlement susceptibility w
losses in ultimate tensile and.yield strengths, percent elongation and percent rg
Fractographi¢ comparisons were made between as-received and hydrogen-chg
to determine [changes in-failure mechanisms. (10)

In the uncharged steels, the mechanical properties did not vary significantly wit
24 hour electfochemical charging deteriorated the properties of both steels. Th

temperature on coatings will vary widely depending on the coating.

Diffused nickel-
Im coatings are

brake design if it
h design driver for
hperature limits
pat sinks,

npered martensite
0 steel to

rogen

chemically

5ts were

Aas measured by
duction in area.
irged specimens

h strain rate. The
e ductility and

strength of the‘300M steel dropped off rapidly even at the highest strain rate. |

o ductility

remained at the Towest strain rate. The strength of AerMet 100 did not significantly decrease with

decreasing strain rate. (10)

The fractographic examination showed an intergranular fracture initiation site for the hydrogen-

charged 300M steel. The AerMet 100 steel did not exhibit any intergranular fracture. However,
its fracture surface morphology became more brittle in appearance, and indicated the specimen
was not completely saturated with hydrogen. This indicates the diffusivity of hydrogen in AerMet

100 steel is lower than in 300M steel. (10)

It is recommended that processes appropriate to ultra high strength materials be used with circa

260 ksi maraging steels.
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4.8 Reduced Aging Temperature Properties:

4.9

5. PROCESSABI

5.1 Forging:

875 °F Aged: Comparison of properties for 875 °F (5 h) age AerMet 100 versus standard age
[900 °F (5 h)] AerMet 100 versus 300M yields the following conclusions: (See Figures 17 through

24).

Compared with standard aged AerMet 100, 875 °F aged AerMet 100 has 5% higher ultimate
tensile strength, 5% higher yield strength, 20% lower fracture toughness, 12% lower elongation,
5% lower reduction in area, 7% higher compressive yield strength, 9% higher ultimate shear

strength, and

5% higher bearing yield and ultimate strengths.

Compared w

th 300M, 875 °F aged AerMet 100 has 5% higher ultimate tensile strength, 5%

higher yield strength, 90% higher fracture toughness, 77% higher elongation, 155% higher

reduction in 3

(9)
Aging Time:
Aging time is

aged at 900
time exposur

Carpenter Te
Forge on the

launch bar; ahd with Park Drop_Forge/Bendix on the A-12 main gear piston, sh

The B757 lower side strut'was readily forged from a temperature of 1800 °F. |

properties of
Scale format

Quality B747

b at aging temperature is questionable.

LITY:

rea, 14% higher compressive yield strength and 9% higher ultim

critical for AerMet 100. The ultimate tensile-strength is lower tharn
F for more than 6 hours. The retention of’a compressive residual

chnology Corp. conducted forging studies on AerMet 100 in conju
B757 lower side strut\and B747 main gear upper strut; with Shultz

the forging met requirements of AMS 6532 and equaled or excee
on appeared less severe than in 300M.

upper strut forgings were obtained using forging temperatures sir

e shear strength.

280 ksi if it is
stress after long

nction with Ladish
Steel on the A-12
bck strut.

Viechanical
led the billet.

hilar to 300M with

mechanical p

roperties equal to or exceeding the minimum requirements ot AM

formation appeared less severe than in 300M.

6532. Scale

A-12 launch bar forgings were readily forged within a temperature range of 1650 to 2050 °F. A
forging temperature of 1850 °F appeared to provide the optimum combination of mechanical
properties, grain size and depth of scale penetration and decarburization. Mechanical properties
equaled or exceeded the minimum requirements of AMS 6532. It was suggested that AerMet

100 forgings

be normalized.
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FIGURE 17 - Strength Comparison
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FIGURE 18 - Ductility Comparison
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FIGURE 19 - Fracture Toughness Comparison
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FIGURE 20 - K,/Y.S. Ratio Versus Tensile Strength
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FIGURE 21 - Shear Strength Comparison
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FIGURE 22 - Compressive Yield Strength Comparison
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