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High strength corrosion resistant steel for critical high stressed aircraft landing gears and 
structures competes with Ti-6Al-4V alloy due to its high specific strength, high fatigue 
strength, good toughness and corrosion resistance.

By Dr. Gregory Vartanov, AMD Corp.

Aircraft landing gears and structures 
are subject to severe loading, corrosion, 
adverse environmental conditions and 
have complex shapes which vary from 

High strength corrosion 
resistant steel competes with 
Ti-6Al-4V alloy 

thin to thick sections. High strength steels 
and high strength titanium alloys are 
widely used for high stressed aircraft 
landing gears and structures. The main 

criterion for choosing these high strength 
materials is their specific strength, a ratio 
of tensile strength to density, as well as 
fatigue strength, and toughness. 
High strength titanium alloys such as 
Ti-6Al-4V, Ti-10V-2Fe-3Al, Ti-5Al-2Sn-
2Zr-4Cr-4Mo are excellent candidates for 
aircraft landing gears and structures due 
to their high specific strength, high fatigue 
strength, good toughness, and excellent 
corrosion resistance. However, their high 
cost limits applications of these alloys.

Description
Proposed quenched and tempered high 
strength corrosion resistant steel 
(“HSCR steel”) is applicable for 
manufacturing critical high stressed 
aircraft landing gears and structures 
due to high specific strength, high 
fatigue strength, good toughness, and 
corrosion resistance [1]. HSCR steel can 
be manufactured as wrought product 
(bar, plate), and powder metallurgy 
product. 

Table 1. Room temperature mechanical properties of: forged HSCR steel hardened by 
quenching, refrigerating, and tempering (QRT); forged Ti-6Al-4V (Ti-6-4) alloy hardened 
by solution treating and aging (STA) [2].

Forging + Hardening HSCR Ti-6-4

Density (ρ), kg/m3 7850 4470

E, GPa 215 115

Specific stiffness (E/ρ) 27.389 25.727

UTS, MPa 2035 1140

Specific strength (UTS/ρ) 0.259 0.255

YS, MPa 1560 1040

Fatigue limit (107 cycles), MPa 780-800 500-750

El, % 10-12 10

RA, % 36-42 35

K1C, MPa m 65-77 65-85

CVN, J 24-30 17-22
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Premium quality wrought product 
can be produced by vacuum melting 
of ingots, including AOD-VAR, VIM-
VAR, VIM-ESR followed by hot forging. 
Powder of the HSCR steel can be 
produced by atomization processes, 
including vacuum atomization.
Landing gears and structures can be 
produced by: hot forging/pressing 
of bars followed by machining and 
hardening; hot isostatic pressing of 
powder material (PM HIP) followed by 
machining and hardening.
Hardening of the HSCR steel consists 
of austenitizing and quenching, 
optionally refrigerating, and tempering 
at low, medium, and high temperature 
(secondary hardening) that depends on 
the required properties. 
HSCR steel and the high strength 
titanium alloys are two options 
for critical high stressed aircraft 
components due to their high specific 
strength. These two materials have their 
advantages as well as shortcomings.
Comparison of the properties of Table 1 
shows that HSCR steel has:
•  Slightly higher specific stiffness and 

specific strength
•  Higher fatigue limit 
•  Same fracture toughness
•  Higher impact toughness

Superior strength
The forged and hardened by quenching, 
refrigerating, and tempering at high 
temperature HSCR steel has significantly 
higher elevated temperature strength 
than the forged and hardened by STA 
Ti-6-4 alloy. The forged HSCR steel has 

better workability and machinability than 
the forged Ti-6-4 alloy. However, the 
forged Ti-6-4 alloy has better corrosion 
resistance than the forged HSCR steel.
Aircraft landing gears and structures 
made by hot forging of the Ti-6-4 alloy 
can be substituted with the same weight 
products made by hot forging of the 
HSCR steel without sacrificing stiffness, 
durability, and lifetime. Projected cost 
of production of aircraft landing gears 
and structures made from the forged 
HSCR steel is 120-200% less than the 
cost of the same weight products made 
from the forged Ti-6-4 alloy.
The near net shape (NNS) of PM HIP 
allows for the manufacturing of various 
types of the complex shape products [3]. 
The process supplies precise geometry 
of the products and properties that are 
closed to the forged products. Cost of 
PM HIP products is generally higher than 
the cost of the forged products; however 
small batches of the large section 
products are economically feasible to 
produce by PM HIP rather than forging 
of the melted ingot. Manufacturing of the 
aircraft landing gears and structures by 
PM HIP of the HSCR steel allows for high 
quality to be achieved at a reasonable 
cost. The cost and properties of the 
PM HIP products made from the HSCR 
steel competes with the cost and 
properties of the PM HIP products made 
from the high strength titanium alloys.
Comparison of the properties of Table 2 
shows that HSCR steel has:
•  Slightly higher specific stiffness and 

specific strength
•  Higher fatigue limit 

•  Same fracture toughness 
•  Higher impact toughness
HSCR steel has significantly higher 
elevated temperature strength, better 
workability and machinability than Ti-6-4 
alloy. However, Ti-6-4 alloy has better 
corrosion resistance than HSCR steel.
Aircraft landing gears and structures 
made by PM HIP of the Ti-6-4 alloy can 
be substituted with the same weight 
products made by PM HIP of the HSCR 
steel without sacrificing stiffness, 
durability, and lifetime. Projected cost of 
production of aircraft landing gears and 
structures made by PM HIP of the HSCR 
steel is 60-100% less than the cost of the 
same weight products made by PM HIP 
of powder of PM HIP of the Ti-6-4 alloy.

Conclusion
HSCR steel is proposed as a material for 
aircraft landing gears and structures. Hot 
forged Ti-6Al-4V alloy can be substituted 
with the same weight forged HSCR steel 
without sacrificing stiffness, durability, 
and lifetime; projected cost of the forged 
HSCR steel is 120-200% less than the cost 
of the forged Ti-6Al-4V alloy.
PM HIP of the Ti-6Al-4V alloy can be 
substituted with the same weight PM HIP of 
the HSCR steel without sacrificing stiffness, 
durability, and lifetime; projected cost of 
PM HIP of the HSCR steel is 60-100% less 
than the cost of PM HIP of the Ti-6Al-4V 
alloy.
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Table 2. Room temperature mechanical properties of PM HIP of the HSCR steel 
hardened by quenching, refrigerating, and tempering (QRT) and PM HIP of the Ti-6-4 
alloy hardened by solution treating and aging (STA).

PM HIP + Hardening HSCR Ti-6-4

Density (ρ), kg/m3 7850 4470

E, GPa 210 110

Specific stiffness (E/ρ) 26.752 24.609

UTS, MPa 2000 1100

Specific strength (UTS/ρ) 0.255 0.246

YS, MPa 1520 1000

Fatigue limit 
(107 cycles), MPa 700-750 500-700

El, % 10 9

RA, % 36-40 30

K1C, MPa m 60-75 60-80

CVN, J 20-24 15-20


