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Fatigue Characteristics and FEM Analysis of 18%Ni(200) Maraging Steel
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— , Abstract ,

Recently the needs of high reliable substances of high strength and high ductility are gradually increased with the develoment
of aerospace industry. The characteristics of maraging steel has high ductililty, formability, corrosion resistant and high
temperature strength, and is easy to fabricate, weld and treat with heat, and maintain an invariable size even after heat
treatment. The steels are furnished in the solution annealed condition and they achieve full properties through martensitic
precipitation aging a relatively simple, low temperature heat treatment. As is true of the heat treating procedures, aging
is a time/temperature dependent reaction. Therefore, the objective of this study was consideration of fatigue characteristics
according as Nb(niobium) content and time/temperature of heat treatment change. Also the stress analysis, fatigue life,
and stress intensity factor were compared with experiment results and FEA(finite element analysis) result. The maximum
stresses of X, Y, and Z axis direction showed about 2.12x10°MPa, 4.40x10°MPa and 1.32x10°MPa respectively. The fatigue
lives showed about 7% lower FEA result than experiment result showing almost invariable error every analyzed cycle.
Stress intensity factor of the FEA result was lower about 3.5~ 10% than that of the experiment result showing that the
longer fatigue crack length, the higher error. It considered that the cause for the difference was the modeled crack tip
having always the same shape and condition regardless of the crack growth.

Key Words : Nb content(Nb&3F), Solution annealing(-8-#3} A 2]), Fatigue life(3] 2%), Fatigue crack(3t] 232), Stress intensity
factor(-5- i A4), FEA(RER.4:8]14]), Base metal(ZA)
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Table 1 Chemical compositions of manufactured steels

(wt.%)
Materials | Ni Co Mo Al Ti Nb
0.00%Nb | 18.03 | 842 499 0.10 0.41 0
0.03%Nb | 1796 | 839 | 494 | 009 | 039 | 0.033
0.06%Nb | 1798 | 843 496 0.10 0.40 | 0.068

Table 2 Mechanical properties of base metals

Yield Tensile Flong Young' s
Materials | strength | strength %) modulus

(MPa) (MPa) (MPa)
0.00% Nb | 892.16 980.13 21.16 8362.97
0.03% Nb | 900.17 986.45 21.40 8407.56
0.06% Nb | 894.95 982.84 | 23.12 8606.28
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Fig. 2 Standard compact-tension (CT) specimen for fatigue
crack growth rate testing
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types 1, 2, 3, -+, n, will be repeated during the life of the component

Designate the specified number of times each type of stress cycle of
as ny, ny, respectively

m, n, -,

!

For each type of stress cycles, determine the alternating stress intensity
Salt by the procedures of NB-3216. Call these quantities Sacr, Saw,
Sag. *+» Sam

!

For each value Sau, Sao, Sag, ***, Saltn. use the applicable design
fatigue curve to determine the maximum number of repetitions which
would be allowable if this type of cycle were the only one acting.
Call these values Ny, Np, N, -, Ny

!

For each types of stress cycle, calculate the usage factors
Ui, Ua, Us,+-, Uy, from U=n/Ni, Us=n/N,, Us=ns/Nj--
Up=n,/Ny

!

Calculate the cumulative usage factor U from
U=U,+Us+Uj+---+U, and The cumulative usage factor U
shall not exceed 1.0

Fig. 9 Process of the cumulative usage factor
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Fig. 10 Representative results of the fatigue life analysis
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