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Fatigue Characteristics and FEM Analysis of 18Ni(200) Maraging Steel
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IL Abstract j,

that the fatigue life was almost the same.

Effects of Nb(Niobium}) contents and solution annealing on the strength and fatigue life of 18%Ni maraging steel commonly
using in aircraft, space field, nuclear energy, and vehicle etc. were investigated. Also the fatigue life stress intensity factor
were compared experiment result and FEA(finite element analysis) result.

The more Nb content, the higher or the lower fatigue life on base metal specimens or solution annealed specimens showing

The maximum stresses of X, Y, and Z axis direction showed about 2.12x10°MPa, 440x10°MPa and 1.32x10°MPa respectively.
The Y direction stress showed the highest because of the same direction as the loading direction. 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, Solution annealing, Fatigue life, Fatigue crack, Stress intensity factor, FEA, Base metal
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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 | 010 {041 | O
0.03%Nb | 17.96 | 839 | 494 | 0.09 | 0.39 {0.033
0.06%Nb | 17.98 | 843 | 496 | 0.10 | 0.40 {0.068

Table 2 Mechanical properties of base metals

Yield Tensile Elon Young's
Materials strength strength % )g modulus
(MPa) {MPa) i MPa)

0.00% Nb | 892.16 980.13 21.16 | 8362.97
0.03% Nb | 900.17 9806.45 21.40 | 8407.56
0.06% Nb | 894.95 982.84 23.12 | 8606.28

SHSA s BIST A 1417 dAlstgon, ALgs 2
T2 AFEE Y4E o83t 107Tor2 FAHAT
LEAE 16T oliR fAHom, dHY F A7
=2

g pyoz YA WA

Fig. 12 ASTM E-8'"¢] u}e} subsize® 23t QIAHA]
A g4 2 A5 YL glen, AHES AEv=
UH-F50(Shimadzu, 50ton)o|th. E3} Fig. 2+ HZAES
98t CT A¥HY 4 9 X424 ASTM E647-8379]
20 we} eojo} Wazgv|(2tolo} A% 0.2mm)E A
f3to] 7h3shch o8] kX 0.15mm A 2) thoolZ
S 8 AGE A3 3mm Zo|R sy Aol 7HE st
gsidon, URAY 273024 FoeE 10Hz, 58
U= 012 B% ZEUsiA Ab2old ASTM standard
E647-889] 714" 70) £ste] AAlstgich

L3t ~d4e SolidWorks, TrueGrid % Cosmos
Works 59} 2ZEY0]Z o]&3to] AIFH 2, v4|
2 #N 5§ Foho AFHY SHUERE DAL,
H2ey 4 SHGYASE Fote] ey @ 2

- 137 -



F——

—JE D

Fig. | Rectangular tensile test specimen, sub-size
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Fig. 2 Standard compact-tension (CT) specimen for fatigue
crack growth rate testing
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Fig. 4 Relations between crack length and rumber of cycles
for solution annealed specimens
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Fig. 5 Modeling, loading and restraint condition for the analysis
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Fig. 8 Z-direction stress distribution
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Designate the specified number of times each type of stress
cycle of types 1, 2, 3, ---, n, will be repeated during the life
of the component as n;, my, ns, «--, n, respectively

|
For each type of stress cycles, determine the alternating stress
intensity Salt by the procedures of NB-3216. Call these quantities
Sant, Saz, Saws, “+, Samn

!

For each value Siu, Saie, Sas, -+, 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 Ni, Nj, Nj, o+, Ny

|

For each types of stress cycle, calculate the usage factors Uy,
U,, Uy, Up, from U=ny/Ny, U=ny/N,, Us=ny/Ns---U=ny/Ny

|

Calculate the cumulative usage factor U from U=Ui+UptUs+--
+U, and The cumulative usage factor U shall not exceed 1.0
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Fig. 9 Representative results of the fatigue life analysis
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(c) at 10mm crack length
Fig. 12 Plots of the deita K analysis result
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