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A Study on the FEM Analysis of Maraging Steel according to Nb content
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Abstract : Effects of Nb(Niobium) contents and solution annealing on the strength and fatigue life of 18%Ni mara-
ging 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 show-

ing that the fatigue life was almost the same.

The maximum stresses of X, Y, and Z axis direction showed about 2.12><102MPa, 4.40x10°MPa and 1.32x10°MPa res-
pectively. 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
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Table 2. Mechanical properties of base metals
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Fig. 1. Rectangular tensile test specimen, sub-size.
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Fig. 2. Standard compact-tension C(T) specimen for fatigue
crack growth rate testing.
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Fig. 3. Relations between crack length and number of cycles
for base metal.
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Fig. 4. Relations between crack length and number of cycles
for solution annealed specimens.
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Photo 1. Micro structure of base metal specimen.
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Stgma_X

2.11360E+068
. ﬂl +7207CE+B08
i L1.32580E+008
-9.30880E+007

- -5.35970E+007

.1.41870E+007
~2.5383E+0807

' H-G .4873E+007
-~1.0436E+068

Slgme_Y

: 4.33798E+008

“ ﬂz 66270E+008
L\\\\ L 2.92766E+008
A -2.19240E+908

-1.45730E+008

Fig. 6. X-direction stress distribution.

~7.22140E+007

1 L=~1.3014E+006
%“7 J4818E+007
~1.4833E+0068

Fig. 7. Y-direction stress distribution.

Ol

staekmsts|x|, M20d M4z, 200544

the component as m, ny, 03, *+,

Sigma_Z
1.32398E+608

11102084008
L 8.96590E+007
_6.82940E+667
_4.69300E+007

_2.55650E+007
4.20190E+806
H-l -7163E+087
-3.8528E+007

Von Mlges
-2 .9644E+008

Fig. 8. Z-direction stress distribution.

.2 .5945E+008
L2.22456+008
-1.8548E+008

’ Q% -1.4846E+808
‘ _1.1147E+808
7.4471E+067
3.7476E+007

4.8034E+005

Fig. 9. Von Mises stréss distribution.

32.2. jli—’F%’ ?‘Sﬂ’ﬁ

24 e 93t 29, element type, 75
A% 7:‘74]7‘74 ‘:—c Sl Al A 85 AR F

UstA HgEH o BEHXE NbE 0.03% st
I Qe g ZAAREEE o]-83te] 50,000cy-
clesoll 4] Z-E] 190,000cycles7}A] 10,000cycles 72 2.
2 §4s 7+7 P

24 4e AL TR &
3, BAAT 2 FAEG Tl ot S W
on], SAEYE Ui FAHEAA Humula-
tive usage factor) Ue o3 22 adAlg AA +
SRS,

Designate the specified number of times cach type of stress
cycle of types 1, 2, 3, ---, n, will be repeated during the life of]
ny, Tespectively

U

For each type of stress cycles, determine the alternating stress
intensity Salt by the procedures of NB-3216. Call these quantities
Sent, Sats Sas, *** Sam

J

For each value Saii, Sa, Sans, ++ Sa. 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, Nz, N3, ---, N,

4




27| 28,

For each types of stress cycle, calculate the usage factors U,, Us,
U3, ey Un, from U= l’l]/N], Up= l’lszz, U3 = Il3/N3"'Un = ﬂn/Nn

U

Calculate the cumulative usage factor U from U= UitUptUs+---

+U, and The cumulative usage factor U shall not exceed 1.0

Fig. 102 o|5 A %e] thF4Q] AelA] 2
g BEg gujjste] vehia ok 2 O9E
A 3ol Wt 7 7198 A FHSEA
TE YEhY cycleo] S71EE Hughe F7b
& & o vk 53] 190,000cyclesol A= # argko]
10466022 JJERtI Qle=dl ol 1R & 3o
24 o] FejelME st TS oian. o
ZHA] o] AlgH Y] AZFHE Fka sy AR
B ok 190,000cycle o|ak2 FohE 4 gtk ey

-275430
.241830
-9.207820
-174029
-14@218
.106416
L6.072607
.038864
.805060

.B61036
.579900
498778
.417659
.336520
.255390
1 8.174260
.093128

012008

-64660
.81818
-78972
-8.68127
53282
40436
.27591

.14745

61900

(c) 190,000 cycles
Fig. 10. Representative results of the fatigue life analysis.

EIR

[l =)

1.24 —~Q~ Experiment
o — @~ FEM solution PY
£ 107 970

{ e

o ' W
g 0354 970"
o /8/0
° /8/
c -8
& 064 A
] /8/
o 50/
£ 044 o’/o
= 0%
& il

0.24

0.0 T a T T T

4.0x10* 8.0x10" 1.2010° 1.6010° 2.0x10°

Number of cycles (N}
Fig. 11. Comparison of the fatigue life between FEA result and
experiment result.

Ao 3 vz 194,850cyclesEA] F3HQ
AdiA Aot o 725% AT Aol 5S E

ol eake] U2 AAH] dYPNAME 2

o] WS AW AGAGL o}F o2 F Gl
9o $HAFA stel gAe 2 45 97
W fEad YoM mae ade] AHE A
& 7bssh 2] 94 A3 BYsH 1
Yyel)7t 2el) o BekErh Ed A4
ARE AZ A ANE e o8z o] EE
Fs4el & W faassdolE AR AAH
st M Sl FHEE 5 @ b Aol

g Avel Az,

olsh g Aol AEE oty Slajel fat
82840 gt YA A AAEHE T
+5 dagne viwdt 232 Fig 1100 vehy
2ck. 1ol LR vhe} o] Z7lof= Ay A
29} FAFE g Holty Ado] MATFE A)o)
AN USE L F ok

upebA] o] & Hekaly] Y3 Iyl tiate &
Adgr o] AgslEEl daEh B A
T3 A A 7t cyclesoll Al ¢F 7.3% ol
2 A9 IAF AolE HIenZ o3 Ao|ut
2o B4 5¢ gvE A4 $2e +9HsbE 7}

setEEta Alsdt

3.23. g AT 4]

SHZ A AAolME AFHY 12 FAE 2
ez mdy Ided A Avlie Ao
2 Ao SESATE T3] Yt =
#Zo] 3mmEE 13mm7bA] lmm 7HAo® % 11
Mol NFPAHE 7hzh o] g Ao|7kx] g

Journal of the KOSCS, Vol. 20, No. 4, 2005



Nb EHatol mE ot=oljo|age] FaitsiAol et A7

AR 2AG5 mesh, XA R FEIRAE
g3t} AR AXEYolx S A A}
23 A7 EA354} element type 2D plane-S A}
gatact o2 B4E ElolA % clemente) 5
= 73870, & node?] ¥ 841714}

Fig. 12 2844 si4d-g 998 Agde) 3

=} (e]
A 9 g ExAN AAZAE Jeplla 9loH, Fig.
13¢ 3, 6 2 10mme] ZHZoE 2tz A|FH9

NEHQ AR 2PN TS Srhst]
Hehha 8l

Fig. 143 frdas 4 2 4440 48& &
sta] T3 S UAFE A E st gtk o
o) AAH AP E FEFaLdl 443 29
olo]Ae] SN ATE H&s] & F YoEE H
7P8E olgsto] AXrsglh gl viERd viet 2
o] frEtaasido] ola T gto] AA ARl
o3 FalR ghroh Bl ZAE A Ado] St
52 1 Aole AR Utk &, T o] 3mm
ol AE oF 3.5%2 oAt dlort o] A
FE Z71ete] 13mmell A oF 9.96%2] QS B
ok £ AAdg e gRE T FHAWATH

1
I
1
H

! I
| |l

-
.

NN RN
T
!
I

S ERESE S N I I S A A S 3

Fig. 12. Modeling, meshing; and restraint condition.

© at 10mm crack length
Fig. 13. Plots of the delta K analysis result.

SHROINEE|R|, M20A M4Z, 200514

140
g 1304 [—O— Experiment
- —@—FEM solution
g, 1204 o
5 1o o7y
= ] o -
g 100 - .
k1] /O ./
< 904 0 ¢

Y e

2 0" o
w804 O
£ o e
aQ /./
g nf g8
» 9/
»n 604
£
@ 504

40 g M S e e B

5 5 4 5 & 7 8 9 10 11 12 13 14
Crack length (mm)

Fig. 14. Comparison of stress intensity factor ‘range between
FEA result and experiment result.

o] g zE FAFEE Kol AYo] WHFEFF
T1EEE Bag BolE WA fetaiidd ofs)

oY,
Ol
R
D)
=
HJ
)
2
RO
-
|
lo,
oft
ox
g
N
A
lo
fd
—r

ok
4.8 &

2 A7eMe 2233 18%Ni mi2de) e
NAREE 2 AR5 P ERstazt Nbe
g 2 gAsA} 2 viAs 9F= £
At fEasdds 59 d2ey 2 SHAN
AsE Fote] A4 ddAete) vluE T3 2
% gt 2 ZES ATk

1) WEZFES Nb Hrho] T7HgrE 2A e
729 Z7vsla gAY A EHE gasht 2 &
1 glol Al At
2) fata el o3 X, Y, 25 W3k A
#o 7tz 2.12x10°MPa, 4.40x10°'MPa 2 1.32x
"MPas. UEPES & 5 ek d7lollA Y&
o] o] AHor A Jehd AL 3}
Wk FAsly] Yoz AZHch
3) frat A o3 H2pHe AP oA
ARA T o 7% AT FA veRged, siAg 2z
cycled) Al 7o) LAF B9 AV} UEhES &
2= 0]lo]
T AR

4) w3 $HIUAF g Al 93 g
oF 3.5~10% AL @A vebgon Ago] 2

o

oo

—
(=)
o

N

ofN ot



Ado] YA Holhd 44 Aow I

sglov AN v 34

-
PN
Al
rlo
38!
-
oft tjo

Qsisiy) wEos Az

2)

3)

4)

5)

6)

7

Kim, W. Y., Hisao Tanaka, Kim, M. S., and shuji
Hanada, “High Temperature Strength and Room
Temperature Fracture Toughness of Nb-Mo-W Re-
fractory Alloys with and without Carbide Disper-
soids”, Material Science and Engineering A346, pp.
65~-74, 2003. .

Decker, R. F. and Floreen, S., “Maraging Steels”,
Recent Developments and Applications, R. K. Wil-
son(Ed.), T™MS, p. 1, 1998.

Shiang, L. T. and Wayman, C. M., “Maraging Be-
havior in an Fe-19.5Ni-5Mn Alloy [ ”, Published in
METALLOGRAPHY 21, Vol. 399, No. 423, pp.
529~553, 1998.

Moriyama, M. and Takaki, S., “Influence of Rever-
sion Austenite on Fatigue Property of 18% Ni
Maraging Steel”, International Journal of Fatigue,
Vol. 19, No. 3, pp. 266267, 1997.

Tsay, L. W., Lee, W. C.,, Luu, W. C,, and Wy, J.
K., “Effect of Hydrogen Environment of the No-
tched Tensile Properties of T-250 Maraging Steel
Annealed by Laser Treatment”, Corrosion Science,
Vol. 44, No. 6, pp. 1311~1327, 2002.

Hussain, K., Tauqir, A., and Khan, A. Q., “In-
fluence of Gas Nitriding on Fatigue Resistance of
Maraging Steel”, International Journal of Fatigue,
Vol. 21, No. 2, pp. 163~168, 1999.

Shamantha, C. R., Narayanan, R., Iyer, K. J. L,
Radhakrishnan, V. M., Seshadri, S. K., Sundarara-
jan, S., and Sundaresan, S., “Microstructural Changes

During Welding and Subsequent Heat Treatment
of 18Ni (250-grade) Maraging Steel”, Material Sci-
ence and Engineering A, Vol. 287, No. 12, pp. 43~
51, 2000.

8) Stiller, K., Hattestrand, M., and Danoix, F., “Precipi-
tation in a 9Ni-12Cr-2Cu Maraging Steels”, Acta
Materialia, Vol. 46, No. 17, pp. 6063 ~6073, 1998.

9) Nagayama, K., Terasaki, T., Tanaka, X., Fischer,
F. D., Antretter, T., Cailletaud, G., and Azzouz,
F., “Mechanical Properties of a Cr-Ni-Mo-Al-Ti Ma-
raging Steel in the Process of Martensitic Trans-
formation”, Material Science and Engineering A,
Vol. 308, Nos. 1-2, pp. 25~37, 2001.

10) Yi He, Ke yang, Wenshen Qu, Fanya Kong and
Guoyue Su, “Strengthening and toughening of a
2800-MPa grade maraging Steel”, Materials Letters
56, pp. 763 ~769, 2002.

11) Annual Book of ASTM Standards, “Section 3 Me-
tals Test Methods and Analytical Procedures”, E
8M-96, Standard Test Methods for Tension of Me-
tallic Materials, pp. 76 ~96, 1996.

12) Annual Book of ASTM Standards, “Section 3 Metals
Test Methods and Analytical Procedures”, E 647-
95a, Standard Test Methods for Measurement of
Fatigue Crack Growth rates, pp. 565601, 1996.

13) ASTM, “Standard Test Method for Constant-Load
Amplitude Fatigue Crack Growth Rate Above 10*
mm/Cycle”, E647-83, pp. 765~783, 1985.

14) ASME, “Boiler and Pressure Vessel Code an Inter-
national Code III, Division 1 - Subsection NB, Class
1 Components”, Rules For Construction of Nuclear
Power Plant Components, pp. 81~130, 1998.

15) ASME, “COSMOSM Theory”, A Brief Theoretical
Background for simplified Elastic-Plastic Formula-
tion, Part 2 FSTAR/Fatigue Analysis, pp. 5-11~
6-8, 1998.

Journal of the KOSOS, Vol. 20, No. 4, 2005



