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Effect of Nitriding on Fatigue Crack Initiation
and Growth Rate in Ni-Cr-Mo Steel

Kim, Min-Gun Lim, Bok-Kyu
Dept. of Mechanical Engineering, Kangwon Natiional University Kangwon, 200-701, Korea

Abstract Effect of nitriding on fatigue crack initiation and growth rate has been studied in Ni-Cr-Mo steel. Spec-
imens were nitrided at 860°C for 15 hr. The fatigue fimit of nitrided specimens were superior to those of
annealed(860°C, 15 hr) specimens. Based on detailed observations of slip band and micro crack initiation, it is
concluded that the excellent fatigue limit of nitrided specimens is attributed to improved slip initiation resistance by
nitriding. The characteristic of fatigue crack growth rate of nitrided specimens was investigated by comparing with
those of annealed specimens. It was found that the crack growth rate was markedly decreased and the thresh-
old stress intensity factor range was improved by nitriding. It is concluded that the exclient fatigue limit of nitrided
specimens is also attributed to improved fatigue crack growth rate and threshold stress intensity factor range by

nitriding.
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Table 1. Chemical compositions (wt. %)

C Si Ni Cr | Mo | Mn S Fe
044 | 024 | 1.74 | 0.80 | 0.17 | 0.71 | 0.018 | bal.

Table 2. Mechanical properties of SNCM

Ultimate Yield . . .
Elongation | Micro Vickers
strength | strength | ™50 " | o dness (Hv)
oB(MPa) | oY (MPa)
735 588 15 270
2-412.5
]
. _J “;’ -
JT? e =
{y _______
12,5 125
50
62.5

Fig. 1. Shape and dimensions of CT specimen.
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Fig. 2. Shape of fluidized bed furnace.

7} Azt thEgoExn o] Z=o X Aaste
Ao, A3}, Hekwt go ®HxjE|Rol) $-8o]
Al=Ea Qlot.

860°C, 15*17t 54 112 sl 3t SNCM-87%
o] Asze] AL Fg. 39 AL A} 3
FEZS THOZHE oF 0.1 mm 9 FAZ 4
Hol S-S U 4= et

2.3 MZAIE X ST Bt

N2 FIH SHS BB 98 AzAge 3
th8 100 kNO| FriAolR SIZAH7IE A
Shich, A1ge Aeti7)FolN SHMEET 20H,,
SEMI®) 019 FEAR Bech. B o) A
BE ARl 2 mme] dulFae =959

2OKY X33@

SHve 402QAR8

Fig. 3. Nitrided compound formed at surface layer.



SNCMWS] ml2ede] whg 3 Aspdo)) u|x]= H3lxje}e) o) 317

TGLole] 4L FHAXE o] 83} HEele]
Aoz P, AK HH(LK decrease)l]
93t AK,E 3T

SHNATE AKE TS 2 o]831 ALkt
At 23T E @9, R202] FEHAFHL A3
AT EAIFP o E Tl

3. aEdT W 0

3.1. Asix{2igt SNCMZe| HERY WM
g4

Fig. 49 860°C, 15417t o'd&*|=]§t SNCM-8
oldglale}l AstAle) S-NBAE vehAI) S-N&
A ekt AMSE ATRES B3R el
1, AR AT CTAEEY B3}

oldgAle] T23eE 310 MPa, Adi)e] d=
ST 410 MPag, Asle] o3l 2k30% 53}

550 fesNCM
- w Nitided SNCM
500 -
g ]
S 0 - -
] - -
2400 - —
g
< 30 . :
2 * *» P 2
2 300
(2]
250
1.00E+04  1.00E+405  1.00E+06  1.00E+07  1.00E+08

Number of Cycies, N

Fig. 4. S-N curves of annealed and nitrided specimens.

(a) N = 45x10° (b) N = 55x10°
Fig. 5. Slip band and micro crack initiation at surface.
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Table 3. Comparison of fatigue limit and fatigue crack
growth rate.
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Fig. 8. Shape of crack tip formed by beach mark method.
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Fig. 9. Shape of crack tip obstructed by nitrided layer.
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