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A study on fatigue properties of plasma carburized low carbon Cr-Mo steel
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Abstract  The carburizing behavior and fatigue properties of the plasma carburized low carbon Cr~Mo steel{0.176C~ 1.
014Cr-0.387Mo} have been investigated. The effective case depth in plasma carburized steel increased up to 50% in
comparison with that of gas carburizing, and this case depth increased with the increasing surface carben content.
With increasing time in plasma carburizing, the surface carbon content increased but its increasing rate decreased. Fa-
tigue properties were studied in terms of microstructure, case depth, retained austenite and residual stress near the
surface. The fatigue limit of the plasma carburized steel was higher than that of gas carburized one. The initiation of
microcracks and initial crack propagation were retarded due to a relatively little surface and internal oxidation layer in
plasma carburized steel. Fractography showed the crack initiated at the surface, and transgranular fracture at surface

laver was more predominant in plasma carburized steel compared o that of gas carburized steel.

Key words . Plasma carburizing, Fatigue, Oxidation, Surface carben content, Residual stress, Retained austenite

.M B

AL 7o 2Bt ntR Ao el o} F&
ste] WAl WA AHEE AT gl A e}, Fe)e
Aek whells T, shaFst, FqaAe, AFAG
Fol x 24E9 AA, S50 @} ARgo] EFHe ¢
oh g2 A7k dEte v PelE 4] HHHE 2 W
R v SAEest whEa w3 ATEH70 A A=t
shR2 oJAAsE o) S Fo 714 H AAs HAag £
Qe aAeyal 2FA S bRl JRbg A}E%
oh. 2% Fishetel A AstAd rliel EzolE wdays)H
28 A2 £5 AYAA ATIR B} g wiE
22 kg 4" F ol EFozul ke 44149
Arbiigio 24 T FFU glch

et2ot Auwe JAeviae] Folsfo] A3 vkl
v} fele] shzoll A4 EEA 97 G Eol Edo|AS
o §AFA U 58 ol e} Uth'® b W) 7 iR
2o} A&7 22 Aobs 2E9Ye) Yo 2 Ax

717l A= S2 e o) NelE Db 25
ol 4 o)l &5t o2l Bigol e HElFd F B 2
b0 =3 HulEed F3E A9 7laEAE g
228 Fapbge] SAE LR W He2 ¥
LI e

e ARAEr F2 ol Y & Axek ¢

535R-29 v Fol). dubze 2 Jwir}e] ¥7ES v

HAza e FF il (plate) T2 BT PYA(ath) e £
F 2 A ClER o]folx glon] o2 e AHUoE
9 Ay e 9 exHe|ES &5 Fof wE RA=:
B =7t g e AERAE ity otk vk A5
%9 v ZAE 7|ARE-9] H 2 EA4 ge FEe vH
o 53] 2 g FAYHL RHEF ATY F-Fol
27*} ﬂ_%%ﬂ‘n,n)

AAe)7}le] AR Al 9% A= 245
o8 7127} s} o] lAER IS gk o2
ERAE, A7 A Po), IF Y, AL, v za,
A7 esHVolEY, A Do) &EE, A4,

'ﬂ

— 505 -~



506 FxARTHA F10YW A7E (20000

Table 1. Chemical composition of specimen (wt %).

Element C Si Mo | P S Cr Mo Al Cu Ni
Composition 0176 | 0119 | 0779 | 0010 | 0019 | 1.014 | 0387 | 0041 [ 0102 | 0.101
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Fig. 1. Schematic diagram of the carburizing processes.

{a) Schematic diagram of the plasma carburizing process

{b) Schematic diagtam of the beost diffuse carburizing process
{c) Schematic diagram of the gas carburizing process

(d) Schematic diagram of the gas carburizing process for fatigue
test
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Fig. 2. Comparison of hardness between plasma and gas carbu-
rizing specimens. Dotted line for Hv 510 represents the effec-
tive case depth.
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(d)

Fig. 3. Optical and SEM micrographs on the cross section of specimens.
(a) plasma carburizing for 60 min., subsequent diffusion treatment for 30 min. at 900°C and oil-quenched
(b) gas carburizing for 120 min., subsequent diffusion for 50 min. at 920C, 45 min. at 815, and then oil-quenched.

{c) surface of (a) (d) surface of (b)
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Fig. 4. SEM microgaphs and line scanning of gas carburized
steel at the cross section.
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Fig. 6. {a) Surface carbon content of plasma carburized laver at
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Fig. 7. Surface carbon content of plasma carburized layer at 5~
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/em?).
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Fig. 9. SIEM fractographs of {atigue test pieces for plasma carburized steel. () overall view for fracture structure
(1) transgranular crack at surface (¢} core region (d) magnification of transgranular crack

Fig. 10. SEM fractographs of fatigue test pieces for gas carburized steel (a) overall view for fracture structure
(b) intergranular crack at surface (c) fatigue crack initiation area (d) magnification of intergranular crack
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