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Surface Characteristics of an Abraded Steel and Its Tribological Application

Futoshi KATsuki and Yasutaka OKADA

Synopsis : Abrasion induced subsurface deformation and work hardening along with related microstructural changes of the pearlitic steel has been pre-

sented. The abraded surfaces were examined with a nanoindentation appratus to evaluate the variation of nanohardness and elastic modulus

with depth below sliding contact on a nanometer scale. The varing nature of influence of interlamellar spacing and the vanadium addition on

the wear response of the pearlitic steel has been discussed in terms of the ratio between hardness and elastic modulus of the abraded surface

which corresponds to a plasticity factor. The application for the crankshaft of the automobile is also presented.
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Fig. 1. A schematic figure of subsurface structures.

B SIS £ T, AR F / BEBIIRE T80k
Eiohd, ZOEERBIATHICER ENS 20, EH#
BERDOZERFRHL2IUL, MITIZ& D4 U 5821
X, WEICHFEOHIE P TTREE £, RN, Mk
FEHEtsS-o~- 540y —Megom EAMHFGT=
20, ®ESE, FIA VT UT—Y g YRBETHEINIEEM
#i (Atomic Force Microscope; AFM)% , + / A 7 — JLfEHTr
FHEEGIM L 0 > BEISEA L, IR UTEME S R
ERETLTEZ, ARTE, SitomILEBERICERAL,
ZOMMF®REL 5 v AR E L-ZHENORERMIC
DNTIRNRDB

2. N—5 1 MNADEFE

IV VOERERTH B T oENIT, BEBED
U AE HRY & U 2 BRECBET 2 MRl < sk 5 h T3
M, FOREA NI LIZERH s EirnEn, £/72, 75
VOO T EREOERMEE & 0 MR F R 2FI3E
EAERY-5F, BRERRMS X ICHETAIMBETF LR
FHBR 2 D MBURTH - 7=,

T x4 M(a-Fe)kt AV A4 b (Fe,C) W BIRICELD
Botz8—= T4 Mk, REFAOFEAMRE U T4 2%
ICHWSRTWES, 77 v 7ICHWONEBAIZ, SRk
BEA LBV EDEM L 70 v AN E LK, ERE
EONICBBRT IS T NIERICKRELRMETH
D, ThETIZE B OIFHIH 5, Gahrid’S—F 4
PO T X TR AEBIEIZ X > THMb L, Lo
BRI L CMERENHETEZEARLAED, £

FRR 2043 H31 HZfF  FrR 2046 H 4 H32 B (Received on Mar. 31, 2008; Accepted on June 4, 2008)
* {EREBLE Bk BRATEHHEFZEMN (Corporate Research and Developmet Laboratories, Sumitomo Metal Industries, Limited, 1-8 Fuso-cho Amagasaki 660-0891)

55



I 630

k&8 Tetsu-to-Hagané  Vol. 94 (2008) No. 12

nm

60

0 0
0 1.0 2.0 um

Fig. 2. A typical AFM image of the abraded steel surface
after indentation.
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Fig. 3. Micrographs of wear subsurface of the Fe—0.72C-
0.19Mn wt% steel: (a) SEM image and (b) TEM

image.
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Fig. 4. Subsurface nanohardness (H,) of Fe-0.72C—
0.19Mnwt% steels with different interlamellar
spacing at a traversal distance of 0 and 1980 m
(open; before abrasion, dotted; after abrasion).
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Fig. 5. Abrasive wear rate and average surface nanohard-
ness (H,) as a function of bulk hardness (/7).

Fig. 8. Subsurface nanohardness (H,) of medium carbon steels with different interlamellar spacing after wear tests (open; vanadi-
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Fig. 6. Wear rate of vanadium free and addition steels vs.
bulk hardness (H,).
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Fig. 9. Elastic modulus as a function of indentation depth.
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Table 1. The chemical composition (wt%) and bulk H,
hardness of specimens.

Number C Si Mn Cr V Hy

1 040 023 099 150 O 259
2 045 027 098 148 0.05 278
3 038 023 1.02 150 0.26 339
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Fig. 12. Wear depth of steels for the crankshaft vs. bulk
hardness and average surface nanohardness, corre-
sponding to the indentation depth less than 50 nm.

Fig. 13. Transmission electron micrograph of wear subsur-
face layer of 0.05 wt% V steel.
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Fig. 14. Atomic force microscope image of the surface of
cutting tip: (a) 0.1 wt% and (b) 1.5 wt% Si steel.
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