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The Effect of Structure on the Fatigue of Low Carbon Steel

by

C.S. Kang,* C.M. Suh#**

Abstract

This paper was studied on the behavior,

crack formation and propagation of slip bands on low

carbon steel which was heat-treated in three conditions in order to change metallic structure. The

specimens were tested by rotating bending fatigue testing machine and also observed the variations

of grains by microscope.

From the test results it was clear that fatigue endurarce limit and

life of low carbon steel were

more increased in contrast with the case that the grain size of specimen was more decreased. Slip

bands developed at oil-quenched specimen were very localized into few grains and their propagation

rates were slower than those of tempering specimen and furnace-cooled specimen. Formed cracks in

the first one or two grains below

followed “wavy”

usually developed inter-granular, and cracks at 12%
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the surface were approximately
type. It was also found that cracks at 30%

“planar” type, there after they

higher stress than fatigue limit were

high er stress than fatigue limit were propagated
meandering path, partly trans- and partly inter-grandular.
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Table 1 Chemical composition

Material

Clun | si| P s
WT, (%) | 0.20 0.54]0.10 | 0.024] 0.021
;‘.’ml
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Fig. 1 Dimension of test specimen

Fig. 13} & A5z BifnLd $he ﬁ?zlz':ﬁﬂarﬁ?
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Table 2 Heat treatment conditions of specimens

Marks

Heat Treatment Condition

FC Held 60 min. at 930°C and furnace cooled

0Q Held 60 min. at 930°C and oil-quenched

TA Tempered for 60 min. at 400°C and then air
cooled which was pre-oil quenched

Table 2 9} & Bugmiitke = #fid R o
FC #(930°C ¢l 4 60 471 annealing A7 #
) 0Q #(930°C o)l 41 60 %[ annealing A 7] # mo-
tor oil ] 4 quenching Az KD TA #HGhidg" 004
Z bl 400°C o] 4 60 A9 A B
72 ek olebel HUfre RS MM WE
£ Table 33 72gkct.
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4rf tempering

Table 3 Mechanical properties of specimens

- . tensile . Vicker’s
speci yll{eld po12nt strength elong‘;;tmn l hardness
men g/mm kg/mm? % Hy
FC | 22 | 409 39 117.2
0Q ‘ 38.8 57.0 31 163.4
TA ‘ 35.5 53.1 34 144. 4
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Photo. 1 Microphoto of formation and propagation of slip bands on FC-surface.
“developed at 119 high stress 23.9 kg 'mm®, 400 2.5
(a) N=2%10* {b) N=5x10* (¢) N=8x10¢ (d) N=10%x10*

Photo, 2 Microphoto of formation and propagation of slip-bunds ¢z OQ-surface,
’ {developed at 122% high stress 27,5'kg/mm?, 400 - 2.5}
2, N=22100 by N=5x1Q! (o, N=8x10* b N:10 10
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Phoin. 3 Microphoto of formation and propagation of slip bands on TA-surface,
“developed at 129 high stress 26.6 kg 'mm®, 460:2.5)
“a) N=2:100 (b) N=5x10% Jco N=g+100 {d. N=10>

104

[ P —— e . .
Longitudinal Direction s—=——sm———e—fm

ettt ot Radial Direction s—me———e——eettme

4 5-Ta; 5-(b)

Photo. 4 Migrophoto of craks developed al the fractured FC-seclion to the radial direction,
(0==26 kg/mm®, 400 2,5;
A: herring bone type cracks. B: impurity
Photo. 5 Micropliato of propagated cracks on the fraclured FC-surface. {o:224 ka/mm?, 430% 2.5

7a) Formed crack in the fitst one or two grains below the surface
(b Formed crack helow a few Jagers of a kind 6f (ay crads
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(e)
Photo. 6 Microphoto of fatigue crack at 3024 higher stress than fatigue limit,
Arrows show grain boundary cracks. (100'%2)
(a} FC (N=4<10Y () OQIN=7x10% (c) TA (N=2X1G"
(a
(b3

(e

Photé, 7 Microphoto of fatigue crack at 1225 higher stress than fatigde limit,

Arrows show grain boundary- cracks. (10012

A, B. C. D. E. indicale stopped cracks in grain boundary,
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(a-13 (b-13 (c-13

Photo. & Microphoto of formated slip bands and cracks. (100%X2)
(a) Crack on FC-furface,
(a-1) After fatigued N=5x10° more at 12%
higher stress from (a) crack,
Arrows show grain boundary cracks.

(b) Crack on FC-surface.

(D ' (b-1) After fatigued N=0.5X10* more at 30%
higher stress from (b) ctack,
(¢) Crack on OQ-surface,
(c-1) After fatigued N=0.5%10° more at 30%
higher stress from (c) erack,

(d> Crack on TA-surface.

(d-1) After fatigued N=5:¢10% more at 125

higher stress from (d) erack,
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