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Effects of Microstructure on the Fatigue Property of High Carbon Steel
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! Teruaki SATO and Kiyokazu 'TOMOMOTO
o Synopsis:
“ Welding is usually avoided to apply for high carbon steel, however, in some cases welding is inevi-
table.

In the present paper, investigation has been made on the metallurgical effect of quenched and tem-
pered high carbon steel on the fatigue property, by carrying out a heat treatment corresponding to
the heat affected zone of welding.

The following results are obtained

(1) In a ferrite-pearlite structure, simulated heat affected and as—forged specimens have a low
endurance ratio as in the past data. Normalized specimen has a ratio about 0.37 which is an ordi-

nary value in high carbon steel.
(2) 1In a sorbite structure, the fatigue strength is higher than that of a ferrite-pearlite structure

and also shows a higher endurance ratio.

(3) These results are explained by means of fatigue crack initiation behavior in high-cycle fatigue
region which depends on macro-and micro-imhomogeneity of materials. Therefore, a sorbite structure
has a constant endurance ratio because the fatigue strength is determined by the average strength of
matrix. On the contrary, a ferrite-pearlite structure does not show the linear relationship between
fatigue and tensile strength, because the fatigue crack initiation does not depend on the matrix strength
but on the locally weakest position, i. e. ferrite phase.
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Table 1. Chemical composition (wt%).

C ’ Si | Mn P S Cu Cr

0.61 ]0.28 0.71 | 0.020| 0.020] 0.05 |o0.13

Table 2. Summary of heat treatment conditions.

Mark Heat treatment condition

A As received

N Normalizing 820°C x 30 min Aircool
oT Quench 820°C x 30 min—>Water Quench

temper 530°C X 30 min—>Water Cool

QT+ 6 | QT +600°C x 30 min—A.C.
QT+ 7 | QT +700°C x 30 min—A.C.
QT+ 8 | QT +800°C x 30 min—A.C.
QT+9 | QT 4+900°C X 30 min—A.C.
QT +10] QT +1000°C x30 min—A.C.
QT +11| QT +1100°C X30 min—A.C.
QT +12] QT +1200°C x 30 min—A.C.
QT +13] QT +1300°C x30 min—A.C.
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Fig. 1. Details of rotating bending fatigue

test piece.
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Fig. 2. Reheat temperature and grain size

(JIS No.).

BLO QT +8 H~QT+13 HF7 =34 ++-3—35
1 MEME, QT MKV QT+6 #~QT+7 Hrixhed &
L=AF vyg PO Y A1 VB E FeoTn B &
Ebvbh%. QT+8 HM~QT +13 M ClaEimsiaEE»
BVNEE 72514 FEky b A X (HF—AFH1 FRI
B) NREL DTS, BMEWERE L+ — 25 F1 b
WEOBFRY Fig. 2 @R,
3.2 BHEABRER
FERRBEREY Fig. 3 @wid. BRI EYHRES
Fth &b, Fig. 4 wWHMERE & OBREY~T EHE
EEL 530°C #Ed &L (QT #) < 46 kgf/mm?, 600
CEEHEL (QT+6 #) < 40kgf/mmz2, 700~1 100
°C Fzh (QT+7 #~QT+11 #) T 28~30 kgf/
mm?, 1200~1300°C Fhnzk (QT 412 ~ QT+ 13 #)

Table 3. Mechanical properties of each test piece.

Proof stress . .
. Tensile strength Elongation Hardness
0,
Mark Heat treatment condition 0(. %{ gaf/ommz) ( kef/mm2) (%) (Hv)
A As received 44 .1 87.9 14.8 248
N 820°C % 30 min—A.C. 37.0 72.6 24.0 230
820°C X 30 min—W.Q.

QT 530°C % 30 min—W.C. 84.7 114.8 13.6 348
QT+ 6| QT+600°C X 30 min—A.C. 71.2 98.5 22.0 295
QT+ 7| QT+700°C X 30 min—A.C. 54.2 75.0 24.2 240
QT+ 8| QT-+800°C X 30 min—A.C. 50.5 76.5 24.0 242
QT+9| QT+900°C x 30 min—A.C. 46.9 82.8 23.0 250
QT+10] QT+1000°C %30 min—A.C. 44.9 86.1 19.0 260
QT+11| QT+1100°C X 30 min—A.C. 44 .4 86.0 16.1 262
QT +12] QT+1200°C X 30 min—A.C. 44.0 86.0 14.0 262
QT +13] QT-+1300°C X 30 min—A.C. 46.9 86.0 11.7 264
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Photo. 1. Microstructure change due to heat treatment.
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Fig. 4. oy, at each reheat temperature.
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Fig. 5. Relation between ¢y, and ¢p.
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Fig. 7. Relation between ¢y, and grain size
(JIS No. ).
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