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Effect of Metallurgical Factors on Fatigue Properties in
5.5 Ni-Cr-Mo-V Steel
Masae Sumita and Tku Uchrrvama
Synopsis:

Martensitic structures or mixed structures of martensite and bainite with various prior austenitic grain
sizes and volumes or sizes of precipitates were obtained by various heat treatments, using HT140 steel.
HY180 and 12% Ni-maraging steels were also used. The effect of metallurgical factors on cycles to failure,
crack growth rate, and cyclic stress—strain curves was examined and discussed.

The results are as follows:

(D) Fatiguc strength at 105 cycles increases with increase of cyclic yield strength and decrease of prior

austenite grain size.

(2) The difference of fatigue strength between various materials mainly depends on the difference of
cycles required to initiate crack and behaviour of the very early crack growth.

(3) The stage of intermediate crack growth is hardly influenced by metallurgical factors of steels.

(4) The ratio of cyclic yield strength to monotonic one for steels peak—aged is lower than that for steels

otherwise treated.
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Table 1. Chemical composition (wt%).

Steel C Si Mn Ni Cr Mo Cu \Y P S Al Co
HY 140 0.13 0.25 1.10 5.5 0.58 0.8¢ {1.0 |0.10| 0.004| 0.006 | 0.05 —
HY 180 0.11 0.12 0.15 10.0 2.0 1.0 — | — |<0.01 }<0.007 — 8
MAG* 0.03 0.08 0.08 11.9 4.56 2.89 — | — 0.004 | 0.006 | 0.25 —

* MAG : 12% Maraging Steel

Table 2. Prior austenitic grain size and structures.

Steel Mark Pgr::;;a;izen;;c Structures
F30 <10 Martensite + 409, Bainite
F 44 <10 Martensite
N30 20~30 Martensite+409%, Bainite
M36 s Martensite+ 109, Bainite
5.5Ni-Cr-Mo-V (HY 140) M44 v Martensite
MSH 4 Tempered Martensite
MAC 4 Martensite
MAS 4 y
L 30 200~-300 Martensite 4409, Bainite
10Ni-8Co-Cr-Mo (HY 180) HY 180 20~30 Tempered Martensite
12Ni maraging MAG <10 %




1702 % & M

% 63 & (1977) $10%

Table 3. Mechanical properties.

OB i Oym | £f Eu @ Oy.c n n' aym/ gyl
kg /mm? kg;,mm2 % % % | kg/mm? GB ay,m
F30 136.2 108.3 14_4 7.0 67.3 97.8 0.077 | 0.18 0.80 0.90
F44 140.2 117.9 14.3 5.9 68.5 113.1 0.062 | 0.18 0.84 0.96
M30 130.8 104.3 17.6 8.4 66.8 92.4 0.073| 0.18 0.80 0.89
M36 131.5 111.3 12.9 4.7 67.6 105.5 0.058 | 0.18 0.85 0.95
M44 136.3 114.3 14.5 6.1 66.8 111.7 0.058 | 0.16 0.84 0.97
MSH 116.5 112.1 17.3 8.5 70.8 92.0 0.038 | 0.19 0.96 0.82
MAC 134.0 101.9 14.9 7.6 67.7 93.0 0.089 | 0.22 0.76 0.91
MAS 129.3 96.9 15.7 8.0 68.9 86.5 0.093 { 0.20 0.75 0.89
1.30 125.2 102.4 14.9 7.7 58.0 90.5 0.069 | 0.12 0.82 0.88
HY180 139.7 129.0 13.8 5.1 72.6 112.7 0.032 | 0.15 0.92 0.87
MAG 117.7 112.8 14.0 1.5 68.6 97.8 0.12 0.96 0.87
op : Ultimate tensile strength, oy, : 0.296 yield strength (monotonic), &, : Total elongation, &, : Uniform elongation
¢ : Reduction of area, gy, :0.2% yield strength (eyclic), n: Work hardening coefficient (monotonic)
n' : Work hardening coefficient (cyclic)
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cyclic to monotonic yield strength, oy .
/Gy,m, for various materials.
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(b) Just before fatigue failure at the strain rangé of +2%
Photo. 4. Transmission electron micrographs of
steel M30.
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