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Synopsis

In regard to the low alloy steel, when used as material of great mass for machinery,
the fracture behavior in fatigue is-an especially important property.

Pieces of low-carbon Ni-Cr-Mo steel, whese content of nickel varied from 1% to 59 and
that had air-cooled, quenched and tempered and intermediate structure, were made by
heat-treatment, and their respective states of initiation, propagation and fracture of the
crack resulting from fatigue and the changes of each structure and surface of fracture by
giving a certain amount of repeated stress to each structure were observed. And the results
were as follows.

(1) The nickel content increased its resistance to the fatigue, whatever the structure of
heat-treatment might be, and deterred the fatigue crack from initiating and propagating,
and this effect was most clear when the nickel content was 5% but it was not very clear
when the nickel content was 3% and less than that.

(2) In the 0.2%C steel, one of the micro-cracks initiated from the fringe of the test
piece grew to form the main crack, and in the 0.06%C steel, numerous micro-cracks
grew respectively and linked to form a fracture.

(3) The speed of crack propagation dl/dN changed with the mechanical property of
tensile strength and hardness, and quickened according to the order of the heat-treaments
of quenching and tempering, intermediate stage and air-cooling, but the effect of structure
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became smaller as the nickel content increased. dl/dN, the speed of propagation of fatigue

crack in normal state, could be represented as dI/dN =(Ak)"/M (A% is the range of stress
intensity factor, M is constant), and » varied between 2.1 and 4.9.
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E 9 C Ni Cr Mo \4 Mn Si P S Fe
N1 0.23 1.08 0.97 0.34 0.09 1.36 0.31 0.007 0.037  bal.
N15 0.15 1.46 0.96 0.34 0.10 1.33 0.25 0. 005 0.005 ”
N3 0.22 3.02 1.01 0.30 0.10 0.96 0.26 0. 007 0.006 ”
N3L 0.06 3.07 0.99 0.36 0.10 1.33 0.22 0.003 0.005 ”
N5 0.20 5.05 0.97 0.34 0.10 1.36 0.26 0.C06 0.0C6 ”
N5L 0.06 5.05 0.95 0.32 0.09 0.77 0.18 0.003 0. 009 ”
N3R 0.22 3.02 0.04 0.24 0.13 0.47 0.27 0.007 0.008 ”
N3v 0.20 3.00 0.97 0.33 0.20 1.25 0.09 0.007 0. 007 ”

— 78 —



Ni-Cr-Mogg®] 4Ktk (3D

LAPERS KBRS 0.2% ) BERFERS 0.06% = sta, «7d Ni &R 1%,
3%, 5% #ML AAS. Mn, Cr, Mo &< @ (s Reoz EmEels VE o2 el
= (austenite) frpre] <33k AA )y B AR FTMAS. ol Eo Wi =% (rotordM =
YA 3 9l A N3R (& 2 28D& msisleh

WY N3RS BR4lelae =5 BAN MBRX EEERE A B et 1150Ta4
IKGRE msat 4 50mn fao = $BiE, whA] Sam fRo = FRIES|A BEHFF ¥Tex HAEBAS
e ek REAel AR TEe B 15k 2o

WMol B HEE &% BN
/&2' Y 2o s8] o] BfbE B otz FE

< FTL Fo FEEE Qo4 850C x 304 = 3k
‘GD— ;’_\-—{ 131 o}, o o =) (tempering) M-S FHihrhel =
—l-—l.o._.{ 2..,_“__ %) (quenching) & % £ Ao Mo = 1R
——— 65—+ W9 e & oo AE Aeldh = wE M

%0 ol $o TTTHEM =ebd E2 o]l

1. RgAe RE = (bainite) #Rko] 3| =5 HEMEET A F o).

BEFS B RBHe T EL MRFENA SEos ML REEMR BEE AA
T [l BEl = FERISHA Skl ek,

AETEe 100ky/mn2e) —7fE S FEAES T o= mekol M Bk, EHBEE B
Bi7tx) 2] $Sss JEEEME e WoASe 2 B, METRS B EENETHEEE 2
wIZLET e MRS BRAETEEE = BEs

3. REER
3-1 =AM EHHEBE
2% WAMGEHEE #9 0.26deg. /sec)dl] go1A o BIRMMEEE, AFES, ARBEE % B
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kg/mm* kg/mm? kg—m kg/mm?
N1 104.6 7.2 7.4 102. 2 2.75 6.60
N15 95.4 60.C 12.2 102.7 3.03 6. 44
N3 116.2 80.2 17.6 102. 8 4.91 9.58
N2L 91.6 56. 4 41.4 103.0 1.90 3.77
N5 145.7 95.8 12.5 103. 4 5.50 10. 54
N5L 113.9 74.0 20.4 104. 4 1.90 4.33
N3R 101.7 70.8 5.8 104.2 2.95 6.10
N3V 120.7 89.0 5.7 102.7 3.95 9.14
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°C kg/mr? kg/mm* kg—m kg/mm? Ao 2 x 104 x 104
N1 400 105.9 65. 2 3.4 103. 4 4.58 8. 64
N15 436 112.6 61.7 5.0 103.1 3.18 6.52
N3 360 122.1 7.7 4.1 103.9 3.35 6.81
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3

NOL 450 118.5 73.3 28.3 104.7 4.75 8.53

£ 5 ATUS RMRREREC HSEWREEH

B4 o9 3 S HHBE] T Ao %

°C kg /s x 101 X 10¢
N1 o560 103. 4 3.82 6.32
N15 47C 104.7 4.16 8.90
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