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Delayed Failure Crack and Fracture Toughness of 18 Ni Maraging
Steel with Aging Structure at Low Temperature

Yoshikuni KAWABE, Kozo NAKAZAWA,

Masao Kanao, and Seiichi MUNEKI

Synopsis:

In the previous paper?, the authors reported about the peculiar phenomena with regard to an 18
Ni maraging steel with low temperature aged structure, that Kic was strongly dependent upon the
prior 7 grain size and the delayed failure crack was observed in front of the fatigue precrack. This
study has been made in order to investigate these phenomena in more details and to discuss the me-

~ chanism by which K¢ is increased.

It is made clear that an increment in Kic is completely associated with slow crack growth of delayed
failure which precedes the unstable fracture. However, its increment is not an increment in true K¢

as a material constant but an increment in apparent Kic.
This may be due to the blunting at crack front caused by the microbranching of the delayed failure

crack, the degree of which also depends upon the prior y grain size.
Tensile ductility also markedly decreases under the same condition in which an apparent Kjc increases.

 This is attributed to the occurence of the delayed failure crack at the specimen surface adjacent to

or in the necking region. Thus, the 18Ni margaing steel with low temperature aged structure shows
the complicated behavior on toughness and ductility because of the high sensitivity to delayed failure.
' (Received Oct. 18, 1973)

il

1. #%

EESFFTHRYICE VT, I8N v vz — CHOFEE
BERE (Ko) LRSI CF—27+4 b (7)
SR ORGRE HRE L. TORBR, K B—iiTi
T 7 R RARE Lis s, 400°C Bssho (RIRRFAALER
BOLTHE K RAELREREHEZE L, MLOLE
BT A RERERASPFE TS L, SHiKzoMd
BREE T Kie SRERD AR S TRRERCENRY
BRMNE LS EEALPIT L. LEBDT, TO
BREARPEPETLCE, BhEEHNOETE KD
WMAROWEORELZ EFHECT 2 L 2B LETHD.
Thbt, BEIh ke ORNERTFESFENTRE
P, E BN EERRNOETIC X 5 Ry LORR R

OPETHTH LD S _

KB & 5 ik R e R BIE T CA L 5B
B EOREIC KB INS L XL TWE2™D
¢, Kic RBOARRCOBREENSETT 5 RKZHEIE
L, ZORERSHT 5, EiRE R EEERRHBR
RS BEXDD. —F, FOXSREHETORRIC
LOTIHRE L HEPAENCE L LW ERBET S
Trd METHE. ChHLDOEER FELT, KT
Kic LBIESMEORE, SEEREKREFREARECDL
oo TR L. Z0HE, ARTOBILBERROL
FiC X 0 BF bk Ko BN 5BEEMAL»TL,

* 484 10A 18H 24

B RBRTHRR TR
*rr & B REITTR

— 3] —



1614 & & @

60 £ (1974) ®I2=

Table 1. Chemical composition of the steels used for the present investigation (%)

Steel c Si Mn . P i

Ni Co Mo Ti Al

300-C 0-002 -
300-D { 0-002 0-007 0-004

— 1767 8-16 5:05 0-80 0-07

1762 8-66 4-89 092 011
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Fig. 1. Dimension of the compact tension type
fracture toughness specimen under plane
strain condition.
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Fig. 2. Temperature and crosshead speed dependence

of apparent K¢ for the specimens with the
low temperature aged structure and different
prior y grain sizes. (* crosshead speed)
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Fig. 3. Crosshead speed dependence of apparent
Kic at room temperature for the specimens
with the low temperature aged structure
and different prior y grain sizes.
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Fig. 4. Temperature and crosshead speed dependence
of Kjc for the specimens with the high tem-
perature aged structure and different prior y
grain sizes, (* crosshead speed)
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Photo. 1. Macroscopic appearance of fractured surface of plane strain fracture toughness specimens
with the low temperature aged structure in the conditions written above.
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Fig. 5. Temperature and crosshead speed dependence
of 0-29; proof strength for the specimens
with the different aged structures and prior
y grain sizes. (* crosshead speed)
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Fig. 6. Crosshead speed dependence of 0°29;, proof
strength for the different aged structures and
prior y grain sizes.
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Photo. 2. Scanning electron microfractographs of fractured surface adjacent to the fatigue precrack
in plane strain fracture toughness specimens with the low temperature aged structure,
showing the effect of the prior 7 grain size and crosshead speed. Testing is carried out

at room temperature.

(F : Fatigue precracked region D : Delayed failure region O : Overload fractured

region)
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Photo. 3. Crack profiles of delayed failure occured ahead of the fatigue precrack of the specimens
with the low temperature aged structure, showing the microbranching,
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Fig. 7. Temperature and crosshead speed dependence
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Photo. 4. Scanning electron microfractographs of fractured surface of tensile specimen with the low
temperature aged structure, tested at room temperature and crosshead speed of 0°16 mm/ min.
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Prior 7 grain size |
I' Delayed fractured ---

Fatigue
precrack : crack !
Fine ! b
1 i ! H
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crack, which is proportional
t0 an increment in apparent

Kre.

propagation of the unstable

!
~— Ability to suppress the

— Crack length

Fig. 10. Schematic representation of the mechanism
which an increment in apparent K¢ is
obtained, due to the phenomenon that the
delayed failure crack precedes the unsta-
ble crack ahead of the fatigue precrack.
The ability to suppress the propagation of
the unstable crack increases with the crack
length of delayed failure, which increases
with increasing the testing temperature and
decreasing the crosshead speed.
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