BMAMOBILBES HAREOEHNS X CHMEMNERE 1737

#

X

UDC 669.14.018.295 : 539.56 : 669.788 : 539.375

SR TI DR X W E DB B & O e

Macroscopic and Microscopic Processes in the Delayed
Fracture Crack Growth of High Strength Steels

Takao AOKI, Masao KaNao, and Toru ARAKI

Synopsis:

A detailed study was made of the macroscopic and microscopic fracture behaviors in slow crack growth
process for a JIS SNCM 8 steel (AISI 4340) and for an SNCM 23 steel (AISI 4320) immersed in distilled
water as a function of applied stress intensity factor Ky at various temperatures. The crack growth rate
changed following after the change of temperature during growth process without delay, but an incubation
time was observed with decreasing K; depending on the change in stress intensity factor AK;. It was found
that the crack growth occurred as discontinuous steps for all test conditions. The frequency of microscopic
crack jumps was strongly dependent on testing temperature while virtually independent of Kj, and the
crack jump distance was not influenced by temperature but might be related to microscopic nature of crack—
ing mechanics. Furthermore, it was indicated that the time intervals between crack jumps were controlled
by a thermally activated process with apparent activation energy of about 9 000 cal/mol. These experi—
mental data may be considered to make proof of hydrogen embrittlement mechanism in slow crack growth
process with the assumption that the critical hydrogen concentration required for crack growth is inversely

proportional to Kj.
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Table 1. Chemical composition of steels (wt%).

Steel C Si Mn Ni Cr Mo P S Al
Dl 0.41 0.13 0.84 1.76 0.82 0.23 0.016 0.018 0.011
D2 0.22 0.14 0.71 1.85 1.01 0.27 0.012 0.020 0.015

Table 2. Heat treatment and mechanical properties.
u. T. S. 0.29, Y. S. EL
Symbol Steel Heat treatment ( kg/ mm?) (kg/ mm?) (%)
850°C 30'0. Q.
D143 D1 430°C1+1h A.C. 144.0 132.1 12.6
900°C 30'0. Q.
D220 D2 200°C1+1h A.C. 156.9 128.0 14.0

(a) DI143 steel

growth process. (X 1000)
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Photo. 1. SEM micrographs of the portion of specimen failed in slow crack
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Fig. 1. Geometry of precracked cantilever beam
specimen.
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Fig. 2. Effect of temperature change during
growth process on crack growth rate for
D220 steel.
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Fig. 3. Effect of abrupt change of K; during
growth process on crack growth chara-
cteristics for D143 steel.
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Fig. 4. Relation between abrupt decrease of stress
intensity factor (4Kj) during crack growth
and incubation time for restart of crack
growth at various temperatures for D143
steel.
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Fig. 5. Effect of K; on crack growth rate at va-
rious temperatures for D143 and D220
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Fig. 6. Discontinuous crack growth characteristics
of D143 steel tested at 30°C and 50°C,
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Fig. 7. Effect of K; on microscopic crack growth
characteristics of D143 steel.
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Fig. 8. Effect of K; on microscopic crack growth
characteristics of D220 steel.
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Fig. 9. Relation between crack growth rate and
frequency of crack jumps for D143 for
D143 steel.
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Fig. 10. Relation between crack growth rate and
frequency of crack jumps for D220 steel,
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D143 steel

D220 steels

Crack tip

Photo. 2. Examples of isolated cracks (at arrows) ahead of the crack tip
sectioned by low temperature cleavage. (x1000)
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Fig. 11. Arrhenius plots of the temperature de-
pendence of crack growth rate and fre-
quency of crack jumps for D143 steel.
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Fig. 12. Arrhenius plots of the temperature de-
pendence of crack growth rate and fre-
quency of crack jumps for D220 steel.
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MO WFRIZE VT E 9000 cal/mol THY, Kk s
Leirh DIKFEYRBL DOIEMEAL © 20V ¥ — DIE I RS L,
GETHRNTE X S KBRS &5 S WUREHE
BEXF LT 5.
de/di & Ky {KfFHETxI3 % D148 & D220 gRooffiod
HGEVE, R 4C o KikfFo2icd L5 0 Th
He THUHMANTIRE S % I ARFEER O 2 CIIRHREIC PG
TERWD, BERAEDAIT X 5 & I O ERNS H ik
RRBDZEALHS 1 D DEFAT DT WD DT s &
Bt z. Photo. 11ZR Lk 5iz, D143 RizBImE
BOENRIIIAT A — 27 94 MR COERI 7R 4 2
NINEE TV 523, D220 gk NEIR TR »hITIE
EAERL, FEE—SHERETENTES. WMk
NEHHNT W 20T, 4C 1ER(2)75v L) bbind &
S0, Ki WhBlLT#EmTsEE2ons. D220 4F
TOWTIE, EB L-EENT 4C i3ig K (R{EkE
BRUIERBETZERTESS, DI4S Hic>WTix
L LA Ky O TR+ a2 @me 5 L.
D143 fHic ik, K OB T XAy
TR LCEDIS HIERREDME T 3% & & b i,
3 WTTHI T R OWERET X o TRENF L 4C oimss g,
bz ok tBbihs., Z0X5i, XBREEER
TR SRR & LG K RIRE DI T, X B ong
BAED & e MR O NS o 2t X o
MEINTWEEEZLNS.

5.

il

430°C THED & L7z SNCMS8 g 200°C chzd, &

L7z SNCM23 gD 758 7Kk OB NG EE X 2 o 4E T i
BT LREEREZ, ESNLS NeHEmicksT Lto
EXOPNIRAS T Ey s Y

(1) ERRERTTERESLZIEIBE, SR
Rl R 2 LICEHE LT s 210 L.

(2) ZZWERTT K1 % Kigece LW RSIWES
—EEETEDSEHE, T2UIH L RIEE G X
TeDLHOREZBR L. £ LT, K oAb E 4K
DR E L 785 &2 OWREFENE FEBEER T 8 n L7-.
Ky 2 8MSE28E80, 13530 LRz
Lvin 7z,

(3) ESZEEMEC RERICEST L. B —
AT F 4 MUREINEZ TR LS ARAMENICHES T S
DI43 $AORMF D EHY v o FPEX 4Cyx, K O
e & Db Tt T 5 EmE R LS, RECX
HETFEAER DN D, —F, IRREOAE
V4t VIRER 1iF5 L A8 Lios,  Kp o LTRK
FLighoiz. RANEREZR UISEHE—SH L h8 5
D220 $Hz s\ CiE, 4C 13 Ky & & 4 i ihm Li-28,
IREIC X 5213 DI & iRz A ERD SRR
Dfc. Fie, 1/4ts ©Z(td DI43 & [F UThH o7z,
$EFR, de/dt @ Ky kMY AC T, ¥R R
/4t oZticE e LTERSh TV,

(4) V/dts OIREFREELZ 7 L=9XFay "+ 5
L, DI43 r D220 OWiMic 3\ CEBR DR EFFEN T
EHRBARA AL L, 9 9000 cal/mol=od RLENY i1
TR VF - DERES .

(5) vN—Dfc b H-RERENC 351 5 Ak 75
ATy TEHIGTHHBENEROY v 1, BB
40~50 p FLEE & AR O, SR O/KEIRBCERE X b EHE
SN ERY v o FPORKIEEH X D Ho/hE L, FRE
Ui DRI T IKEDNRE I X OSBRI X TIENE
L, WHAEREBRTEAE L CES R L EE LEEORENS
FLED L\ BIEMSATREREHNIC S 5.
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