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Observations of Ductile Fracture Processes and Criteria of Void
Initiation in Spheroidized and Ferrite/Pearlite Steels

Synopsis:

Tsuyoshi INOUE and Shushi KINOSHITA

An investigation was made of the ductile fracture processes both in spheroidized and [lerrite/pearlite

steels.

Transmission electron microscopic study was performed to observe the dislocation structures in and around

spheroidite and pearlite at the stage prior to void initiation. Stages of growth and linkage of voids were

pursued by means of scanning electron microscopy.

In the vicinity of spheroidite and pearlite, dislocation tangling and cell formation occur as deformation

proceeds. A few dislocations were observed in cementite both in spheroidite and pearlite at strains im-—

mediately before void initiation.

Combining these observations with previously reported results, criteria of void initiation were discussed.
In spheroidized steels, stress predicted by Fisher-Hart—Pry (FHP) model is exerted on spheroidite and
void initiation occurs when the stress reaches the fracture stress of cementite. In ferrite/pearlite steels,
FHP stress applied to pearlite induces slips in pearlitic ferrite and secondary stress concentration to cementite
plate. This secondary stress can be predicted by Anscll-Lenel model and void initiation occurs when

the secondary stress overcomes the fracture stress of cementite.
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Table 1. Chemical composition of steel (wt 25).

Sed | ¢ & | owma ' | s A Note
A on . 02 | 04 . 007 | 0018 | 003 | Commercial
B | o040 033 08 | 006 | 0008 | 003 ° v
D 0.39 | 0.05 0.008 0.007 0.005 0.021 | Vacuum melted
E 0.58 |  0.05 0.008 0.009 0.006 0.021 Z
F 091 | 0.04 0.008 0.012 0.005 0.020 Z
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Photo. 1. Dislocation structure around carbide™in
steel A, strained to ¢=0.03.
Note that dislocation pinned by carbide
has a curvature of carbide radius.
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Photo. 2. Dislocation tangling commences in the
vicinity of carbide.
Steel A, strained to £=0.05.

Photo. 3. Tangled dislocations around carbides
in steel A, strained to ¢=0.05.

Photo. 4. Cell structure formation around carbide
in steel A, strained to ¢=0.2.
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Photo. 5. High dislocation density around carbide
in steel A, strained to ¢=0.3.
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6. Dislocation in carbide (cementite) observ-
ed in steel A, strained to £¢=0.3.

Photo. 7. Dislocation structure around
steel B, strained to ¢=0.1. Higher di-

carbide in

slocation density is observed at the same
strain comparing to steel A, due to the
higher carbide density or to shorter in-
terparticle spacing.
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Photo. 8. Scanning electron microstructures

and fractograph in steel D. (a) : void initiation

(e=0.5), (b) :void growth (¢=1.0), (c) : void linkage (¢=1.3) and (d) : dim-

ples of fracture surface.
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Photo. 9. Voids immediately underneath fracture Photo. 12. Elongated‘ and curved cells formed in

surface in steel A. Elongated voids
suggest that the amount of strain after

void initiation is large.

the vicinity of pearlite nodule in steel
E, strained to £=0.2.

x | | X 7
. A ~ S+

Photo. 10. Dislocation structure around pearlite Photo. 13. Slip traces and dislocations in pearlite

nodule at the early stage of deforma-
tion. Steel E, strained to £¢=0.05.

Photo. 11. Commencement of cell formation ;
around pearlite nodule in steel E, Photo.
strained to ¢=0.1.

RHEmIZZ > THEEZL OO L FHEXN5.

nodule. Dislocation density of pear-
litic ferrite is much lower than that
of matrix ferrite.

>

14. Microvoid formation at cementite plate
in pearlite nodule of steel E, strained
to ¢=0.2.
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Photo. 15. Voids in pearlite r;;dix‘ie induced by
the coalescence of microvoids in steel
E, strained to ¢=0.4.
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Photo. 16. Two types of void formation in pearlite
nodule in steel E.
(1) Slips of pearlitic ferrite induce ce-
mentite cracking (arrow A in (a) and
(b)) and open up to void (arrow B in
(a)).
(2) Microvoids at ferrite/cementite in-
terface (arrow A in (c)) and tearing
off of cementite plate (c).
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vicinity of void. Steel E, strained
to e=0.5.
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Photo. 18. (a) : Microstructure immediately under-
neath of fracture surface and (b) :
fracture surface showing debris of pear-
lite at the bottom of dimple. Steel D.
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Photo. 19. (a) : Voids in the region immediately
underneath of fracture surface and

(b) : fracture surface. Steel F.
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Fig. 1. Comparison of experimental data of strain
to void initiation in spheroidized steel B
with calculated values by eq. (6) using &
=0.2 (solid curve).
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2B5T2ITXY, SETIROLERIKRILDiTHT 5 ®
Fud b, 18— 54 MLCOPBENED BREHET
X5:BbNb. L0, BRRRLHD L E
RSB AR, RKRILHO L ERLTHLEKITIZLIAY
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DOTH) e1 E(6)RD reem WK LT/~ F 4 MOD
WERIRE p ZFHWT

EI—\/k LTP e (7))

f%éhé.A—74F®M%ﬁ§m%ﬁ®;5mlm
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(k=0.1 LT), ThEThOEHB|{HE® 0.78, 0.38 =
MV ExE5 2 5.
43 =354 PRRAREIFE XY 214 MROHIE
R—5 4 MR LEEO X 51z 102 kg/ mm? FREE D
N&FZT, X—-F4 P NAGRPERTS. oL, s
— 74 MRRDT = 74 MRICEBHER 2 E L X OGN
TR DX a4 MERBET 2. ZOBAD
A E A SREERIRDOITHIRLF 2 V3R D, RAnickt
THEMNLEENE R LTE L, ficd~<7-ALAR
DEFANFATCEDL EBDNS. Thabb, e x
FIEEDE A ZA MRS I
r=% e (8)

THEZLND. 22T 28 13- 54 NERRTHD
R=F A4 NP5 T 0=102kg/ mm? & L, /¥¢—
74 MERFEZEREO0.34m L35 & =10 kg/mm?
ey, exr a4 MEEGSHEE LS. Thbh,
727454 MRTH, FF< bV v r2D7
=94 FOHEFICX Y FHP £ FVBIDEH A/ —
54 MR 2D, FORHETF T~ 4 MHZE
BL, /$—34 MRATIE AL TFAVBIOEH A £ %
VA4 MRICPP YD FEA RFEECHLEEZLNS.
(BYRZHE VT ikt A £ 4 b DWES T teem 1T,
c X (7)RD tp WHE TN, (7), (8)RA»rbH7
=T4 =54 MRCEFLES FREFTOOT

203
k L\1/2 b 1/4
N L o) rem—r

Lich. TORPE, e EL(—F 4 MEER O 1/2
FRHBILT, /2 285 (02— T4 MERR) © 1/43%
CREEHIT S, 054 PRARSKE <72 %13 CEE
BELRB LR BRI HMENTWDD, =54
b BRI BT |G v L L RiNEBO-
L3 5 3 ERIRRAS K & v iF Kkt RO Aov ¥

— 97 —



884 B L M E 624 (1976) w72

—BEL D LEEDTCWS.
LLEDZEZTRTHEDE b D DIENEFBVE EizDon
TREXTELT. FfTEb ) OENORFYE (&
—~HARY b VDREH—E) L EHBECART WY
7o, EEMLEREIILELAbLVWERFZET S,
EEBRANCIIHLIBEBEDERBREFIPTESL L
x5

5. &

HRRRILDELERT =T34 b - =54 b2 ET
LIMERER 25 &, 58 2 R F 0 F b b ORI,
FA FOFELE, iR, EBER LoEEREARLEIEL,
ZhODFER»OEZHENF~DIEH, FA4 FOFLEE
Bz oWwWTEELE.

HRREACMEBMTROTHOETITE DA VERIRR(L
WE=b) vV ADIEKOBE LD, HOFEb) Tl
fLo tangling, ® VDR BEHLRS. KiThr»r 55D
W, O Eb ) DIRMPSTEHE LR EFERE D=
BiFoh sz itk b & L, Fisher-Hart-Pry €5
WOEBEPLFRTES. ZORNIBRHRIRRILDOREE
JENTB LI E KA FBRETBEEZD I LIC X
D, ¥4 FEEECOUTAHEOR EIEEEAEME L 310
TE%.

T=274 b =54 MERIICEWT, /S~ F 4 bR
RE2MRTEE 2D E, RIRRILHOEF NV EREIC
LT/—F 4 MRLICPDPBENZHETED. LavL,
18— 5 A4 MRIAERKRIEDIC K HRTIX S PINE B
HATCETNEBOEENEZY, /—54 PRNTO7 =
74 MROERIC X BBMOGHEFICI VA 24
MRSHBIEELTHA FRRETS. ZOBFEFOEr 4
A P RERRLICE 3 S ERMIEE E I & 5 % Hh, Ansell-
Lenel IOEFAMBSENEFIETCEXD. ZOX5KE
FNpD, T7o.54 b -2—5 4 MARRKBITAFEA FR
E£ECOOTHENN~F 4 MRRRO /2 AL,
W= 4 FNERRO 1/AFERHIT 5 L FREEhS.

'8 (3

1) K. E. Purrick: JISI; 185 (1957), p. 161

2) B. R. BurcHer and H. R. Permir: JISI, 204
(1966), p. 469

3) D. P. Crausing: Trans, ASM, 60 (1967),
p. 504

4) L. E. MiLLer and G. C. SmrthH: JISI, 208
(1970), p. 998

5) C. F. Tipper: Metallurgia, 39 (1949), p. 133

6) C. Crussarp et al.: JISI, 183 (1956), p. 146

7) K. E. Purrick: Phil. Mag., 4 (1959), p. 964

8) B. I. Epeison and W. M. BaLpwin: Trans.
ASM, 55 (1962), p. 230

9) J. GurLanD and J. PraTeau: Trans. ASM, 56
(1963), p. 442

10) P. F. Tuomason: J. Inst. Metals, 96 (1968),
p- 360

11) M. G. Cockcrorr and D. J. Latuam: J. Inst.
Metals, 96 (1968), p. 2444

12) F. A. McCrintock: J. Appl. Mech., 35(1968),
p- 363

13) /NEE, #: S21E 8 T4 E (1970),
p. 455

14) M. Nacumo: Acta Met., 21 (1973), p. 1661

15) F. B. PickerinGg: Toward Improved Ductitity
and Toughness, Proc. Symp. at Kyoto, (1971),
p.- 9

16) 1, ATF: @ Emx, 14 (1973), p. 291

17) #+E, %MW, AF: $k&m, 61 (1975), p. 808

18) # E, AT: g&iy, 62 (1976), p. 90

19) HE, KTF: & &5, 60 (1974), All9

20) 4. H. Havrzman, J. C. Danko, and R. D.
Stout: Trans. AIME, 212 (1958), p. 475

21) M. KaLpor: Acta Met., 10 (1962), p. 887

22) #E(B), /A, HE: BEEE¥LS4H, 13
(1974), p. 653

23) A. J. Epwarp: Report of NRL

24) M. GensarmEr: Trans. ASM, 36 (1945), p.30

25) G. S. AnseLL and F. V, LenNeL: Acta Met., 8
(1960), p. 612

26) J. C. Fisuer, E. W. HarT and R. H. Pry:
Acta. Met., 1 (1953), p. 336

27) A. Kery and R. B. NicHoLsoN: Progress in
Materials Science, vol. 10, Pergamon Press
(1963), p. 151

28) E. OrowaN: Symp. on Internal Stresses in
Metals and Alloys, The Inst. Metals, London,
(1948), p. 451

29) R. S. GoopricH and G. §. ANseLL: Acta Met.,
12 (1964), p. 1097

30) G. THoMas and J. Nurring: J. Inst. Metals,
86 (1957), p. 7

31) D. W. AsaaLL and P. E. Evans: Metal Sci. J,,
2 (1968), p. 96

32) M. J. Coruins and D. 4. Woobrorp: JISI,
203 (1965), p. 184

33) W. W. Wess and W. D. ForgenG: Acta Met.,
6 (1958), p. 462

34) A. R. RosENFIELD, et al.: Trans. ASM, 61
(1968), p. 807

35) J. A. Rinesort and W. J. Harris: Trans.
ASM, 43 (1951), p. 1175

36) M. F. Asupy: Phil. Mag., 14 (1966), 1157

— 98 —

-

*

o

&



