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Fig. 5 : De sign of Cross Head F ixture . 



Fi g . 6: S chematic representation of applied voltage an d current d ensity . 
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LA, Longitudinal section to tensile axis LG, Longitudinal section to tensile axis 
Fig. 7: Highly magnified scanning electron Fig. 9: A typical transmission electron 

1nicrograph of larnellar steel before micrograph of lamellar steel 

the test. before the test. 
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Fig . 8 : Depend ence of thickness of c ementite plate on interlarn.ellar spa c ing. 



Fi g. 10: A t ypical o ptical 
mic rograph of spheroicli zed 
ste e l b efore the t est. 

SF 

20. rnicrm1s 

Fig. 11: A typ ical optical 
micrograph of Annc o iron 
be£0:r.e t he t es t. 
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5. 0 microns 
LE, Lon gitudina l 
Fig. 12: Transn1ission e l ectron micrograp.h of lan1ella.r 

steel showin g a grain boundary running acros ~;; 
the lamellar structure. 

1. 4 micr~m.s 
LF, Longitudinal 
Fig. 13: A typical transrnission electron micrograph 

of larnellar steel showing no sub cell walls 
in the fer rite before the te s t. 
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5. 0 microns 

SF, Longitudinal 
Fig. 14: Substructure of spheroidized steel showing 

no sub cell walls or dislocations in ferrite 

5. 7 microns 
Armco B, Longitudinal 
Fig. 16: Sub cell walls running from the high angle 

boundary in Armco iron before the test. 



o2o A 

Zone Axis= 100 

Assuming that the beam. is parallel 
to the zone axis in Figs . 15A a nd 
15B, the resultant mis fit angle 

0 
at the boundary becomes 63 . 4 . B 

SB 
Long. 

1.1 m1crons 

c 

Zone Axis = 120 

Fig. 15: Misorientation at a ferr ite boundary in a spheroidize d steel before 

the te st. 
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• 42 microns 

LG, Transverse 

Fig. 17: Tangled dislocations b e tween the cementite plates 
of lamellar steel with no sub cell wall. 
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• 71 microns 

LG, Transverse 

Fig. 18: High dis location density near the fragmented cernentite 
subdividing the 1natrix observed in a coarse lamellar 

steel. 



. 71 microns· 

LG, Transverse 

Fig. 19: Dislocation structure at the tips of discontinuous 

cementite plates. 
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. 67 microns 

SA, Transverse 

Fig. 20: Extensive tangled dislocation structures with less 
clearly defined sub cell walls observed in a fin e ly 

dispersed spheroidi zed steel. 
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SB, Transverse 

1. 2 microns 
t------1 

Fig. 21: Accumulation of dislocations near the cementite 

- - - par"ticles. 
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. 42 microns 

SF, Longitudinal 

Fig. 22: Well defined cell walls seen in a coarsely disp er sed 

spheroidized steel. 



!21 1 Oirl?ction 

, 1.r microns 
Arrnco A, Longitudinal 

Direction A in the electron 
micrograph corresponds to 
dir ection B in the S. A. D .. 
Th e calibrated rotation an5le 
for this magnification is 9 • 

Fig. 23: Well defined cell walls near the high angle boundary. 
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. 57 n~icrons 

Armco A, Longitudinal 

Fig. 24: Well defined par a llel cell walls observed in 

Arn1co iron. 
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F i g . 26 : L ogarithn1.ic true stress-true strain C \~rves showing a linearity at strains over 
e = . 075 for lamella r and spher oi. dized steels c.nd e = . 09 for Armco iron . 
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Fig . 27 : Relat ion between th e work 1-Jar cl en ing coeffici ent a n d t he u n ifor m ductili ty 
s howing they ar e n umerica lly equa l. 
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Fig. 29 : The depende~e of the work h ardenin g coefficient on the F . M. F . P . a s 
n = B( FMFP) • 
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Fig. 30: Em.pirical relation between the work hardening c oeffic i ent and ultimate tensile strength. 
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Fig. 31 
LA, Tensile tested at R. T., 

0 
impact fra c t ure at -196 C 
and etched 

Fig. 32 
SF, Tensile tested at R. T., 
impact fractured at -196°C 
and etched 

2. 3 microns 

4 . 9 microns 
1-------i 

Fig. 31 and 32 : Scanning electron micrographs of fractured surface in a 
method proposed by Tanaka et al. 
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Fig. 33 

LG, Longit-udinal 
Defor~ned up to the uniform 
ext ens ion at R. T. , polished 
and etched . 

Fig. 34 

SF, Longitudinal 
D eformed up to the uniform 
extension at R. T. , 
polished and etch ed. 

9. 2 microns 

---

6. 4 microns 

Fig. 33 and 34: Scanning electron micrographs a fter the uniform extension 
in lamellar and spheroidized steels showing some voids l eft. 

' 

95 



A 

Arm .co B, Lon gitudinal 
Deformed up to the uniform 
extension at R. T., 
polished and etched 

B 

Armco B 
The san'l.e as above 

I 
16 . micron s 

~ 'i _ 

1ens1le Uwecti 

· ·j 16. microns 

Fig. 35: Scanning electron micrographs of fractur ed c ementite particles 
loca t ed at the grain boundary leaving no void b etween the fracture 

surfaces . 
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. 36 microns 

Fig. 36: A cementite plate showing steps made by shear slip during uniform 

extension or thin foil preparation. 
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