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Study on the Brittle Fracture of Decarburized Steel Sheet

After Press-forming
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Synopsis:

The mechanism of brittle fracture of cup which was deep drawn with decarburized steel sheet has
been studied.

Fracture cccurs in intergranular mode and it is the same as the case of brittle fracture on siretching
the undeformed sheet at very low temperatures.

The slongation of stretch-broken sheet specimen at liguid nitrogen temperature well cerresponds to
its theoretical carbon content which is calculated from the equilibrium with the annealing conditions.

It is clarified that the grain boundary strength is weakened significantly by decreasing the carbon
content in sheet below the value of about 0.5 ppm, which can not be detected by usual chemical analysis
or internal friction measurement. In the excessively decarburized sheet, therefore, the siress for slip
deformeation in iron matrix can easily exceed the stress for grain boundary fracture when the matrix
is preliminarily work-hardened by deep drawing or is strengthened by cooling at low temperatures.

Anisotropic behavior of brittle fracture of deep drawn cup is attributed mainly to the anisotropy of
the ratio of grain boundary area to the geometrical cross-sectional area of the cup-wall

Strain aging phenomenon appears in the sheet containing over several ppm of carbon, and the

effect of carbon content in this case is not suscepiible compared to that on grain boundary strength.
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Table 3 (a) C and N contents in annealed specimens (wt /)
'\mlhéung cycle T c - - * I N -
Specimen "~ 1 B s 1 [ e
R 1 _‘ 0.002 0.003 0.003 <0.0005 | <0.0005 ‘ <0.0005
R 2 0.002 ! 0.00 | o001 | ” [ _‘ s
R 3 0.002 0.003 0.002 ‘ ” | p } ”
A1 0.002 0.004 0.001 0.0071 0.0081 0.0079
Table 3 (1) Tensile properties at room termperature and aging index (A.L)
Y.P, (kg/mm?) [ TS, (kg/mm?) "L (o) AL (kg/rnm"") B
1 2 S___Q_i 2 ‘ 3 1 | 2 ‘ 3 o 1 ‘ 2 ‘ 7 5:7
Rl‘ - | 143 | — | 252 | 25.7 ‘ 26.2 f 51 l ''''' 50 52 ! ——‘ 4.1 1 —
Rz[—[l:t? ﬁ‘zm 26,0 ‘7259‘ 52 l 52 53 | — s.ol—w-
RSr — ‘ 4.6 | — ‘_24.9 J 25.5 ‘_2:9 55 ‘ s | s — 4.4 "-'—r_—:—_m
_AI‘ - ‘ 2.7 | — ‘ 28.3 '[7 '?;_imzss i 51 7]”749 51 — 4.5 ";__
| | IR | 2. 48\ 26. 38\ s | 50.75 | 5250 | — | as0|
Table 3 (¢} Tensile properties et liquid nltrogen temperature
] B Yil:i(l:gr/ir;:n) S TS (kg/m_r:) | }EI (%) e Frfa:ture mode*m -
1 |2 \ 3 ‘ 1 \ 2 \ s | 1 ] 2z 3“_ \ 2 | 3
Rl‘ — ‘ 6.8 | — | 519 | 747 "57.9 o ""'15.1 0 x : O x
R2| | @6 | — | ss0 | e | sm2 | o || o \ R
;‘_;_‘ 9.1 , — ﬁl 4.5 ‘ 5a?_i 0 ‘ 16_.5"7707 ‘ - ‘ e I o
At — | w7 | — | me \'%'%s \ﬁ?if o Jwa| o | « | © |
1 ‘ 58. 82 ‘ 75.40 ‘_El 23 ‘ 0 14.85 i 0 ‘ J ‘ '
# w  Brittle fracture
(3 Ductile fracture
Table 3 () Deep drawabilities and grain sizes of specimens
i ccv . GS No.
1 : 2 _‘_ 5 1| e - ‘ 3 1 ‘,,, 2 | 3
R 1 J Efr?)‘lj’;h ; 3&?5211 l‘iglﬁ‘zgh T | L7 ‘ 62 | 65 6.1
R 2 | « L o 0 | um | e | ore 5.7 | 63 5.7
R 3 PR ‘ R 7Y 151 1.67 5.4 ‘ 5.7 5.1
O \ 1.61 167 | 7.9 | 8.0 | 78
\'V ] T e l 166 | L7 6.30 | s.eélﬁ‘ 6.18
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Table 4 Atmospheric gas compositions for carburizing annealing and
theoretical and analytical C contents in steel

: ) o,
o Gas (vol. /), - Pu-Pus | C7 C2%
P(;() P[-[g() Pliz ‘ Pug') ; (Calc.) (Anal.)
0 0 10.0 90.0 0 0.002
1 i 0.1 15.0 g84.4 0.00540 0.000036 | 0.0062
2 ; 0.1 10.0 89.9 0.00899 0.000056 | 0.002
3 0.2 7.5 . 92.3 0,0246 , 0.000161 0.002
4 0.5 7.5 L 92.0 0.0613  0.000401 ' 0.002
5 1.9 7.5 91.5 ' 0.122 0.000798  0.002
6 3.0 7.5 89.5 _ 0.358 0.00234 i 0.003
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Fig. 10 Relations between theoretical C content and elongation in liquid nitrogen,
aging index and Snoek’s peak height of carburized specimens
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Fig. 11 {Top] Schematic representation of the
change in the relation between
grain-boundary configuration and
the direction of stretching after
preliminary deforming (compre-
ssion’}
{Middle figure shows the initial
state before pre-deforming)

[Bottom] The models of the adhesion

methods of leather belt which
symbolize the situations shown
in the top figures
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Fig. 12 Calculation of the ratio of the grain
boundary area and the geometrical
cross-sectional area after preliminary
rolling or compressive deformation
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Photo.3 Fractographs of specimens which were fractured by
stretchingin liquid nitrogen after preliminary cold
rolling with various reduction ratios
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