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Effect of Carbon Content on Deep Drawability of Rimmed Steel Sheet

Kazuo MATSUDO and Takayoshi SHIMOMURA

Synopsis:

The deep drawability (R-value) was studied in rimmed steel sheets melted in air. The variables
examined were the carbon content, the cold rolling reduction (50~90%) and annealing conditions
(700° and 800°C x 5hr in non-decarburizing atmosphere and 750°C x 10hr in decarburizing atmosphere).

The following results have been obtained:

1. The R-value not only has the well-known dependence upon the texture but also the depen-
dence upon the grain size d, which can be expressed by the formula.

R—_—'Ro"l—k(d_]/z—do_l/z)

In this formula,

(1) the Rq-value at the completion of recrystallization is mainly determined by cold rolling re-
duction and carbon content; :

(2) | k|is almost constant at 50~80% cold reduction, and decreases over 859%;

(3) (d-v2—d,=1/2) (the term expressing the effect of grain growth after the completion of recry-
stallization) is affected by the factors such as carbon and oxygen contents and annealing conditions;

(4) the high R-value can be obtained in the low-carbon material in non-decarburizing annealing
condition, and in the high carbon (that is low oxygen) material in the decarburizing condition; and

(5) the R-value of the low carbon material can be raised through the increase in R, and that of
the high carbon material through the increase in | d=1/2—dy=V/2 | .

2. When carbon content is low or annealing temperature is high, the cold rolling reduction for
getting maximum R-value is high.
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Table 1. Hot rolling conditions, check analysis and mechanical properties of samples.

Sample Hot rolling conditions (°C) Check analysis (wt9)
No Finishing temp.|Coiling temp. C Mn ‘ P S N O
A 870 570 0-05 0-28 0-016 0-022 0-0016 0-068
860 545 0-09 ‘ 0-45 0-012 0-026 0-0022 0-034
C 860 560 0-17 0-53 0-015 0-020 0-0022 0021
Lower yield Tensile Total elongation*| .
Salr\lngle point¥* strength* G.L.=50 mm R value 4R value (l(igz"Il'R/ISlltli))
(kg/mm®) (kg/ mm?) (%)
A 24-2 32-2 46-8 0-87 —013 9-2
259 37-2 44-6 0-92 —0-06 10-2
C 29-1 42°5 383 0-93 —0-06 107
* wvalues in T direction. ’
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Table 2. Effect of [C], cold reduction and
annealing temperature on R value.

(1) Change of. B value per 0-012,[C]

Annealing Range of [C] %
e |
conditions voao0m T oo
700°C —0-063 —0-015
(Non-Decarb.) 00385 oo
800°C . ‘
(Non-Decarb.) —0°048 —0°036
[+]
7?0Decc]arb.) 0-035 0-028

(2) Change of R value per cold reduction 5%

Annealing - Sample No
conditions A I s | .
(%gg;fi)ecarb.) 0-037 0-010 0-005
(ggg;f%)eca;b.) 0-068 0-042 0-016
Z?§§Z§rb.> 0050 0-072 0-013

(3) Change of R value per 10°C

Sample No

A B C
0-022 0-028 0-012
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Fig. 2. Effect of carbon content and cold rolling reduction on Ry,
R, and Ry by non-decarburizing annealing at 700°C.
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Fig. 3. Effect .of carbon content and cold rolling reduction on Ry,
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Fig. 5. Increase in R-value due to grain growth.
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— 34 —



YA FSIROER VT IETCROEY 35

|;np1e No A B C

A
4 /fy
{222} A’T
y &%
3 T '/! o0
-7
A /.
v/l )
2 oy 2 P
t,‘/l\“'0’-{)--()--0-’(1’o l__'_ )
v e 'y
>{200} > / >_{200} 4
3 | Vs A -
‘3 | ./-,; = /IA —
— o " - |
Q M~ o |_;_:—r";/{/‘/ ?\ —: '_ A/‘/X/ A
a X =l S — )L_, l
. T I~
0
~ | 1 == ~ L
2 --o~- As cold rolled 1
—e— 700°C Ann. 1
-—a—- 800°C Ann.
--x=-- 750°C(DC) Ann. )
| i T B I g
$ ] e~ ~L
F5><L, l {no} IR {no} TN {wo}
i D SNEAN ~a ~
o~_“l)~ —\’t‘»p: ‘ '““‘O—O—Bﬁ\ﬁ‘ l O~ e om - I \A.I\,g X
1 P04 5 By, R B St N I A S *ada S
50 60 70 80 90 S0 60 70 80 90 50 60 70 80 90

Cold reduction (%)
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: }Illl(l); : I('IJ(I): and then annealed for 5hr at 800°C.
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T.0.
-T.0. , ,
Fig. 11. {200} pole figure of sample A rolled 90% Fig. 15. {200} pole figure of sample C rolled €0%
and then annealed for 5hr at 800°C. and then annealed for 5hr at 800°C.
R.D.

(o) A ™.

Fig. 12. {200} pole figure of sample B rolled 60% Fig. 16. {200} pole figure cf sample C rolled €0%
and then annealed for 5hr at 800°C. ‘ and then annealed for 5Shr at 800°C.

T.D.

Fig. 17. {200} pole figure of sample C rolled 909
and then annealed for 5hr at 800°C-

Fig. 13. {200} pole figure of sample B rolled 802
and then annealed for 5hr at 800°C.
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Fig. 14. {200} pole figure of sample B rolled 909 (1) S A, HERS I UBME R —
and then annealed for 5hr at 800°C. THNE, WEMNTIWT{222}53%4 <, {200} 70w
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Fig. 18. Relation between R value and texture.
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Fig. 19. Schematic representation of variation in
orientation in cold rolled and annealed
texture with carbon content and reduction.
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