24 & & WM HLayEg 28

S h oK Mic BT 5 Bz dI)”
(KO % 2 R iT2uT)
BmOH B 27
STUDY ON BLOWHOLES IN IRON AND STEEL (II)
| (Composition of Gaseé in Blowholes)
Takehiko Fugii

Synopsis:

It is important to eliminate blowholes or pinholes in iron and steel, but the mechanism of
growth of them has not been sufficiently studied yet. As a first step to study this mechanism,
it is necéssary to analyse the gases existing in blowholes or pinholes. For this .purpose, a
vacuum cutting apparatus was designed and set up instead of drilling the sample in water
or oil. o -

As already stated, a vacuum cutting apparatus was a lathe which worked in high vacuum, and
‘was composed of three parts, that is, high-vacuum part, low-vacuum part, and atmospheric
part. During the cutting with this apparatus, there were two kinds of gases extracted, one was
discharged from blowholes or pinholes, the other was evolved from chips because of their high
temperature. To prevent the mixing, the apparatus was designed so that its cutting velocity
to be as slow as possible. Furthermore, to eliminate gases which evaporated from oil in va-
cuum, low-pressure oil was used. .

Blowhole samples were cast from molten steel which absorbed oxygen or hydrogen and
then cut in a vacuum-cutting apparatus. The gases discharged from blowholes were collected
by a mercury diffusion pump and a’jet mercury pump, then analysed by an Orsat micro-
analysis apparatus. Chemical compositions of gases in blowholes were as follows.

1) Gases in blowholes were for the most part hydrogen and nitrogen, while CO, CO,, CH,

“were of very small quantities.

2) Free oxygen gas existed for the small amount in the blowholes. -
3) Gases in -blowholes which grew in non-deoxidizing steel were for the most part nitrogen,

‘while hydrogen was of very small amount.

On the. other hand, gases in blowholes which

grew in deoxidizing steel were for the most part hydrogen while nitrogen was very small

in amount.

From this composition of gases, it was presumed that the CO gas existed in blowholes (which
evolved from molten .steel) decomposed in cooling; and the pressure in-blowholes reduced;
and then hydrogen and nitrogen diffused in to blowholes from the steel around.
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Fig. 1. Pressure change in a vacuum-cutting apparatus

in cutting of blowhole samples.
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Table 1. Chemical composition of blowhole samples (Oxygen addition)
Sample Deoxi- Casting Chemica} composition (%) Hydrogen Oiiygen Nltrogeg

No dation Temp. : ‘ - wt. % wi. % wt. %

' ‘ - °C C | Si j Mn P S ' Cu X 1078 X 10-3 X 1074
O 1 : 1680 - 028 0°*05 0°25 0°029 0°031 0°15 23 37 45
0 2 . No 1570 028 . 0°03 0°20 0°028 0°030 0°*16 - 13 34 62
0O 3 . 1570 026 002 0°17 0°028 0°029 0*15 14 34 55
O 4 Me-Mn - 1570 10°31 006 0°47 ' 0°032 0°033 0°17 . 15 10 50
0O 5 1570 030 . 0°05 0°44 0°032 0°034 0°17 22 31 45
0 6 2g/ kg 1570. 028 0°04° 0°40 0°032.0°033 0°17 20 38 30
O 7 Me-Si 1560. 0-34 0°40 0°33 0°032 0033 0°17 14 23 70
O 8 4g/ kg 1575 0°32 0°26 0°25 0°034 0°033 0°17 27 : 8 48
0O 9 Me-Si 1565 028 0°19 0°25 0°029) 0032 0°15 21 ! 48 80
O 10 2g/ kg 1580 0°26 0°06 O0°11 0°030| 0°031 0*15 20 : 52 94
O 1 Al 1570 0°30 0*04 0°27 0°030 0+034 0°16 17 26 70
0O 12 1570 0+28 0702 0°21 0°029 0°032 0°16 18 40 45
O 13 2g/ kg 1570 0720 0°15 18 23 60

0°02 0°09

0°028 0-033
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Table 2. Chemical composition of blowhole samples (Hydrogen addition)
Sample Deoxi- Casting Chemical composition (%) L Hydrogen Oxygen Nitrogen
No.. dation temp. g ‘ i wt. % wt. % wt. %
’ °C C | Si " Mn | P S | Cu x 1078 X 1073 X 1074
H 1 Me-Si 1530 0°53 0°20 0°30 07034 0°033 0°20 .29 14 45
H 2 1530 0°53 0°20 O’30'j 0034 0'033{ 020 47 ‘ 16 40
H 3 | 2gf kg 1525 10*52 , 0°18 . 0*30 * 0°034 0°032} 0°20 - 46 | 9 40
H 4| Al 1530  0°48 0°07 0°47 0°031 0°038 0°20 . 19 6 66
H 5 1560  0°48 0+07 . 0°20 07033 0039, 0°20 ' 27 1 55
H 6 : 2g/ kg 1560 0*46 (0°07. 036 0°034 0°036 0°20 &1 7 125
7 - ; '
H 7" Me-Si 1540 047 0°43 0°392 0°026 0°036 — 9 12 40
H 8 1540 048 0°39 0°32 0026 0°035 =— 28 14 50
H 9 aglkg 1530 0°46 0°37 0°42 0°026 0035 — 36 12 60
No 01 02 03 . 04 05 06 07 08 Oé 010 011 012 Ol3
C% 0-28 0*28 0°25 0.31 0°30 0-28 0°34 0'32 0°28 0°26 0*30 028 0°20
'Sigg 005 0°03 002 0°06 005 0°04 0+40 026 0‘19 0°06 004 0°02 0°02
Mn% 0°25 0°20 0*17. 047 0*44 0°40 0°33 0°25 0°25 011 027 0°21 0°09
Oslancesec. 0 30 60 0 30 - 60 ' ’ 30 60
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Fig. 2. Blowholes after oxygen addition
No H1 H2 H3 H4 Hs He "H7 HS8 Ho
C o 053 0°53 0°52 0*48 0°48 0°46 0°47 0°48 046
Sios 0°20 0720 0°18 0*07 0*07 0°07 043 0°39 037
Mn%, 0°30 0°30° 0°30 047 0°20 0°36 0°39 0°39 0-42
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Fig: 3. Blowholes after Hydrogen addition
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RESIDUA~L STRESS IN COLDADRAWN STEEL' TUBINGS (II)
| 'Hifroshé Imai

Synopsis: ‘ -

Following the prevxous report of some studies on residual stress measurements, the author
studied in this report the sinking and plug drawing of wall th1ckness, outside diameter- ratio,
about 109, steel tubings, and investigated on the relations between residual stress and two
drawing conditions, namely die contour and reduction. )

The results clarified were summarized as follows.

a) In case of sinking (Fig. 6 & Fig. 7) .

a.1) Residual stress increased with the increase of outside diameter reduction.

a ,2) The larger the die angle, within limit of about 102 reduction of outside diameter,
the residual stress of sunk steel tubings were greater.
On the other hand, when in excess of 159 reduction of outside diameter, the resi-
dual stress of sunk steel tubmgs with smaller die angle became greater.
Within 10~15%, 'reduction of outside diameter, almost no ‘influence of die angle could
be observed.
b) In case of plug drawing (Fig. 8 & Flg 9)

b.1) By reduction of the wall thickness the residual stress decreased remarkably with
the increase of reduction of wall thickness.

In case of about 109, reduction of the wall thickness, the residual stress 'generally
increased with.the increase of the outside diameter reduction and the die angle.

In case of about 209, reduction of wall thickness, when reduction of the outside diame-
ter and die angle were smaller, considerable negative stress remained on outer sur-
face, but they decreased with the increase of the die angle.” In case of larger reduc-
tion of the outside diameter, this phenomenon could not be observed and a compara-
© tively sma]ler positive residual stress occurred regardless of the die angle.

In conclusion, when cold-working steel tubing, a mederate reduction of outside
diameter and a sufficient reduction of wall thickness are required for the manufac-
ture of cold-drawn steel tubing with smaller residual stress.

a.3)

a.4)

b.2)

b.3)
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