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fo th:rwi?gﬁt oof tE: LD, EEAESZEIN p. 1~14 '
adhered metal. BIEvy. Lehio T O 5) A. Hayes & J. Chipman: Trans. A.LM.E.
OHEOTLRERERE R Eb D TR » 2 L Bbh Vol. 135 (1939), Iron Steel Div., p. 85~132
5. . . 6) 8th Rep. Heterogeneity Committee, Iron
SiEiviis t PG U 2R i B S0 IR E % Steel Inst., Special Report No. 25 (1939),
T°C, x)vbDEBESEE To°C &3iuE, mEEIic p. 1~9
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T=T,(l—eB) ) namics”’, McGraw-Hill (1923), p. 242~245
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ZORT ~1, 2), p.9~18

T ,=1490[°C], T =1440[°C], ¢=12[sec]
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THE RELATION BETWEEN THE SAND MARKS AND THE
NON-METALLIC INCLUSIONS OF BEARING STEEL

The study of non-metallic inclusions—III

Masao Kawai and Hiroshi Kimura

Synopsis:

In the third report, the authors studied the relation between the sand marks of steel rods
corresponding to the shrinkage head of an ingot and that of the ingot itself, and also the
relation between the sand mark and non-metallic inclusions, which was extracted by chem-
ically. The sand mark was examined microscopically.

The results were briefly summarized as follows:

(1) The number of sand marks, large and small, of steel rod, which was prepared from
the shrinkage head of the ingot, is numerous, but the number of sand marks of a normal
steel rod,which was rolled from the ingot itself, was small.
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(2) Weight of chemically extracted non-metallic

inclusions at where sand marks are

gathered into a certain position of steel rods was larger than that of another positicn of the

steel rod.

(3) - Generally, the weight of the chemically extracted non-metallic inclusions at the center
of steel rods was larger than that at the periphery of the same steel rod.

(4) By microscopic examination, mostly, the non-metallic inclusions existed in the sand marks.

(5) Segregation sand marks, which were caused by phosphorus and sulphur, were rarely
found in the high-carbon low-chromium steel rod.
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A EVEE LIRD CBlgEVT, MBI & 105
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HOIIROERTH Y, EFERCEVWTEED
YURBDHOLDRENERIALTSES. WFRD
LHOEY, @, @0 ORERLAHE I EE S OIS H
D, @k CRATESEIIL LD 1/4T, 1/3 &,
2/3 HIT, Tinbb-—iOmEICER LAHBEASERTFL,
@DITBE W TIRABITEA LT 5. Lk QbR A ki
HIHIChR DT T H72dITER SS 137 @ 65mm
$ DL DDA O R L 2 d D NRT % & Fig.
lpZ &L,
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75mm
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Y.
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)
)

X
Numerous
sands surface

,‘/umemus

Numerous sands sends surface

(all the surface) Ordinaly st

Surface

Fig. 2. Sampling method of sand analysis for
55mm ¢, 85mm¢ and 105mm¢ rods, which
have numerous sand marks.
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% DR % Table2 WmLIA:, THICESEH

wndery of e shnkage-head |
and the ingt itself.

/895

ﬁt&/\ﬁ'/ F&E &I o ic—E DGRBS D

:‘/mzrom sond, but (@
t/e/e are gatlered info ﬂl~ll4 ﬂ.MS 1019 721)
"% area /0

‘@ Mumerous sands

Fig. 1. Development of inspected surface
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Table 1. The net number of sand mark of the rod, which had been prepared from
the shrinkage-head of the ingot, and of a normal rod from the same ingot.

Charge l Dia of rod Inspected Net number of sand marks at inspected area
| . T T T e T
i dia and Ist end of top Skg(D 2nd end of top 5kg (@
No. (mm) length 0°1~0°4[0°5~0"911"0~179[ >270 (0" I~0-4/0°5~0-9{1~0~179 520 _
mm mim mm mm mm mim mim mm
Nume- Nume- B !
S857 85 ¢ 80 ¢ X 70 Fous 7 4 2 rous 4 | 3 4 0
Nume- | Nume- | Nume- Nume- ' Nume- Nume-
Y/, 4 '
$940 759 709 X70 ’ rous rous rous g rous ’ rous rous
i
i
S958 v 7 7 o Y ” y o v
. i .
$S135 65 ¢ 60¢ X140 | 7 ” # " o # Z v
S S137 65 ¢ 4 4 4 7 4 v 4 4 4
i . 3/4 areal3/4 area{3/4 area|3/4 are
SS135 55¢ 50¢ X140 | # 4 ” 4 nume- | nume- | nume- | nume-
rous rous rous rous
S S 137 P P P » P ” Nume- | Nume- | Nume- | Nume-
rous rous rous rous

Net number of sand marks at inspected area

3rd end of top 5kg (B 4th end of top S5kg @ Normal rod

0°1~0°4[0°5~0°9{1°0~1"9| >2°0 [0*1~0°4[0*5~0*91*0O~1"9] >2°0 | Posi- 0°1~0°4/0*5~0"9/1*0~19/>2°0
mm mm mm mm mm mm mm mm tion | mm mm mm mm

Nume. | .20 31 v T 13 2 L 0

rous (These sands were ga-) 89 2 0 0 M 18 0 0 0

thered into 1/4 area B 17 1 0 0

.70 11 14 6 | T 51 1 0 !

These sands were gathered 47 0 0 0 M 32 1 0 0

___(into 1/4 area ) B 21 0 0 o}

104 11 10 2 ] : T 40 1 j 1 ’ 0

These sands were gathered | 92 0 0] 0] M 37 3 0 0

(into 1/4 area | B 29 ) O | o

T 64 3 : 1 0

67 i1 15 9 ’ 41 L 0] 1 M 20 o] [ 0 0

B 59 2 | 0

Numerous ! ! . T 140 5 ; 5 | 0
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into 2/3 area ! ; B 24 1 .0 _ 0
103 44 39 12! | ! T 30 | 5 o T o

(These sands were gathered { 50 2 1 ‘: 0 M 67 12 t 2 o1

into 1/3 area l E B s | 3 0 . 0

| i 37 6 6 2 T 31 9 : 2 1

N;glx;g ) 1 Nrf:: ) N;t,lﬂ'se ’ i Nlirﬂs- (These sands were gathered M 39 6 . 4 0

i i into 1/4 area B — — ] — —
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Table 2. Relationship between sand marks and sand analysis.
Char- | Chemical composition Sam- | Sand analysis Residu-
ge. . ple ; o . e . al
! c Si Mn p | s r Cr Cu V;I;(;tgl ! Chemical com;io§fi?g !
No. 1 % |\ % | % | % | % | % | % |No- )7 [0, ALO; FeQ MnO [Cri0; Al %
o % o % | % | % |
i ! .
! 1 | | | ® lowoiodl 1178 s1-60 3-88 041 | 2-14 ! 0-046
S435 . 1°00 | 0*28 | 0*41 | 0°018 0*012| 1°46 | 0*22 ® (0-0135} 12+41| 78+80 476 - 0°58 ; 3681 0°113
’ © (0°0143| 1613 69'83' 867 0°62 | 4°58 } 0+135
LA . . . . . . ©® 0-0t17| 7°00 I‘ 8250 5°+72 | 0°35 3-95  0°040
S488 ‘ 0°96 | 0726 | 0°38 | 0°014) 07012 1°37 | 024 | & |5-012¢| 6°13 7960 828 ’ 0-41 4-6a ! 0-057
x | ® [0'010‘6-,7;1'76 "91-502-09 1010 '0-57 L —
S650 ‘ 0°97 | 0*26 | 0*44 | 0°014| 0010} 138 | 0*22 © 0'0115]’ 8+86 ‘L 88'60i 1406 ; 108 1 012 ; -

Table 3. Sand analysis, which are sampled at the center or periphery of rdds'and ingots.

i | .
Rod Char-; Chemical composition Total  Chemical composition of sand
or | ge : ; Sample position sand . : :
ingot | No. | ¢ [si|Mal P | s [cr|cu % 1 S0 AlDs| FUO | NAO s
i : S A :
GG G e B B oos 204 | 70l |
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(o] - T
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jE9} . . . . . . . . i 2 ' 1‘
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_ P Periphery/0-0082| 13°80| 82°36 188 | 0°37 | 1°50
24 ' B ! | ) )
S | [ PO IO U . | Center '0°0138 8726 8590 3‘08' 0-38 | 2-64
§  SS021/1000+260°43| 0021} 0-015]1°360°22 Middle Periphery 00125 1220, 8022, 357 | 0+65 | 138
i . NI e
o Center 070108 11+10; 85+95 1-11 0740 | 1-11
[} i
& Bottom |pe inhery0-0152 30752 66:70, 1+14 ; 0<31 | 0*61
A : | d 1 l | r
\ I Ceuter |0-0133 4-83 88+75 1795 | 0v63 ' 3+06
|85099‘o-97o-24io-4{ 0+025| 0-015!1+36/0°20| Top Periphery|0°0132 5'00 90°00 3°07 | 115 | 0°29
. - 1 .
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X 60 (2/3)
The sand mark at turning surface.

T T

st mark L Dvand ok

ey o

Fig. 3.

Photo. 1.

> e

Typical sand marks at turning
surface.

X 100 (2/3)
Large and small sand marks,
of which the distance are very narrow.

Photo. 2.

2. 5mm »
¥ ¥ :

f L 27 TN ' '~ 60U thickness
fu =07

(dis tance) ~Gl thickness

Fig. 4. General review of Photo. 2.

BB W TR EVWIIED B G0 H 5 W 3T 2 1R
FELIRIBTH D, AV ESGIaTH o &
5L, COMEPEZEENAT 10 ORBTHHI S5
SEELANET, Wb Tl ICFET 5 2 L@
HBHEEALND. Tivbbhri LHIkEEICH B/ NEFED
BEE—ISEEENED ERMToMNEYTHA S .
FEEEH DA S Wil si4f (30mm ¢ ) I 1) %
LIF /A Wilifitidd b H A, KEVHIGED i D 308
DIRKEE TRBRIZ DN (b bR okE

0*4mm

FEW) b, REWE DO OPEIERT 5 & OEM
IIBENE . 2 BRIEM DM ITFLZ B/ E b
SERY) D L, BEREE L7 ¥ B 500 O FRMEET
R3& Photo. 3 T & <HALHEAEMEAL, T
NAEW DD @ﬁﬁmtx/¢4bm%%k< oy
MThD.

*x 500
L=~0*3mm sand mark.

Photo. 3.

F Folih AL A2 M ERR AR B0 U hr THE(V), KT
(1:1) WigdH7=EAKITHY 10 FOMmIEGEE L TolkPe, sotkL
7515 DANRFANSE THFEHR 2 R 5 L& BATEM DIFLE
BHARICEED LN DD D, TRNEWOLLE LR
bbb DL, & QWEELED DI, B ZIEFHE
e 4~5 o, 250kg fABRs> 5 95Smm ¢ ITJELE L - s
DHEYDUCTWIRWE DTIIE & A ENIEWAIIKE
FIERAT U, OHIE T & 58 SN T ICII A ERIE
ERNEMEPAT 55055 5.

DEoERL Y, HHEOERRE—EESBEAED T
HAHHEVS T EHBMEAXPETH B

V. SO HhiE
250 kg TUEENEZHIEA & 75mm @ DAk ST ERE LA
378, (BT FF 235, 0°989, C, 0°299 Si, 0°399%
Mn, 0-016% P, 0°0149, S, 1419 Cr, 0°35 9,Cu)
W OHIGE & BB DIHEA LD Sbhic. Tib
%ﬂE@EK%LT@ME&%®iiEa&,m%@%
VI TR D D, 0FEDIAEDO T T RIRD
HTER LD FEBNMEMIT L£LALANR. “he
(1:1) DOFEKRATH 2 HEEEEL L CRKIZERT 5 &4
LB 5AMOHE LThE VEECR NS . Fh
% Photo. 4 TR .
T DFHE O 3 ﬁ?ﬂ7ﬁ%?étﬁ%®kﬁ¢#
ERRDIL D OBRTEROEFRICH DT, “hi 600
fEITHEA L7md D% Photo. 5 TH o 1, 1 {EILREME



2 ﬁ@ﬂﬁt#ﬁﬁ E%&@%% 885

(Chemical compositiofi: 0989, C, 0°29% Si,
0°399% Mn, 0°016% P, 0°014%, S, 1*419 Cr,
0°359, Cu)
Photo. 4. Special sand mark of bearing
steel.

X 600 (2/3)
Inclusion of the special
sand marks.
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mark and its hardness is measured by mi-
crovicker’s hardness tester.
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INFLUENCE OF CARBON ON THE PROPERTIES OF
18-4-2 TYPE HIGH SPEED STEEL

Naomichi Yamanaka. Dr. Eng., Kunio Kusaka and Masanovu Kitahara

Synopsis:

\

To investigate the influence of the carbon on the properties of 18-4-2 type high speed steel

which were used for forming or finishing cutting tool,

temperature, Ms point,

the ‘authors measured the critical

quenched and tempered hardness, retained austenite, dimensional

change,- tcughness and mechanical properties at high temperature.

The results obtaned were as follows:

(1) The critical temperature and Ms point were lkoered with the carbon addition and the
beginninig curve of the isothermal transformation . was moved to long tlme side with the

<carbon addition.

(2) The quenched hardness was raised with the austenitizing temperature in the lower

<arbon content and was lowered as the carbon increased to more than 0°76%.

the fully quenched hardness,
X10mm specimen.

For obtaining

the austenitizing time needed about | or 2 minutes for 16 ¢
The tempering hardness as the secondary hardening was raised with the

<carbon addition and with the quenching temperature elevated.
(3) The quantxty of retained austenite measured by the magnetic method increased with the

-carbon addition.

During the tempering, decomposition of the retained austenite was occur-

red at about 500°C rapidly and all amount of them was entirely decomposed between 575°C
to 600°C

(4) The toughness measured by the static bending test decreased with the carbon addition
and the impact strength at elevated temperature also decreased with the carbon addition.
‘The tensile strength, elongation and reduction of area at elevated temperature were hardly
affected by the carbon addition, but were affected by the tempering and testing temperature.
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