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Table 9.

a microscope.

Percentage of the revealed inclusions by the
macroscopic method among the total inspected by
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On the Fine Sand Marks With a Cloudy Appearance

==

BoA B R

in Roller-Bearing Steel SUJ 3.

 Kiyoji Deguchi and Yoshimichi Matsumoto.

Synops1s

Invest1gatlons were made on the character and mechanlsm of the occurrence of. fine (extra
-small) sand marks wh1ch appeared in bearing-steel SUJ 3 molten by an acid furnace

Further comparatwe tests of acid and basic furnace products were carried out.

1) The fine sand.marks appeared only in acid furnace. products and the appearance- of

fine sand marks depended on cutting conditions.

When the cutting speed was fast and the

edge angle of bite small, the fine sand marks can be distinguished well.
2) In the comparatwe tests, it was found that normal sand marks in basic furnace pro-
ducts were more numerous than in an acid furnace but A and B-type inclusions in the
__former were much less than in the latter and A- -type inclusions were chiefly sulphide system-

and B-type alumina.

3) The fine sand marks are caused by numerous A and B-type mclusxons and partly by
the fiber structure, and not the same as normal sand marks. ’
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Table 1. Occurrence of the fine sand marks and fibers.
{ , ? oo i " '
No ‘Specimen I'st step D-2 mm " 2nd step 3rd step | Inspection ' Size of bars
‘ . ’ 2/3D 1/2D 1t ) D-mm).
! 1st Time { .2nd Time ; (2/3D) (1/2D) ‘4 resu | ( )

T1 Nil Few (small) |Many The same
: T2 Nearly nil " (small) | as left | Nogood | 955
2 le Many (small) Many (small) " P ” ”

T2 # v

M
3 %12 Many ,/(long) Many (/l/ong) (largagjz& P ‘ P ”
' ’ small)

4 T1 Few (small) many (long) (Many fiber ” P ”

T2 4 . ” occured .
5 A few fiber occured Good $45
6 Excellent - 7 C
7 y ” ¢ 50
8 . ) V4 3 . o
9 A few (small) 1 4 ‘ ¢ 85

Note: T: Top of the ingot,‘ D: Diameter of the bar.

AR O N TR B RS D— BRI B Ly Lo
TSRS AR T LT\ B 25, BRSO A 2%
RELTHH»BRMIPROFBERT LM LRER (&

SRETEIS A R L\ T) 1 Table 1 RHRTFTE L

TéHB. No.l~4 32 pHEpHEDTc » REdh & HES
nicdh @, No.5<0 IHEEITIE LAEEBERTHS.
KA LS No.3*0%4 0'lmm DL EDOWMENH% <303
BN S I LTWn, She ORNEOEES
BI~OZELE RS Shule s, Fc Bl 2 E Shic
b0, TORMERRDLNEPDIDT, Bl
CHbhic fiber DB
CFRORE D fiber HITE A LBEBEL TV DRk,
ZHUCR L CARBETIE, Wihd fiber OFEHEEVD
LaL<, &< No.4 Tib U5 LV fiber struc-
ture BREFI SN DEOHEIPLBEERICRXD
BONTHEOSEIRIT  fiber structure : FHELEER D

< 3ERMID LicHE

5E LTHER 0% n,

DTWVBH L LPHEEEIND.

II1. ®iE, FESENENEIT |
fiber structure &DOEMF

5 O ORI DBRIE i%om% SRR X B
kLBAEMOERERIZ Table 2 OLBHTHD
o D-4 mm, 2/3D 1/2D @@E&ko
VT OB ORI — A E—R AR S L IE LR T
No.3 OZEWOWENREL TR D, FEBNEDD
BEHERTS 0'lmm P LD DA lem? X0 56 {3
LRELUTCVWBOREEEINSD, EPOR, FROK
BT S X OEEBAENOVThC 20T,
A A ARTRI3 30 LT Ao 7.

Photo. 1 (a), (b) ¥ No.1 X No.3 % ExHl
D Ui S wics 2 R B Bbh 7o BN © AT
y, HFOFEIIF—@fF% binocular (X7) THX

Téble 2. Sand marks and A- & B-type inclusions of test bars.

l Sand marks* T2 K Number of A-and B-type inclusions IE - g,
o | Total number-Total length(mm) Totar number-Total length(mm), s - é "3—3
Z | Max. length(mm) : ‘Max. length(mm) >0 1¥*¥(mm) - qI?ff,fciNumber per cm* oo 3§

D- | | o jarea A+ B4y, acmnn-ﬁ g
D-4mm { 2/3D | 1/2D i T1 Tz [ em® | type ﬁ%):ﬂslr)e >0t @ |~

- - ; N
1] 9-6*1-2.0 17-17°2-2*7 0 240-6°02-0°40~-3 173-4°93-0°3-8 0-248 967 943 12 i 55 i ‘;ood
2114-7°2-2*7 6-3*0-1"6 0 © 204-5°63-0*10-3 164-5°82-0°28-9: # ; 818, 790 12 . # 4
3!Countless Countless Countless 115-4°99-0*30-13 155-9"32-0"40- 27 v 463 447 56 v
41 8-3"5-12 9-9°6<2*5 0 92-3°34-0"34-5 128-4'19-0°20-11"- # + 371 343 20 v
51 5-4°6-26 155-5°35-0"12-6 : 0‘206 752 680 28 Good
6‘ 1-0°5-0°5 190-5°04-0"10-2 922 888 10 ” 4
72 6-1°8-0°5 166-4+61-0°13-5 0230 721 644 22 50, #
81 6-2°7-1°0 - 77-1+36-0"06-0 4 335 326 — 4 ‘ 4
9; 2-09-0"6 :251-7+44-0°30-9 . 0-391 64l 23 85 4

636

* " The inspection was performed in accordance with JIS G 0556. -
** Number of inclusions beyond O*tmm in length.
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- @ No.1 -
Photo. 1.

Appearance of fine sand marks
and fibers.

(a) Np. 1
Macrostructure of the IOnthudmal
section. -

(b) No. 6
Photo. 2.

L7ch T No. | ICikfidviEsS, No.3 i02 0'lmm
L EOBEEASHED SRS, Photo. 2 (2) 13 No.i
“%%@%Ehfmaﬁﬁky1~n—fﬁ¢@t&7
z D%ﬁbfdﬂ)@f fiber structure 23 3pH ICFRE C
HbHy uh%#mﬁﬁ%ﬁmﬁﬁ‘ EWCLEE LT a
BB, L LIEHD RinsHEEh/c No.6 % [
(BD)DT L L FE &g fiber structure 72751,, e D)

abgf*’cﬂﬂﬂ &TEDE &'- ®Fﬂﬁ‘%Vi: EE*"fd:*EEbinm 2‘b EJ ﬂ"b o

7ot Liesto T KB OBBRITEAIC fiber
DEETH LA, LEETS SO TR L, fiber O
FERLRDT VLS ROEIEEO D LIk TRETS D
DEEZLND. DT L BARIEDRE 285 5
L?éf’&bﬂnnhioﬂ“ﬁuu@@?’“, el SENEDS X
% fiber structure @ttﬁxfﬁ{f% 7o D P FE R A
CEBZRRD LDk,

IV. GIHI%M S O
BB T & < NSO R A, INE IS 31 B fiber

structure OYERIC FEABEEZE LTV 5 2 L5D

Rt
THEVBRNTWEDT, @J%U%ﬁﬁowﬂﬁﬁ L7

“(a) 370 r.p:m. (b) 260 r.p.m.
Edge angle 0°Zmmr ~Edge angle 0'7mmr
- Photo. 3.

“Turning surface of No.3.

(b) . 260 r.p.m.

(a) 370 r.p.m.
Edge angle 0.2mmr Edge angle 0°'7mmr
"Photo. 4. Turning surface of No. 7.

fiber OBERIFHHIKHEC L VW HUBLLZEL
Photo.3 (a), (b) EWFhd No.3 OUIEIE TS %
ﬁ‘i, [ (a) ViEEE¥ 370r.p.m., F%LfH O 2mmr,
- (b) V& 260r.p.m., O*7mmr D& TH/ANPID
ﬁﬁm,@ﬁﬁﬁﬁkﬁﬁﬁﬁw%%a%A&@%f@
5”HMn4m§m %Eéhth7ko%m—%
ﬁ"(ai%’ﬁbt%@’c EHEE0E < R SE AL A1 13
BUNDHEE D SR, FAERE R, Ny

'K?hﬁ%ﬁbf¢%-uiwﬁﬁlbﬁmﬂﬂQﬁ@

B oD OWFRIC S AVERIICAEL TH D, DIMGEE
R NA S BRGEHETHFCHEIAL TL D0 L
EZ2BHOMRRYLBbNS: HLofFEREY Table 31
™~ | e

V. BIBEOFME I RERR

S Eiz m#éﬁmmﬁmxﬁéwabﬁféhbfa
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Table 3. Influence of cutting conditions on the

occurence of the fine sand-marks and fibers.
rd

Cutting ’
conditions ‘NO' Results
f Not remarkable, a few smaller
, 370 r.p.m. | 40 sand marks o::curred
edge angle ! 3 | Remarkable
!

| Remarkable, the turned surface

O2mm r ; 7 showed a dirty appearance

}

260 r.p.m. Slightly remarkable, the turned

4 surface showed a dirty
edge angle - appearance
0'2mm r | 3 Remarkable, the turned surface

showed a dirty appearance

Not remarkable, turned surface

370 r.p.m. | 4 became smooth and fine

edge angle

. 3 | Remarkable
O*7mm 1| 7 | Slightly remarkable
260 r.p.m. | 4 | Not remarkable ‘
edge angle] 3 Vs
o 7mm r | 7 p

3T SUJ 3 DEEtEEA G & HIEMEERAm & T2V T,

SFRS LR R T o, ETHEFEOFRLIENERD .

s X UFERLOEEZH S 25 270D, BiF
X DRIV D ETOLBRE X D RE LB ow
“C, WHEE L 7o EE OB 3 X CREBI T X
DHiEE, WEMR, whiteley test, FEF[EfR L4
DRERE TR 2. ZOFFREEERGICRE L AR
Ji{E#Wid sulphide TH Y, BRAEME ALOs Th
5T LETER L. ZO—fl% Photo. 5 I7RY. [
(@) EERIERE AR S OIS AR T IR L Ao BN Fek L 7o R
HABFRBEONEDTH D, WHET TiEAE I black /h

3

- nite) ZHFEShI

#yx white green ¥ 2L, BRMBROBRIIAMERIT
ZENT, kB ALO,;, /NE FeO-AlLO; (Hercy-
@ (b) XMLX ) HEER L i
W R ST CREI S T34 L 72 sulphide O
HBGABRE LT sulphide THH I LERFERLA. T
DEtkbE 950mm T[EFEL7: bar #TRD LN A
FALEMEF (c) DE3D THDT, whiteley test
B ECHFEST sulphide THD T £ 23, T[RRI
BRAEMIIE (d) 0&kDT AlkOy THBHI &M
MR SN,

Lk DORRERR MO X D e 5 E TORNE
ik DZ{L% point counting HEIFCNITIEREEEEC X
DERLFERIT Table 4 DTL L TH5. ARNE
¥ isiob sulphide 13 HMEO KT IV TIEANL T
B, BRI CHRAEMIFRREBTTTRS R
EENTVS. BHEEBEC X 3ELRERIIETREIES
R L ERANC—F LT Y, SiOs, Cr:0; fiddin<
ALOs BisiaE W lEZ ED TV D, FERICEIEMERIT
OwTﬁ%Ltﬁ%uTMMesmikaA%ﬁE% 
(£ & LT sulphide) 13 ¢50mm fi 5 ¢ & < iciahnd
BT risd, BIERMOD 1/4Th5. BRAEMILIE
LA EBDBNF, ALO i3 CRAEN & LTIt TH
HEBBMINL T 5. IERRMIIC X D AERIC IR
W, SEROILBEIREEOS S LRERTHS.

LLEOfE R B ERE O AR S X CBRAED
IR LTRSS <, CROARERICER
SN ORE & 72T 5 T LSRN D,

VL @i OBE

BN EDBEBLE AN & 9§ B Vs
K BDT, BHEELCICEEREER I OV
THHELL & ARAFEMOIEMHIE L OB,
SPAREEIT X 0 KB LA fRO—Fl% Table 6
AT EEEERRAIE 6150mm (I D 0
ﬁ%ks@)#&gﬁmeUHWmm#QQ

X400 (2/3)
Photo. 5. 'Photomicrographs of non-metallic inclusions.

BEILY) CERTBILILED, NENDOE
SEb T EmL, M 1/2TiEb s L
ToB DTSR 2~3 ko T w5, HH
BRI ¢150mm, ¢50mm 2 % FEpREE A
<, %7 $150mm » ¢50mm & % Héx
. TR S HETHD. DERNETE LB
L BROKREVLOEFYEARRANEINE L
BIERE TR, EEEERSA T LR
D H RIS ICEGESKT, FIfEMED
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Table 4. Change of inclusions during manufacturing process (acid).

Amount of non-metallic : A Amount of non-metailic inculusions
inclusions by point-counting % Number of inclusion by chemical analysis %
Sampling
? - =
period | No. 10 i~ No. 11 No. 10 No. 11 : No. 10
| . : .
i ¢ H R ] N - -
: ¢« B4+C B4-C B+C | B+C . :
A typeI type A type type A type v’type A type! “type Si0; | Fe0s3 ‘Algﬁos Cr.03 MnaO,“ Total‘
Melt down 0:025 | 0021 ’ 0°054 | 0°004 124 . 47 130 - 30 | 0-00048| 0-00037; 0°0022 [0°000016] 0°00096|-0.00384
After analysis 0°017 10050 | 0°066 |0 107 | 72 208 16 )
Befor tapping 0028 | 07042 | 0033 | 0°021 ' 118 103 59 - 35 | 0-00038; 000021} 0°005020-000013; 0-00185; 0-00778
Ingot No. 2 E 0°048 | 0.024 | 0°042 }0°017 91 - 89 113 I 42 . . - .
. - i ,, .
Bar T1 0050 {0008 }|0°046 |0 178-5'80—0'35-11 119-2 71‘0_‘10‘-1*4 0°00078| 0°00034| 0°003310°000034'0°00324 { 0-00764
T2 0-108 | 0.025 |0°039 |0.25 145-4:76-0°30-7*%|110-3'63-0°40-5*| - o N L e :
(¢650mm)| Mean {0°079 | 0°019 | 0°042 | 0.014 : i I !
N N ]

Note: * on the A- & B-type inclusions, total number-total length(mm)-max. length(mm)->0"1mm
b .

‘Table 5" Change of inclusions during manufacturing process (basic).

) Amouh;; of non-metallic 9% . ' Amo’unt of n<‘)n—'metal1ic i'nclusiﬁﬁs %
inclusions by point-counting Nutpber of inclusions by chemical analysis ’
Sampling . )
period No. 12 No. 13 No.12 | No.13 -~ No.1z
A type|C type [A typeC type A type|C type |A type/C type| SiO, | Fe:O3| Al,O3 | Cr,0s |[Mn;0, Total
Melt down. 0'116.1 o : . oo 2n 7 . 000076 [0°0012 [0°00179 0-00003 .0-00076 .0°00456
End of oxidizing.] 07129 0°004 . o221 3 B 0°0010 10°0011 10°00170 '0°000013,0:00026 :0°00471 .
Reducing period. 005 | 0°008 123 21 . . 0°00068 ;0-00022 {0°00066 10'000014i0'00027 10-00176
Befor addition of | -013 | 0-008 | 0024 | 0020 "50-| . 48 | 78 | 165 [0:00049 |0°00042 [0°00094 /0*0000120-00025 [0-00185
‘Eefor tapping. ‘ 0-092 0-025 1 0-017 0075 ' 166 [ ° 29 70 253 |0°00080 |0-00031 [0-0010 i0'00005770‘00057 000268
fter pouring o . : . ! . LY \ . ; .
fofingot. 0029 0017 0008, 0033’ 79 | 66 | 53 | 1 | |
After pouring o . Coanos r N LA . ’
2nd ingot. 0-021 : 0°025 0021 l 10029, 58 | .92 48 | 13% ‘
BOE ; ; j |-
Bar CT1 | 0014 0-011| 0036 | 0°037 |38-0"71-0706-0, [46-0°87-0°10-1% |0-00037 [0°00077 |0°00438 |0°000087[0-00433 [0°0100
STt T2 00174 0°032| 0'018 | 0-014 |38-0'64-0'05-0* [32-0°69-0°06-0% - : : : 1 R e S
(¢50mm)|{ Mean 0:015 1 0021 0;0267 0-023 R

Note: * on the A- & B—fype inclusions, total number-total length(mm)-Max. length(mm)->0°1mm

Table 6. Forging ratio and size of inclusions.

.; - 1
i ¢ 150mm bar } ) |  $50mm bar
i . No. : . ‘

Outer part Center part Mean

L |W|/w T |W |L/W LT |W|L/W T | W |[L/W
' o | Tifisei: 32 472|163 411 a0f15°5! a1 | 368|178 | 25 71
Acid furnace , T2 | 1378 35| 3°9[13:8| 4'3| 4°1 122 38| 3°2|22°5| 271 10%6
product 11 T1] 92| 30| 34| 125| 34| 37| 10°a| 31| 3°a|120] 1°4| 83
: T2 | 112 274 4°1 [ 14°1| 35| 40126 | 3°1| 4°1|16°1 ] 1°4] 11%
. 12 | T 7°2| 4-1| 171107} 4°1|. 276 | 88| 41| 221 93| 27| 35
Basic furnace T2 | 94| 4°3| 2°34 10° 404y 25| 98| 40| 25| 13°3 3°3 | 41
product i3 [TL) 97| 38| 2°6| 134 | 3°9.|.35|11°9| 3°8| 31{12°5| 27| 47
' T2 |10°7 | 2°9 37| 137| 42| 2°5]10'6| 34| 32| — - =

Note: L: mean length, W: mean width, unit: g , ’
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AEERC%\V0 T, BEHRIC Ek’”"ﬁ*@* HEEZLRN < T, FBOMIEIEEEERUDIREVEREZRL
5. ) T, L»sIcgElEo fiber 35 X OBUNSHEDHIE
- B{fico7-r % Table 8 DT <, HERKIB XS
VII. b e AT EUR2R 2 . -
B ORH D BRAR BN AL 35V TOLEEETH ), EIkE
T I Sh D EXHEN D WPt BR D5 R Table 7 0T & ERGTEE 2 LBOENRE,A2E. LichoTERS
Table 7. Results of macroscopical inspection of sand marks (= 0°lmm).

i

1 st step (D-4mm)

Dia No 2 nd step(2/3D) . 3rd step(1/2D)
1 st time 2nd time .
(mm) . | m e : Lo Lo ]
370 r.p-m. (54m/mn) 260 r.p.m. (37m/mn) 370r p.m. (36m/mn)J 370 r.p.m. (33m/mn)
o I 6-2°7-31-0°45* 2-1°6-1°2-0"8 3-1+4-0°7-0°47 1-0°4-0*4-0"4
T2 2-0°5-0°4-0"25 6-3°5-1"2-0"6 2-C"9-0"6"0"45 0
g T 2-4*9-4°6-2"45 7-1+2-0°2-0"17 2-014-0°3-0"2 0
450 T2 4-19-1°2-0°48 3-0'4-0°2-0"13 1-0°*4~0°4-0"2 ; 1-0°2-0°2-0"2
12 | T1 : 20-20°6-48-1°03 8-414-1'2-0°55 | 9-6°8-2°2-0°76 |  4-075-0"2-0°12
P T2 ¢ 6-7°4-1'6-1'23 11-3*5-1°0-0°32 2-4°5-4°2-2°25 - 1-2°0-20-2*0
y3 T1 ' 9-10°4-24-106 4-0°5-0°2-0"13 2-2°5-1°8-1°25 | 3-0°7-0°4-0°23
T2 10-13"1-4*2-1+31 12-4°4-0*9-0*37 | 8-10"8-4°5-1°35 |  5-1°8-0°8-0"36
% 193 r.p.m. (49m/mn), (D-é6mm) 5260 r.p.m. (44m/mn)| 370 r.p.m. (42m/mn)
o T1 ' 14-67-1-7-0'48 | , | 2-0"5-0"3-025 3-0°6-0°3-0"2
T2 1-0°7-0°7-07 L 1-0°2-0°2-0"2 3-0°5-0°2-0"17
g T 4-2+1-0°9-0°53 7-2°0-0°6-0°29 4-2-0-12-0"5
485 T2 4-1+4-0°7-0°35 2-0°3-02-0°15 | 1-0°1-0°1-0"1
o T 31-10"6~1°6-0"33 17-5°9-1°0-0"35 | 0
‘ T2 25-7°3-144-0°27 6-1+8-0"5-0°3 4-12-0"4-0°3
43 T 1 12-2°9-0°7-0"24 | 8-4+3-2+3-054 8-2°4-0°9-0"3
-T2+ 40-16°0-1"6-0'25 8-3+0-0°9-0°38 4-2°9-2°1-0"73

Cutting conditions ¢50mm : Bite: T. alloy. Edge angle: lmm r.
¢85mm : 7 v : 0*7mm r.
* On the A-& B-type inclusions, total number total length(mm)-max. length(mm) >0*!mm.

Table 8. Occurrence of the fine sand marks and fibers.

e 1 st step (D-4mm) S
A £ No. : - - . 2nd step (2/3D) ; 3rd step (1/2D)
— 1 st time ‘ 2nd time |
1OT { Shghtly remarkable Remarkable - Not so remarkable Remarkable
T2 Not so remarkable Remarkable . Not so remarkable
o (1 L1 // Remarkable , Not so remarkable Remarkable
g T2, 4 Y v .
© 12T 1, #  (fiber) * Not so remarkable(fiber) Not remarkable (fiber) 2 (fiber)
T2 # ( # ) Remarkable (7)) # ( # )Not remarkable ( 7 )
13 T 4 ( # ) Notsoremarkable( 7 ). 7 7 ) 7 (.7 )
T 2 # ( # ) Remarkable ( # )Very remarkable( # ) Very remarkable( # )
T 1 Remarkable, dirty - . —_— *Remarkable, dirty 3:1No1: soremarkable, dirty
T 2! ' — 7 ! V]
. 1"1‘ Ll // , S ; . L, 4
, T 2 Not so remarkable — ;Not so remarkable ”
© Shghtly remarkable o ‘ P (fiber)’ INot so remarkable
® ! {fiber) E (fiber)
<= ’12 L :
T2 Not so remar%{a};)le) e 4 (7 )\Iot remarkable ( 7 )
T 1 Slxghtly rernaz*k:;bl;a L ’ A?Remarkab] e ( # )Not SO remarkabl(e ’y
13 ‘ r )
T Z‘i\Ot so remaré{a}/)le) o Not so remarkabl(e , )iNot remarkable ( # ) -
; .

1

* In basic furnace products (No.12, No.13) no fine sand marks were detected.

¢
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‘ (a) VIJo 10 (b) No. 12
Photo. 6.

DV R R L i O\/\“Cbi fiber DO HENFE

LTGRO ERETH L. TNOLOREPSHEORE

RIT R 2 BHUNDTE L B O & VT, B BhEN:
i EEZ bhD. FOE»EER X CEEEERS
DHEFIE @ fiber structure 12OV T HHEME L
75, AHEBIC VS TS LVARE 13 .5 Righok.
Photo. 6 (a), (b) Vi No.10 Ik C#gkiki120>
$50mm DOREEIETH 55, BIHIY
fiber B3FRD LB AEFICITE DR BB LIk

LA EHERBE Lo R2» 5, AERIZE X 25D
BERIARBSXOBRAEM TH D, FEODEIGMET.
FEHIS NSV SBHMEE LTHERL TS
DEEZ NG, ThbbLLOWEBEEEE LT, T
HESRVGE A P SECAERC DRV IRSEL
n, grating +7abbI 0 2REL, THSAEIRNL
FHBIX Ll ofcied EE 2 BND. £ L CHELEEM
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