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Macroscopic Non Metallic Inclusions in Tubes of ngh Carbon
Chromium Ball- Bearmg Steel.

Synopsis:

Eiji Miyoshz.

Macroscopic non-metallic inclusions are usually inspected by naked eyes on the surface

of tubes cut by the lathe.

discussed here.

Sometimes there are many small inclusions whose length is ranged
from O0*'imm to 0*4mm, but whose width is quite thin.

The accuracy of this inspection was

At first, the accuracy caused by the individual inspector, the variance between the d1f:ferent
inspector and the variance inspected at different times by the same inspector were tested.
The results proved that the variance was large enough to cover the commerc1ally

permissible number.
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The macroscopic non-metallic inclusions are compared with the number of non-metallic
inclusions counted through a microscope. The former were proved to be 'abogt 10% of the
latter. This means the uncertainty of this method of inspection. This should be paid atten- -

tion from the commercial point of view.

I #&

il

BHERIRE Y v — 2 0 X DEHZRME I 0EREM &
T THEA S T & RROEEZERkEh T
5. UL UME S TRIEBROIMM 1350 50D
RTREDITREZTT O TLREhOEHC OV

B OLENH . B L CTHE FmE DR L

FEESAKENT 2 THD. COERHRLOL 0N

DA T D, ERBERED LD X S AT
MFAEHD LoD T L BHDTEHDOHESITRER
FRE LD, EifEaRmIT ST S 500D 5

AT ERbD. W FOBEOLE X oTRERI

FAREZBL L IEDON TV D, ERFOEBAEL
BARE 7 D DV E L THIEIC S < 32 B iU B (R e
TOWTRHESFEOYROFER L L THEEOEAZ

DENLDTHD. LIS oTIErO—ignsEiE X[ -

BRI MO DRI 1T & o0 C VI HREL HEE DIR R & TR L 7o
DOLITEBLEEZ T T2 EALEE RS, HEic>
W Z D& S REEFEDRF IOV I RET S
LRIV, EC OEBOAFVERO—DE LT
I FR D SN B AR IBAE D IR X O FeE DIk FESS
THBLPRIE DTN D TH D RAFITHRED
HEEROTZHERITIL, SORMMEOFREREZEZEL T
Z DWW HEOEBUELRTT LR TS 5.

I HERREROEBICDNT

W O ISR i s 51 S TR L LT oE

B MEORSRITORE, SHIGY, BIREOREAZ,

CHEEBEANOZBSEZOND. BEEOMEAE €

EEHEA N O B R ORI 7 Z B 75 LI BB S ED
 HEERTOTHE. FMOWARLEIC 5\ TIHILAE
D DDA AT H B B8 TIPS <,
L bAEVBOBEVOTRIRBELS B, 0
T DU & O S OO EHME S IS & 7 5552 i

BT E TS QIR E O BIER B DV THRET L

7<.

1) ERE .

PEEAMEHI R —B B 3 % L © T Stiefel-Mannes-
mann WEEIC X 0 WERSMBIRLAEETHS. A
#£ 64mm, NEE 46mm, HE 9mm f‘{t%ﬁi%&.L
“Thx C 1-02%, Si 0°26%, Mn 0°41%, P 0°017%,

S 0°005%, Cu 0°17%, Cr 1'51% T&5. #ERIE
BT LT | AROME R AL -
BMAEODOREOHE LI UTHLEE 60~80m/mn, ]
REX 0°2mm, ¥EH 0°2mm, /54 FDOT AT
NC—E LWV I EHTERL /2. TOFRTUEEE X &
SOFHEANTERERIC X >THLENT 5.
ﬁ%ﬁ@i%%@ﬁélmmmeMLﬁgémlm
mmTH 5. IEIEDSESROREIIES X O P
5 2 mmDIEZDRETH 5.

BEHEE LTERRAHSC S 2N, Chetk
HEET 5. Lo LREBHLOPEE RS DL
SROF AT LIEY TRV, FRFSEOULWT

. AEEMETHC L ATARTHS. LoD IHER
CNEVERBIC K EI L TE O DR EIPN T O 5

THET B HEE &0k, TONKBORK & 1T

OB EIREUBLHEN LICL BB DHE X HIREE .

BT DD TEBRF/IINERIV. T OERTIIHE
FANC 2cm ORIFETHIE O i o
£ZMERIF L BEEL SERELE. | Bk
B LR R RERS SR P TARRNC T 55
WA S, % OIEFITHEE L2 80 THEEC XY
e L. EBER YD TIIRE S OIS Sk s
5x5 X5 CHERICHA L BERBAZES, ch
U LSRR LS S RE P E L. ; ,
2) F—HERIC X 5 FA—H 0L R 5258
BEE 3 ATBEE R RAL. R ORI AEEA
ERER A, NREMERERAATHSE. WELE
ML 73 BEie 2w TENFhohZE BRI FifE, iz
(2, ZTEMGH A E L RiEES Table | R,
CORBEL VL X 51T 3 LDBRER O hTHE
HIEFE LI RERL T 5 ORERIC BT HEREL
CERBZEFIVEU B LK, & ITHEmIT > Ttz
BIREL 30% WH A LT E2bhb. Fhi ORI

| RVIBIHCN T 5 BB A & CRER T B

A DOBOKERES DI T EH RS mEEEEZ S
N, MEEMLEEIET Z LR TH B T L S b.
3) BEEBCEAZCHET ZEBRER
FREAUERERCH L THHRES L CRERS
FURBA ZER & L TR DR HES i R % Table

2EFT. ZOERPLOEDT LBEDLNSE.

(1) BEACIBEAZEVHULLL, LT

— 15 —



1746

& & 4

EaFE B 14T

Table i. Statistical analysis of counting of macroscopic non-metallic inclusions
which showed the variance due to the inspector.
= = , ” — , -
Length of ; i ay ‘ as ; az
o - inclusions }Infg:c- e — LY:—:_ - — s e
E mm X | @ /X% X o ‘a/X% X | g a/X%
o : - a ) -
@ o 30°0 | 4'58 | 15°2 | 40°3 | €03 | 15°0 | 313 | 6°11 19°5
) 0 1~04 H 637 20" 11 316 51°7 3-11 60 | 46'7 | 14729 306
% K 250 8+ 89 356 18+3 2+08 114" l 210 5°57 266
5 1 i T
=] O 43 1°07 249 67 153 22+8 | 5°3 1*53 *9
= 0°*5~0°¢ ) H 10°3 208 202 i 15°0 7°81 52°1 k 19°3 341 177
8 'K 6'7 | 1°53 | 22'8 | 3'7 | 2:08 | 562 | '3 | 379 15
Q [ ! —m s v——
2 | o) 1°7 | 066 | 38°8 4:0 | 100 | 25°0 4°0 | 200 | 50°0
- ! >1+0 H 50 0 0 i .50 100 200 4+3 0°66 15+3
§ K 0-7 0-58 83°0 l 43 2°52. 58°7 30 0] 0
Length of ! b bs bs : by
inclusionsi™SPec" ———— R ‘ = = 1 =
§ mm ter | X | ¢ : /X X | @ ag/Xo X o 6/X% X | ¢ | 0/X%
[ : ! i ] :
$~
g O 813 | 27°92| 34°*4 69°7 | 503 7°2 64°0 g+64; 15°1 1360 15°39] 11°*3
® 0°1~04| H 657 | 20°04] 300 |119°3 127-30 229 85°3 | 33°18 38°9 131°0; 18°73] 14°3
o K 51°0 | 36°51] 71°6 470 | 8°66 184 417 | 15°63; 37°6 87°0} 24°521 29°2
n
g }
o O 77 341 44-3 6°7 | L°16 17-6 107 3*12| 29-2 16°0} 5°00 312
'8 0*5~0*9 H 187 8021 429 38°0 [12+49 32°8 24°0 | 11*79} 49°2 43-0j10°00 23°2
° ’ K 37 3120 84°3 {1°3 ] 208 188 67 289 43°2 6°7] 0°58 87
(3]
1) NS -
2 O | o 0 0 0°3 | 0°58 | 193'3 | 10 |0 0 o |o 0
= | >10 H | 4°0| 1°73| 432 | 9°3[2°31 | 24°9 | 5'3 | 4°04| 76*2 | 7°0| 1°73 | 247
K | 07| 1v16/ 165°7 | 27 | 208 | 77°2 | 0°3|0°58 | 193°3 | 0°3 | 0°58 | 1933
Note: ai, a2, a3, bi, bz, bz, bs show the mark of test pieces.
Table 2. Statistical analysis of variance in macroscopic non-metallic inclusions in
the same sample due to the inspectors. ;
r } _ S
‘ 0*i~0'4mm : 0*'5~0*'9mm >1'0mm
Outside S§ S df v F SS af Vv F SS df 4 v F
. T i ,
surface || 4858 2 - 2429  20°40** 555 . 2 ' 278 . 19+80%*% 1 22 2 1t 5 5¥*
2 195, 2 ' 98" — 41 2 ‘21 ; - 119 2 ¢ 10 E 5*
3 2627 1 22 | 119, 2 _c. 313, 22 ¢ 14 2 __.. & 40 22 7 2 B2 _qeas
: | F22—5 72‘ ' ‘ F22—5 72)‘ .‘ ; F22——3 44
Total 7675 26 (1%) 909 (1%) 1 el j b (5%)
0*1~0*4mm 0'5~0*9mm >1°0mm
Inside SS  df V F ss  df |V F Ss df ; V F
surface ;; o088 2 . €044 10°8%F 4021 2 2011 34r6** 91 2 | 9% 3%k
(2 17123 3 5708 1O 2%¥* 745 3 248 4+28% 45 3 13 4- 3%
3 16778 30 559 g2 _ ..o 1749 30 58 p2_33A5:%) 98 30 . 3 p2_3'325%)
I O , 22~ 3075°39(1%5) 30¥5°39(1¢5)
otal 45989 35 (1%) 6515 35 329 35
Note: SS: Sum of square, df: degree of freedom, V: variance, F: F-value

* Significant in 5% level, **

! : Inspectors, 2: Tubes, 3: error

.

Significant in 1% level
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1) EHEE

(1) PeEAt ‘é?’ﬁ?é#&}: TEDHOBEEORL S
3SMROMEI A L. b D{b¥ks vk Table 4
KRTERVThHD. LIHMORME LTI alumina
., silicate 3%, sulphide RO E%b&.%h%hmir

(2) EXI%UEEVFHL 2 W T itﬁﬁﬁ”é:ﬁf&\r‘ £
., BET 2:FiL)'T,c‘F'JEéi’bﬁﬁiﬁm@iﬁlﬁlkﬁ%%ﬁ
L, BEAEZDLONREZECTE5X 5T L.

ZOFSERMT RIS 80 3 A D EIIMESE

AHYIC 80 IV, 80 3 LFDHE W SUELRIT

BT EELR.

”Hﬁﬁ@iéﬁ@ﬁ%b,mﬁ%m‘
DEIEE L, NEHOEE, BX, lamﬂg
C®a%ﬁﬁm®@ﬁﬁﬂﬁééﬂh

(3) HMERE

E'JGC%%E L.

: Varxance due to the chances by the same. 1nspector in’ countlng of macroscopic ..
 non-metallic inclusions included in the _same heats of ball- -bearing steel tubes.

. The ranges in length of each macroscopic non-metallic inclusions ::
Cutting _ i : - .
Pergse v | speed | B 0r1~0'4mm 0*5~0*9mm 1*O~1°9mm - >2'0mm
2 de\%’meter on a fathe; : 4 “ ‘ I _ , _
- ' % | X | s s/-)—(‘%j X s is/X%i X- s. ;S/Xa/? X s ;S/X%
A e0(Out) |  71°5 8| 26°7 | 12°02| 45°1 | 12°9 | 9*05 | 70°1 | 2:8 ] 1°91 | 68°3 | 0°8 | 0°71 | 88°8
B 60(0ut) 50°8. 8 | 32°3 | 20°46| 63°4 } 1570 | 3255 | 236 | 3°8 | 2°32 | 61"1'| 0'6 | 1°06 [176°8
C | 56(Mid.)| 715 | 18| 40°1 | 14+04| 35°0 | 15*1 | 6*39 | 42°4 | 3+8 | 200 | 52°7 [+ 0*3 | 0*47 |i56°6
D | 56(Mid.)| 5078 | 18| 44°4 | 21+56| 48:6 | 16°1 | 8°32 | 517 | 34 | 2:06 | 60°6 | 0°4 | 0°59 |147°5 -
E | 50(In) | . 596 |12 86'9|31*12 36°0 | 10*3 | 4°51 | 438 | 2°0 | 1°00 | 50°0 | 0°3 | 0747 |{156"6

n =number of tests, X —mean value due to the chances, s=standard delyiation.r ’

:fJZT
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Table 4. Chemical analyses of the samples tested.

Chemical compositions (25) ] Number
— . - i . YN i of.,test
C Si Mo P | S Cu Cr Ni Mo V | Ti gl b, Sn' O:| N | pieces
— : vﬂ ! v : N }l; . [ : l n N
Alumina e 0al- 3310+ 4610 0120~ 00610~ 15 1+ 47/0°09 0 05.0° . o220 -0094
rich heats 1+030 33!0 49.1‘0 012/0°0060°15 1 47,‘0 09,;0 OSiO Ct v tr 0°003 {0°022/0°0051{0° 0094, 10
; ! § -
VWES‘IV‘“é:c‘e;“ T OV T f i
ilicz . . . . . . . .n8in. . . . . .
rich heats 1°04|0°27/0°44/0°011j0*005{0" 14 1-42i0 0810 04/0°013j tr 0°002 |0 01’90 0046/0°0114 8
Sulphide l C ‘0‘990'320'420‘0110'OO?O'14‘1'300'10l0'08|0‘01 tr O'Obl 0°*024/0°0037(0° 0076 22
rich heats ,[ | g l ‘ .

DTHIAL, OLICBEEEICX VR LR, T
FoUIRAB L 7 D72 D DL FNZEEFR L 72- 7
(4) BHESEOARCISSHYT 5EEMEOER
WA E T O O b AT >V GRE O N
ERE EFROFETHSE L. ToERTh I
¥, B&, BEx3licEsL i, :

(5) LIRoEERICHESWTHIHRERR ARSI
X BT RER A e L.

2) FEEFER

(1) S OTRMEIRYERZIER .
a0 F ¥ OKFECHTM 51T X 0 FEE L%
Fig. LI/, RSN L NEMSEELTED,
ZFORBIEBOBEDH L bbb, EHIZIH
HEEOE ECHEEMmMAEL o E AMEMOEHED
BpAEE & 5 WIEESHCSEL 2. £ O ERE
Table 5, Table6 IZiE4. £ 1'omm LT, B3
o ATFDH DL V. FibtnFy 40% 12EILH S
VIETHER L C AMEMD Bdbniknwh D Th S0 Fig.
LIZRDLEND XS ENEWPFEL T LD THD
T ERFENR . AEDLDOL OB, BEE LT
LOBHVI LB L CEEMED S VEEIoMMEEL
TLE S DT OHSDITEET HAEIIFHED X
DCHETFTLCLES>ZEREZ>DLETHS. £
LB X CHEET L ODAEDOBHEC KT 5L

WECN L CRERKTHIOTHNERDOREE L 2T

AT HEIENEZE LS. LS DTLhb ORER
LD b OPBEINNEDERCHETHEELT
Wt ERET S Z EREETII v, LicA 0TIz
HFEREZ L OTHEZIN-HOOP LT BNEDD
BHENOHEZRD D IIBTE, IHITINEIEIERR
CHIEL Uic & 2%k Table 7 iRy

(2) BRI X 2EEBBANEMBRESER

WENTEEC T TE TN L OCEEDREER -

FemgEeTRy, RSH, BENISE L - &#RZ

- Table 8 [Z/ART. T

FRERLHEETBD

DOFEREFIHRED

CAREETER D> O HoAE
A O BEEEERUCH
B U7-$[E % Table
7\ fFEC L.
LORER,PLIESE
Byt s L
THRETHEHEZ
BE X OHRETRY
L Table9 L7 5.
LOERP LS
XS ELTHET-
5IELEENEM D20
%LLT A5 e & LT
Ebh b CEER
V. HUEEOD 5 BHZETL
BHVILIEE LD
D& T XTCHRIEMT
HBEFEFELIEHED
LZRnzREALTE
Z B OIEBRERX
XLITETFLTI0%
LTE B ThA
5. i EhOE
Bz roC:TE

BIEbNBEVS L
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et 5 :3
. 1. Micrographies of
some macroscopic nomn- -
metallic inclusions on the-
surface cut by the lathe.”
x40 (2/3)
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" Table 5.

Coﬁn_;ed r_mmberofh macroscopic non-metallic' inclusions classified
by their  kinds and lengths. :

LLTHPNLGEDTHDL EBbrD.

C —FHEEREEIESC E 2TV B LB LAET 5 b
T@rtaxmmM%emméwa% ﬁ#f<ﬁoh,

E AT < BN D.

— 19 —

Ez2S . ,il‘iclusiens - T R :
S : R T e e Dis-
WHEE DS OEFEW | N - T~ (Alumina | Silicate | Sulphide| Holes® | 5500 ance
IE‘L'?{f@M%@j’*E}E%@ - of heats ™ Length(mm) ’ ‘ ) L ' ]
x =n >0"1~0"4 43 15 3 14
MWIEETER L, HifEd L 2o 1~0e e e 3 =
TERONRTVEIZE . g | D10~200 - B e B g 4
DREDIEMDTEE o oEe _? ° © 2
FADled>THY, HH Tmm!”ﬁ 6 33 3. 2
. 9 5 186 1 ‘9
R B EY) & s S _ '
& ch;bhg) A EEMD >0~ | 10 44 |4t 36
o >0"4~10 4 17 .0 6 -
BEHBTHC LT . B | >LOo~20 } 0 -0 -l 0 "0
om,bt#ofﬁ%é' ' >0 °. 0 - 0 °
NIHED T~ TR SR | Total’ | B 14 61 41 42 . -
D AL e E - B DO i IR /7 A -5 .- R S D A
ME L2 Ed i ' /a ,5 7 24 9 _ 168 - te2 %5
ﬂ@%mvvhfwf_ >0°1~04 75 28 . - 694 279
>0°4~170 | - 37 17 1229 102 -
-@Eﬂ’ﬂd)tﬁ)kﬂt‘f‘f\'@ : C >1°0~20 1 1 19 16
HET ERbID. ‘ - >2+0- 0 ol -3 |
SR D FE RHAES 5 ‘Total n | 113 gy 945 | 457 263 .
’\“Cé}:ﬁ}mj’\%’fi%k%’)w? - votal i gy B2 T 28" 518 ‘2570 T 140
LEWVHEERIITE D Note * Holes is guessed the mclusxons disappearing by polishing.

Cofce L LB RO Table_ 6. The samié’ Tesults ‘with Table 5 cla551ﬁed by their klnds
EEAS I NN DTF - and thicknesses.

YDk HEE LG F.Nusmns ‘ - ] ]

‘ 5. E7c LT DS m ~~_". | Alumina| Silicate . Sulphide' Holes ?I:ps)earanCe_ :
RAEDIEEBNEN DI of heats Thickne‘ss(k” R R R - ;
HBLRBEEEALN 6 a2 | . 9 . 3 4.

. R 9 19 13 0 6

.é.epgﬁxxoﬁ% N 12 4 i1 5 13
Licb OB3EEREATEN | : -

. g . n 65. |, 33 23 .
BebOTHET &ﬁ%r : , ’,é' P '
6. 9. % 41 . 1
g, 9 5 22 0. 9
B 12 0 10 0 .18
IV, £ g — - - ~ :
o . Total | - 14 - B S T -
AHEIC & U IR % 57 - 24%9 16°8 T 1742 35°5
OFERHE ICED DN b 6 30 -30-. |- 497 51 -
- 9 59 7 392 127
LS s L c 12 24 - 10 . 56 279
IR R EHOKRE, I :
. 3 ‘n 113 47 945 457 263
VhEOTHBTE, Eh leﬂ % 62 26| 518 | . 25°0 14°4 -
ccﬁmu;ﬁ%gf%gh%gi"Nt * Hol ' d-to be the inclusions disa ")b lishi
. ., e D ote: oles are presumed to be € 1nclusions disappearing py.- polishing:
AW T L —E D " P . | PP polishing

| | D7 D HERR I 35\ T
'Vj@JQIJ'J%H:%“‘ZEV L“C%b‘@@‘é BBy noC\w5b. Lo
2 LREIIZ T h%@%#ﬁxéV—ik?égtﬁﬁ
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Table 7. Comparison between macro-and micro-scopic inclusions counted in the same tubes.

Mark

|

Counted

! i Outside surface Inside surface
Of i [y n
heats inclusion | Macroscopic Microscopic . Macroscopic Microscopic
‘ inspection inspection © inspection inspection
t i} - [ ) Y] J ) I )
| Alumina 500 NI 5% 298 N 81-0% 57N 63% | a7 NI gp.3%
A Silicate 341 34§ W 13+3 27 30 153 |- 12
Sulphide 0 121 547 06 7 148 | 13%6
. Total . 9 100 368 10 9 100 1088 100
Alumina 2°3 12 19 7°0 46 12 86 1571
g Silicate 110 58 159 59°9 148 39 166 29+3
| Sulphide 57 30 88 33°1 186 49 317 55°6
' Total 19 100 | 266 100 28 100 | 569 100
. | t ) | 5
Alumina 27 5 48 93 135 13 79 72
c- . Silicate 5+4 10 - 64 12°3 1°0 1 233 2171
. Sulphide 459 85 407 7874 89°4 86 790 717
o E— — i T ¥ — . '
| Total 54 10 | 519 | 100 104 | 100 ! 1102 | 100

N, N'=number of inclusion converted into the standard area

(70X 70 mm2)>

Table 8. Counted number of non-metallic inclusions through 'a microscope classified

by their kinds and lengths. -

v_sw( Outside surface Inside surface i Inspected area
S~
_ - , , B IR R
: T~ Inclusions . st | sul | Al s | swe | Quter | Inner
ofaﬁeats_ Length (mm) mina cate phide [ mina cate phide surface | surface
. ace
| >0"1~04 327 53 24 668 125 128
L TR o | 2 o | 8 5| o |swo |
n 334 55 24 | 678 | 132 | 128 S
- . Total % 81°0 13°3 547 | 72°3 141 136 [
N . H
5 >0°1~0"4 21 179 99 77 147 283 |
! >0°4~1°0 0 0 o 1 o 2 0 ;
B’ S R . o040 o - G - 0 } 0 ? 55]%3“12 ‘ 43;810“12
_ ‘
n 21 179 99 77 149 283
Total % 707 59°9 | 331 | 1511 29°3| 55 i
; >0°1~0°4 b 0 e | s 132 | 337 | 1323
>0°4~1°0 0 9 4 5 17 49 :
'n 71 95 601 | 137 404 | 1372 -
Total % 9°3 | 12°3] 784 7°2 21014 7107 | :
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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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Mark Outside sui'face
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Inside surface
“of  k , -
Ala- " Sul- Alu- o Sul- ﬂ’békf‘?@éf%bﬁv‘&\nfﬁ)é 5.
heats mina S111cate | phide | mina ES111cate ! phide
A 240 6°3 0 07 18 04 V. & .
B 12+1 69 6°5 53 89 59 I ; . T
C 56 | 8'4 | 11°3 | 17'1 04 | 113 HFEMBEKEZ v - 28BSO T LIELIERM
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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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