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Material Characteristics of Cons-el Arc Melted Bearing Steel.

(Properties of Cons-el Arc melted bearing steel—I)

Zenichiro Takao, Mamoru Nishihara and Yoshiro Yag:.
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Synopsis:

Vacuum-melted s.teels are now going to be in practical use, and for bearing steel, which
is to be produced in large scale, by vacuum arc melting method (the so-called Cons-el Arc
melting method) should be more suitable rather than vacuum induction-melting method.

Therefore, the research for the material characteristics of Cons-el Arc melted bearing steel
was conducted according to the inspection specification of Japan Bearing Society compared

with the air-melted one.

As the results, it was found that the Cons-el Arc melted steel was much superior to the
other in the macro-structure, compressive breaking strength, surface defects and so on.
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Fig. 1. Sizes of air-melted (left)
and Cons-el Arc melted (right) ingot.
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Table 1. Cons-el arc melting conditions of
bearing steel.

Charge No. ] F 505-

Pressure

-3
before melting 1 X10"*mmHg

N 0" 1 X103 mmHg 110°78
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Table 2. Chemical composition of testing materials (%)
TTe— Composition - ! P
ST C Si Mn P. | S.| C | Cu | Ni | sn
Classification = —~———___ ‘ : | :
Air-melted” (LM) 1-01 029 035 - 0015 0+008 | 140 011 i 0°05 E 0019
‘Cons-el Arc melted (CLM) 1+00 029 029 .4 0°013 0+008 ) 1°38 O*11 0*05- | 0°014
Air-melted (HM) 102 03! 0-48 0°014 0°009 ‘ 1°48 O=11 | 005 i Q0016
Cons-el Arc melted (CHM) 1+02 030 031 ) 0°012 0°008 | 146 0*10 i .0*05 B 0°0l14
Table 3.. Gas components of testing meterials (%)  #&&5% Table 3 WRT. B%E, KEENRCH 24
\ Comﬁosition i . *ﬁ:{éf&(‘cl D, %ﬁbﬁ&lvﬁv—Jb:fE&Cl Dﬁiﬁof:%@
R o. N %k NP = 2oyl Zo- - S
Classification \\\} THH. a7 —7 16?73.14@"/@ T WX D, BRI
: s i X TR vz .

Air-melted (LM) -=00m7EO@W1 FAI, ERETH 70% KRHLTVS

Cons-el Arc melted (CLM) | 0°003C | 020071 - F 1T [EREEY T 4 SR B f T >

Air-melted (HM) 0°0042 | 0+0089 SRR I U TR RA TR LTS

Cons-el Arc melted (CHM) 0°0015 ' 0°C060 7=. Fig.3RFEBNEDOMMETEOREST, =
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Table 4. Non-metallic inclusions of air-melted and Cons-el Arc melted bearing steels. Table 4 i
‘ ' k&BATE
Classiﬁcation cl . . A::f:ge . Maximum ’ . il :verage' PRERER
eanliness thickness length Cleanliness thickness Tarei
Air-melted (LM) 057 3p 50 1 1°07 4 p 7 — oW
Co;zi%éfrc (CLM) 015 3 20 1 142 4p LRI
Air-melted (HM) 0-42 3p 0 1°92 4 p 4 DFIES
C";zﬁé frc (CHM) 022 3p 30 1°50 4 p s LT
- - 5.
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Fig. 4. Macrostructures of air-meltd and Cons-él Arc melted
bearing steels.
etching condition : held for 30mn in HCI! 509,

water 509 solution at 750°C

4. FEEERER Table 5. Results of macrastructure inspection.

AR LEESE£45 mm ¢ —
4 ;f;;ﬁ\{g, ;Gi ?7 g Classification i Segregation | ‘Dendrite | Pinholes | Remarks
ALAED AN g -

. i | i .
A A e ] 1 Air-melted . LM (Top) | Good | Good Bad |  Pit
HEOREREITEDD ” ' LM(Bottom)| Excellent 4 Bad f Pit
Hto~t ik o F R EA C%giﬁ“,cLM Excellent l 4 Good |
%, A3 aFOoUEL  Air-melted , HM (Top) Bad l 7 Bad ' Pit .
TR B 7 - HM (Bottom)! Excellent | 2 Bad Pit

-, RER 2 ic. ) .
7o WERT@OARe e Consel Are | oy Excellent ) 7 Good |
7R : - |
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etchanti: picric acid+ nitric acid (2/3)
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Austenite grain size of materials tested..

7S BN -5 R Ry M Table 6.
L, Lied B AP L e T Number of grain.
DAHFEHRKRELERRLT s Classification s1ze
W5, F - EEORHE, Fig. 7. Size of com-” Range | Average
._ bpressive breaking test : : ;
LA NT — 2T ART piece. Air-melted { LM | 3~5 | 4*3
: . - R Cons-el Arc melted | C LM 3~5 i . 40
2 ST HDIRHLT o : Air-melted | HM 4~5 | 50
KRS TR 1/3 8, ZTHIIENLENLD Cons-el Arc melted | CHM | 4~6 = 50

BAHBNA. DikEESR Fig. 8 KRl 7.

5. Hbx XHRER ~ Table- 7. Condition of

heat treatment.

B LEESE L 72 45mm ¢ JAEL D, B

Quenching condition

Aging condition

N7 rREOREEIC#E U T BEL

| HolAding Quenching Holding | Cooling
IR B Ok E Fig. 9 i,  HERFEE Temp'i time medium Temp. time ! method
% Table 11 WRT* 2%, 3 27— 845°C | 30mn 0il P?&vwwc : 2h | Air cool
7 M OHEF X VT 28 KA AT HE U C AR ‘
Table 8. Hardness of oil-quenchéd specimens. for compressive breaking test.
Hardness, after water quenched (HrC)
Classification Specimen Specimeh Specimen
“No.7 No.?2 No. 3 Average
Air-melted LM (Top) 662 | 66°0 | 66°3 | 66l | 63°8 | 637 654
4 LM (Bottom) 65°5 652 66°1 66°1 66°5 66°5 66°0
C;‘;igilmc CLM 65'2- | 66°0 | 65'4 | 65°8 | 65'6 | 656 656
Air-melted HM (Top) 66°9 67°1 | 65°8 67°0 656 66°2 66°4
4 HM (Bottom) 656 66°2 66°0 66°6 | 665 665 662
Cons-el Arc . . . . A o .
melted CHM 66°8 66°4 65°9 66°2 66°0 65°8 66°2
. .
Table 9. Hardness of oil-'quenched and tempered specimens for
compressive break_ing test.
Hardness, after quenched and tempered (HgrC)
Classification Specimen Specimen Spécimen '
| No. | | RS No. 3 ,‘Average_
Air-melted LM (Top) 63'3 | 622 | 62°2 | 62.0 | 62°2 | 62°2 624
2 LM (Bottom) 62'8 | 628 | 634 . 62'4 | 62'8 | 62°6 | 62'8
%ﬁi&Am + CLM 62°9 | 625 ;622i 62'5 | 62'3 | 623 | 62°5
Air-melted HM (Top) 627 ’ 62°8 |, 62'4 . 62*3 623 ‘ 62°0 62'4
P HM (Bottom) 625 | 62:2 | 620 | 62°4 623 ! 62:8 | 6244
Cons-el Arc CHM 63'0 | 62°4 | 62°2 | 62°5 | 623 | 623 | 62+4
melted ! . ] ‘ i ;
Specification of ~62 '
Japan Bearing Society
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Table 10. Compressive breaking strength of air-melted

and Cons-el Arc melted bearing steel.

Compressive breaking strength (kg)

Chassification Specimen 'Specimen |Specimen |
No.l ' No.2 .| No.3 [Average

. ) ! T
Air-melted LM (Top) . 4300 3600 4450 4120

4 LM (Bottom). 4300 5650 5150 ! 5030 (T ] +
(m§$£m CLM | 5860 6120 ' 7200 | 6390 % :
Air-melted HM (Top) | 6350 5800 5400 | 5850 e 70—
Con ::,1 A HM (Bottom) 5670 5330 | 5360 | 5450 Fig. 9. Specimen for surface
o lted CHM | 6450 6200 ; 7100 | 6580 defects inspection.

i ' | |
Specification of Japan
Bearing Society 4900

Table 11. Results of surface defects inspection.
i Number of‘defects
, 1 ] .
Classification i 1 st stage (40¢) l 2 nd stage (22*5¢)
0°1~0°40°5~0°91°0~1 *9 >2°0 0°1~0°4[0°5~0°9/1*0~1"9| <20
mm | mm ! mm mm | mm mm | mm mm
Air-melted LM (Top) 28 5 0 0 17 2 1 0
4 LM (Bottom) 34 1 0 0 i3 1 0 0]
Cons-el Arc
elted CLM 4 0 0 0 2 o ! o0 0
Air-melted HM (Top) 16 2 1 0 7 2 10 0
2 HM (Bottom) 13 0 0 0 6 1 0 0
Cons-el Arc
melted CHM 5 0 0 0 3 6] 0 0
Specification of Japan - N '
Bearing Society <27 <5 <1 o <15 i <3 <1
R T AT @ 700 C?LO’ e
Comeck fre wakind ~ Aty oweifel. LU 70% 12B5oTn D

} “ L4 P 2
: L & %

Fig. 8. Results of compressive breaking test
of air-melted and Cons-el Arc melted
bearing steels.
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On Carbldes in Cr-Mo-V Hot- Worklng Tool Steels.

{Study on carbides in commercial special steels by electrolytic isolation—YX)

v

Tomo-o Sato, Taiji Nishizawa and Koveaki Tamaki.

Synopsis: :

Chemical and X-ray analyses were carried .out on carbides, isolated electrolytically from
the as- annealed, as-quenched and as- tempered structures of chromlum base hot- workmg tool
steels.

Carbides found in the as-annealed structures are Mg23Cq, MgC and MC, similarly to the
carbides in -tungsten- base hot-working tool steels. M:;C; and £ carbide expected from the.
equilibrium diagrams for Fe-C-Cr and Fe-C-Mo systems were not observed in the as-annealed
structures. Carbide reactions during tempering are complicated, but are regarded as the
_combination of four sequences, which proceed separately in chromium, molybdenum, vana- .
dium and tungsten steels; that is (i) MsC — M;Cs — M23Cs, (ii) MzC — Mo:C — MeC, (iii) MsC
— MC, and (iv) M3C — WC — MgC+ Mg;3Cs. .

The rate of the carbide reactions taking place towards equ1l1br1um during tempermg were
very slow, owing to the low mobility of molybdenum atoms

: am@f@o>ﬂ>Jm(m%)keuquKneir

L & XU SKD 61, AISI Ty Hit, H12 Xt HI3 &
- Cr-Mo-V T E#vE, 0°352%C, 5%Cr % F#EfH LTHESRTYS. FHEICHEVTIE, Table 1 2R
BRELT, ZhicdED Mo (W), V HXU Si #iF ~ THKO4EED Cr-Mo-V BT RMOBES, HA
INL, EERSELLCCHBLE A EX e 0T S CCERABRCEET 5 KL, HEEcXo
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Table 1. Chemical composition of‘speeimens ‘(%)

Marks s |awsi| ¢ si | Mn P | S , cr | Mo | v w
HWD 1 SKD 6| Hi1| 033 | 1°14 | 039 | 0010 -0°013| 5°7a | 1°29 | 040 —
HWDI1 } HI3 | 034 | 1°02 | 0730 | 0°012; 0°015| 5°62 | 1*31 | 083 —
HWD2 SKDeé61| H13 037 . 1°04 033 0°010 0*013 ; 552 130 ' 1*05 . —
HWD 3 | Hi2:| 030 | 0°99 | 034 | 0°014| 0°012| 562 | 122 | 0%63 | 2°10

! . . . j
W-Cr-V | SKD 4 ) 036 016 023 0°015 0016 ! 2715 — 068 4413
‘H.C,H.Cr,Mo; SKD 11| D2 141 . 027 0-32 0-017 10'023 ' 13°13 120 o= —
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