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Effect of Ndnmetallic Inclusions on Sensitivity of Steel to

Induction-Hardening Crack.

v Synopsm

Hachiro HoMma

“To select the induction hardening steels, the author studled the effect of the nonmetallic
inclusions on the sensitivity to induction-hardening crack.

Namely, making use of the properties of the sulphide inclusions that of shape and distribu-
tion were changed remarkably by deoxidizing method in the steel melting, the author had
prepared many crack test specimens that contained the abovementioned inclusions and.
various -oxides, and examined the crack test by repeated quenchmg method on the induction
hardéning. ‘
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The exper1mental results are summarized as follows: , : ;

(1) The effect of the finely dispersed. sﬂwates, Valumma and globular or polygonal sul— o
phides in the cast steels on the crack sensitivity was not clear.

(2) On the contrary, the eutectic type sulph1des in the primary grain boundanes gave a

distinct effect on the crack sensitivity.

Namely, about 0°1% (area ratio) or. more. of the entectic sulphldes 1ncreased the crack

. sensmwty with the 0* 72%C cast steel.
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Table 1. Melting conditions of heats.-
Ch Charged materials Temp. of melt ’
No. — » tapping Note
* | Pure iron Fe-C Fe-Si’ Fe-Mn Fes (Values of op. pyr.) :
1 | 54'7kg 6°3kg . 250¢g 265 g , 1550°C 25kg tapped
5 Fe-Si 150g - and- Fe- Mn 155g added to the remains of 1550°C -
Ch. 1 melt .
3 55:9 kg 6°3kg 685g 515g - 55g 1560°C 25kg tapped
_ Fo-Si 22g, Fe-Mn 85¢g and FeS 28¢g added to the 1560°C
4 remains of Ch. 3 melt - .
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Table 3. Induction-hardening conditions.

f , | Heatxng Air-cool. Spyay Water quench.
Plate voltage |Plate current Gridvcurrent Time time Time ~Temp. -
45KV [ 17A 0°32A 7°2s 12s 50 199C
Té'ble—4.1‘ -Crack se-nsitivity.index. e
) ¥ Switch off
- - E ; - - Hater spray. start
- Number of ‘quenching Crack sensitivity -
times to cracking index A\ :
: - : \ Hater spray end
1 5
2 4 \
3 3 :
4 2 \\-. |
5 1 70 15 20
Above 5 0. Time (S

Fig. 2 WCHEEEEEA ST 5 insd st s 74 8t
WD TV & RIBRIRFEET 3 RIC oW CHIE L 7 8
TH5. RKEED Imm ORET 1T HEIBIEE 950
°C, AT X B RBBIEDIREIZ770°C L 5o T 5.

Fig. 31z, 1| [EBEAB%ORBIE ZOML, HE 100g
DA LAY 4~ AEECHE L BES R T
T BLEEN, VWFRD 2°5~3mm BELmoTw
5. o e :

(3) Al FRmE & iEHE L OBR

Fig. 2. Temperature at each position of .
_specimen during induction hardening.
SRR OV THIE L 25 OBIFE» 5, 44
EMOEFEEL ALRNE L © B RE k. chz
Fig. 41089, ZORRICIIL, RIBEMED, HEE
& ALININE & OBBRBIEL TR L, R BosE
& ORAFRL BTV, UL, HEHRE O, No.
1 0°1~0"4%, No.2 0°1~0°4%, No.3 0°2~0°'8%,
No.4 0°4~1'2% THDT, &k & LT No.1 b
No.4 TR BIEERIFESELLDOTVWA T EBWDL

Table 5 Chemical composition, cleanliness and 7 grain size for Ch. No. 4 heat.

Chemical . |Al add Top Middle Bottom
ition | (9 ~ ‘ ‘ o i o
. f:om‘pos1b ton (%) Cleanliness* |y grain size| Cleanliness* |7 grain size| Cleanliness* r grain size
*¥% . .
I =0°358% . I =0°2929 I =0°075%
0 I=0°175 2°5, I=0+125 I=0°142
: I =0°550 : I =0-242 I =0+567
cres [ =0-142 . I =0°342 I =0°350
C 072% 0°01 | 1=0117 24%?%/3/))} I =0°100 T =0°105
Si 053 I =0°108 ?731 T =0°250 I =0°228
Mn 0°82 I =0°050 I=0 I =0
, 0°03 | I=0°383 7°0 I =0°459 1 =0°533
P 0011 , I =0416 I =0°083 I =0+675
S 0062 1 =0°008 . I =0°008 1 =0°008
0°05 | [ =0°467 ‘Ezs?é%f;/g/))} I=0°308 I =0°308
I =0"658 9251 T =0"092 0=0-117
| I =0-008 F-=0"008 I=0°008"
. 010 | I=0"275 6°5 I=0°367 I =0°300
I =0°383 I =0°233 I =0°142

* By point-accounting method

“*% ] =Group I inclusions (Eutectic fype sulphide)
I =Groupl inclusions (globular sulphide)
I'=Groupll inclusions (Al;Q; snd silicate)
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Table 6. Crack sensitvity mdex of all

specimens.

Ch. No. Al(a/a:)ld. Top Middle | Bottom
No. 1!

C 0°57%]| © 000 -
Si 006 | 0°01 0000
Mn 025 0°03 00000

0°018 005 00

S 0°018 0°10 000
No.2 ' :

C 0°'53% | O 55 55555 555
Si 041 0°01 000 004 O
Mn 0°54 0°03 000 00000 0

P 0°013 0°05 000 ~ 00000 0

S 0019 0°10 000 00000
No. 3 .

C 077% | © 5355 5320 3100
Si 0°49 0°01 0023 . 300. 34000 -
Mn 0°64 0°03 3030 2231 00043
P 0013 0°05 2313 . 4143 55555
S 0°045 010 44 3 5434 05553
No. 4 o

C 072 0 234 4424 | 40

0°53 0°0t 4423 4423 44

Mn 0-82 0°03 2000 10201 0220
P o0-010 0°05 0040 52310 4003
S 04062 0°10 331 30110 4000
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Table 7. Chemrcal compositions of each pos1t1on
1niheats (%)
ch. | o .. |
No. 'Posmons C Sl ’v Mn P S
Top - 0°55°| 0°45 | 0°55 | 0°012 0°016

No. 2| Middle | 0°53 | 0*41 | 0°51 | 0°011| 0*014
© .| Bottom " | 0°55| 0744 { 0°46 | 0°011] 0°013
] Top  |o0-73 | 0%t | 072 0010 0-061
No. 4| Middle | 072 [0:62 | 0°74| 0*011] 0°064
Bottom .. | 0°71 | 0°68.| 072 | 0:011] 0066
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New Secondary Phase in the v Type Fe Co Cr Ni Base
Heat Res1st1ng Alloy ...

(Stud1es on tempering process of the 7 type. heat-resmtmg alloys——VI)

Synopsrs

Tsuyoshi MASUMOTO

- An unknown phase, whrch “had been, detected in the aged LCN- 155 type alloys and tem-
porarily designated as ““ X *’, Was exammed and discussions were made on the cor- relatron with
the addrtlonal elements such as C, N, Mo, W. and Cb, the precipitate reaction in alloy during
aging, the X- -ray diffraction pattern, the lattice parameter the specific grav1ty, and the

chemical composrtron,

As the results, it was concluded that an unknown phase in the LCN 155 type alloys should
be the new secondary phase unlike the well-known phases such as MssCs, M,C: and 7' phase.

Further, a model of crystal structure was presented for the new phase.

It was presumed

that this phase, which was newly named as “r >’, might be the carbo- n1tr1de cornp’ound having

the following ‘crystal | structure
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