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Fig. 19. Relation between appearing frequency
of flaw and type of annular segregation.
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Synopsis:

The solidification rate of white cast iron and the effect of casting temperature, mould tem--

perature and casting size upon it were studied by means of the ‘“‘pour-out method’’. By

investigation of the roughness and microstructure in the solidification-front surface, the-

mechanism of solidification was discussed.

The results obtained were summarized as follows:—

(1) In the solidification of white cast iron, the linear relation between the thickness of”
solidified layer and the square root of solidification time was satisfied only in the early stage
of solidification and it deviated from the above relation as time proceeded. Then, the solidi--
fication curve was the form of S letter which had two points of inflexion, in other words,.
white cast iron was solidified through three stages. _

(2) From the linear relation in the early stage, the following equation, what was called an.
““equation of rate of skin formation’ could be derived,

d=kyt —a,
where, d: solidified layer (in inch)
t: solidification time (in mn)
k: solidification constant
. a! constant .

k or “rate of skin formation'” decreased as the casting temperature and mould temperatures

became higher and the casting size became larger.

* BEF 28 £ 4 BAKMUASXKTHE ** HASBIESXSHDHN

— 16 —



Mo BEREER D« < ‘ 307 .

(3) As solidification proceeded, the roughness in solidification-front surface became larger
according to its solidification curve. And it becames larger with increase of the casting
temperature, mould temperature and casting size. _

(4) The first point of inflexion in solidification curve was the beginning point of crystalliza—-
tion of a ‘‘bee-hive’ like ledeburite and the second one was the end ‘point of crystallization
of dendritic cementite. With increase of the casting temperature, mould temperature and
casting size, these points. became later and their time interval .-beécame longer, and consequen- -

tly the microstructure became rough.

(5) From the results above mentioned, the schematic diagram of solidification of white
cast iron was drawn and the reason for the appearance of two points of inflexion was explained.
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Fig. .1 Dimensions of moulds (in mm)
RO b OTKI, FHIZOIED 3 TS ), & OB

BR5rid C 3°43%, Si 2769, Mn 0°269, P 0°086%
§ 0°027%, Ni 0°27%, Cr 0°149, Cu 0°22% Ta

B. K, B, SOFEIZEOEID 1/2 I 5HE
(300, 200 Zzr 100mm) L XDTRIANLIZEDTHY *
PEDT ~ = i3OShoB4 $ 4/100 TaH 5. {HL
COBRESGRIEEID 1/2 261} 2R & BEOHS
8:3 ILLBBIHRZDMHERZE L. IESEHWOH
EORbCE 10mmd OHFLEPEID 1/2 $TES,
- CCRREES 2HAL THROFREERAE L 12
SBNTHA U8l 100ke HEliES AR SUE T
RigE (C 4°369%,, Si 0'47%, Mn 0°409%;,, P 0131
%,‘ S 0-0129;, Ni tr., Cu 0°039,, Cr 0°08%) %
BORE L, CHICSRBE (C0°74%, Si0°299, Mno0*6a
%, P0°033%, S$0°034%, Cu0°18%, Cro*11%) &
UO&EEE (C O'_Zl%_, Si94°19%,Mn 0089, P0*013
%, S0°006%) %2ZML T C3°9+0'2%, Si0*540°2
% ZlF Mn0°3+£0°19% OESERSIT 25 & 5 e L L
T3DTH 5. ARESHRERER D BRI ¥IC 1450
+5°C K ¥ 1400+5°C 1225 & 5l im.
TR & U TIRROI  BL S 1. '
SHAEREE (°C) 125045, 130045, 135045
SFRERE (°C) 80+2, 18042, 28042
$WOA X S (mm) 100, 200, 300
(B30 1/2 123513 2NER) ,
R LA R I 1T 5 WERTE (SABK L bkl
T) ELTR 5, 15, 30, 45, 60, 90, 120 7 180's
cUt. NBREE, HEREE "8 A BERIT~NT
Pt-Pt-Rh MEXEESHC & b ERECHIE L 2.
EBHERE LTSS 1400°C THRE L 7t B % —1
BT S0T, BEVREOREC ko 5 Fig. 2-
(a) WRTHA FUEDRBICFAS N1 AP ik
FICXDTHSRS 1217 Boltic (20~25kg [s) &A%, B
FEDRFIERHEFEM S ¥ v — i F D CTEERELFITA
& Fig. 2-(b) &C%?§u<lﬁmi$€i§éﬁ&ﬂec%bfb‘é
12 HEEDE  NARBETH ORI FECET LT
P T — e 21U 1 STUPITRERSIC X D TR 2 A1
IEANEROSEHBE NS, COHEOHFEMELRE
BT BIDIL—EOEET 3 EESER P T o1 mn
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A:Cast iron mould

B: Molten cast iron
Bo: Solidified cast iron
B;: Poured-out cast iron
C: Dry sand bed

Fig. 2. Experimental apparatus for
determination of solidification rate.
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III. REHBRLECEER _

ZEBREHTICR T 2REFORE S LOgEm O a
DOFIELEE %> —$EL T Table | WHET. CHOEE
5, VWEEEREZS/mn, BE[OES % inch T
HlL, EEREREIE T HAREDOKE (FHRE
200mm, $HFHEER 80°C &L, $HARR® 1250
1300 Z&7F 1350°C &L BIHE) 2ERLIZHD
»35 Fig. 3-(a) TH 5. FARRICEERIPE%S 200mm, §
SAREE® 1300°C & USIIFEGREE® 80,180 K¢ 280
°C L3 B IZHEDEEEEDOB(LE Fig. 3-(b)ic
RERMOFEIRE > 80°C, §HARE® 1300°C & L
FIDOPE % 100, 200 K¢ 300mm i B3I HED
EEEEOD{L® Fig. 3-(c) R$. X Photo. 11T
1ZPIE 100mm OFWMAL ILHEIT 5N ToSRER

/'3 @) Effect of Casting Temp.
1
“ SD: 1250
s SC+ /300
a8 : 1350
a7
a8
25
H
a3
22
&2l
17— :

7 (b) Effect op Howld Temp.
10 -
aa sC: 80

5D

Mould Tenp. : 80°C
Casting Size © 20mm

SF: 180°C
SG: 280°C

(inch)
2

Casting Temp. : I500°C
Casting Size : 200mm

) Effect of Casting Size

48l SH:
mzr Jc:

Sk :

e Thickness of Soliditied Lajer

23

a2 Casting Temp. : i300°C
al Mould Temp. - 80°C
0 .

01 02 03 04 0506 07 08 09 /0 11 12 1378 15 16 17 1819
Solidification  Time  (Vaa )

Fig. 3. Effect of casting temp., mould temp.
and casting size .upon solidification rate of
white cast iron.

Photo. 1. Thin cylinder castings obtained

in the case of casting temp. 1300°C, mould

temp. 80°C and casting size 100 mm.
(Dimension: about 1/3)"
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Table 1.. Results of determination of solidified layer thichness and roughness
of solidification-front surface. ) -

.- Roughness of

» Test piece "Solidiﬁcat'icn Solidified - Mould size Casting témp. Mould temp.

- solidification
mork i time (8) . layer (mm) front(il)lrface (mm) . cC) i (°C)
. | [} . !
SC—1 5 2°1 55 200 1300 .- - 80 °
’ 2 i5 56 70 G 4 Tl ”
3 30 90 106 7 . 7 ”
4 45 10°8 120 4 . K4 4
5 60 14°3 170 4 4 o
6 Q0 21°5 231 “ 7 S
7 120 241 252 4 4 ”
SD—1 S 28 40 ’ 200 1250 80
2 15 77 58 . 7 ‘ 4
3 30 - 100 100 “ ” 4
4 45 13*0 109 4 . # Vi
5 60 15°8 152 2 4 4
6 90 23°4 169 4 7 ' 4
7 3 120 259 229 ‘ 4 ” T 4
SE—1 5 1°5 63 " 200 1350 | 80
2 15 27 93 # 4 | ”
3 | 30 4*5 123 A D A ”
4 45 6°8 147 P 4 S ” : 4
5 60 7°3 . 246 : 7 s 4 7
6 30 . 13°0 269 ) , 7 ” v
7 120 188 312 P ” ” . 7
8 T 180 24,9 - 352 g 4 ) 7
SF—1 5 16 58 200 1300 180
2 15 3-8 89 4 4 o
3 30 51 - 113 . 4 4 4
4 45 6°4 155 4 - v ”
5 60 7°9 221 4 ” 4
6 S0 & < 136 312 7 . 7 7
7 120 180 _— ” ” . 7
SG—1 5 12 — .- 200 : 1300 280
2 15 2°4 +133 4 - 4 v
3 30 32 145 v : ” p
4 45 - 36 198 4 2 v
5 60 42 255 o ' ” p
6 90 547 265 4 4 v
7 120 1311 374 ’ 4 4 4
SH—1 5 2°3 30 100 1300 30"
2 15 6°7 58 - - Vs Vi Vi
3 30 10°2 74 V) Y - P
4 45 © 1347 139 4 7 Vi
5 60 1746 150 Y v v
6 90 $23°5 . 153 Vi Y ) Y
7 120 253 183 s 7 ‘ ”
SK—1 15 2*5 72 300 1300 80
2 30 47 126 P P P
3 "45 6°2 144 ‘ 4 i 7
4 60 7°5 207 V) & y
5 20 11°0 252 y Y 7
6 120 21°0 266 v Y i v
7 180 25°7 376 ” o i ”

BREHETE O BSHERC R I3 TSRO TFRBER DY 5. :
FDOR S 3 DOFBO—HleRT O Photo. 3 Tt B EOKBRETICEN T EEO BEEEE K o RS
Photo. 4 T& ), Photo. 5 I35EABE: L BEREIC WAL TETOERZMANIROEY TH 5- ,
SO TGO AR 5 2> 2 FRLEAD TS (1) APBRTHEEOBESEOLER, Fig. 3 k)
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ta) Esfect of Casting Temp.

& 50 : 1250°C
. 3¢ : 1300°C
50 SE 2 1350°C
SE
~ 0 —_ T -
% 4 " --a”’ba
8 3 /8] Mould Temp. : 89°C
) " Casting Size : 200 mm
; . ) Ltject of Mould Temo,
5 St 8
= SF: /807
£ 0 56: 2807
)
§ Seo
g 201 JF& -
3 P S
57 T
3 al === Casting Temp. : 1309°C
hel . Casting Size : 200mm
'é. v
2 ©) Effect of Casting Size
£ o IH : 100 mm
§‘ 3C ¢ 200 mm
[/ Kt 300 mm
40 5K
E v
20 T 3T
£:----a--3.7’,' -
o5 Casting Temp. : B00°C
2 o Mould  Temp. : §IT

SIS W 45 & g0 20 82
Yolidisication Time ¢s)

Fig. 4. Effect of casting temp., mould temp.
and casting size upon roughness of
solidification-front surface. "

Roughness of SOlld]ﬁCathn front
surfaces in the case of casting temp. 1350°C,
mould temp, 80°C and casting size 200 mm.

{Dimension: about 1/2)

Photo. 2.

L BIMLLWSNOBE S, IREREEORE 3 12 BE
BIDFEHRICLEBT 5 &4 5 EARE 2 BIRHSEE O
RV TIRILT 5 DA T, FHIORE & 42 £ OEIFD
LIEEL Ths. -RIG Z OBEghiI R 2 DDZ5
RPHETSHSERPEL, BENEBCERTSCE
BHhrb .

(2) CZOWEOWEITIS 1T 5 EHHBEGE “Prad
rate of skin formation’ MO HFREAINTELL £ & H5H]
BETS D, WIEEEOER % d (inch), BERRE?
t (mn) & TIERAHERILT 5-

d=k\T —a :

L LIk REROBES DT b O T—RICHE R
EWEN, a BBREER LI O THRTIZFEHTH S

HIZR D BE I 35 1) 2O EERIC L > TR/AE

Table 2. a & % of the equation in rate of

skin formatlon
d (inch) = k,\/t(mn) —a

Test mark J a | k
SC 0°069 0°58
SD 0°051 - 0°65 -
SE 04048 : 034
SF 07015 ! 0°31
SG 0-016 0°15
SH 0- 108 0°73
SK : 0°098 0°39

FEEICE D BB a Zskopind Table 2 OO0 Td
b, Civds b EEEE kL REARERUSEROTHUERE
PELTHE, EOBHMOKREIOMIVERESSC
EDhd B, a DEIROVLTI R. W, Ruddle®, H.
F. Bishop® & L NEBEENS KL L BTEALE 125 L7
ugmrmamxm%@%ACM%mﬁmmﬁa%%m

B LTI u

(3) @Ehﬁﬁ®ﬁ3MF@u4;bmg¢um<
BEE DT & SUCHIRA L 105, Lds b COH S OBb
IXTESRET /s < SEE R B B REEE 0 TN & 7 D3R

BT CEHD BHONE. L O RGARE
SWERDEVVELSBYOKS & O K 5 BRATH
B. CNRBEIEANEICAL 3 BEAEN S 5 BAK

3 DWMHRSBORBEHFREL, EEERVEED

FHENGEFT SRS T2 DISEIRIT /5 3708,  EEAEHS
DEBEETEZOHOHSESEYELI RS LRI B
dOEEZLNS.

(4) BEEATE QBB Photo. 3,
2% Photo. 5 X b 540 < A RE R N SETID T
BECERVEASSHORE IONIVEEHETH 5. -
CHUIHTRD B. Chalmer? DR~NTUD L & & —B)
$5. *

KiT Photo. 5 iR 6N BN, $HABEE 1250°CD
BRI BERE 30s, §ARE 1300°C DHA 45s
$EATREE 1350°C DA 60s (T TERE O
BERE X 24 PBESTHEEROLV~F 754 Ml
BOEDLDN TV ADOMBED 5N B. L ITHIHBOBE Y
MBI 2F—0LEHMRAITHEYT 3. FERBEIESTT
5 &, $HARE 1250°C OB&ITEEEHE 90s, $5A
IREE 1300°C O#FEIZ 1208, $HARE 1350°C e
X 180 s TEEETAFNCSI{RE L ITBERO € * o
24 FWEET S BIL CNEEEBBRIBIIAE—D
ZEph I T B %OT%K§%®§E3%§%“ﬁ
1795 C L 2ihicdd, BEHMETREANT b TN PR T
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. S 80°C o 180°C : 280°C
’ , Phdto. 3. Effect of mould temperature ilpon micro-structure in solidification-front
’ surface (Casting temp. 1300°C, casting.size 200mm,. solidification -time 5s, 5¢;
4 : picral etch X 100(2/3)

, 100mm ‘ 200mm T . 3pomm
, Photo. 4. Effect of casting size upon micro- structure in solidification-front surface .
)- ' . (Casting temp. 1300°C. mould temp. 80°C, solidification time 5s, 5%, picral etch X 100(2/3)

o
10
‘ a
)
)
g,
~ £
-~
<)
So
28
s
Q
- o
T}
a
»
. Solidification time (s)
‘, Photo. 5. Effect of casting temp. upon micro-structure in the sohdxﬁcatlon front surface.
' ) (Mould temp. 80°C, casting size 200mm, 5% plcral etchx 100(1/2)
\"v'
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B CEMNTMEETS H, BHEOBERATERER LS,
TEBOBSZRL, LLTRETOES—RTF4 bW
BER REL TREZBREL, COEER ST
€ 2 &4 PRBEIRCEHT 3. RiTBEEOED
EHEA—~ AT F4 bPOEBOWS I OTIHIER A
&4 FIETSSSERL—F T 74 MERE U TEE
b?’ﬁ>fﬁ3ﬁ#ﬁ®*’)‘ VA4 MSERIEEEL T, K%IC
WEPSETITHENIBEZ~BDEEALNS.
(5) EBIKBEGHGOEEIC OV T OEMEHERAREE
RIET B &, SFARELUGROTFHRBREDFHVEI
THOREIORIVE, BERV—F 774 FOFE
SRR % 8 4 FOWEEHB LN, BDCD

TR OREHIESA L 55 C LMW oL 2D b

b B BERER L ORI (4) Kl 3EEIcHEs, H
F. Bishop F* W. S. Pellini? O ESESHOREERE
Kz bu, BIgEORESE 2 S50 idFig. 50N
¢ 12%. TOEIT LD TESEOREY S REREL U
B 3 T SRER IO BRIV 6 IR NS

Begiomng of Crystatlization Ending
of Dendritic Cementite of A
° Beginmng .

of D

Ending o7 Crystallization
0f " Ree-Hive” like
Ledeburice

CA

!gqfﬂnﬁ )
" Mould Temp.  increase

Casti

Solidification proceeds

‘Schematic diagram of solidification

of white cast iron.
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PRI & D THEEOREMEL 25kD, TIKEIFT
SEIATREE, SFRIRERUSHMORE 3 O EH2HEEL
72. REETHE R b RESE & FRSROSRm O™

Fig. 5.
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Liz.

P EOERZETIEROB I TH B

(1) BSoBERTOWTR, FREREEOES E8
@ﬁﬁ@ﬁﬁﬁ&%ﬂ@atmoLﬁ@W@§E®@@

BNTORERLL, BEORE &R OBEEM SR

%b,wﬁﬁﬁMﬁmazowgmﬁwﬁiasiﬂ%
295, LRESEEMCETTS.

(2) EEOWINCSY 2 ERBRIZFTEE “Rate of
DHBRIGE L T EWHSE, Zzhid

skin formation’’

B ke,

3&@@%&&@@%&%%N,E%@@E%ﬁ%ﬁ%

KOFr L 5.
d= Bt —a

L LR, diZEEFOE S (inch),
RIZEERE, a3FHTHS.

ML TZOBREREEDD
tion” ISFARERUSRREREL TR, XEFHO
KEIDPIVEKRE LS.

(3) BEMAEOHE IIBREOES
BoZO#RIIBEERE —HT 5.

WDT%Dﬁﬁi%ﬂﬁEEU%@ﬁE®%Pﬁ =
SEHMOREXVERTD 5. ,

(4) BEMHERICRIT AB—0ERIIgERY -7
7354 FOBIER, S-OEHMAIBERE 2 &4
OWEETH H, B2 o ORHREY % DEFRIZEE
ABERCSRBEEORVE, ORI VES (A
DRERY, EOTHKRKSESHHEREET 5.

(5) LIEOEBERECES, BGOBREREY IS
M2 > TR, BENSBEETOEHRZHEL»ITL
1.

Wy A, AFBERATICY b A R e B R
PO S EREESH AT L TEREE L
FETHTI I VIR B DXL T
BT ARETH 5-

¢ (2 EERE (mn)

“rate of skin forma-

IR EZY

k1) $5EIAMEE 100mm, §BENREE 80°C,; &5AREE

1300°C, #EREIRFE] 45s & LT3 @MEBE A% oRH
BoE: 2 ERERIO>TROLHRLAREOBY TS
3.

- Test piece Thickness of solidified iayer
mark (mm)
SHA 137
SHB 135 ‘
SHC 13+7 .

2k 2) TR 200mm, GHEEEE 80°C, ¢hAEE
1300°C & U deRE B % 15, 30 %X 60s IcZ b3 v T
EE P, BEFoEI 2z fikcioThkerto
LEIo 2T pEMMERL BRI NTROEY T
3. =2vL A, B, C, D aMHMomsLs &S & 5R3.

=
8 S Thickness of solidified layer (mm)
Qv Z»
28 &y 5 Observed
28 SE 2%
gl 3 o= A ‘ C q D | mean
n
" 1
SCcC2 15 6 q 5°7 | 5'4] 56| 5°5| 5

scsl a0 ' 90 90| 91 92| 88| 90
‘ ! - ‘ | ! |
SC5J60J1&8h09§1W31m% 10°8 | 10°7
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RESEARCH ON THE DELAY QUENCHING OF THE
INDUCTKHJSURFACEHARDENH«}

Synopsis:

“8) Ao gk, 12 (1926) 808.
9) H. F. Bishop & W. S. Pellini: Foundry,
Feb. (1952) 86.'
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General process of the induction surface hardenmg is as follows: a steel specimen of which the
surface is.austenitized with induction heating is used to be quenched in the water- -jet, as soon

as the heating has been stopped

If the quenching time is delayed after the induction heating,

hardness of the specimen is not lowered than that of the instantaneously quenched specimen,
this unsoftening condition of delay-time is amounted to several seconds for medium-carbon
. steél, and scores seconds for low alloy steels with medium-carbon content.

This special quenching method above described is called as a ‘‘delay- quenchmg”

and

it takes effect to the stress relief on the induction surface-hardening.

In the former report it was verified that a ‘‘stop-quenching’’,

was a good application for

the purpose. of stress relief on the induction surface-hardening. However, it cannot be app-,
lied to the continuons induction hardening of a long steel rod, on the contrary, ‘‘delay-
quenching” can be.applied to the continuous induction hardening.

I" &
B GEADRES T 3 B BEEOXISE S LT, KIS
BRI N 5 BRBEAFERPTIRL, B EK PEEEA
(stop-quenching) . DSEBENCELZL T 5 B AT
LD, Ub B ICEO SRR 2 EGEEEAT 5
BIo AT RN 2 4 2 SBhS ISk L. %@m
BEIFEAT & R HISE 3 B A JHERIT D W T
A.
EE&M%%?&E%K@%K%?%@&%ET%%
5, BREINRRTEZ DT I T ERERSL T, K
m%ﬁ6@6$%aétﬁ% RRETIIEE, 552k
TRERVKEZELE T, BEOBBKSOESE
Fah STREENZE S MOEEFED 2. C OBEASRIIE AN
FRITBEA & R DIRIET S b, EEECEAEEA  (delay-

quenching) &EFRTAHHCL 7.

FITSEA TIRIBRBEISHVSER S N, BUEAMELE LT
BBUIDIEL T, BIEFATRESHPERI N,
TR IEE S 5. WEDSEISEA TS &
BUEIORRDPIEH & UTEBT 35000, BAEHA
LT HMAEEDTIETS b, BEAPULITERTH
5§ﬁ§ﬁéﬂ%.@b*ﬁ%ﬂﬁmﬁ%m%ﬁﬁﬂm

. BEEASTEEEIC S B X5 RIRRSEROBE M Tk

'%fﬁ;bégﬁmﬁ@xmﬁf@ams SEREEAIZ
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