Akita University

8

RN RRR RN R AR NN R R RN R TR R RRA AR N AR AR

bt %2 & X

CEOOUTECH TR RN R UL e el

RUECAE VT by 7EER LICEREFAMOBENREE T aL—2a Y

W H Ebk# B % ek B & "R B E B

Simulation of Quenching Crack Generation in Low Alloy Cast Steel
by Using Heat-treatment CAE Software

Fujio UcHmat, Ryoetsu Sumnpot, Ken-ichi Kamapatt and Shoji Goroft

In order to understand the quenching crack phenomenon in cast steel, a disk shaped low alloy
cast steel specimen having a opening was quenched in water at 1123 K. The behavior of a quench
crack was investigated by microstructure observation and analyzed by the Heat treatment CAE
software. The results obtained are as follows. (1) The quench cracking easily occured as the
volume of specimen increased. The mass effect for quenching crack was significant. (2) The
quench cracking was due to time lag in martensitic transformation at surface side and inner side
of the quenched specimen, but not due to the thermal stress in the specimen. (3) The behavior
of a quenching crack was able to be predicted by the Heat treatment CAE software. (4) There-
fore, the Heat treatment CAE software is useful for a counterplan preventing the quenching crack.
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Figure 1 Shape of specimens for quenching crack tests.

WITE H1E (Q004F 6 7)



Akita University

BMPCAE ¥ 7 b ¥ =« TEREH L IEEEHEMORINEE Y Y a v —va v 9

2F VLI ICNFEIOmm OEOFLER T 724830mm, B& EHBEOBRICOWTHRIT L, SSOIEMIMMCAE Y 7 b9«
12mm OPERER (W% TEEnRBRR 1 209 R T (7Y HBBEGRANTASY) & BTSSRI
30 mm DELFLE T 24100 mm, EE70mm O R WTEEM L oo
b, (DIt TEEgInEEsRh 20 889D &Lk, F4, EANS
3. EEE sk UER
B sRBER OBHIEE OBIER, Figure2 IKid &9 RRERELUER

7 A URGTILESRED & Bl (BLOIL T & RB b 3.1 KEANNIEERESR
EOMILITEE 5mm) BARELIGEY, HBERNE A H BEORN 5 2MHOBENGERN 28« KBEADLIEETT -
FL, BAIRERBALT -, ToRE R A Figure 4 IR T, (A (BB o/ nififinaiz

Fl1TRelBEEngs#gElshcorl, Haoksn
RN B 2 TRENCRT L9 o B SN HHLN AT
He AL 35 1 5B EIER £ 298K Ok GRittd) & L, ?J,fﬁ DU 5 1P S AL = ]
%E/\Zflijﬂﬁh iﬁj J» /ﬂbl%{ﬁéﬁﬂLf :YL\EAJ I'i Al{{ﬂiﬁ;‘j{jﬁr i"’“\‘ it i L fuu ‘JLLP{\“ [1[];“\5:{ biik§ miif’“jlﬁ)lﬁ:
ot * T RLTOAA, B ERETIEEL TOE AT, SR

1123 K Iz T 2 MRS R IS%, Figure 3 IW/RT R v 7 (GHH S
L O RN, X B & R TEs Iz - T
L/min) 12k b EHRATT > T\ Bkt (GR298K, Helik200 Pl FUN R o 38 U BHET D =

FLicEBR oG, ANETIETIZA 50 2 BEdhiRi o --
L) :('K'fk“{ Tﬁ(ﬁﬁ‘f]”)ﬁj, fdg;;'—j, L__(,i)[}’%{g)( hﬁff 2%5 f Lf > ‘/)j fL[}]fﬁ]jjra ’)7“’9% J U\(H{U

) % Figure 5 124739,
B BEEI N GRER by o i AR E 12 Figure 2 1R 3 3 BR ) £l
}:’dh/\zhut FQ}L 2D E\ SPNEN BT A4 xf @D i/:t‘\n
IIEEB LN AL 2 2 ROBE I X » THRERE g 45 P i

] 2 T . zied B NN T e
EOID L R b OREORMI AL AR E ARy L sure ! J¢‘§ }&@ﬁ"“ ShTTRTE

. v MHRERA R L T, BRI BB
(LR B EDX-1500) 2HwTw v 710 » 7 E100H
=5 Jf“fL “C;Lf]‘ 7 ’ e 1 “ & @%’M{‘%“)J&V‘ W ootz 4T, uxk%ﬁ S e /\11

k- TETHE LT vy 4 FMHECEREL 72 & o 2R
e S RS T\ B R 5 1 2 B R CETHET T AR R L7 b0 S XN

By X 2 Eh B, Figure 7T HEEEINEER 2 ikt 2 1A
REETALE LT, oy 2y A EBREAHOCERS il 7 & 1?: Zh f J ( o 9% Bi) oy s Qijg J:J

e n » "‘:,\E{ P 7 ox S <
K OWriHiGE = 2R L Ao, & St ¢ (Figure Y

Y N . . HEEfT- 2R TH 5, B ZVPER54HRC TH D, 31T
¥ 7o, BTG ARG, ﬁmwiaaraﬁaﬁm P - i N

e AN mL‘”'\%C&?’»»’nﬁv)r VI EofER LY,
WTE D R B & NS S a4 B2 BEEINURAE
B o & P HHE % EE BB AR ARSI T R, AT v T

P izitThh Tk I EMNELD

4] ing crack Quenching crack
N i "
Non-quenching crack /
. Py py

2.2 %ﬁ%ﬁ%ﬂlﬁ

3

B @ I ®
>
5
Left side Right side
Figure 2 Setting positions of thermocouples (A, B) in the Figure 4 Schematic views of quenching cracks in the
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Figure 3 A schematic view of the water quenching tank Figure 5 A quenching crack in the opening surface region
equipment. of specimen 2.

Fht Rk BITE W1 (2004516 )



Akita University

10 HE Lk -

b - G - R

O XD ITHERNGERE 1 TRARNSEE Lo ol
WL, BEENGER 2 TRREELLC L SEASSHM OKE
ANBIETHEESAELBE T &icd » THEINSRE LY
TWEEL LN,

FTHbLEANORERRE LTk, BBFEENRELL
BEEMENBICBT 2T vy 4 P TSR ER
(#) BHEL, TOERBISHOENS 2 & —Xifibhish-
Tl EEL SRS,

3.2 BMIECAE YT by 7EICLB5EM

B CAR v 7 b7 = TIT & BIcANER BB,
BEANRRE, IBHRMERFICOVTHEEITS & & ikl
NRAT AFEEN< VT v A VEBTE BLEDIHVT
Bt L, :

B, AEEENOME LTHOWARIEECAE Y 7 b v e
T3, BB TAE U TV 2B S 2 IREERE (FEM)
1o & BIRECIRYY, BN B X CEGEE M I BLEERE
DRETH L eBMBAERSAEERT A Lo ky, RRE
B, R, SEHAE, &BME, BE, EhsivodsoT

a) Surface region (low magnification} b} Surface region (high magnification

H ~—

¢} Inner region (low magnification} d} Inner region (high magnification}

3T em

Microstructure of the specimen 2 after water
guenching.
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Profile of Rockwell hardness in the surface of
specimen 2 after water quenching.
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A quarter side model for the Heart treatment
CAE software.
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Temperature profile analyzed by the Heart
treatment CAE software for the quarter side
specimen at 30 sec after water quenching.

Figure 9

TR OF1E (200456 D



Akita University

B CAE Y 7 b = 7RG L &S S

B oBEn Sl aLr—v g v 11

2T, BB CAE v 7 b = 7 AHVTREANIED
B TRA L 2B o @RIZ > WTHRE L7, Figure 1112
KEANGHARICBY 3BISNEITERERL, T«
Figure 12ICE BN N2 ZE U 2Bk A R T, b, @i
%%@ﬁﬁﬂtﬁﬁﬁfﬁﬁLTméa

TSP HREN G K IS HERE R SRR OFL
mﬁm%%w%¢Lfﬁn,ﬂm@m AT VT & OIS A
EWEEEMNE SN, T DEEEE Figure 131084 BN R
Fi 2 oBERINEIT - T 2 L3I -HL TV AT &N
Figure 1412 8038 CAE v 7 + 7 = 7o & 2 EnErE 2
OFLANEI R OIS AT 3 2 iR, BUE ), AN
NBELCEMBECAE v 7 b 2 TOHM 7 — 7 =212 d
A LE SEH (SCM440) ORI B ERIET 2R,
zﬂi@,%ﬁhm@h2®ﬂmﬁm%%m%h LA,
BRERINLS BRI BRIE E Lol L, 2o®RIER

EA b

P X %L{/T}P{Jfﬁ!’ﬁ EEBITERHIISHER R L TV A,
R, ¢ imﬁﬁﬁﬁﬁﬁmWVﬂwr A MCEREL X

LR DBERIGAMREL, TORIGAILZNMB LT~ LT

1173
—a— Temperature of A point
1073
~-8— Temperature of B point
973
— —O— Estimated temperature at A point by Heat
) 3 'j treatment CAE software
= 873 —A— Estimated temperature at B point by Heat
B treatment CAE software
g 773 F
£
5 673
£
s 573 r
[l
473 (
373 + ST )
273 - ] A I A
0 1 2 3 4 5 6

Cooling time, 7 (s)

Figure 10 Temperature profiles in the experimental meas-
urement and analysis by the Heat treatment
CAE software for the cooling process of speci-
men 2.
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Figure 11 Thermal stress profiles analyzed by the Heat
treatment CAE software for the quarier side
specimen at 30sec after water quenching.
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Figure 12 Transformation stress profiles analyzed hy the
Heat treatment CAE software for the quarter
gide specimen at 30 sec after water quenching.
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Figure 13 Scanning electron micrograph of a quenching
crack in specimen 2.
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Figure 14 Profiles of temperature , thermal stress and
transformation stress at the quenching crack
point for the quenching process of specimen 2.
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