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Evaluation of Solidification Cracking Susceptibility in Alloy Tool Steel
Considering Dependence of Primary Phase Selection

Tadafumi HasHIMOTO, Hidenori TERASAKI and Yu-ichi KoMIzo

Synopsis : The solidification cracking susceptibility with the dependence of the selection of the primary phase was clarified with the Trans-Varestraint
test, since the solidification mode of alloy tool steel (SKD61) was transited from FA mode (L—>L+6—L+56+y—>L+y—>7¥) to A mode
(L—-L+y—v) at high solidification velocity. It was obtained that the Brittle Temperature Range was enhanced to 587K for A mode while it

was 105K for FA mode in the augmented strain of 2%.

In order to clarify the change of dendrite morphology during the solidification process, the liquid tin quenching was curried out. Though

the interdendritic microsegregation can be reduced due to the dendrite arm development, the solidification cracking susceptibility was sensi-

tized in A mode solidification. Therefore, the selection of the primary phase is extremely important.

The effect of primary phase selection on the interdendritic microsegregation was theoretically proven using the solidification velocity de-

pendence of microsegregation model taking into the diffusion of the solute in the solid phase. It was found that the solidification cracking

susceptibility obtained by the Trans-Varestraint test can be simply evaluated as the influence of the mode transition below the solidification

velocity of 10 mm s™' and the reduction of Si, P and S content can be effective on decreasing the risk of solidification crack.

Key words: alloy tool steel; solidification cracking susceptibility; microsegregation model; Trans-Varestraint test; liquid tin quenching.
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Table 1. Chemical compositions of material used.

Designation Chemical compositions (mass%)
en C S Mn P S Cr Mo v
TH1 0.38 1.00 042 0.016 0.002 5.13 1.28 0.83
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Fig. 1. Binary phase diagram of using material calculated

with thermo calc.
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Fig. 2. Schematic illustration of Trans-Varestraint test.

FIMNTHE 35 F B [ 7R T AFIEE BaPH O 1% HH I 2 & BEE NG
MR EEEiH  (Brittle Temperature Range @ LI#% BTR) {(J#2%1
LU CaHith L 7=,

2.3 #HESNnEAE

7V ZSL 2 LA VREMNTA NS T TOER
AR A FEHIC R T 2 72 O Sn 2R EE I & D BEEIRELR
137257, WBRIEFig 31T T & 912, REBR EIZTIGH
FIZEDE = FF 7V — MBEEZETY, R A RER
ALz FIE U 228512, #9 600K IZ VARl L 7= 7&K Sn % #
B EEEKDFRFRLSKBICHEE, B - AEhoBEeR
ERAEAEL 72, BEEFE NSV 2L R P LA VikER
ERIGMFIZTHEL 72,

[ 7% A7 S A oD WERR AT RS (oo mL & K
+10gKhEEILT b Y A +10g7 xa v T UibH ) L)
ARV, AERIGIZE DS -y ERROBZIZIZY 7 ) Vi
BURIRIEWR 2 I U 7=,

7z, ¥—FA 7L — PEBBOEBMIZ PREET
EMATAZEICED, ¥— FEMERICH T 2 BELTT
IERPOMHRE AL, 72 F 54 Fhimh 54 HE
AU 7R E TORME AL E RS - 72,

3. BRBIUVEE

31 REZIHBSMITE

fHBA2% THEELZ T2 XL X b L4 ViR
DY — FIELE Fig. 4107 F, &fF LTERIZH - 72 8
BT A & BHRIZEIR A E CTne, &2t
ICBOWTKELFAOLZENALAERNTHD, ZOKELR
B RIKESE BN & 2R L T %, BRI
BRI BARG U 22 sskIC S BN R4 U T34, BTRIZE
B OO BANMATCEEE L 725 (Kb opi# kv
G THERT B,

V= FA Y 7L — FEHERIClE & N ER AR A
FZ#50 2 FARAEE IR &M 10 78Ks o L, &2

Liquid Tin
Tip of torch A

Arc

Fig. 3. Schematic illustration of the liquid tin quenching.

Table 2. Welding conditions.

" Current Arc voltage Travering speed Flow rate Lo
Condition Shielding gas
ey %) ) () b
1 1 025 Ar
2 150 10 10 0.5 He
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Fig. 5. Comparison of BTR (Brittle Temperature Range)
obtained with Trans-Varestraint test.
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Fig. 4. Appearance of cracks on bead surface after Trans-Varestraint test.
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Fig. 6. SEM (Scanning electron microscopic) observation
of crack surface in condition 1.
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Fig. 7. SEM (Scanning electron microscopic) observation
of crack surface in condition 2.
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Fig. 8. OM (Optical microscopic) observation of solidifi-
cation microstructure quenched in condition 1.
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Fig. 9. OM (Optical microscopic) observation of solidifi-
cation microstructure quenched in condition 2.
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Fig. 10. Simplified model for dendrite during solidification
process.
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Table 3. Physical properties used in present calculation.

& ferrite

7 —austenite

D! DI DL
Bloment « m bq 3 K m Oy g By 3
(K mass%) | Coian L 00l mol) (K/mess96) | 10" pish L g umah ] ot s [ (10% ) mol) ]
] 0.19 -86 0.127 81.1 033 ~64 4.7 155 52 11.7
Si 0.77 =12 14 220 052 -7.6 3.0 252 5 10
Mn 0717 -5 7.6 225 078 -4.5 1.78 264 193 5.8
P 023 ~35 16.5 222 008 ~35 0.87 273 4.3 8
S 0.05 ~40 156 203 0.035 ~40 075 236 49 8.6
Cr 099 -0.96 23 238 0.88 08 1.69 264 18.5 34
Mo 0N -1.9 6.6 224 0381 -1.9 36 240 6 21.5
v 084 ~3.5 31 239 063 =35 2.8 264 62 1.2
Table 4. Parameters used in present calculation.
o Primary dendrite arm spacing] L-S temperature range Cooling rate
Condition (um) ) Ks)
1 38 102 78
2 19 591 1511
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Fig. 11. Change of segregation ratio calculated by present model.

Table 5. Comparison of segregation ratio for primary phase.
Phase [¢] Si Mn P S
&8 ferrite 51 1.7 14 84 24.5
¥ —austenite 31 83 27 674 81.5
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