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Effects of Hardness and Alloying Elements, Molybdenum and

Silicon, on Heat Checking Behavior of Die-Casting Dies

Naoki Yokoi, Masamichi Kawano, and Koichiro Inoue

Synopsis

Effects of hardness and alloying elements, molybdenum and silicon, on heat checking behavior of die-casting dies are
investigated. Three steels of middle carbon 5 %Cr type hot work die steels are tested by actual diecasting machine up to 10000

shots. The results obtained are as follows.

(1) Increase in hardness from 43 HRC to 48 HRC leads to marked decrease in heat checking. This is considered due to the

suppresion of fatigue crack initiation by increased yield strength.

(2) Molybdenum content is not controlling factor of heat checking. Low Si steel, 0.1 %Si-1.2 %Mo, performes the same heat

checking resistance as 0.1 %Si-3 %Mo steel.

(3) Low Si steels with 0.1 % shows superior heat checking resistance to 1 % Si steel. The increased thermal conductivity by
lowering Si is the main cause of this improvement. This is supported by the numerical analysis that shows 10 % decrease of
stress amplitude in casting cycles by the increased thermal conductivity from 23.6 W/m/K to 30.5 W/m/K.

(4) To increae the hardness is the most effective in preventing heat checkings and followed by lowering Si content.

It's concluded, therefore, that using of high thermal conductivity steel at high hardness is the most effective method in

preventing heat checkings.
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’ Table 2. Casting conditions.
casting i ltems Conditions Note
] i - A Al-alloy ADC12
\Work piece 1 219
4D Molten metal temperture 973 K
A
- 10 03R / !' Cast weight 600+15¢
Ejection Low 200 mm/s
O ¢ 10 Velocity High 1600 mm/s
water line
Cast pressure 65 MPa
Fig.1. Schematic geometry of the test die. Cycle time 28s
Solidification 8
. B S
Table 1. 5 % Cr type hot work die steels for test dies. time
1 cycle
Chemical compositions [mass%)] y Air 1 05s
Steel Notes :
c Si Mn | Cr | Mo \Y Spray 30s Al(r) F;reMst):re
A 0.41 1.00 | 0.40 | 5.18 | 1.21 | 0.88 | JIS SKD61 premium grade Air 2 15s
0.37 | 0.09 | 0.43 | 529 | 1.24 | 0.52 Water Temperature 278 K
C 0.34 | 0.08 | 0.60 | 5.56 | 3.01 | 0.80 cooling Volume flux 0.66 m*h
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&SRO & EMM % Fig.2 IZ/RT. Steel-A & C 1%,

Table 3. Properties of test dies before and
after 10000 shots casting.
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~ 52 Jjfem’ DFE B EH T 5. $I1Z, Steel-A & Steel-C
X, #52tem’ L EMTH L. 873 K IZB T A iR
Pi% Table 4 (27”9, 3 FE D ACINPLIC KA 1T L,
10.8 ks 43 DT X 13 40.7 ~ 41.3 HRC TH - 7-.
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Thermal conductivity 2U Charpy | Thermal  Table 4. Room temperature hardness when held at 873 K.
Steel | Ha7dness [W/(m-K)] impact value| fatigue —
[HRC] [J/em?] erack Initial hardness Holding time at 873 K
278 K| 573K | 723 K | 873 K [HRC] 3.6 ks 10.8 ks 36 ks
A 279 1 o aso | oss | 260 27 © Steel A 425 416 40.7 38.1
425 52 X
. 2. 41, .
B | 431 | 305318312302 4 O Ateel B 431 42:5 3 395
o] 425 | 300 | 31.2 | 31.4 | 30.9 51 O Steel C 425 42.1 41.0 37.9

Steel A

Fig.2. Microstructures of test dies.

Steel B
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Fig.3. Penetrate inspection tested Steel A die after
10000 shots.
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Fig.4. Heat cracks along the 0.3 mm radius root of the
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Fig.5. Penetrate tested dies after 10000 shots: Around gates.
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Fig.6. Hardness distributions of the dies after 10000

shots.
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Zz26N5 "7, Steel-A D 0.2 % it/ % Table 5 127k,
AN A NERIOFREIAYL TS 673 ~ 773K T3, 48
HRC ® 0.2 % Tif JJ5% 43 HRC |24 160 MPa i) E L C
w5,

Table 5. Proof stresses of SKD61 on

high temperature tensile test.

0.2 % proof stress [MPa]

Temperature [K]

43 HRC 48 HRC Difference
673 979 1145 166
773 816 976 160

5. 2 MoMEsE

Steel-A & Steel-C ® 673 ~ 873 K IZB1T 5 0.2 % Tt I
% Table 6 IZ7RT. & b ICFIMIEE X 1E 45 HRC T 5 25,
3 %Mo @ Steel-C 13 1.2 %Mo O Steel-A X V) E5RETH
B, 2 MO E TSI EIRIT SRS A, B Mo #1121,
WHDFERICE B2 — b Fxy 7 OWHEERESNS.
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BENEIEEVIRE IS SN LEZ 55,
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MPa /NS, &4 B A MEINZBWTIE, B #E
ST EERBEOEEENE L el En .

Table 6. Proof stresses of SteelA and

SteelC as 45 HRC on high temperature tensile test.

0.2 % proof stress [MPa]
Temperature [K]
Steel A Steel C Difference
673 1092 1104 12
773 946 979 33
873 672 740 68
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Table 7. Estimated temperature amplitude at the gate.

Thermal Temperature [K] Difference
Steel | conductivity :
[W/(m-K)] of amplitude
Max | Min Amplitude
A 23.6 663 | 372 291 0K
30.5 638 | 369 269 22 K

Table 8 1%, W EMFICICBIT 2 FARLIL ) O R AMHE L
BMEZ R, /ME () (3R ESIRE DR T, &
K (BlIER) BRBEEEORST, et L7z
FEEMEEHE O Steel-B 1, HEHEE BIBROIS I AN E
<, HIRIRI 10 % /NS b,
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Table 8. Estimated stress amplitude at the gate.

Thermal Mean nomal stress / [MPa] Rate of
Steel | conductivity .
W/(m-K)] Min Max Amplitude | @mplitude
23.6 -572 75 647 100 %
B 30.5 -524 58 582 90 %
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Mo, Si D¥EEFME L7z, &MoEECILIIZ, Hit
WRNTY 7 MIZ X > THEE L7z, BNz R %2 LTI
NG I
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(45 Mo oMk SiOEMERERAS I e — N T = v 7 I B
NHHRRKOHHIT, BEERPENOEEZOLN
5.
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