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Heat Checking Prediction of Die Casting Dies through Flow and

Solidification Simulation
Masamichi Kawano

Synopsis

For the prediction of heat checking, die casting tests and numerical analyses were performed. Heat checking behavior of steels
with different strength, toughness and thermal conductivity is investigated on die casting.
The damage of die is markedly suppressed by increasing of high temperature strength. And also high thermal conductivity

steel exerts superior performance for damage reduction. On the other hand distribution of heat checking is not influenced by

toughness. Numerical results indicate that higher thermal conductivity leads to lower thermal stress. Severe damage parts
correspond to higher flow velocity of molten aluminum. Cast progressing, the surface roughness of die increased and then crack

is initiated.

1t could be assumed that heat checking is a thermal fatigue phenomenon with erosion. Consequently heat checking prediction

model as a function of strength, thermal stress and flow velocity is given. The crack initiation timing and its distribution can be

evaluated through flow and solidification simulation.
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Table 1. Chemical composition in mass% of steels for
dies.

Steel| C Si |[Mn| Cr | Mo | V Note

A | 0.39| 1.00| 0.45| 5.20| 1.20| 0.85|JIS SKD61

B | 0.35| 0.45| 0.70| 5.50| 1.20

C 0.33| 0.10| 0.60( 5.50| 3.00
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Fig. 1. Dimensions of test die for die casting.
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Table 2. Conditions of die casting test.

Items Conditions Notes
Al alloy ADC12 Conventional
Molted alloy temperature 973 K
Weight 600 g
Cast
Size 122 mm X 122 mm X 14 mm
Injection Low 200 mm/s
velocity High 1600 mm/s
Pressure 65 MPa
Whole time 28 s
Solidification 8s
1 cycle Air blow 05s
Pressure
Spray 3s 0.5 MPa
Air blow 15s
Water | Temperature 298 K All seasons
cooling | violume flux 1.83 X 10* m*/s
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Fig. 2. Micro-structures of dies for die casting test.

Dies are quenched from 1303 K by noted cooling rate at region of 673 K~473 K and then tempered to 43 HRC.

Accelerated cooling
with 0.333 K/s

Retarded cooling
with 0.033 K/s

20 mm

Fig. 3. Influence of cooling rate on heat checking of steel A.

Dies are quenched from 1303 K by noted cooling rate at region of 673 K~473 K and then tempered to 43 HRC. 10000

shots die casting tests are performed.
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Steel A
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Fig. 4. Influence of die material on heat checking.

Dies are quenched from 1303 K and then tempered to 43 HRC.

38 HRC

43 HRC 48 HRC

Fig. 5. Influence of hardness on heat checking of steel A.

Dies are quenched from 1303 K and then tempered to different hardness.
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Table 3. Impact value of steel A.

Accelerated cooling| Retarded cooling

ltems with 0.333 K/s | with 0.033 K/s
Degree of heat
checking 4 4
Impact value at RT 50 21

[J/em?]

Dies are quenched from 1303 K by noted cooling rate at
region of 673 K ~ 473 K and then tempered to 43 HRC.
Work pieces of impact test are cut in from dies after
10000 shots casting.

Table 4. Fundamental properties of steels

Items Steel A Steel B Steel C
Dgree of heat checking 4 3 2
Impact value at RT
[J/em?] 52 56 51
Fracture toughness at
RT [Mpa/m0.5] 96 90 56
Reduction of area at
773K [%] 74 73 62
0.2 % proof stress at
773 K [MPa] 826 827 891
Average thermal
conductivity from RT 26 29 31

to 774 K [W/m/K]

Average coefficient of
thermal expantion
from RT to 774 K

(K]

Materials are quenched from 1303 K and then tempered

12.0 X 10°[12.0 X 10°{11.9 X 10°®

to 43 HRC. The greater the heat checking number, the
severer the damage.
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Table 5. Impact value and proof stress of steel A.

Items 38 HRC | 43 HRC | 48 HRC
Soyeecica '
ImpacEJ\;(?#zca] at RT 70 52 o7
02 ‘;"7%?(0[“,\2};:]53 at 696 826 991

Dies are quenched from 1303 K and then tempered to

different hardness.
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Fig. 6. Rotary bending fatigue strength of steel A and

steel C.
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Fig. 7. Comparison of die surface temperature between

calculation and observation.

Locations of temperature measurment at die correspond
to Fig. 3.

Maximum temperature and minimum temperature in a
casting cycle are evaluated.

5. 2 BEREAT

il A D43 HRC x5 & L, &R KA O AN &8
B % Table 6 |2RT. E— M= v 7 OFFEIK
EVEIEFA—VOHETHL I LEERT S, 51
DAL f TIRAREPFEE L Ty, BIFIZOW T,
T FEHRIE A T 23K & WEAL RIS T) DAERHE 2K & WERAL
DFESERKEL L. ATIE, Fig. 7T ORL 7R ESIRE
ERIKREDAETH 5.

— 1, - E¥ -7 CEMOEMIRE T HlE
L, AT —=bFzv 7 ety eh%wv. L
2L, Table 6 LW LMY, ATIZX 24EGOH
HIZWEETH 5. G L WA a ~FA c 1T AT A
INE W,

Table 6. Casting parameters of steel A given by flow and

solidification simulation.

Locations of die surface

ltems
a|lb|lc|d|e]|f

Degree of heat checking 6 (54 |3|2]|1

Temperature amplitude

4 T=T o Trin ! 3 2 6 ° 4

o,""duringinjection | 6 | 5 | 4 | 3| 2 |1

Principal

max :
stress 04" during spray 112|836 |4|5

4P=0,""-0,"" |6 |6 |4 |3 |1]|2

Molten | Integrate flow velocity

Al flow L= vdt 4151613121

The greater the parameter, the higher the temperature

amplitude, pressure and integrate flow velocity.
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Fig. 8. Influence of thermal stress and proof stress on

crack initiation.

V1 is approximately 100 times greater than V3.

Fig. 4 O A /R & L, $HEmoREM S 0ZlL%
Fig. 9 IZ/R 3. MG ARIOb TH S, k1> 3 v
N HTRIES 2 AHILO SRR SETE ST 5
1000 ¥ 3 v b CTiE, &@MoRWMS (FHFEMS)
RIS RN o7z, 72720, ZoORETIEERIc R
BRI N TR, —J, BRDFEA L 72D 2000
Yav T, EHSPION 4EICRo TS, &
B, TOFMIZBIT 5 HEDRKMHEIL 54 m/s & HTRiL
i CRAED bz,

Fig. 8 & Fig. 95, wimNil L b o —2 3 i
b= NFrv 2 2B ETLIERGNDL. FOHBE L
T, FEH S OB L 2 IRI1EH, JEMISTIAFEE 3
LIMTEEREONE, REPEZONDL. BEHOTEIN
L= M F oy 7RI LI L EEENICHL 2L
2. UEXY, be—FFoyzidzo—Ta v a2
WHHR LM NS,

Fig. 9. Surface roughness of casting die.

Investigated location corresponds to “b” of Fig. 3.
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Fig. 10. Comparison of damage distribution between die casting tests and numerical analises.

Dies of different steels are treated to 43 HRC. Maximum calculation error of crack initiation timing is approximately 25 %.
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Fig. 11. Comparison of damage distribution between die casting tests and numerical analises.
Dies of steel A are treated to different hardness. Maximum calculation error of crack initiation timing is approximately 25 %.
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Fig. 12. Comparison of damage distribution between die casting tests and numerical analises.

Steel A with 43 HRC is evaluated. Maximum caluculation error of crack initiation shot is approximately 20 %.
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