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Improvement of Fatigue Strength in
JIS ADC12 Die-casting by Local Squeezing

Ryusuke Izawa*, Osamu Umezawa™* and Hiroshi Kuwada™

The local squeezing method with pin was adopted to prevent internal defects such as gas blowholes and shrinkage porosi-
ties in the local area of ADC12 die-castings. This treatment remarkably improved the fatigue strength of the die-castings.
The smaller the size and density of defects, the higher is the fatigue strength is.
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Table 1 Chemical compositions of test material
(mass%).
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Material Cu Si Mg | Zn | Fe | Mn | Al
ADC12 19 (106 | 0.2 | 0.8 | 0.8 | 0.3 | Bal.
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Squeeze pin

Diameter : ®17 mm
Stroke :25mm
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Fig. 1 Die-casting sample (a) and overall view with
runner (b).
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Table 2 Experimental conditions of die-casting.
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Parameter Value
Plunger tip diameter 70 mm
Molten metal temperature 680 C
Injection Speed Slow speed 0.29 m/s
Fast speed 1.8 m/s
Metal pressure 60 MPa
Vacuum time 06 s
Curing time 13 s
Cycle time 38.2 s
Die temperature Cover die 183 €
Movable die 153 °C
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Fig. 2 Dimension of bending fatigue test specimen (a)
and position of specimens in die-casting (b). Micrograph
(b) shows Cu segregation in P section with local squee-
zing.
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Fig. 3 CAE (computer-aided engineering) solidification
analyses for (a) fraction of solid and (b) temperature at
moment of local squeezing.

JERIEBNERE D (a) RS & (b) #E54H D CAE [
fiEHt.

I & SRR AR IR B O W & 4 O RER A A ESL L 72,
D, REIMEABESE TV W AR S lmm DR
Fr%& N1, 20mm % N20, JGMEEZEES S/ AED» S
Imm ORER % P1, 20mm % P20 &MEFRG 5.

S oRERFERIUC Y 2 5 TlE, CAE (computer-aided
engineering) #EENTE AWV T, JREMEOEERY, 7
hb, S 5 8 Wik OERHER S (& AR
BLOmES M (EMHEEE) o Tl L 72 (Fig. 3).
P1 (3 EEHSE T ElE, = L ¢ P20 (FE LB ICH 5 &
HEETX 5.

STOWMRB T Ic>WT, EERE LM (SEM)
EHOTHHBIE2T-72. 58, KOKES 3K ki
& Byarea iV 1w L 0 FFE L, BIEME O Varea i TRT

3. ERBERRUEBE

3.1 JFEBIIHEC & B PSR BG o 4]
Fig. 4 IZN# (@ & PH# (b) © X K& Mg Z /R,



296 o5 i T

5586 % (2014) 545

N #f i, # 3Tz i IAEPFICHEE L TL 5 DI
LT, PHMIZ, BEES<7 oRigiEEsNS, HERK
MR KIS N TVWBE DA bhr %, Fig.51c<1 270
74— 7 A X CT &AW AZERo 3 ke %R
. SRR o I o WAl 15x4mm % 0.02mm [EIfE T
S50MrfiRIZ L, v Ea—% — ET3RITICwy EV I L.
% OfiEEE 13 0.02mm/pixel TH 3. A A 5 20mm O
WERRAITE, 77— b OSEEENT & - CRAZE L 7o iR I e
T ARIREEEL TH B 720, L ORHEPGER &, EFEO
BEEIAE IS & - TS /10 SBIRE MR L 72 47 2 Kl
DEAET S ). REMELEET 2 Eick->T, B
TEAHRMMIEEAEBVIREFE cdEs N (D). Th,
BEEINAEIC & > THEU &9 & 2 EREITEEP e S 1,

Fig. 4 X-ray images of die-casting samples (a) N
without local squeezing, and (b) P with local squeezing.
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Table 3 Fraction of internal defect in the cross section

of specimens.
S KT T O P AR B A S,
Sample Area ratio (%)
N20 5.297
P20 0.012
N1 0.007
P1 0.003

(b) 1mm from Surface A

m Surface A

Fig. 5 3D analyses by micro focus X-ray CT for pore distribution in specimens (a) N1, (b) P1, (¢) N20, and (d) P20.
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Fig. 6 Distribution of defects at 1 mm (a) and 20 mm (b) in depth from surface A.
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Fig. 9 S-N data under bending fatigue test for specimens of Imm (a) and 20 mm (b) from surface A.
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Surface

Fig. 10 Surface defect (a) and subsurface defect (b) on fracture surfaces under bending fatigue test: (a) N20,
6a=50 MPa, 1.5x10° cycles, (b) P20, 6.=75 MPa, 1.7x10° cycles.
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Fig. 11 Relationship between fracture stress amplitude and initial crack length for specimens of 1 mm (a) and 20

mm (b) from surface A.
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