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Effect of Surface Modification by Fine Particle Bombardment on
High-cycle Fatigue Strength of ADC12 Die-cast

Ryusuke [zawa*, Osamu Umezawa**
Norio Nakamura***, Shinichi Takagi***

Due to transcription of the die heat check and exposure of interior defects by machining, etc., there exist defects on
the surface of die casting parts, which often act as the origin of fatigue failure. Fine particle bombardment (FPB) highly
improved the 107 cycles fatigue strength of ADC12 die-cast. In the FPB treated die-cast, a thin modified layer of about 5xm
in depth was formed on the surface and filled the surface defects. Both the application of compressive residual stress in the
surface regime and these surface modifications resulted in the higher fatigue strength.
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Table 1 Chemical compositions of test material (mass%).
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Fig. 1 Dimensions of round-bar type specimens for (a)
tensile test, (b) fatigue test in as-cast and (c) fatigue
test after machining.

Fig. 2 Optical micrographs of materials A (a) and B (b)
in cross section of specimens.
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Fig. 3 Optlcal mlcrographs of FPB-treated ADC12

specimen in cross section. (b) is magnified image
marked in (a).
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Fig. 4 Backscattered electron image of surface regime
in cross section of FPB-treated ADC12 specimen. The
left-side arrow shows a modified layer consisting of
elongated crystal grains.

Fig. 5
Fig. 4.
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Fig. 6 Effect of FPB treatment on hardness of
machined specimen.
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Table 2 Tensile properties of materials A, FPB
treated material A and material B.
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Fig. 7 S-N curves under uni-axial fatigue (R=-1)
of material A. Symbols enclosed by the open circle
show the fatigue fracture occurring from the interior
defect. In other cases, the fatigue fracture occurred
on the specimen surface.
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Fig. 8 S-N curves under rotating bending fatigue of
material A. Symbols enclosed by the open circle show
the fatigue fracture occurring from the interior defect.
In other cases, the fatigue fracture occurred on the
specimen surface.

Fig. 9 Fracture surfaces under rotating bending fatigue
of material A: (a), (b) machined (c,=145 MPa,
Nr=919,000 cycles) and (¢), (d) FPB-treated (G.=180
MPa, N¢=854,000 cycles). (b) and (d) are magnified
images of crack initiation sites in (a) and (c¢),
respectively.
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Fig. 10 S-N curves under uni-axial fatigue (R=-1) of
material B. Symbols enclosed by the open circle show
the fatigue fracture occurring from the interior defect.
In other cases, the fatigue fracture occurred on the
specimen surface.
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Fig. 11 Fracture surfaces under uni-axial fatigue
(R=-1) of material B: (a), (b) as-cast (g,=105
MPa, Ni=267,000 cycles) and (c), (d) FPB treated
(ca=114 MPa, Nt=801,000 cycles). (b) and (d) are
maghnified images of crack initiation sites in (a) and (c),
respectively.
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Fig. 12 Effect of FPB treatment on surface defects
in machined specimen of material B. (b) and (c) are
maghnified images in (a).
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Fig. 13 Surface defects after FPB treatment on
specimen shown in Fig. 12.

Tl RaEERICHRTE R VERICOWT S, FPBALEE

O S R L E O [ LA T X 5.

3.5 7T =9 A520IG & T & FPB
SLEEA ~ @ H

¥4 H 2 MBS A ERGS E L CEBRICERSh S &
X3, HRSR oI X 2 NEERRIC P, MELHS R
Broofts, HEEM, B r v Bk > TREST B
SihEEIE & LTafmsn, o LThlis REE v
fefR LIS sindh 2. SEEIR s ari S nic kBT O
FiftE oF M I, BIEY v K= v RO A AT
ThHbH, FIT, OIS, FYAHAMERUIDELLEH
BTN =9 LEE~DEIES v F= v HRBE A O %Y
PAERIEL 7, $bb, XEVITREhEHITHD
TEHTREE, §lafEnE, MU02%M o F— 9 M0, 5l
X g L IESILR=—1 0 107 B H0IE 0, & ZFEA L
BIEZ v Fwvigs, I6NHKR=-2, -1, =05, 0, 051
BUAEIMES 7oy b L EHSREEREER L
(Fig.14). A380% 1 # 2 FF#f, A518 %" 1 #1 2 + F#f,
A443TPRISEE F#, A355 DTSRGS T6 ML & b, &G
F1E T DT A A SR ERRN T, Bilh & 022 S 1
5MIT0.2%0i 1% EE by, Sk iy, o0, #h
WTHBH V=P, HhlhERD 5 HEH02%im ) & 13
B —F -~ ETREL, BESy Fe B ERL
—Hd B, Lih-T, 7= sihilittonhikitst
fiicsVT, BEZy Fe BRItk 37 zENTH S
EWZ B,

Y1z, FPBALH O 5 950 1o Bl E 4 3 BIc > W TIBIE 7
Fv /8% W TEHE L, FERR T 3G HE~ DK
A fast L 72, Machined#4 (A#4) Z MW, IB/JHR=0 (5]
Be—oliR) To—ihEEd R O S-N#RE % Fig.15 1R 7.
Machined #4 @ 10° [0]3#% 55 5 EE A3 82 MPa TH 5 12X L T,
% @ FPBALHE#4 135990 MPa T & %. R=07T® FPBJLEHIC
L B HEREN R, Fig 752 VW IdFg 8 TEHD S
N2EHIMUWR=-1DRHTHONIBEREAL ILES 3
EH S TN E O, F o, BB S FPBAE O EIC
Bl oA RETH - 72, THIF, BB LIETH




160 Bl ¥ H85% (2013) $35

R=-1

i —&—: A3B0 Die cast F
?120 . I ---0--:A518 DiecastF
% R=0 —..@----: A355 Sand cast T6
= ! — —¢— —: Ad43 Sand cast F
b
o 80
o
3
=
=
® 40 |
ul
0
2
]

0 ;

-50 0 50 100 150 200 250 300 350
Mean stress, =, (MPa)

Fig. 14 Evaluation of fatigue strength at 10" cycles
for aluminum casting alloys'” by modified Goodman
diagram. A part of line showing yielding is also drawn
for each alloy.
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Fig. 15 S-N curves under uni-axial fatigue (R=0) of
material A.
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