METHOD FOR PRODUCI NG EEAR- HET- SHAFE MATERI AL FOR ENG NE PI STON

TECHNI CAL FI ELD [0001] 12. 1. sent invention relates to a xwat hod, of

pai dunins a near-net -shape material. for an enpi ne piston of

al umi num al |l oy excellent in, wear resistance and high t.enperatu.re
chardacterist.iss and also relates to the near-net -shape nateri al

for an en. ine pMFEEGR. FBRCRERBUNENFERHRRQUET - SHAPE MATERIANL enpine
pi ston used in an engine to be nounted on a irehicle such as an
autonmobile is required to have lightness to .reduce the inertia force
as munh. as possi bl e, n tenperfiHiBNGENeRESTOMt . the rai sed hictest
.tenperature: durability at: the raised highest: tenperature, |ow

thermal .. expansitdlity to reduce cl earance vardsd_idus due to
t heuneal on; 5110 wear resis:t_ance to reduce wear 01-, rinc grooves
due to slide ::::0:111:21.C Ct a piston ring and wear due to the

contact of a skirt p.ortibr. w -_ gVviinj surface. [0003] PUY:
tiTLIS l:ea:EC. a, in an-.Tinenééhﬁ“;éhé“égégﬁ as tile alum num al |l oy
const.ituting t:he piStc')rt when wear :resistance is given greater

o SR 1) S5 UL B 18R S8t

above the end:ectiCcp een ‘use r-exanple,
Docunent: 1) . On ggﬁ)other band,. when high tenperature strendthfi
hi gh t GrbErEe e FRPRGUB SEFagt I OFs oG GBH PR BFOF npbr? WARET A oY
alloy in which the additive anmount of Si is the sane as or bel ow the
eut ect ISXGSFiLFLthas Yseeh resed Lesee, andmigka BT PAtE Rt CIPbci et 1 21 Cs,
PRI OR ARTS

and also relates to the near-net-shape material for an engine

piston.
BACKGROUND TECHNIQUE

[0002] An engine piston used in an engine to be mounted on a
vehicle such as an automobile is required to have lightness to reduce
the inertia force as much as possible, high temperature strength
at the raised highest temperature, durability at the raised highest
temperature, low thermal expansibility to reduce clearance
variations due to thermal expansion, and wear resistance to reduce
wear of ring grooves due to slide contact of a piston ring and wear
due to the contact of a skirt portion with a cylinder surface.

[0003] For this reason, in an engine piston produced by forging,
as the aluminum alloy constituting the piston, when wear resistance
is given greater importance, an alloy in which the additive amount
of Si is the same as or above the eutectic point has been used (see,

for example, Patent Document 1). On the other hand, when high
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PATENT DOCUMENTS [ 0004] Pat ent Docunent 1: Japanese Unexam ned
Lai d- open Patent Application. Publication Do, HO6-279904 Pat ent
Docunment 2: Japanese Unexam ned Lai d-open Patent Application
Publ i cati on No, 200i-181. 769 PROBLEM5S TO BE SOLVED BY THE | NVENTI ON

[ 0005] | FETPrer @Fgh PE tpicsesh of Rldnitruirrartoye howeveer sbnuprsHder st given
enhance the efficiency of the engine, it is preferable to enhance the
hi gh t emvperatur enstrengtd, and &l ghy tienpératiurerFatdduel 6t rengtht whil g1
mai nt ai nno the wear resistance. [0006] The invention was nmade in view

of the &f anemeniconedt ectinive ahebackgeeundyo and Hds Hpwipased Sske, for
provi de a nethod of prodncing a near -net-shape material for an

engi r uesspisytom wf c &l wrhmmal 4 oy) excel lent in wear resistance and
hi gh tenperature characteristics and to provide the near--net --shape

mat erial for an engine piston_ [00071Q her objects and advant ages of
the present invention wll be apparent fromthe follow ng preferable

enbodi nent s. PRIOR ARTS
PATENT DOCUMENTS
[0004]
Patent Document 1: Japanese Unexamined Laid-open Patent
Application Publication No.H06-279904
Patent Document 2: Japanese Unexamined Laid-open Patent

Application Publication No. 2001-181769

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] In the engine piston of aluminum alloy, however, in
order to enhance the efficiency of the engine, it is preferable
to enhance the high temperature strength and high temperature
fatigue strength while maintaining the wear resistance.

[0006] The invention was made in view of the aforementioned
technical background, and its purpose is to provide a method of
producing a near-net-shape material for an engine piston of aluminum
alloy excellent in wear resistance and high temperature
characteristics and to provide the near-net-shape material for an
engine piston.

[0007] Other objects and advantages of the present invention



MEANS FOR SCLVI NG THE PROBLEMS iflnfl QlThe present invention has the
foll owi ng neans, 100091[ 1] Anei f hod of produci ng a near - net-shape
material for an engine piston. the nethod including the steps of:

a continuous casting step of continuously casting a nmelt havinga
conposi'fibh ke sty eyt oé)rCSil .the 1f QL @y sy EFRiss0sl e eiPEl et 9-
mass% Cu: 3.5 to 4-5 mass% M 0.25 nmass%or less, My: 0.4 to 0.6
mass% Cr'; 0.15 mass%or less, Ni: 0.6 to f( -4/6) x [Cu.
V..ss%4-5)mass% Zr: 0,07 to 0.15 mass% P: 0.005 to 0.01.0 nasal:
Ca: 0,002 mass% or | essyEand Fbe belLaume mEENgRABLEZNG i nevitabl e
inmpuxities by setting a. nelt tenperature before pouring. the nelt

int() a.omantirai ous Castisng i Wakenta oA20dC ok @Qﬁ\l%wti%gé herehy.
an

obtain a cast rod having a dianmeter of 85 mmor |ess:. a

forging.fp/p of Tqngi ”gAam%gl?g{i% ’E%‘g?’%c%‘ngg%t %Q?%Q%Eé‘ﬂnggﬂéEéP%l

the cast :rod at a tv45e.ra to obtain.
near - net - shape material for engi ne pistaon. OOlggThe nmet hod of
pr oducietlr?& ae{P W%e?l-ssqﬁfbeaﬂﬁ é’??%?ocfojrn(gﬂu JI['Rﬁ ne“piston a%gr eci t ed
inclaiml, wherein an additive amount. of P in the conposition of
the melt. safi SFAIHETHEF ofF DG FORRUPA CPRC1OUGUES Yx & tadd t3 veelt
amount. of Si 0.025 4 an additive anpunt of PO.0020 x the additive:
anmount hefvigig a QoOROFbEmahacehyinhere &f wii't 1of Ot he laddl Mewe%anbant 0.6
of P and a unit of the
to 1.0 mass%, Cu: 3.5 to 4.5 mass%, Mn: 0.25 mass% or less, Mg:
0.4 to 0.6 mass%, Cr: 0.15 mass% or less, Ni: 0.6 to {(-4/6) x [Cu
mass%]+5tmass%, Zr: 0.07 to 0.15 mass%, P: 0.005 to 0.010 mass%,
Ca: 0.002 mass% or less, and the balance being Al and inevitable
impurities by setting a melt temperature before pouring the melt
into a continuous casting mold to 720 °C or above to thereby obtain
a cast rod having a diameter of 85 mm or less; and
a forging step of forging a forging material obtained by
homogenizing the cast rod at a temperature of 300 to 500 °C to obtain
a near-net-shape material for an engine piston.
[0010] [2] The method of producing a near-net-shape
material for an engine piston as recited in claim 1, wherein an
additive amount of P in the composition of the melt satisfies the

following formula (1):

0.0025 x an additive amount of Si — 0.025 = an additive amount

of P = 0.0025 x the additive amount of Si - 0.02 .Formula (1)

where a unit of the additive amount of P and a unit of the



additive amount. of Si are amass%i, respectively. LUJIi][3]A

near - net -shape material fox an engine p[ston produced by the nethod

of produci ng- a neat-net-shape material for an engine piston aA
recited in the aforenentioned Item[1] or [2], wherein. there exists
pri mar y2d&i tire |ae@inG ol Poraion WS Hear - TRILSHaPES Hat er i al
corresponding to a. skirt portion and a portion of the near-net-share
mat er i al0¢bt I espondidig t 8 aepirsteh-shraegmadweipor foonan agdowher piaton
there existe no primary Si. heAnLag a maxi mum di aneter of 50 pm or

mor e anst-ddudid Hre thel meVhodsef i digant icnebyshak -Bavirgma tEBRXbNMUAb
di aneter. of 50 umor nore. [0012][4] A near-net-shape material for an

engi ne pi shon A gduesd Dy rféHJQiéw11n“’@ﬁéeéfbréﬂ@n@§@zﬁecﬁleﬁte’iﬁ'3{ﬁq or
mat er| al, has a. conposition. consisti ng of : Si: to 13,0 n. ass°

Fe: %é’r%nﬁ DRSS g;stg %‘%4@}5 ?{0 s 0. a gﬂf €58 th

Ing4to masgjq la%or €ess, {f%ﬁ OC% ©

mass% +5) r ess% sﬁgasp 0. 15 nas 0. 00 0 0 Oé& mass*

0.002 sa as]%%? T ééﬂ%t?lﬁjea]oa%ﬁ”é%s%?%n% %Sné‘ Tl %ﬁ%ion &nd a

inpurities. [O0013]E. 51The near--net--shape material for an engine

pi st on RS tdd Ghe near-netmsgape matepiannfAt ARSRAGILRFe texeunt SbPn

P 1n. the cetm]:xisition cf the near-net, sha[,:ma mateimal.

sat i sf i%es1q kv oowlel Ak AgoM rarmil (V\Qle[r&ZJLIOGQQIﬁ anlablding eramaintiopaving

Sieiladditiye amount. of P11 0.0025 x the additivb amount of Si -

0, 02_For mbaifh) whemetarunitt sof jihecaddotrevenanount2bfFd @ndia sartes

of the
gigantic crystal having a maximum diameter of 50 um or more.
[0012] [4] A near-net-shape material for an engine piston
produced by forging, wherein the near-net-shape material has a
composition consisting of: Si: 11.0 to 13.0 mass%, Fe: 0.6 to 1.0
mass%, Cu: 3.5 to 4.5 mass%, Mn: 0.25 mass% or less, Mg: 0.4 to
0.6 mass%, Cr: 0.15 mass% or less, Ni: 0.6 to {(-4/6) x [Cu
mass%$]+5tmass%, Zr: 0.07 to 0.15 mass%, P: 0.005 to 0.010 mass%,
Ca: 0.002 mass% or less, and the balance being Al and inevitable
impurities.
[0013] [5] The near-net-shape material for an engine piston
as recited in claim 4, wherein an additive amount of P in the

composition of the near-net-shape material satisfies the following

formula (1):
0.0025 x an addition amount of Si — 0.025 =an additive amount
of P = 0.0025 x the additive amount of Si - 0.02 .Formula (1)

where a unit of the additive amount of P and a unit of the
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additive anount of Si are "nmass%, reepectively. [6] Thenear -net
-shapescaterial for anengnepi snnon. as recited in the aforenentioned.
Item[4] or 1.,H wherein there exists primary Si at least in. a.
portion of the near- net - shape nmateri al correspondl ng to a skirt

por ti orP@RHCBVporteenl of Fheanealnaet?Shapeshatervalycorresponding

to a piston. ring groove pbrtibby and wherein there exists no primary
Si  havi h¢0 B4 haxi numédi . aghet eeaotnSU-phaoe mores iand fno &b <Feriere Miston
series gigantic crystal havlhg a maxi mhnt. diabeter. of 50 pm or

more_ ERFECIS QFd THE ¢ INVENTS M Q015 Accorain[1D thel5pr esebiein there
invention, by adjusting the ad.Cbgiivear;:tftult of conpoeristional

el ements, 0f ¢4 he MRk 5@ as 1 o dald Wit hi Boa ;predet enm nedarange _andye
pr bduci ng a near -re -shape material for an engine piston accornir

to the product] on, et hod. ol ghecpLeserl LNeN o, @ Neal-nels Shaney,

material for an en alnuma oy e ien
,aeurr_resisteuice and Q gh ﬁeD?O%. S ture char. a(‘tt er| st| CsS can

be obt e‘}?"'i”’eone%c%%?%‘? nt3 eIl G e nﬁfe ¥i § #3712 dettd cdgoove

iX...eue the i).:war -net - shal oenrat eri an becones pessible te

i rrpr oveDQLIF]%l%T fasP e tes e |té'}%‘?ﬁ:)ﬁ}‘6fs tt%éloe@ﬁlﬁ‘é‘ré(n§lr BaUdBYaaf papinum

usage in an autonobile or a notorcypie. [0016] Furthernbte, in the

near - nell&ivalper wat &P ival or sicceanteare 2dxiFet STpiiinaeyles GHgangaist caysaal

skirt portion correepbnding portion cif the near-net-shape materi al

or at angrsiore rmagiguoodesperdtr onf coOt egeponAnorporti on of the

neat - net -shape material, at. |east these portions are excellent in

wear resistance . Accordingly, in the engine piston produced by the
near--net--shape material: wear resistance can be. controlled at

least: at. t.he skirt portigasad (e s RNt Oove portion.

[0015] According to the present invention, by adjusting the
additive amount of compositional elements of the melt so as to fall
within a predetermined range and producing a near-net-shape
material for an engine piston according to the production method
of the present invention, a near-net-shape material for an engine
piston of aluminum alloy excellent in wear resistance and high
temperature characteristics can be obtained. Accordingly, in the
engine piston produced from the near-net-shape material, it becomes
possible to improve the performance efficiency of the engine and
reduce a fuel usage in an automobile or a motorcycle.

[0016] Furthermore, in the near-net-shape material, since
there exists primary Si at least at a skirt portion corresponding
portion of the near-net-shape material or at a piston ring groove

portion corresponding portion of the near-net-shape material, at



BRI EF EXPLANATI ON OF THE DRAW NGS 10017] [Fig, 11Fig, 1 is a bottom

vi ew showi ng a near-net-shape material for an. engine piston

according to an enbodi nent of the present invention. [Fig. 2]Fig, 2

is afront v.s....J.,Jwof the near-net--shape material. [Fig 3 ]JFig.

3 is a. lerosshesetponalons ewet ekel RGNt WRAT K6 IktaXCen FRgceozdingly,
[Fig. 4Fig, 4is a .t.ront. view of an en.gine piston produced

- Frog; thehweanghnet pshape prmtderdal by tlse chmrmandt-cloams sesvere\Wi, aecar
nori zontal continuous casting device. FI. is a. s

g hemat i r&s & ©8ScSeLdd eRaboMteylicafa@ Noist o epAtsUOUDRASIIMNGNG the
evi ce,

piston ring groove portion.

BRIEF EXPLANATION OF THE DRAWINGS
[0017]
[Fig. 1] Fig. 1 is a bottom view showing a near-net-shape
material for an engine piston according to an embodiment of the
present invention.
[Fig. 2] Fig. 2 is a front view of the near-net-shape material.
[Fig. 3] Fig. 3 is a cross-sectional view taken along the line
X-X in Fig. 2.
[Fig. 4] Fig. 4 is a front view of an engine piston produced from
the near-net-shape material.
[Fig. 5] Fig. 5 1s a schematic cross-sectional view of a
horizontal continuous casting device.
[Fig. 6] Fig. 6 is a schematic cross-sectional view of a hot-top
continuous casting device.
[Fig. 7] Fig. 7 is a cross-sectional view of a mold constituting
a forging device showing one example of a step of forging a forging
material using the forging device.
[Fig. 8] Fig. 8 is a cross-sectional view of a mold constituting
a forging device showing another example of a step of forging a

forging material using the forging device.



[Fig. 71fd.g- 7 is a cross-sectional view of a nold constituting a
forging device show siq one cle. X (f.eal D e of a. step of forain.g a.
forging -material uelng the forging device, f.? 8 ]Fig. 8is a.
cross-sec txi. r4l1 viewof a T.-td.d cxrns td. tAnYt ng _a forging

devi ce ERoW 2] anotther- éxafl @ PETAPSEERVRfvieY Gy 28 POPgVRgS Sample of
reterial. using the forging device. a nelt of alumnumalloy. [Fie-.
10] Fig.altels af stwmchumeaihmge of Fc(c)ple 1 plicatoma.T.:(aed by

m erbstructure chEervation. [Fig. 11]Fig, 11 is a strttotare inage of

Conpar atreg E. Nt nplrei 3 phot oo aphed thy ierest ¢ fiGhtame IabsepMatbefaphed
[Fig- 12]Fig, 12 is a. diagramshow ng a. relation between the

aCk] . rt%yqngéféggfﬁcgﬁrg’gggeipgtggﬁat| ve ancurU. of Si. in Emmoism
9-12 and Conparative Exanples 17-24
[Fig. 11] Fig. 11 is a structure image of Comparative Example 3
photographed by microstructure observation.
[Fig. 12] Fig. 12 is a diagram showing a relation between the

additive amount of P and the additive amount of Si in Examples 9-12

and Comparative Examples 17-24.

EMBODIMENTS FOR CARRYHING OUT THE INVENTION
[0018] Next, the embodiment of the present invention will be
detailed with reference to figures.
[0019] In this embodiment, “excellent in high temperature
characteristics” denotes that the strength at 250 °C is excellent.
In other words, it denotes that, at 250 °C, the tensile strength
(i.e., high temperature tensile strength) is 120 MPa or more and
the fatigue strength (i.e., high temperature fatigue strength) is
60 MPa or more.
[0020] In Figs. 1 to 3, “11” denotes a near-net-shape material
for an engine piston of aluminum alloy according to an embodiment
of the present invention.
[0021] InFig. 4, “1” denotes an engine piston of aluminumalloy
produced from the near-net-shape material 11.

[0022] In the following explanation, the explanation will be



EMBODI MENTS FOR CARRXEI NG OQUT THE | NVENTI ON LUU. LO] Next, the

em xx| - Mrent. of the present invention will be detailed with

reference to figures, ]001.9]In this enbodirmt, %excellent in high
tenperature. characteristics denotes that) the strength. at. 250 '3C

i s eytwvadfentlth phethelenadairsling tdendtes dEhaEiar 2500 99e Phethe upper
tensile strength (i.e.. nigh tenperature tensile strength) is 120 Ma
or mar eaadd cvlee ¢Agegrd sheengtdr depletinbikylo t énperatureh¢atiguefined
strength is 50 MPa or nore. [0020]In .Pict.. I. to 3, "11.7 denotes

a. neara@:aetfoshabodrater dalefafoan” efige @ feicstiom ekoal oid nemmtald ey ght
enxm rding to an enbodi ment of. the present invention,

[0021] jind Eerl efigedor "the g%%@ft &éé%ﬂhﬁiﬁytﬁé: pi shent dad tuun nyaklreyeq
produced fromthe near-net-shape naterial 11. [0022]1n the fall ow ng

sagl i t apaant.sn tthgn%)gl%g.t' diP@é{iﬂ?H willqhe o pade With £h6n. ore of the

. nl erstandi ng Pﬁat. thée direcnyro:a ifcomone et tnap
upper and lower edges of the paper depicting Figs. 2 and 3 is defined
as an “up-and-down direction.”
[0023] As shown in Fig. 4, the engine piston 1 is integrally
provided with a crown face portion 2 circular in a plan view, a
land portion 3 formed below the crown face portion, a pair of skirt
portions 4 arranged below the land portion in an opposed manner,
a pair of pin boss portions 5, and side wall portions 6. The land
portion 3 has, at its outer peripheral surface, aplurality of piston
ring groove portions 7 in which a plurality of piston rings (e.g.,
pressure rings, oil rings) are to be fitted.
[0024] As shown in Figs. 1 to 3, the near-net-shape material
11 for an engine piston is formed by forging, and, in the same manner
as in the engine piston 1, is integrally provided with a portion
corresponding to the crown face portion 2 (i.e., the crown face
portion corresponding portion 12), a land portion corresponding
portion 13 formed below the crown face portion corresponding portion,
a pair of skirt portion corresponding portions 14 and 14 arranged
below the land portion corresponding portion in an opposed manner,
a pair of pin boss portion corresponding portions 15 and 15, and

a side wall portion corresponding portions 16 and 16. The outer



and icaaer edges ot tllei)aper depi.ctinn Fig, | to ttle other is
deltboed a5 a flfore-arK -Haft directbon: Ciore ghe of tiae and. lett
edge ot the paper depb Inc:L. Fig. 1. to the other is defined. as a
"right -andelef t direction, and the direction froo one of the UPPer
and 1 OMFlBHEPE? Burpaperodethetiaed FPhSioh apirdesgBongdiagf ppedias 13
an "LID-and-dpwo. direction, " eAs shown in Fig, 4, tnp engine piston
1 is integrdld ynner evicdedinithta tdreow ff ase portion i2 ehichlaaplinadity
plan view, a. .1l:rod :boot :Lon 3 formed bel ow the orcaan face

portionofaipaidn efingkifdoperddr€ iRsis47 alfamgetdedneadmd beRel @dhe final
portion in. an opposed manner, a pair of pin boss bort ions 5, and

side waglnpontionsLinglhe al and,portian 3, Q@@év@%dﬂtﬁo@&@fresponding
peri pheral. surface?. a ;D arality p4.5 ton groove portione 7 1r,
whi ch apgigggﬁylpf piston |inn" g. pressareoil ring-6 are to be

fitted. As shown in Figs. 1 to 3, the near-net-shape
oateria tor an E. E.1"..10.37.1e. cyrnsd :2v_f: arc; .tag and;

ts the t%&%%hans,,f¥L:FEé§ it HE et fﬁ§¥pP§FﬁﬁlP; i%fint 7t “exists
corresponding to the _crown face portion 2 (i.e. , the crown face

pprt i onPE#yesporidi &2 SHorti BRS E1ahd Poriaros CEGrresppiddichg opéron 14
on 13 torne:d be lima the c.ft.i'van face 1-..,ert: on c; orr espondi

hg portan the pristof skigt gpotvicorpeori@s. pondiespgntknpl i@neidd 17.
and 14 attange.d belowtile land. pOt. 103,1 e O r ponding

port : Lofay tierman &ppo scled . entEnne heaa -paitt- sofapel natkessalporheel exists
correspondi ng portions 15 and Ib, and a side wall. portion.

cor r espondb APnPOY t & ONSaEbn@angd Ab«idhe QuUieEcePesEpherah surhace 9fa no

the | and portion corresponding portion. 13 and theitiner ssiic.t..-v

thereOfAiﬁ?éLéKEﬁﬁCEErﬂgéldﬁgéﬁéﬁctdyyﬁtal having a maximum diameter of
50 pym or more. In addition, in the entire near-net-shape material,
there exists no segregation of primary Si.
[0026] In this embodiment, “there exists primary S8i”
specifically denotes that, for example, after mirror polishing of
the material, when the mirror polished surface is subjected to
microstructure observation under a metallograph, there exist
gray-brown block-shaped crystals.
[0027] Here, the maximum diameter of primary Si is defined as
a diameter measured at a portion where the primary Si becomes maximum
in diameter. The maximum diameter of Al-Fe-Cr-Mn series gigantic
crystal is defined as a diameter measured at a portion where the
gigantic crystal becomes maximum in diameter.

[0028] A concrete method of measuring the maximum diameter of

primary Si can be exemplified as follows. For example, after mirror



C f piston ring groove portions 31 axe fornmed. at the t :bre of tthe
final TgrOOVetRfltionCarreSpOri CGing portion 17, In this
near-set-shape material. 11; there exists pr.:noary Sl at |east at

the skirt portion corfetrxxid. 6 anC the plston ring groove portion
cor r espoRdi Aginpop i ontest. PRECEhemfiste, thg e @nthe el vlead - Aerf8hapés
material, there exists no primary Si haying a iraxi.nmmdi anerer of:

50 'idnsubjeotedamd aonAbreferQrehe sebsesvygigant igderyst abtbaAbglkaoh,
a. maxi mumdianeter of 50 p.m O 1110.r:E " In ad.c.liti.on: in the
entire raeami ety a shape wmdwel idloci-helapexicstys g segpedatkiron sof, the
prinmary Si, 0026]thly:.: exthodimen t" there exists prinmary S

speci figally.dengtes, tcﬂ'atthef eryexanpt &:nafd eredrivd Qi RO Ilﬁllagrags afki1thes

mat erial, when the mrror pealshed surface i s subjecteci

m cr OStcﬁéj\%%% cgba?éf/é”g Ocﬂj ys al i %B@rd@ﬁhﬁ%et‘e*}er % @ﬁ' s t;flglf':lresr Si.

gray- brown Sr:aped cr e maxi mum di anet

unary def i ned. a ai ne er zi_a. SUr ort .ion.
wner b th i r}ﬁwﬁeea Y HE S B me PrOC TairBeaer L apataas Byliireco
raa. X. 10111. Cy: EEME ter of 'ld-Fe-Cr-Mi series gig crystal is
deflnedco%%O%@tHW&n%@%rbﬁe%E%?%Haﬁiya356@t|on where the gigantic
crystEil. becones maxi mumin. dianeter, LO0O281A concrete m:otimd.

of mea.[002%ti ng t Hecraxirram deahae ctﬁamefa_suring the maximum diameter of

Al-Fe-Cr-Mn series gigantic crystal can be exemplified as follows.
For example, after mirror polishing of a test piece, when the mirror
polished surface is subjected to a microstructure observation under
a metallograph, recognizing a light gray color crystal as the
Al-Fe-Cr-Mn series gigantic crystal, the maximum length of the
gigantic crystal is measured using an image analysis device to
thereby obtain the maximum diameter of the Al-Fe-Cr-Mn series
gigantic crystal. As the image analysis device, a product named
LUZEX made by Nireco Corporation can be preferably used.

(0030] In this embodiment, an Al-Fe-Cr-Mn series crystal
having a maximum diameter of 50 um or more among Al-Fe-Cr-Mn series
crystals having various sizes will be specifically referred to as
an Al-Fe-Cr-Mn series glgantic crystal. An Al-Fe-Cr-Mn series
gigantic crystal is also called an Al-Fe-Cr-Mn series gigantic
intermetallic compound (giant compound) .

[0031] In the present invention, the criteria for

determination on whether or not there exists segregation of primary

10



Primary ::".d artaKer.rdifted as fol.lou.s. For e \c C e a ter rror

g of a. test. piece, when. the mrror polished surface is sutdected.
to a mcrostructure observation. under a. netallograph; recogni zi ng-

a. gray-brown b.-lock-shaped. crystal. as primary. Si; the nmaxinmun

| ength Ef. l@h@o’ér%@@lfl%alf@ashlrwét%{ n@naﬁhllﬁag@bézﬁam%llts devieven o as
t hereby obtain. the maxi num diameter of the primary- Si. As the

i mge ahal yses cdeviecep dopr aductrmaranichn  LUZ1 EXoeee byékée' thebe exists
Corporation csn he preferably- used [0029] A cscntrete reel fbod ot
measei rprimbhg sRnetdqrug i aret®irneid Ay SF8r-fdre Miserf@sigigantdCmore)
crystal can DO exenplitiectas fhil hws. For exanple; atter mrror

pol i shi ?911%51‘9 éle%tath@r%@eanmlﬂghﬁt”léaéQrorféobk shedisWHace e ween
SUbjC C 10 a microstructure Onservatler -under a

netall o p g g a r | ,ag F
= I\m%é Qd ESﬁE gkﬂn £¥s %!L Qﬁ%gfel %ﬁx%%?nl& £ X%E 2%t BH%t/éarmofe the
crystal is neas ed usin e_anal ysi s ce .to thereby

b i o PROTER, orvat SHErRr oF TRECALCIEENER, gﬁﬁ/h gESFFeEX@,F%&nPr&maW
crystal. As the inmsge anslys 8 device, a product named LUZEK made hy

NI Feco &br pokatiasies daretse %%%%FS feguch primary Si agﬁrteﬁfaé:lon

enbodi nent, an Al-Fe-Cr-M. series crystal havi.-tic).: a 'maximum (a

i ame itaisIdetwmedmhamleera.emimlslmqsme@atdm ofepirdgnary Si.
crystal s haying- various sizes wild be specJ.rliiVreferred to as an

Al Fe Cioth2seri es gisgant ke o ysrablucAnonAimetHerad Cof- Mh sesiresiet-shape
gigantic crystal is also called an2tl---Fe -C -M. series gigantic

i nternegatbicaconphugdn &g and (oMol amhsrd0031d hewpreskshitnent of the

i Tvention,the crlterla for CC cnalahhlx a exists secation gt

Lit:-. MypEY oS i é%guﬁpecéf iigm ted & BQ'Qj%QDQQbQ%HEmtloned

homever as to the criteria. eterm nation, cases where there
exi sts rlnar gre atLo nor e, referably 3 or nDre)

pri marySt ga?%g BaBngégeFé?¥ quwégglggsFXB%ée F%he di stxicece the
adj acent Brlnury Si_which is shorter than a dia6lE?ter of the primary

Si partiébeslit is et eRGEd I HarmTHETe Wi St PP TR ~§hang, iggsedal

where there exists no such primary- Si aggregation, i s determ ned
t hat thételesisfssne segregapiencastipel Fary Si. CPU@?}Q]JONé)ltY castang a
production. method. of a. near-net-shape material for

melt of a predetermined composition to obtain a cast rod and a

forging step of forging a forging material obtained by homogenizing
the cast rod to obtain a near-net-shape material.

[0034] At the continuous casting step, i1t is required to
continuously cast the melt by setting a melt temperature before
pouring the melt into a continuous casting mold to 720 °C or above.
Furthermore, the diameter of the cast rod to be obtained at this
continuous casting step should be 85 mm or less.

[0035] The composition of the melt includes Si: 11.0 to 13.0
mass%, Fe: 0.6 to 1.0 mass%, Cu: 3.5 to 4.5 mass%, Mn: 0.25 mass$%

or less, Mg: 0.4 to 0.6 mass%, Cr: 0.15 mass% or less, Ni: 0.6 to
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an engi ne pistoxr according to one enbodi nent. of the present.

i nvention, a production nmethod of the aforenenti oneg near-net-shape.
material 11 will be explained, r LULLi.DAThe product iph. niethod of

t he nearenat-gCnape matey ial 11 includes a. continuous casting step
of cont | RublLs v Gas g .+ EFSSH, BTpr Blat oF i thekP TEoidos On 008 to
obtain a. cast rod. and a forg', stsT of ix,firig a. forging

i nat eri @l 01 @btad g%d Can Oh6RBgeas 2k 1t Hescastndochetlon bbt@d eaing A1 and
near - Pet ssthape material. [ 0034 [At the continuous casting step, it

i s redulmeiitdiol eonhpuuousby.cast the nelt ; setting a nelt
tenperature before pouTxlng the nelt. hit a cornbinuous ca::::ting

mol d. t pp@20; or ab%\te-th@lrfb?f%ri%es'ﬁ_ef)hetﬁéaf@gﬁin fndtha-GastsHRA d e a

be obtalned at this continuous casting. step should be 85 nmor |ess,

0035i T i tid.0n. t S Sk: £ 0 , 9 :
0.6 to 0 maesss e S f b R A 038 nesaobor - | oan thgere
0.6 to 0.6 SS X 15 mass%or less, Ni: 0.6 to N -4/6) x [Cu
mass% +%?n3a§@%éz%°o?%7 to 0.15 mass% P: 0,005 to 0.010 nass% Ca:
0,002 mass% or less, and the bal ance being Al and_inevitable L

i mpuri ti @871 0036] ACHHEFG1RH ng 2% pSaIHeS f 5P AGIHRY eF '8l CSRBAFd then
a material obtained. by honogEtnizing the cast rod at a. tenperature
of 300 ¢beBOO-e@f the aluminum alloy melt, the reasons for limiting the

additive amount (concentration) thereof, and the reasons for
limiting the production conditions of the near-net-shape material
11 will be explained.
[0038] <About Si: 11.0 to 13.0 mass$%>

Si is an element for reducing the thermal expansion of the
aluminum alloy and enhancing the wear resistance thereof. 1In other
words, the wear resistance can be enhanced by controlling the
crystallization of primary Si in an appropriate status.
[0039] The appropriate thermal expansion coefficient is
determined by the material of the opposite member of the engine
piston 1, i.e., the material (iron, or aluminum) of the cylinder
block. However, since the cylinder block partially reaches a high
temperature, but does not entirely reach a high temperature (or
takes a time to reach a high temperature), and therefore it is
preferable that the thermal expansion coefficient is as small as
possible. In general, in designing the engine piston 1 and

selecting a piston ring, they are designed or selected to have a
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[ 0037] Heei hafte-r. the reasons' for adding the conposition el enents’

of the alumnumalloy nelt, the reasons for limting- the

anount (concentration | th.eioeof. and the reasons for lisiting the
production conditions of the nee' -net es:n.pe. materjal 11 will be
expl ai nédze[WoB3hAroutaSied B1hoghot IR HespPs , FOr thisgiegsonyny if the
el ement for reducing the thermal expansion of. the alimnum alley

and er kpheirngltcheanedonr ésiexsteaierdheteobel rilot hérd nvopest 1 ¢he heapmes
resi stance can be enhanced by controlling the crystallization. of
primarys33dlliim anaappeopriat ehst attserafQ039]sThewappt o rabelitihermakes
expansion coefficient is determ ned. by- the saterial of the opppeite

menber 9fythe EEnghBRecphshenplstionel, dtheHmtemalof i fph, eSfine start.
al um num) of the cylinder bleck. Flowevar, since the eylindetc bl ock

parti al S " hi i &Ior : RN rt~Hel:y -
reach a@%?%ﬁfg?ghpg a{t%%%?%r ta %g%gfitn}?%gdrlggg%sgﬂﬁﬁng LB is as
tenperature.), and tilrefore if is preferable that. the therml

expahei IBHcﬁoﬁﬁsf iR % gEOIErT%PF égleﬁ"os%?lbrf%. Fn dfeer(#élrcén,g itn}rgg e
designing- the engine piston | and selecting a piston ri n%,, t hey ar%.
desi gne@XPBRS s@lectBf 15 HaFe L © fiNeyata SFERES 187 €O HLC 18 Fort St Aifs *
reason, if the bliermal e. xpansio.n Is excessivel. large, the skirt
porti onl@ ‘béBones? el 1/ K | i amaragigamedx R 5r the? 1 @r4perad [the g5ditive
.3.0VQ 1 wnxcn rea.dil..y causes yat -)f the engine piston | at the

ti me ofambenengi el stapbraThesefbredeinal sexypaferabl@aftfatcidrg is 11.0

additive anmount of Si. is as nuch ad possible fromthe view point of:

reuci ngcbhest hengaks .
[0040] On the other hand, such additive amount of Si
conventionally caused unstable crystallization of primary Si due
to continuous casting as follows. In detail, since the eutectic
point of Al-Si alloy is normally 11.7 mass%, no primary Si will
be crystallized at 11.0 mass%. For this reason, in cases where Si
is added by an amount in the vicinity of the eutectic point,
continuous casting could not be performed so that the primary Si
crystallization status becomes stable. In other words, 1if the
additive amount of Si fell within the range of, for example, 11.7+0.5
mass%, the crystallization of primary Si due to continuous casting
was conventionally unstable.
[0041] The present inventor, however, has found specific alloy
compositions and production conditions capable of obtaining

excellent high temperature strength and high temperature fatigue

strength while maintaining wear resistance even in cases where Si
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-i.-.pansion. The preferable thernmal expansion coefficient is 19 x

/K to 21710-6/K at. the range of. 25 to 250 Cr and the additive
anount. of Si to obtaid such thermal expansion. coefficient is 1.1.0
to 13.0 nass:5, [0040]On, the other trand.i Such acfciit.

a.raCrjtft a@df—*dsbyC@Jﬁv@m@%halmyth@a%@anlws@ﬁba]@ec@%% IL?ZQPFLBE

of primary Si due to continuous cast: ing as follows, |In detai

si nce theléuiectic Poihticof sAlcBidiga ap K@ﬁopmm@p£3yi@m.¢fnﬁ@§%meh@ of
primary Si will be crystalliscxl at la..0 naL:&3er.-;.::. For tini.s
reay, xnahei pregases ixfargliorSi g addéedg oy ar apgduptrimarthesi will be
vicinity- of: the &atechie point, continuous casting could not be

perforneeisearthatat Beapringhy Sh eh¥shukubl. sactbed stakusnbecages in
staeie. Ix other words, if the addifive amount: of. Si. fell. within

the ranges égwlff\e))(:aévgkels L b{f%?%%oﬂ;?l‘% £ yﬁ{@'\fllhéﬁ%'t9nof Qifher Uiy £%cBlh o

due to corniinuous casting was conventiona Iy uns

:e present however . te| xl's eC|f| a|on .
M OS TS SR ST B Sontit] Br Phimg dc?s moxe
el | ent h|%£ tegﬁgrature strength add. hig nBerature fai

strengti* XeaFdrlg we %té‘éﬁnﬁﬁmu@i;aﬁé SVERCPRAS cheed WAERS

Si  is added. by an. anount in the vicin.c the eutectic point.

[004. 2] Theét3is. aEcdr dibwg 200 ithe ecompusitt PEnSoflt Heesfelthass 1{h® mass$,
present invention, by- adding Ca or P. pzinery Si wll be
crystaJtheedhetmblyeﬂpen$bomhbeuumeal1acgéoasdmthhttbeyséaémikat¢aaesf
where Si is addeol mana=nht in the-,,Pitiinify of the eutectic point,

whi ch emabhesy to iEPreyershecwearediest St@neepobt Wsaimice ipreferabl@ich
that the additive ambunt of Si exceeds 12,0 mabs%
is not preferable.
[0044] If the additive amount of Si exceeds 13 mass%, the
crystallized primary Si is aggregated to cause a starting point
of fatigue breaking, deteriorating high temperature fatigue
strength, which is not preferable.
[0045] Especially when forging a forging material obtained by
homogenizing the cast rod at a predetermined temperature into a
near-net-shape material for an engine piston, it is preferable that,
at the outer peripheral portions of the cast rod corresponding to
the skirt portion 4 and the piston ring groove portion 7 of the
engine piston 1, the distribution state of the primary Si is even
and the size of the primary Si is minute.
[0046] <About Fe: 0.6 to 1.0 mass%>

Fe is crystallized together with Cr and Mn into an AlL-Fe-Cr-Mn

series intermetallic compound, and the crystal becomes a dispersion
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1, 00431If the additive amobunt of Si is less than 11.0 nass% the

t hermal expansi en becones |large nmmd that crystallization of primary
Sirs rest.ra.ined; resulting in. -poor iAiear resistance, which is

not preferabje. ~ If the additive anmpunt of Si exeeeds 13
mass% Eheceryetal 1y &G Ser Vinkely 1sSitalsl agyragdt iR @ taires, which
startinh point of fatigue breaking. deterioratinh gh tenperature

f at i guecstrengthes whd chnpirsvanenpr ef erlabl eigll 0046)pEspeci-al Eyrwhenh.
fol.171.g Ma et obtai ned by hanogeni zind the cast: rod at a

predet er goned tenpermtiie dautia iardn sgovart ofl Far iKumaskethadnf 0.6 mass$,
(h7h.m -1 eng ne piston. r ef er aid 1 e filet , at the outer.

peripheral pesihonss ofi e Cast J0dLOHLIPENEEG L 05t BRash | besulting
portion 4 and the piston ring. groove portion. 7 of the engine piston

. the djstrd i rj [ i1 V t Si
the. pri fry OO B AT B T 0046 SAbDGE D B o T 0 ErasoB e & = ot
ajlized tog et.er th G nuclei: into ran--crene, seri a 3 1lilt. e.
nnet,alpi?g%ﬁﬁafﬁl.MlC.-l 3,11;,:tCry ti a 1C eines a dispers .1 on
contributes to inprovenent of the high tenperature strength 0047] 1 f
the addi??¢@! amounton 6fepetiar kel t hantlos G asSe BRavR ' fxceeds
di spersion strengtheni ng phase is small, resulting. in |ess

i mpr ovehehtasf s % herdvidye -tlenpe fdt-ttee Gt-2Imergties wilgiel lics caostals will

be generated to cause a starting point of fatigue breaking,
deteriorating high temperature fatigue strength, which is not
preferable.

[0049] In general, if Fe, Cr, and Mn are added in large amount,
there is a possibility that an Al-Fe-Cr-Mn series gigantic crystal
is generated to deteriorate high temperature fatigue strength.
Considering it, in the present invention, in cases where the total
amount of Fe, Cr and Mn 1s large, it is especially preferable that
Cr and Mn are added so that the total additive amount of Cr and
Mn is controlled to be 40% or less with respect to the additive
amount of Fe. By doing so, even if the additive amount of Fe is
large, it is possible to restrain crystallization of gigantic
crystals.

[0050] Further, Fe will be crystallized into an Al-Fe-Ni-Cu
series intermetallic compound stable even at high temperatures
together with Al, Fe and Ni, which contributes to improvement of

high temperature strength.
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On the other hatm, if the additive anmount: of Fe exceeds 1,0 mass%
needle-like Al -Fe-Cr -Ma series gigantic crystals WLL be generated
to cause a starting point of fatigue breal zirml, deteriorating high
tenperature fatigue. strength, which is not. preferable, k0049]ln
gene-ni t005%] Fe: Cfhegied ave ari aveﬁjeapeﬁlﬁa%glfarrﬁﬁﬁﬁfe}rab eréq s2@d Fe
possibility that an Al -Fe -Orseries gigantic crystal. is generated

t o det eul filgrratee rhingsh ihenpecatur & Xf-dtd-gue 18t sengels. gCoasider cngsick]l is
in the present Invention, in cases where the total amount et Fe" C
and Mh dendwagigei. it is espepially preferabje that G. and Hs. are
added so that: the total additive amount of Cr and Hn is controlled

to be 409001 | ess wiihfrespects 150 {he additisee anount of Fe, By-
doinci Sc), even. if the additive amount:. of Fe is large,. it is

possi [de o restiaify chystalllealion.al ahgantiec, . OS0GRS e, Feg

will be crystallize 0 an. I'vQu series intermnetal

R e AR T <SP e TSR S eh R DEle Py £Er M
strength,_ 10051] Therefore, it is specifically preferable to add Fe
Wi t hi n 382G difger T4 wHi e A AFel2Or"C ME S5 oS Qi Yatt F CleryRtarr¢g to

genera [0052]<l=iboUt Cr: 3.5 to 4.5 nmaas%
as normal temperature strength and normal temperature fatigue

strength, respectively).

[0053] Further, Cu will be crystallized together with Al, Fe,
and Ni into an Al-Fe-Ni-Cu series intermetallic compound which is
stable even at high temperatures, which contributes to enhancement
of high temperature strength.

[0054] If the additive amount of Cu is less than 3.5 mass%,
the amount of deposit of an A1-Cu(-Mg) series intermetallic compound
is small, and the amount of crystal of an Al-Fe-Ni-Cu series
intermetallic compound is small, which is not preferable.

[0055] Cu is a heavy element, and therefore if the additive
amount of Cu is large, the lightweight properties inherent in
aluminum alloy will be deteriorated. Although the solid solubility
limit of Cu is 5.65 mass%, even if Cu is added so as to exceed 4.5
mass%, less effect of enhancing normal temperature strength and
normal temperature fatigue strength can be expected. Therefore,
the upper limit of the additive amount of Cu is set to 4.5 mass%.

[0056] <About Mn: 0.25 mass$% or less>
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Cu will be crystallized into an Al -.C...,nHT4g) series

coraPoarld, arid the presEam ce thereof enhance's strength and.
fatigue. strencth. at 150 or |l ess einafter referxed to as nornal
tenperature strength and normal tenperature fatigue strength,

respecti vel yln [6053]Fandrey whdghwiill e worEs@lilidetedogether with Fe
togetherwith.Al, Fe, and NN. Lh to an AT- Fe- N -Cu series

i ntet: metdldr Creiﬂm')hn 1ndewddial l st aomatomrelyencat ]l thnghirt enpesatug esn
, \-,""fhic:b courribates to enhancenent of hig)cl tenperature
strengtdt rd:0054d fnd heotaddi tive amuntigftlu.cd s diessnddrddne 3. 5£t hnegh
amount of deposit of an .hl-Cu(--N.g) series int.erraetallic

com po%ﬁ&éﬂlﬁéﬁls’t dthe ﬁ?ﬁ@@ér, Q) (irééﬁilaily of-cancAl anke; - M C].CaMn

series C— conmpoun IS ama which is.C .
h h f f ht
e SR e e A e s o

ell. 11) terlorated Al t hou dl esol ol ub|I|t Limt g.

5. 65 alaaff R e A dBE S B8 o SReR? 25 PpPasclpei additive
effect of enhancing' nornmal tenperature strength ahl. norr al

t enper AMWET &fi Yiie 16t PERGEREAN BE EXpett 8. PTheteior 0¥ AcTpherably
limt of the additive amount of Cu is set to 4.5 nass% [0056] <About
MhT 0. 25=gmssWoddtessson limits. Wheisoan etefenabwhi ahdink il ebamnount
crystallized to ether with Fe and/or C into anint. :Met a.llic
conpound; Mresid td ngadd® .a di spersion strengthening phase to contribute
to enhancenent of high tenperature strength. However, M readily-

creat es; v A - FesCeaMayseries 0gisgant ioC sChystal. as conpared with Fe,
For this reason, the additive anount of M. is set to 0.25 nass% or

o or o o attal b CaR Pl MYcd SoRCELARLAT SURGL: 80 RESEL LSy tn

nore prefera detect|on mts e nost era

addi ti \élencfnggxrrllalotf,enl}gefasture %aﬁslgue strength when existed together with

Si and/or Cu. If the additive amount of Mg is less than 0.4 mass%
the aforementioned effects become less effective, which is not
preferable. Even if Mg is added so as to exceed 0.6 mass$%, the
aforementioned effect will be saturated. Therefore, the additive
amount of Mg is set to 0.4 to 0.6 mass%.
[0058] <About Cr: 0.15 mass% or less>

Cr is an element which will be crystallized together with Fe
and/or Mn into an intermetallic compound, resulting in a dispersion
strengthening phase to contribute to enhancement of high
temperature strength. However, Cr readily creates an Al-Fe-Cr-Mn
series gigantic crystal as compared with Fe. For this reason, the
additive amount of Cr is set to 0.15 mass$% or less. The additive

amount of Cr is preferably as small as possible, more preferably
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r00571<About My: 0.4 to 0.6 mass% My is an el enent which
enhances normal LenpEnture strength and normal tenperature fatigue
strennth when existed together silth Si and/or Cu_ If the additive
amount. of Ma is less than. 0.4 mass% the aforenentjoned effects
becone }e%% EiFrectdtias tiwal dhriissnot Threfes abpecl Einl ¢ faddyl § svadiequnt
so as to exceed 0,6 mass% the aforenentioned effect will be

sat ur ated.CaTher ef oraasst he additive anount of My is set. to 0.4 to 0,6
mass% [00561<About. Cr: 0.1.5 nass% or | ess> Cri s an sdkunect
sfl:rectnosgl | be cnystal Nized .troget Her 4wich h=Fe canehlser 1 M3.} martsg >an
if:termstela ic conpound, result.inn na dispassion. strengthening
phame to contdd huhe;bacanhgncement of 1hhgh-Lermeradanee oskrergt fti th cu
Howeeci-: O rea.d.v. creates an fe-Cn:-M|. series gipant:Lc

cayst, a onppaxed..v. Aaj.t F e deitd
amoant o1 e REo Y- bh et S Al R A e e
is pncfeacab as_Emai |l as possible, re prefenabl | ess than

det 6ot 1D I 1S OPTRETREEE Y 6FePE) BUABAF L7 Ve SroUrIE Br o S| R enoth
mass: ). [00591<About0.6 to ; (-4/6) x [Cu. mass% +51mass% As
nent i orféd BbeRet PR F T fi1d adigsitad I T 989 R ogetHidr CTWPER-GF §t oF Aty
-Fe-N -al series intEmnetallic conpounmi wirl.ch is stable even at

hi gh t erperaturesoeariblenhabiorevisirghi £ enpepdidilte vet pepent P and hghess
tenperature fatigue strength. Such. crystal. a:rep:refer:ably as

Tt LI Cr [tlash possinbke %, Homevelqrarfert hieoradd fdiectrbeannast lefs Nef fsct e8s.
than. 0.6 mast% the aforezzotiaued effect becones |ess effect)vsa
Ther ef onasrdthe-addidd vegamauat 2gbulN: bs $etid gk 6 IMBSEYMeEsADHE, m&Fe .
the other hand, if the additive amunt of N exceeds (-4/6) [ Cu

Mass% 15} Mias JoneLNagks, vm'¢ Ltﬂ;glag@%%ﬂttfda&ﬁﬂ@%f he: fOrgidgs St eps /)

and therefore 1t 1s not prefer is reason) the upper Iimt

f th iti t _of I i t. -4/ 6 o4 + % :
Ther of 6 6% FAERE | 3dTFR0E” anBtRES BH BT S s e el PFgiag
| owerthe upper limt of the additive anount of Niis 2,7 thaS S_,

Fur t herhoe, 2PF 4 Adtia 1 ve SamouRt SSETehiSs 4787 rais'sos Wt oh i1 WP s

upper limt, the upper limt of the additive amount. of N is 2.0
ma. ss%limit of the additive amount of Ni is set to {(-4/6) x [Cu

mass%]+5}mass%. Therefore, 1f the additive amount of Cu is 3.5
mass% which is the lower limit, the upper limit of the additive
amount of Ni is 2.7 mass%. Furthermore, if the additive amount of
Cu is 4.5 mass% which is the upper limit, the upper limit of the
additive amount of Ni is 2.0 mass%.
[0060] <About Zr: 0.07 to 0.15 mass%>

Zzr is an element which will be crystallized at a temperature
of 350 °C or more into an Al-Zr series intermetallic compound to
enhance high temperature strength of an alloy material. If the
additive amount of Zr is less than 0.07 mass%, the aforementioned

effect becomes less effective. If the additive amount of Zr exceeds
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100601<About Zr: 0,07 to 0,15 maps% )..)r ) s nmh ed+anwx: t

yliitsb will. he tiv/is tali. zed at a ttatpntca tar e of 350 'C Cr
more into an Al- 2r e 5 intetnetallis conpound to enhance high
tenbexatare strendtb pi an ailoy material, If the additive anmount of

Zr is |@tl%sTelat 0t07 #eoseetE Hne@dfhanfert il T Ssecomesd esFor ghis
(amnaive. |t the +additive anmobunt of: exceeds 0.15 pass% the

af or eneetds@r nechefd@tttiwd | atheusatuf atedis Foet thd sO r@asion, 0t he mass%.
additive anount of Zr is set to 0,07 to 0.1'0 mass% [0051] <About P,
0.005 tp@ 010 unss%out p: PSS ad & ementnadysch noves the | ower
limt of the additive amount of Si at which primary Si is

crystallizedd quard Lhe,Lawesn arRupt of Sle and,dp ﬂh%ﬁ%rb§e§hhh§dﬁltlve

Particle dianmeter of the crystal of pr| mary Si, in cases where
addItIV apou te f. i n a S
rough) pﬁ? mar y% % %thvéﬁé%g ﬁhﬁ{gr unt iqégse(&t ﬁgkag&o §% Lower

e not, BTet r@f?eéﬁe”em'3??%%‘%@%4%?&%Sﬁaﬁﬁigiao%%%@%éd T cprstal

exceeds 0.010 mass% the aforenentioned effect_is saturated, and

needl e-GhaBr hjes¥ &dt-ectie SPSEFI IWIRF @nhBficeddirdsia t3pgunt of si is
deteriorated toughness, which is not preferable, Therefore, the

addi t i veslantoumt 1yohiBhi, sngetdd ot 101005 Pocg 09d9 rrm@%)rBylagmﬁ ng sd, the
t he maxi num di aneter of the primary Si can he controlled to 50 pm or

| ess. LLIAItEspecinaldny, oift Pi §spleferablre ot.ats thesaddichevefareuahtobnBd
satisfies the followwng fornmula CUWth this, crystallization of the

primarysf&lct due 1tascantbpueys cashi E']Qeﬁéf'o?@ assiy ety pstalidaized. on
As a result, it becomes possible to realize that primary Si assuredly

exi Sts i, thg, &nLife NGar -nel 15NARS JIBLEL] G B0 pabseBasshbbe ol fagss,

assut edly prevent segregation % prienry rnore, eutectic
nedi |nt a spherl C

b
cont naenaEe tmeal FEReg R iR oty e PR RRe, A A afiping of

eutectic Si will be enhanced, resulting deteriorated toughness,
which is not preferable. Therefore, the additive amount of P is
set to 0.005 to .0010 mass%. By setting so, the maximum diameter
of the primary Si can be controlled to 50 pm or less.

[0062] Especially, it is preferable that the additive amount
of P satisfies the following formula (1). wWwith this,
crystallization of the primary Si due to continuous casting can
be assuredly stabilized. As a result, it becomes possible to
realize that primary Si assuredly exists in the entire
near-net-shape material and also possible to assuredly prevent
segregation of primary Si. Furthermore, eutectic Si can be
assuredly formed into a spherical shape. As a result, a

near-net-shape material for an engine piston excellent in wear
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resi stance and high tenperature characteristics car be assureifi.v
obt: ai ned. [0063]0.0025 x an a.dditive anobunt of Si -- 0,025 fI; t he
addi tive anount: of PO.0025 x the additive anmount of Si 0,02."Fornul a
(D) where a unit of the additive amount of P and a unit of the
addi t i VECahDURECOfAS] Ml ArESSHBY UFes pBetRGERY 1S T00B4TP aPBnesfgredly
sma.1.91. in nelting anount into a nelt ',i.e. " additive anountP)
and is Warditnedhand.le, In order to increase the a da ive anpbunt: of

P and enabl e easy handling; it is preferable that P is added to a

mel t inrghes form ofy RooGux ahl aya{Oivesa¥at &3 s92 mass Qurok smmiberve
al | oy) 10065]<About Ca: 0,002 mass% or | ess> Ca is an

el enent: w nch |n||rt|tle mni.a.turiza.tion and harde ni na of

r*ddr , GHRYIT Oéo% FOOPOO?ﬁe?F éﬁ@r%ddﬂhv?a“iohl@ltuﬂfﬁgl ditesi umFormula
chlorlde (4.9:1i ,) Is added to a nelt and. :::nmhring their to
reduce the anDunt of Ch in the nelt so that the additive anmount 01

Ce. becones 0.002 nmasse or | ehs, Mire pref,dsably, the additive

aw. ohnt of Capand p it grakhefhads (8¢el bmbanEhbE9P gaSea €Nen bR the
cases warelS ad.d1:30_ ;4" an ,;:r-1.0 Lin i.311 the viniiiityrhe

eut ecti L0 it afQtnd L9€ depleted . Jhis, rasg;ddiscrea)2azs. 202 and,

[0064] P alone is small in melting amount into a melt (i.e.,
additive amount of P) and is hard to handle. 1In order to increase
the additive amount of P and enable easy handling, it is preferable
that P is added to a melt in the form of P-Cu alloy (8 mass% of
P, 92 mass% Cu of mother alloy).
[0065] <About Ca: 0.002 mass% or less>

Ca is an element which inhibits miniaturization and hardening
of primary Si due to P. Therefore, flux including magnesium
chloride (MgCl,) is added to a melt and mixing them to reduce the
amount of Ca in the melt so that the additive amount of Ca becomes
0.002 mass% or less. More preferably, the additive amount of Ca
and P (unit: mass%) 1s set to P>6 x Ca. In this case, even in cases
where Si is added by an amount in the vicinity of the eutectic point,
P will not be depleted by Ca. This results in creation of A1P and,
and this AlP effectively behaves as a nucleus for creating
heterogeneous nucleus of primary Si, which makes it possible to
crystallize primary Si minutely and evenly. As a result, the wear

resistance can be enhanced. The additive amount of Ca is preferably
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and tnis ect lye pi. t,e _haves rilic ; ens tor creating

het er ogi nneons nucl eus of primary Si, which nates it pessibje to
crystallize priela.ry Si mnute.' y and. evhnly, As a. result, the
wear re:sista:lee car: .be a:ll:lanced, The additive amount: of Ca is
pr ef er ab¥ Eedsl swaPPSsa®lpossphterr abreapheflasdbltporedsteraaon 1imits.
detection iiMtS, The nost preferable additive amunt of Cais O
mass% TVO551Att hef conblavoddicasei mgostepofthe reasonasgta t the
nmelt, tenperature is set to 720 5C or above is ae foll ows.

[0067] Castdémp the nwl thbefwre sicard caotidyfdteat,i one rwhaidee: biobditg: inklt
in a high tenperature situation controls creation of an Al -Fe-Cr-Er.
series ghgantd e, L ysd aledurd ngp g hec soli ghdical § 0l st&pioRad. ai po
contributes to . niaturization and even distribution

oftprin . whi chw . : p ieildintiteT- rod. -.T r e -

t he casfﬁ?%eg? ]tlen'per ?tguérée%%g és% 1%1%‘“»72&%8@& Sgt-bgg\%. %%ﬁéﬁgﬁ Fhile
realized .settira th |t _tenperature before pourf into a. .
Cont | nOSUEERE T gt 0. TP B O hp oS he: for G pFE7 L afFgation of
mel d: t enper.at ur ei s740caCor' above, Bysettirptheneittel aperature to 720
5C br above, st GHdlt iSfE 16T £d 9oaF thEXVESPdi Ay Aaferal Sobt athedabyon
bonocTeni zing the cast rQd into a. near-net -shape material. of an
engi ne P oandtdhis orpsttalibuzas pe rsratdsirofza trliomapyd Sivercahs thebraden
to berainiaturizedand. even at the out.:Pzpocijaheral portion of the
cast radf poimespondivhgchhe 1Skbetcpartaldn zZecand tihieecps stronl.r | Mgerefore,
gr000eportions 7 ot the engine pibton 1, The upper. |iadt of the nelt
t enper atny Q:ai§tﬂ£§? spastfiealdyibi ghtedo and eanocbeapbok .exant sdean be
550 5C ', preferably 75M cO . H 0681At: the continuous casting otep;
the re { e.di amet et of Gasty i r p
is as fo Iolvéslé.?(i %%Oséglfé??%f th (I-:'nte1Ici I fet ereIEaictf:heIl,e;S k’%]éeOﬁ@ %m& 1h€6Pa
castin2f3iLnmeter) the cast; rod. bpzcd) | arger; th ooling. r

t he cenqoer}tlol}uqlhge g Sgtojtrlg 6%%10(%3%0 sl wa@c\smolrcﬁ eadi | ?chﬁégg ggt(g%r%f)le

-Te-ac-Mj series crystal _and innihdts mniaturization. and even

di st ri Bt ohSMBELBFHAErYS SFatC OF RPTENt ePYpot t i oiP g?let ‘chStPPpgture

If the dianeter of the cast: rod. is 85 nm or Ic::es: the difference

bet weerF@ he20 -°C or geelpde g dlatehe time of forging the forging material
obtained by homogenizing the cast rod into a near-net-shape material
of an engine piston, the crystallization status of primary Si can
be made to be miniaturized and even at the outer peripheral portion
of the cast rod corresponding the skirt portion 4 and the piston
ring groove portions 7 of the engine piston 1. The upper limit of
the melt temperature is not specifically limited, and can be, for
example, 850 °C (preferably 750 °C).
[0068] At the continuous casting step, the reason that the
diameter of the cast rod is set to 85 mm or less is as follows.

[0069] If the diameter (1.e., the casting diameter) of the cast

rod becomes larger, the cooling rate at the center of the ingot
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at the center of the cash: rod and the cooling rate ad: the oin-,..er
peri pheral portion thereof can be kept small, preferably 100 oc/o or

|l ess. Ibis controls cr eat on or. an Al -Feb Ctseries gigan

csystal. Thbrelore, thb dianeter of the cast rod is set to 85 ma: or

| ess. Bpesenesrigiovsovharhtieadi lyeree tesery- My thE€FdFdERgLes gigantic
mate.ri _ai obtained .by.ztile cast. rod into a near -netmaterial for
ltt engtnespast end. iathiditse cemt@rurpottion riif evlke edisttriddution of
corraspci neLbac t:o the cibown face -1-. )ort:i.c.n. 2 of the eilgine

pi ston.ptimary SAak EBeCreft&r S@ft £ @ifganki €as€MPOUNA £, tfe. dlatheter
exist, and the crystallization status of primary. Si can be nade to

be i nug e::and.even,suehs t hat otheed axl-aun; dkanet e bétvb@ei«s HRapo80ing
pm" Thb lower limt of the dlaneter of the cast rod is not

f - , lLe,
speci 8Ll #0d £anbeod %ﬁg&;%%még M op3 LagorBEs 31 outer
foll 007 t th th :0: 10 12: b
an. Al g@%eﬂe%sw&oqn R o b, Dokt 1 s PSRIER o
al um num base inrreases ah Al-Fe-eit-M series cr stal functlons as

a. resiSt eSS at TPRECFOPI AT C1AaET. Bt Rat Fordhi git 1@ 1 pératGicagioantic

whi ch harns plastic deformation at hio- tenperatures. As a result,
hi gh crystal. Therefore, the diameter of the cast rod is set to 85 mm

or less. By setting so, at the time of forging the forging material
obtained by homogenizing the cast rod into a near-net-shapematerial
for an engine piston, at the center portion of the cast rod
corresponding to the crown face portion 2 of the engine piston 1,
no Al-Fe-Cr-Mn series gigantic compound will exist, and the
crystallization status of primary Si can be made to be minute and
even such that the maximum diameter is less than 50 pm. The lower
limit of the diameter of the cast rod is not specifically limited,
and can be, for example, 20 mm.

[0070] The reason that the cast rod is homogenized at 300 to
500 °C is as follows.

[0071] As the area of the boundary phase between an A1-Si series
crystal or an Al-Fe-Cr-Mn series crystal and the aluminum base
increases, an Al-Fe-Cr-Mn series crystal functions as a resistance
at the time of plastic deformation at high temperatures, which harms
plastic deformation at high temperatures. As a result, high

temperature strength and high temperature fatigue strength will
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tenperature strength and high tenperature fatigue stxength will be
enhanced_ 1. 00721However, a. honogeni zation treatnent generally
performed. to inproye Lo ging performance i nmedi ately bel ow t he
solidue tenperature is high in. processirg tenperature, cauailig
segment 8t SR ¥CEAe Al-H series crystal. or -Ai -Fe -Cr -M series
crystal into a spherical shape, which redures the area of the

boundar yOphase. | n.Havwwergpresent |imveryénnzathen uppercatingntt of genheally
treatirrdt tsmperatiNbe is set to a texTugature which does not cause
segnmentatt borodédt he Ahprsacseaiires rer ysirdoratarAle -Renedra 4y Seeies the
crystal into a. spherical shape. Howeyer, if the honogeni zati on.

treat meas1{@nperahpeeatsrbower ed @xcessived s s def of ambata tyrbeCerBSing
insufficient at the tinme of f, .ing, causing defects such .as cracks.

Ther ef o g, LhE, - hogogeniyzat, _Greatd,neal ére_\}g)ceilatélﬂl: eAi—SFé—eérglfﬁgl gggies

to 500 C, “nore pre#erably set to a tenperature as | ow as pos

wthin a ran in_which the for-cr,in erjal does n cause crac

2t the CTYECRT $BFM Ao ST AT SHAPR of TP REP aRGPRESR orn o of-the
honogeni 5ati bn. treatnert time is preferabae set to 1 hours .or, nore

in bol dPNGFILTHENE perfoFrtngT 8SRBRoYRF2at PBn thedtthsit lofiithet the
cast rod under such treatnment conditions, it. 1:-.)econes

pci ssi . bl eagseiredlgikaey- utte 1st ate o anvheghens tAre-whgth giggegot cause
crystal or no 21 -Ne-M series crystal will he segnented into a

spheri catgshape:idheofippee RilmsStl efertilke hohditregl tomeADfFe¢h@r-Mn series
noai geni zati xxi . tdxw, Atnc,nit time is not. speciticailyiimti:

Eu* I cxuaresaf ofnexafmptgher Webi Bhagdd . houwssevEOO73f Next, hamegbhii AHOUSH
casting- devxce used at the tinme of continuously casting the nelt.

wi T beexplabned.c QP4LAS, & cont hhrious castiagidevice, qbRe hYpe1isy

not lirnlLted
becomes insufficient at the time of forging, causing defects such
as cracks. Therefore, the homogenization treatment temperature is
set to 300 to 500 °C, more preferably set to a temperature as low
as possible within a range in which the forging material does not
cause cracks at the time of forming into the shape of the engine
piston. The homogenization treatment time is preferable set to 4
hours or more in holding time. By performing a homogenization
treatment of the cast rod under such treatment conditions, it
becomes possible to assuredly keep the state inwhichno Al-Si series
crystal or no Al-Fe-Cr-Mn series crystal will be segmented into
a spherical shape. The upper limit of the holding time of the
homogenization treatment time is not specifically limited, and can

be, for example, within 24 hours.

[0073] Next, a continuous casting device used at the time of

23



as long as it can obtain a cast rod. of 85 nmor- less in dianeter in
a state in which the nelt tenpertere is nmaintained. at 720 'C or

nmore. For exantde, a vertical type sem -continuous casting device, a
hot-teo conti nuous casting devioe, a horizontal coetinuous casting

devi ce, CRtangassSpressarengoRbfnuels ¢asti Ag gvvieénedn. be used.
100751Fig, 5 is a cross-sectional view slaow ng an ezanple of a

h. cpri coxPtal cont iy pewtdt castingasdaviccdavpeet Oranitpom bs not limited
:yabp.prtal cont irawm s castwNi g. This continuous casnl nag device

20A is psovodedaw ith @meldtaieceptrst 2bd off Stommngranegdbuihndiemeter
alloy nelt 30 and. a solidifying- cor.w bnucue casting- water cool ed.

mol d (wahes £00t&di €aslidly di o122 HaRW G & JTBldt mbf%?l%ﬁg%e'dc ke 720 °oc
u

ocial. 22 is arranged horizontally- so as te. be in

comuni cat 1,gp W tpo;%h%xgg\gtier, e%etheQ:rti VI @eségﬁllcbﬂ!:fﬁ gés gggting
ref erence nuneral. "2 notes a. coolirg- ter passage formed in
hhe nold 22. The I 2 as.. the cast rod 31 drawmn.fromthe, ..nole:
22 are SBOHLE waht HUHTHY. WAOr oo don) GOPadDt 1 DRVERE codl | R HarsR
passage fli-C-7 bc.1l: rS sect*Dnal vi oAAT shovg an. El: X 311T". rzi
1) a hoP?topueent FAtiotisY casTiRG devi @eI2ThPECEoNE Pntidtis 1 easStPngasting
device 2013 is ba.[-_-)-cbhi.ded with a nelt: rebeptor 21 and a.

sol i di fy¢pgeantintPenesedasti ng water cool ed nol d 22 arranged bel ow
the melt rec.,.i[l.Mor 21 and haATing a nelt pa.ow age 22a, The nold
22 is af?@as). - c; ediiwsoSassta chedar ddaricbredmmipivcab ooimwi dh.extdherle of
melt receptor 21. via the nelt inlet 23 with the outlet of the nelt
passagea 222 if-agithg- dewewatdus! dadhisg GRAtIseds sastdngi e 66:r2003ca1
thr[ alieninumalloy-nelt 30 in the net receDior 21 is intflodiaied.
Lstc t ~LQl frem i ; I ¥ i ;
mto the nol 0 S oAT aen donmrard T he B e 5 uh [Oor of by e
hard. she ol{i.dified.shell)_ -at the portion . in. ccinozi.c.t.th

ol ' 257 he ARt P PE Ak TP ort She ot P B e 30 ana
cooling water_25 injected fromthe cooling wster passage 24,

[007711%, 5t et mth%wq%mm%a@%%@wdamﬁ& ¥rtscmegoled
continuous card: Lc:9- devices 2021. and. 20E nentioned abosey it is

| T. ai ef €*abled flRdtd)a? felaving efne 4t pagiseateur 82i s 2@ e ler 2horearranged
".,,,1jsuE-cl.-n the nelt. tenperature is defined as a tenperature of

t he nmeltorBomtathe positi aw @ nedifatielly doefrome e posi tworh the melt
i,,..rhere the nelt: . 30 is iritrc.xlluced into the nold 22. In the
colbr anrefegdtxanpl eviawhhehmailld ibe descs- slihed tatd-dsce hhReral 24~
tei npc=ngatoare of the nelt 30 at t.his position C denotes the nelt

tenper aldi®ses a cooling water passage formed in the mold 22. The mold
22 and the cast rod 31 drawn from the mold 22 are cooled with cooling
water 25 injected from the cooling water passage 24.
[0076] Fig. 6 is a cross-sectional view showing an example of
a hot-top continuous casting device. This continuous casting
device 20B is provided with a melt receptor 21 and a solidifying
continuous casting water cooled mold 22 arranged below the melt
receptor 21 and having a melt passage 22a. The mold 22 is arranged

SO as to be in fluid communication with the melt receptor 21 via
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ro07s] Next, a. honogenization treatent fsrnaee nped in. honopgeni zing
thp forged rod will be explained below. [0079] A honbgeni zation
trestnent furnace can he any corwentioneily uai.3ed furnace, such as

y e. ¢g.. either a. dii:ect. hea.teirilg furnace or a radi ant tubul ar
furnacetia ThEt raskeof2a i Feullef i G of é;rh'e Figifl REESAEP @PPhERCAng
COﬂtIIﬂEOUS . LEcnace or a. batch farnace .116: ae (1) t a

are pforma hor |egen|zat|an trelltment at. a treatnment

t enper a&LIIQyQIfel&QQ ot on 500 Geltmateepabrwil lisbénexpliataédirbed ame cooled
FfIi ,N11A. forging device can. be any device equipped with a nid for

f ' gingn@§0 FhgnMaterbal et 8e i G il 3. 41 alOfcap3d krighideea
piston. It is especially pin-rife:ex:ldle talow the forgdhg device is

furt herllQEgvﬁkggq{olv& tz'} qg BngnEde}lwaE&efpom 14 22 while forming
a hard shell (solidified shell) at the portion in contact with the
mold 22. The cast rod 31 drawn from the mold 22 is cooled with
cooling water 25 injected from the cooling water passage 24.
[0077] In the present invention, in each of the aforementioned
continuous casting devices 202 and 20B mentioned above, it is
preferable that a melt temperature is 720 °C or more, wherein the
melt temperature is defined as a temperature of the melt 30 at the
position C immediately before a position where the melt 30 is
introduced into the mold 22. In the column of [Example] which will
be described later, the temperature of the melt 30 at this position
C denotes the melt temperature.
[0078] Next, a homogenization treatment furnace used in
homogenizing the forged rod will be explained below.
[0079] A homogenization treatment furnace can be any
conventionally used furnace, such as, e.g., either a direct heating
furnace or a radiant tubular furnace in the case of a circulation
hot air furnace, or either a continuous furnace or a batch furnace
in the case of a conveying type furnace, as long as it can accommodate
the cast rod and perform a homogenization treatment at a treatment

temperature of 300 to 500 °C.
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and a lubricant applying device. Thegida nold. is preferably

a.n nold. 5SpeciticalLiy.as a. f cegrng desr-.L:e, a knadde press, a.
crank. press, a friction press, a. hydraalic Press. and. a serve

press can be used_ 10082] A. production nethod of i hear-net:-El:

mat eri al 0&#@or dung Nt he? erBadiAENCSN IS besar FPEd SEﬂ%ﬁgf%lﬁﬁﬁglng
100881Usi ng a. cextinuous castdrig device, a nelt. ha, Tng a
predetem@tﬁeﬂabswpbéibéohxpéatnedihebgwly- cast. into a cast rod. of

or less at a Neat tenperature of 720 8C or nore c!,.(.:ontinuour
Casting[&be]l]....ua Thergressdsectéonah shapeyofdeahice castipoadisith a
preferably a round stsrxi" i.e., tbe cast rod is preferably a. round

rod shapgyqg{0984H 0y subjeeti 99atf@r§ 0t 4% 121 hemagesk zah kel thape
treatnent. at a tenperature of 300 to 0 8C, a forging naterial. is

Otht é@gffaibﬁfan eré%phst E.tef ?ﬁegﬁgglalﬁ pﬂé%é%aﬁf% tﬁﬁt the

e outer renxbe sur ace 0 terial 1s subjected

a Pf E CLi ng treat nment uter per| . Eace Sul ttin

Cr eat rohTURES ST Lrner bt Per { RS aF et e Sy HGE device
| ongi tudi nal directien of the naterlal into a redeternlne

| ertchj20d q thildiafess) SRR bBtaitE s & r cdPat Pafaner " e reupapterably
ctiluhn, The cut sui.fa(nos of the cast rod are defined as an ugper
S|un{ad@cﬁﬁéadf@tﬁmﬂg§mﬂﬁhcesbﬁciﬁécﬁﬁﬂ§HQﬁéiﬁﬁﬁgmﬁédéﬁﬁéﬁr nuckle
peri pheral surface of the cast. rod or the inner vicinity therepf is
def i nedorass am auteerk perégpheralfrsivittiorageresfs ,t ke hivatrenilalc, pTigiss, and a
material is subjected. to an upset treatnent, a. |ubrication.

t r eat nesd randhBe Pt eheatpéreataent as needed. [ 0085] Nxi o, the

material. is .orged into a near-net-shape

[0082] A production method of a near-net-shape material
according to the embodiment will be carried out as follows.
[0083] Using a continuous casting device, a melt having a
predetermined composition is continuously cast into a cast rod of
85 mm or less at a melt temperature of 720 °C or more [Continuous
Casting Step]. The cross-sectional shape of this cast rod is
preferably a round shape, i.e., the cast rod is preferably a round
rod shape.

[0084] Next, by subjecting the cast rod to a homogenization
treatment at a temperature of 300 to 500 °C, a forging material
1s obtained. In the material, after the homogenization treatment,
the outer peripheral surface of the material is subjected to a
peeling treatment (outer peripheral surface cutting treatment) as

needed. Thereafter, the material 1is cut in the longitudinal

direction of the material into a predetermined length (thickness)
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mat eri al of an. engine piston shape [Forging. Step]. 10086i Figs, 7

and 3 are figures show ng forging steps for forging a. materi al

usirici ci forging device, [0087] The nolds 41 of the forc4i r c4
devices 40 shawa in Figs, 7 and 3 are each_constjtuteci

upper mBP OO UPL A d CATEBWEF Frof He 43 a\/\ﬁéﬁc’tlﬂi@ru‘b‘bjelﬂm%nd Tlh@\/\é?‘ltrrﬁ}l%aﬁﬁs
and 43 are tit:ted. with each. other, a circlar plate or a circular

col um @atEre alas32rps d1o¢ ged LEA RSt pioreer elosedet Brdicng Ospaceus4ace
Thus, a near-net-shape nmaterial 11 for an engi ne piston can be

obt ai nedf {10083 tdmidHi g,and Ohe veterenceipiuees Al s 8327 dendt ehaicgst rod
ging rod stumaed. material 32A CC by. hont.igthisin...... , the cast
rod 31.0A ehécuhaer Plateioy AhbUs4EalsCOENTRed Mt eshabu32r opkali pedral
by cpttd j the rod shaped material. 32A into a predeterm ned | enct.h

(thickness},is @erHQQQ% id-;the | WﬁgldQNéilai31%fshB?ecE@ﬁXEb éﬂ ﬁﬂget

thereafteT pressed in e axial . |rect|on of the material 32 wt

the, UPPeL gpl g 2.1 ithied o Ln the. | oer Mol ¢ 43, WD Sicad ne,BhAL 1L,

32|sforg nt o%a e cl ose
needed.
[0085] Next, the material is forged into a near-net-shape

material of an engine piston shape [Forging Stepl].

[0086] Figs. 7 and 8 are figures showing forging steps for
forging a material using a forging device.

[0087] The molds 41 of the forging devices 40 shown in Figs.
7 and 8 are each constituted by an upper mold 42 and a lower mold
43. When the upper and lower molds 42 and 43 are fitted with each
other, a circular plate or a circular column material 32 is forged
within a closed forming space 44. Thus, a near-net-shape material
11 for an engine piston can be obtained.

[0088] In Fig. 7, the reference numeral 32A denotes a long
forging rod shaped material 32A obtained by homogenizing the cast
rod 31. A circular plate or circular column material 32 obtained
by cutting the rod shaped material 32A into a predetermined length
(thickness) is arranged in the lower mold 43 of the forging device
40 and thereafter pressed in the axial direction of the material
32 with the upper mold 42 fitted in the lower mold 43. Thus, the

material 32 is forged into a predetermined shape in the closed
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form ng space 44, As a result a near-net-shape material 11 for an

engi ne piston can be obtained., The nold 41. of the Lorqanqgfl device

S hOM1 iniv '7 S cont Toted to extrude forwarci the skirt portion
correnpondi 7 portion (not illustrated) and. the pin boss portion.

cor r espbRENHEC - PeaCti Ho: 5 andepyltL0089ERA NFFgShere Rethelsanmel for
manner as in the for rug nethod. shown in }fig, 7. the matetia.1l 32

i s torged drwiot ai atannear eretbta shape Mie bold "4l pe. the fawgisydreice
pi ston, The nold 41. ot the torea.n.:t device 40 showmn in Fig. 8 is
conf i gut edhicemext IFude 7 ear wew figthed sk ekt pedartawac-cothesgyandi pgrtion
portion (not i t:ratrma ) and the pdn. boss portion cortesponding

porti anééré’é'@@né—ﬁag portion (not ASLEOWrdd) Birgs.thé 8Rd. b8sst BBrtion
material 32 is arranged IL the 1,:mtr :veld. :13 SO that. the up. par

or iowe Lal,32,] rmed into a. crown face portion
corresd%%%?%%ﬁpo?%?%ﬁggﬁgigﬁ %ﬁeaﬁéai?het -eape material 11 and that

t he out i pher urface of the material 32 is.farned into the

pi ston Fé%gggrooveahbﬁﬁgfoﬁ’cﬁ?ﬁg§b§ﬁﬁﬁh8a88?5i%ﬁ:T?qgﬁﬁ%P 5 iPFthOd
portion corresponding portion (not_illustrated) . 0091llt is

pr ef er abPe" R HatFtHe 't r BBS ftERt AtlenperSat dF €S0t AR prBfedfPhgret —shape

treatnent to be per f....nrned. immedi at el{ bt:ore-Lhe. forcing
and t henaeterdajll feyrperavire matstdre. t e op Lol Por giadg are Mrdegice
or below anrl kept as short as 1l:essibie : the tenmhorat-ure in.

pr ef er abl yshower ithanga Bornegenifatduwored reateentuds enperatdudethe skirt
Furthernore, as a heating- tinme, the hearing. tine can be a.

snert esortidi cEapab@@fnd HAG diC (notl k19 ddhirs deiperat whe tan boss
th.e..treatnment tenperature We., 470 C. or below). Such a | ow

tenper athte; and-shord &4 88,4 r a8t pepl ¢an Ami ptain the status of the

honogeni sed. Al -SI series crystal or Al-Fe-Cr-M. series crystal

everl a{(‘i(%of he As shown in Figs. 7 and 8, the material 32 is arranged
in the lower mold 43 so that the upper or lower surface of thematerial
32 is formed into a crown face portion corresponding portion 12
of the near-net-shape material 11 and that the outer peripheral
surface of the material 32 is formed into the piston ring groove
portion corresponding portion 17 and the skirt portion
corresponding portion (not illustrated).
[0091] It is preferable that the treatment temperature of the
preheating treatment to be performed immediately before the forging
and the material temperature at the time of the forging are 470 °C
or below and kept as short as possible. Especially, the temperature
is preferably lower than a homogenization treatment temperature.

Furthermore, as a heating time, the heating time can be a shortest

time capable of increasing thematerial temperature to the treatment
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[ 0092] The obtai ned near-net-shape material 11 is sub:;to a solution
treatnment and an aging treatnent as needed. [0093] The sol uti on.
treatnent tenperature is pteferably the suarae (Dr bel ow the soild. us
teinicerar.ure. Thereasonis ;lnaattre status of the honpbgeni zed-S
series teyseaktoreFel-€r, -MO s¥ i®s gypstlal €afhbe hAVnEafRegature and
0094i As to the agin tenperature and aging tinme, it is preferable to
adj i dst shhett enper atasenand. ciénneasotasnt chpesforns the ke ; hdbdo2enized
ea Latent a ii 0J: :iv excess i\rej-Y, 1-3y doing so; the...5-3"te,
(-srowt hitgi Osdieeagimg @1l okHh G rO-CF-un G5t i dd grthhe ir educt hbe ceedhe
Thi s near-net-shape material 11 is subjected. to final fproc.essnlg
Ia-naclggpggngfocesc.fl-O:heand tliethLma tag:ed into an. engine

pi ston byg attached by another parts such as piston rinds. [0096] The

near’he%@é@?Pe nEdqﬁkg@bf%&&&fgéﬁéﬁggﬁg%%%&%'ﬁgkggial 11 is subjected
to a solution treatment and an aging treatment as needed.
[0093] The solution treatment temperature is preferably the
same or below the solidus temperature. The reason is that the status
of the homogenized Al-Si series crystal or Al-Fe-Cr-Mn series
crystal can be maintained.
[0094] As to the aging temperature and aging time, it is
preferable to adjust the temperature and time so as to perform the
aging treatment slightly excessively. By doing so, the size growth
due to the aging at the time of using the product can be inhibited.
[0095] This near-net-shape material 11 is subjected to final
finish processing by machine processing or the like and then matured
into an engine piston by being attached by another parts such as
piston rings.
[0096] The near-net-shape material 11 produced in accordance
with the production method of the near-net-shape material of this
embodiment as explained above has no cracks in the crown face portion
corresponding portion 12 at the time of the forging processing,
there appropriately exists primary Si at least at the skirt portion
corresponding portion 14 and the piston ring groove portion

corresponding portion 17, there exists no primary Si having a
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wi Lit the production nethod of the near-- fet-shape material of this
enbodi nent as expl ained.na.s no cracks in the crown. tace portion
corresponding portion 12 at the time of the forging processing,

C CshelLy exists rhidmary Si at least attile skirt. csild-ion

sxxt r esTaxxivdi i pozteomt B amdopi BoxX| Fhewe groove POrBegregation of
correspondi ng portion 17, there exists no primary Si having a.

maxi munpdiasey eri ,0fn8thunoexivre, nd harecexirstss mer segregatitanr okystal
primary- Si, Euld there exists no -Fe-Cr-Ma series gigantic crystal

havi ng @Bz fewxd ML iaiet efi aetQ PM g0 PRr e rldhies ef ahercadrengbfeengine
piston 1 produc ed USing this tear -nEt- shape illaterial 11 is

excel | i i 0,exc bl ig ex
?isﬁ&gﬁg{?%@é $L.aneg cindnraks géﬁi ghﬁ?@ ndtbPUIBE is excellent

tenperature t charactéristics an enperature
characteristics

i.e., hight er.at t.ensil r Gj j Pi ?

Conper e erar b Cansl irerroh el fobe A Frlt o i o S eet e
the present invention was_expl ai ned above, the Eresent i nvention i%, h
not | i nfE@ePt et het enboditrent SAngSBer ehah§ed Ph2atvarf6us® kanfier 119
w thin. a range not deviating. Fromthe gist. of the present _
i nvent i AP EXVPLESE ee098] Nexaracoriet et eECExafplbs EitPConparat feeigue
Exanpl es of the present:. invention. will be shown, It should be
not ed tdlatratcherjpsesent.i nwent ion is nnt limted to the foll ow ng
exanpl es.

[0097] Although an embodiment of the present invention was

explained above, the present invention is not limited to the

embodiment and be changed in a various manner within a range not

deviating from the gist of the present invention.

[EXAMPLES]

[0098] Next, concrete Examples and Comparative Examples of the

present inventionwill be shown. It shouldbenoted that the present

invention is not limited to the following examples.

[0099] <Examples 1-8, Comparative Examples 1-16>
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the unit of each composition element

In Table 1,

[0102]
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umass% . In the colum of Ni in Table I, "A" denotes (-4/6) x [Cu
mass%4- 5} mass% [0103].rhe Al alloy- nelt having a. conposition
shown. in Table |I was cordjrxrdusly cast using- a hot-top continuous
casting devips (see Fig, 6) to obtain a cast. root having a round rod
shape. ‘masde” conti hbeusobast iafgNit he Testlte flenpef atenasehdforde/6) x [Cu
pouring the continuous ware set:. as deee'Ll-sed in. the "Melt
te. (4) ,mansTabd pnZssThe di aneter of the obtained cast rod is shown.
in the colum of "Dianmeter ot cast: rod" in Table 2, [0104]In c];
;Jting, (@ orel t, wasHxxncedl biydse Br M a¢ CCUbk@dsti® ion shd2@13n trAble
obt a in at. arenc i S sanple 50 ot an approxi mately di sk shape as
shown in m!élfsg coNt 1 ‘u%h%ﬁgf Bb%t%ﬂ%&'é AR EBntHRﬁoﬁgnE’Qé LiheNdevice
t subj ecte by

el ements of the nelt wa to quantitative analysis

em ssi on, coectrochem cal, analysis, according to JIS H 13 Ffg 9,

T o1 PRoras aohor e IaH A D BoCankl yaed s Spbr TRE T B N Tur W Ehe
a. mlling machi ne abouyt: 0.5 rsa £0,3- 0 .6q§2 and t?en. anal yzed.
The di MENSTONEC'St €achipdrt iOiF of St he EHAISSI S SanpPelOB0 wWete A6 the
B=30 mm Dr5nmm Es-5nmrt, and. 1"-35ralL ;01051 Next, the cast rod was
cut i nt@rmat hegth . casft 81000 lshwertheat ahaleanr idwst WodwasMelt temp. ”
honogeni zed, | S this honogeni zation trealnilent” the treatnent

t enper almaragsl avBr.e See.dasnaescrafi béei obhatthedcobsimraexels shown in the
"Il orotsnizEdnion Tenpt iia. asiscHe 2. The tnuEnitnkx-it; tirsywas 7

hours idbeaeh caseiameter of cast Thedead Ualele Zile cast: rod. was
cut to Isnmsve the oi X5er periphery- to have a dianet er of 50Futthet,

the casfofod was  Gul cLkBEOng, 4enatd Rl 80uMAK! OneHIRIMY1 Baeidoe\idy to
col umar shaped forging material, [0107] Next: this mat anal was

pr(E2- (7 sated;at 4200, apd.. Lfien, . Uhe gt et e, was, bressurzed, o

fromits end ace a recti upset. rge

material_into a. thickness .of le =1. This set f r.ging curt

" spon@hEPT RS hEHOEr Pnd - the VBT niTSbep BEYENE Jrdkent 50 cthe

invC ntion anti, wa.s psuotorned. at a_f ergs T.irocessing rate _

cor r espgoHER Y. t 6Pt hel $BfgesS pPocessi AGltatE=atS Hheetithe P depbafrgtive

forging. a material into a near-net-shape material for an engine

pi st on,arf0M06] T Her eafitseriont Iseagpsechaurged epeddiscts was oSdtisicedtedts H

to
1305. In Fig. 9, “51” denotes a portion to be analyzed. This
portion 51 was cut with a milling machine about 0.5 mm (0.3-0.6mm)
and then analyzed. The dimensions of each portion of the analysis
sample 50 were A=50 mm, B=30 mm, C=18mm, D=5mm, E=5mm, and F=35mm.
[0105] Next, the cast rod was cut into a length of 6,000 mm.
Then, the cut cast rod was homogenized. In this homogenization
treatment, the treatment temperatures were set as described in the
column of “Homogenization Temp” in Table 2. The treatment time was
7 hours in each case.

[0106] Thereafter, the cast rod was cut to remove the outer

periphery to have a diameter of 50 mm. Further, the cast rod was
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a T6 beat treatnent. Concretely: the upset target: roduct was
subje.cted to a solution treatnent at. 495 C and then to artificial
agi ng under the conditions of the acing tenperature of 200 QC and.

the aging tinme of 6 hours. 101091Wth respect to the upset forged
productCiio Wwhich: al IR Heatf t ¢ @atmert wels? subj ectedlldf y@sutistabhyred
exam ned to confirmwhether there exist surface cracks and hol e

def ect stamyirhe nupsetidorged proder ty by a solvent: renova
pc,flietrant test. (color caheck Thereafter, the upset orge'.6l

re, dl, litofa7 wast he nett sankbagg-wasa Tvss birerhpelkieshed:42ndd hend then
m crostructure of the mrror polished surface was observed fromthe
center peaybon.of1the HP%EEuHEQ@%rdH QQECetnd EQcélln tife %"ktl%rl direction

petinheral portlon using a netal | ograph to cherk ,ru,yg:." ' ner

t here ex r| y b f

de. n-. etcgu és% OF %gg an?%fméf)mrlgﬂ%\l q}—t %Réhg eéfg%g%nr'i C (lzlrlﬁs]tlgfet
and. regation of S|, These results ar e, shown

o SH S o0 oL LR S RSP BT R B S e
"Presence or absence of primary Si 50 or nore", the col umm. of

" Pr esend®’ it s ereevas Q?Qﬁﬁ??ﬂ@dcﬂftyétfa%rgealﬁﬁoc?ﬁ%l%%lr@fﬁﬁ? PP T PPRSBAEEY
or absence or segregation. of primatv SAl' in Table 2. "In each. of
Exanpl e 1t16; fdrege exbseedippi macy Sit ithe ttheeemti ractupsety forgedg a
product, FurthtE ,r, the upset forged product to which a Te heat

rr eat mernd twasisuUbj et € dnwaseysat vat eshd pu ctiaree t eapef at usiet ensihe piston.
characyteristics, high tenpsviinare tens,ilectRLcact. eicist-Ms

andhi t | fp tenror at ure fatigue cla%aﬁf;eétsm@aed[&la&]c/\dme stipdetural o

i mges of EXanpaes i -8 photographed at. the nlcrostructure
observati S i ma S
an exa%%alr@£1 %gkgggﬁg%gFal ggﬁggggég?pcg#%ar t|ve (f %&g%é was

photoor s i, e g Get k1 abearaion, & atcasl e R

anal yzi ng, deV|ce analyzed the image of the structure inu

devi ce FRINEIPZENFRGe Ry CEPDR) P cehwwatﬁewmt%&f [2L90| I°F1 gnd
the stnnvattare Lmage, the]J_E--Crttil series. crystal.

cisi c.thyst@ino tthice af 1§ Zsdsra.ry is a. gra.-y--- brown

:c)lcsc.k.-- shaped crystal, and eutectic Sigrayebr.own crystal

smal | er[ Qdrign). pri mn;tkﬁkeapecha‘qbr@amgmeer age ggrapnoddantet erhioth a T6
aboat 5 ;am_ |In cases where there exists Al -Fe-Yd-eu seriea crystal

in Me Hmettrfeartgedmoma@uahbg EBtkhe Strwed uriadud Magesxaiie.cl tbeebhfCan
series crystal is observed. as a crystal of a gray- color. lighter

than t he Al e serdes@aidloracks and hole defects in the upset

forged product by a solvent removal penetrant test (color check).
Thereafter, the upset forged product was cut, the cut surface was
mirror polished, and the microstructure of the mirror polished
surface was observed from the center portion of the upset forged
product to the outer peripheral portion using a metallograph to
check whether there exist primary Si, primary Si having a maximum
diameter of 50 um or more, Al-Fe-Cr-Mn series gigantic crystal and

segregation of primary Si. These results are shown in the column
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LE41211t the t.ise shrqu in. Big. 10 (Huranple I): there sod s té&d
many eutectic Si in a ( rbersed marhier... and the average grain.

di am( Wer thereof was about 5 Lim Thcnce existed many pl xbmary Si in
a. disnodmugd marnmer and themaxitorm . grain diaauft.er truereof

\ Al : as af x)Pi¢s@bcpnoa. adsehee a0 f . Prenage ¢ ai ntl anetermwas aboatence
20 pm However', there existed no primary- Si having a maxi-t hm

di anet esr ofbs &0-pm OpherL:y anid stthemaver ageegyathedcahener o twasrabeunte
5 um however, there existed no Al -Fe-Cr-M series gigantic crystal

havi ng & gﬁééﬂ@@ of g@BbBrecCairyS0pM Qhdnualg cothintit hef rypibsEnBeeor
axnUnged many- ?dg-Fe. series crystals in a dispersed manner, and the

aver se %Q&?I S Egér&?él:ggg;%fsﬁ@lm[a %:@]lm 1%%‘59&5@ §h0WﬂInl Qaghgof

11 (Corrpar ere existed :ma.ny eutectic Si

d: Lsper nn er andaver age grain_di aneter abou 5 um

exi st e ’ tﬂ“egr‘?. 39998 Primary; %ag Ne&d3war: 6F° et-Lh b¥ged
cmairim arm d| arret hac was about. 35 rm. and the averagﬁﬁgdrrg: ; i

di amet XPT Y@L abofuT Dee i nthThePecEXIStEet Pie KichdS Cof iy c’r“6|vineat
series crystals . Betweeii them one of them P55 a crystal. having an
aver agetgraimeni amst @b of Cabdut s5eum Uahdd tihereraxi ﬁm@ﬁd%éﬁmlle
crystals in a oispersed. manner, The other. ot then': was a. bl ock
snaged cHd74dd:¢al ¢t hat Tirnig;ham@é’eatara&eg:rsajlre dhaneteeroftabewtnd BOgh
pr, and there existed Al -Fe-Cr -M series gigantic crystal having a.

maxi mMupt em@Eed ¢ - & a5t @he 0fn 50p8t 6F 1 gpdes . [ 01. 14] The eve, ua |. en

method o tenor ma etnipez.tenS Ei eharacteristics wab 55 foll ows.
[0110] Among structural images of Examples 1-8 photographed
at the microstructure observation, a structure image of Example
1 is shown in Fig. 10 as an example. Among structural images of
Comparative Examples 1-16 photographed at the microstructure
observation, a structure image of Comparative Example 3 is shown
in Fig. 11 as an example. As an image analyzing device analyzed
the image of the structure image, a device called LUZEX made by
a Nireco Corporation was used.
[0111] In the structure image, the Al-Fe-Cr-Mn series crystal
is a light gray color crystal, the primary Si is a gray-brown block-
shaped crystal, and eutectic Si is a gray-brown crystal smaller
than primary Si and having an average grain diameter of about 5
pum. In cases where there exists Al-Fe-Ni-Cu series crystal in the
upset forged product, in the structural image, the Al-Fe-Ni-Cu

series crystal is observed as a crystal of a gray color lighter

than the Al-Fe-Cr-Mn series crystal.
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A JI'S 14A conpai ' atkve Lest piece was otht=il.hed fromthe upset for
ed preduet to which a T5 heat treatnent was perforned, and the

tensile strength of this test piece at 25 C wasneasured. \Weh the
tensile strength was 350 My.S or nore, it was eval uated as 9Good,

whil e thelizhsil e sty ehgttewashass inhang - 350{Exparletl) was esvakyasead
as "Not Good'. The results are shown in the CO UT, 11 of " Nor mal

t enper atamme tensctec chariacterdstpestiednnFahkbe, 2and QLS EFherage grain
eval uati on nmethod of the high teglicsi Ture tehpilp characterdsLios

vwas as dpdhomsy Aledddr REE 6bb0E atp SekrbCexgeacprieye) wowhiorh & in
T6 heat ttmInflent was pe ornmed. at 250 9C for 100 hours, a. JIS 14A

conpar at i t..ni : i .
Foure! S SHSFRSR ARG LER R 258 B8R FR e of IATLLOR UBSEL: oo about

hol di ngy. e test, pice at 250, G.Tor 5. waues,. the,d enside sl eagth.

of the pi ece was neasur ed. en"the tensi
strength. was_ 120 MPa or nopre, i.t was eval uatecl as Vv’ if, while
when CHE S 16 Srdingih Malaress EraRATI0 MPHTEY i T Aol oS

"Net Good'''. The results are shown in the colum. of "H gh

t enper atRfee EEASILIE TahaY At EESEI¥ase Rl TaplrEsa l THea AIFCC R Rpanef

the high tenmerweure fadticrTe characteristics was as foll ows.

[ 0119j Alnian tlme helvdrrpganupset diengedpr odhictalbaut whi ghi a. Hetdyemt there

treatment. was perforned at 250 9C for 100 hours, a. fatnghe test

pi ece wasiobt@inedafres thevupseticforgednt peodugttaA hfathghe testimum

of the test piece was perfornmed. at 250 9C with a Ono type rotary
diameter of 50 ym or more. Further, there existed many Al-Fe-Ni-Cu
series crystals in a dispersed manner, and the average grain
diameter was about 5 um.
[0113] In the case shown in Fig. 11 (Comparative Example 3),
there existed many eutectic Si in a dispersed manner, and the average
grain diameter was about 5 um. There existed primary Si in an
unevenly distributed manner, the maximum diameter was about 35 um,
and the average grain diameter was about 20 ym. There existed two
kinds of Al-Fe-Cr-Mn series crystals. Between them, one of them
was a crystal having an average grain diameter of about 5 um, and
there existed many such crystals in a dispersed manner. The other
of them was a block shaped crystal having an average grain diameter
of about 60 um, and there existed Al-Fe-Cr-Mn series gigantic
crystal having a maximum grain diameter of 50um or more.

[0114] The evaluation method of the normal temperature tensile

characteristics was as follows.
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bendi ng fatigub testing machine. A stress value at which no fracture
occurs even. at 10,000,000 cyciles is defined as a fatigue. strength.
W-lentils: strei:s, Aluewas6CHY., achfuicex-eu it was eval uated as
ncoob. ", while when the stress value was |less than. 60 ME. ,e, it was
eval uat €d1a8]1 " Not @ogd'S 14Xheomesidt svartessheweasi was thet aighe@i froofthe
tenperature fatigue characteristics" in Table 2, [01 In. Exanples

| eS, sinpeethyrgsatpséyuat |totwitig rrequi hesentseetmehtewpsepentformed,
invention, no crack was forned, there existed primary Si entiredy in

the upsgha e &%leﬂfl%dﬁ%ﬁfenbhﬁséf exri Sted g ielt'eda b yo ShyahavicRg ded .
maxi mum di anetins of 50 ;in or nble,. There existed. no Al -Fe-Cs-MJ

series ggantjc cLystal Q@:‘.‘éxﬁ@thaw etsﬁéclgisa- du: hbrdiagii @5§U%.fva§%att@d

or nore. anci there exi st ed: ha seg

Furt her el u e :
char 6.1 47 er T o Hiieh ST BnpET AL LED VEH b "Bher Far @?%%53.50@& i e
hi nb. texc e3|||l|re“fat| ue ;haractbr|st|cs

Gnp r SEATUREED AN ¥R G00dsi ndé hESHddS. A& SPEYBndiint 6t Cﬁlu“Wa§f
anall, there existed no prlmery SI, Xi. CMC:',Dr a 1:11:1 e EXF.

rap e 2, N@xm@bagﬁmpexav@rgnﬁgﬂg11@tcharacterlstlcs” in Table 2.
S|mU|ustxx)nuch pri masySi woasegr egat ed, Si ncett N?grai hdi aneter of the
primary[@llas Lar gée evedcks istameihgd 6f ore Hel gir ttramcoedcumred eats.ile
the time of the upset forging. In Ccnxirative Examol e

I, sino@hah@cagﬁigbﬁ@saw@gngsofolm@ﬁstoo mu. ch-Cr-mm series gigantic
crystiai.sc;:eneratec:i anC cr,:acits startin.gthe gigarc: c cryst

a.ls ocegred at tlplf_ecéf %l@&n% %%tt FOrhaGrodi2#dfhich a T6 heat
Conparative Exanple 4, since the ad itive anounts
treatment was performed at 250 °C for 100 hours, a JIS 14A
comparative flanged test piece was obtained from the upset forged
product. At the time of the strength test, after holding the test
piece at 250 °C for 15 minutes, the tensile strength of the test
piece was measured at 250 °C. When the tensile strength was 120
MPa or more, 1t was evaluated as “Good”, while when the tensile
strength was less than 120 MPa, it was evaluated as “Not Good”.
The results are shown in the column of “*High temperature tensile
characteristics” in Table 2.
[0118] The evaluation method of the high temperature fatigue
characteristics was as follows.
[0119] After holding an upset forged product to which a T6 heat
treatment was performed at 250 °C for 100 hours, a fatigue test

piece was obtained from the upset forged product. A fatigue test

of the test piece was performed at 250 °C with a Ono type rotary
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of Mh and Cr were too much, Al -Fe-Cr-M series gigantic crystals were
generated, and cracks starting fromthe gigantic crystals occurred at
the time of the upset forging, [0125]1n Conparative Exanple. 5, since

the additive anounts of Cu and. My were too snall, the normal tensile
char act eengings fwerigudet terd oirat edach012611 @ Conperat veeuExarplersch no
since the additive amount of Zrwas too small, high tenperature

t ensi | ef nhatact esd it €skEradhicgh ot eopenatucect at i guelcharattar isstecs gue
were deteriorated, [012711nConparative. Exanole 7, since the additive

anount of - Eggvas tv@%ﬁﬁ’ﬁé'stﬂ‘ésgﬁvb@ﬁ@%ﬁ Bo@HLPsile, it was evaluated
characteri stl osari high. tenperature fatigue dharacteristice were

deterloggteeoo&017@$1£e GRaLaLi vebsamvher B shocectbechddi bovera, ¢

anount waz too snall. there existe

pri B S e '””%@a"@aae%ew {28 e A Lre UL e
0130]1 ”ofc"\’?{&’féﬁ“téﬁpgé‘é‘gﬁig 221 5L 0C8L e 2UOL LI Ve AU b1 2.
[0120] In Examples 1-8, since they satisfy all of the
requirements of the present invention, no crack was formed, there
existed primary Si entirely in the upset forged product, there
existed no primary Si having a maximum diameter of 50 um or more,
there existed no Al-Fe-Cr-Mn series gigantic crystal having a
maximum diameter of 50 uym or more, and there existed no segregation
of primary Si. Further, they were excellent in normal temperature
tensile characteristics, high temperature tensile characteristics,
and high temperature fatigue characteristics.
[0121] In Comparative Example 1, since the additive amount of
Si was small, there existed no primary Si.
[0122] In Comparative Example 2, since the additive amount of
Si was toomuch, primary Si was segregated. Since thegraindiameter
of the primary Si was large, cracks starting from the primary Si
occurred at the time of the upset forging.
[0123] In Comparative Example 3, since the additive amount of
Fe was toomuch, Al-Fe-Cr-Mn series gigantic crystals were generated,

and cracks starting from the gigantic crystals occurred at the time

of the upset forging.
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of Ca was not. reduced. O fl. r, the primary Si grew up. [0131]In
Conparative Exanple 11, since the nelt: tenperature was too | ow,
segtegetion of: orimary Si. occurred. 01321Conparative Exanple 12,
siflC@the dianeter of the cagf. upset forgod product grew ofu
E01331Conapht af i ve Bxarfpiroal3;t isiegecanirel chdnogemicsattihen addtitéataremtount s
tenperature was too |l ow, eutectic Si, etc. were not sufficiently
formed ohAtin aarsphEmeale tshapeclcassedecrcachks akertike tipenofid keystals
upset forging. [0141l n Conparative Exanple 14, since the

honogenj,gati gBntigabAENLnHe RIS Was AP0 Rhghsheuyeghheimelthngals
occurred by preheating before the upset forging, caused cracks

starting.the ggléﬁntggrgiﬂg ak Eﬂg g%ggtogogggnﬁpset forging, rol3lln

Conpar ati ve anpl e , Since the additive anount
[0125] In Comparative Example 5, since the additive amounts
of Cu and Mg were too small, the normal tensile characteristics
were deteriorated.
[0126] In Comparative Example 6, since the additive amount of
Zr was too small, high temperature tensile characteristics and high
temperature fatigue characteristics were deteriorated.
[0127] In Comparative Example 7, since the additive amount of
Fe was too small, high temperature tensile characteristics and high
temperature fatigue characteristics were deteriorated.
[0128] In Comparative Example 8, since the additive amount of
Si was too small and no P was added, there existed no primary Si.
[0129] In Comparative Example 9, since the additive amount of
Si was rather large and no P was added, the primary Si grew up.
[0130] In Comparative Example 10, since the additive amount
of Ca was not reduced by flux, the primary Si grew up.
[0131] In Comparative Example 11, since the melt temperature
was too low, segregation of primary Si occurred.
[0132] In Comparative Example 12, since the diameter of the
cast rod was too big, the primary Si located at the center of the
upset forged product grew up.

[0133] In Comparative Example 13, since the homogenization

39



of NI was too small, theim existed smaller anount. of crystals
stable even at hign. tenperatures, Therefore, high tenperature
tensile characteristics were deteriorated. [0136] 1 n Conparative
Exanpl e 16, since the additive amount. of NI was too mud:: and
exceedetdreatmendt6) erpe@atumas s¥#stStJammso8 % cucadsed Srlackst@t whee not
time of upset forging. <Exanples 9-12, and Conparative Exanpl es
17-24> suffibthief8lX ¥brmed into a spherical shape, caused cracks at the
time of the upset forging.
[0134] In Comparative Example 14, since the homogenization
treatment temperature was too high, eutectic melting occurred by
preheating before the upset forging, caused cracks starting the
molten portion at the time of the upset forging.
[0135] In Comparative Example 15, since the additive amount
of N1 was too small, there existed smaller amount of crystals stable
even at high temperatures. Therefore, high temperature tensile
characteristics were deteriorated.
[0136] In Comparative Example 16, since the additive amount
of Ni was too much and exceeded { (-4/6) x [Cumass%]+5}mass%, caused

cracks at the time of upset forging.

[0137] <Examples 9-12, and Comparative Examples 17-24>
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respec:f,r,f,

]1n.

1.2a diagra';:,
Exanpl es 17-24.

Tabl e 3,

fhe ufliff,
the colitani tri

of the con:position,nte "nmansQ "

Tabl e 3.

( -4/6) 2,
ebowi ng fhe telation between fhu

In the formulas shown in this figure,
additive anount of P st;EH396) and [Si] denotes an additive anount.

[ Cu.

[6141] Fig,
and. Conparative
[ P] denotes an

of Si (unit | mass10/ [0142] The Al alloy nelt having the conposition
shown i noTabl e 3 | aym=HIiS conti nuously cast using a hot-top continuous
casting device (see Fig .6) to obtain a round rod-shaped. cast rod..
I'n this continuous casting, the_nejt_tenmperature before pourirng-_ ifto
. . o — O = — — —
t he cont ixnu sgcasztl qgé'mel CE ascset ¢o 750 C and tdhe|dpaneter |ofsthes
cast rod“was’ 'set| to b5 nm . : In cast|i nxT, the nelt| was :
poured_ into the nol d| i n. laccordance With 3-13"7 [2611!ta tain an
anal ysj s sanpl e |50 havi ng an approxi matjel y di sk [shape¢ as shown in Fig
9. Using 'this anal ysis sanpl ¢ §p the conpasbtion:elegpntsaof q@e =
mel t wasn.quentdti el v &nal yzed &ccprdingdo| IJBS |HA3055 [p144]|Next /| S
the cast rod;was cut|iatg alengt pfo6,/080 mme Then, |[the cub dast 1od
was hojregeni zedunder | t he [conditi ons of [the treatjment |[tenperature of
470 c' Cand thethotding timeof —rtoirs— 0143} Thereafter/ the cast
rod was cut to, nenpve the quter periphery to have a. |dianpter.| of 50
mm . Furthers -the cast-rod wag eut|intg a'length of 60| o 2! =
obt ai nei rounglcol{umman shaped forgi hgomateri al ¢ ° = @ e ©
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[ 0146]
ressur

Next, this material was pretested to 420 c=C. and then N,
ized fromits end. face in. the axial direction to perform ng

into a tH cxness ot 10 mm nii 3 upset forging corresponds to the

inng- at the forging step ot the Titesent processing rate corres:xi6
L,lg. to0iRelforge prockessing rate at the tine of actually. f orfting
the mal:er:1.8.1. i 0 a. near-net:- shape raa.t.erj.a.11l. for an
engi ne [pi ston. [[0147] Therleaft ér, tlhe upset forgeci proc.hict.|was
ssdwj eqt®d to a [T6 heat tfreatmht. |In detail| the upset forged|product
was subjiected tg a solutijon treatment. |at. 495 C and then to
artifi c%l agi nd. UndeP. |tHe cofdiftidns df .| the|adi ng tEnperature pf”~
Cand t aging [tine|of 6 houts, [I0148] The upset forged produg¢t to
Wi ch a 26 heat [treat: Endct S subj ectedwas ch..t and the cut:
sur f ace—was—tit+Hr+F{potished;,—and-theros—truetturethe tmrror
pol i she.dysu. rf |ace was, obsersn,4d tx,4);4;| the|center—partion of he
upset flarged prddut [t & theSout & |pefi phifal| pBrii dh usBng @g| I &
met al | odt gph to check. -fwhetfer %}her erlexi sUnaddpri mary. ¢iSi ’8 o S o
segr egatgqp of priwmaryaSl|, and tthe shape aof ecut e-ctgc Sp. |g<S| @ Q
< < < < S S |zl g <
o o, o o} ot B 5 | o o o o o
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[0140] In Table 3, the units of the composition elements are

‘mass%” respectively. In the column of Ni in Table 3, “A” denotes
{(-4/6) x [Cu mass%]+5}mass%.
[(0141] Fig. 12 is a diagram showing the relation between the

additive amount of P and the additive amount of Si in Examples 9-12
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[014.91As to the presence or absence of primary. 51, it was judged
based on whether there existed. gray-brown bl ock -shaped crystals

when m crostructure observati on was perforned.

2-1ts tiOtile Presence. or ab e of. egr C" C'" E prinmary Si, it was

j tyl cregntihabmphereiexi sStedrdeptlegatd bn IrnoftipeduarmuSis sihewnt hneéehis
or nore primary. Si were c:ithered and there existed a primary Si

agf, . [. £hgatéon[ » Nn.deMiedy ah heastiosnh@int difstancest betaveseh) plridramcy ]
Si is shorter than the grain dianmeter of C, and judged. no such
pr3i. -aen&eeggﬁegaatemve[Q&é&ﬁ%%ecgttc §hlts RagEay-b. . fown

cryetal. smaller than primary- Si. Wen the size of eutectic crystal

ft "
voe [UALILER At i PP e LD U SR S b P e
rati o \Ags Iessthan 2 it Sg%l'il_ edthat eutecti.c Si. was

into a £ H&C ot UmtC rbttlnuoétfalcﬁg l@rgn%leﬁlce

Fig, 12, -0, denotes that |t is suitable for a. near -neteshapo

materi al SEBr Fal.- Seéngihe OptPsticri aREnd FOdd‘él'@tF&d tﬁ%%t ed i s fpt this
suitable_[01531As shown. in. Table 1. and Fig. in. Exanples.
9-12, thenbddioiyecanunngof LISk mewls Wedtdwrs tuiee r & POLT MG ¢y, Ghe
mass% the additive amount of P was within. the range of 0.005 to

0, 010 mass®bhnuand. cddeiaddididevaameunt tof 7P0sati sfid echd heameter of the
af oxenenti oned formula (1). Therefore, the crystallization of primary

Si d.u.eato £oatiAgoys-cast Epgmhecones stable. As a result- pripoy-
Si. entirelye:xisted.frtmtrce3xx-xfportifniot the:upset forged

product (§o,fie out: gt eegtmsr a'uﬂ@rté?e ther eof;-andihbereexisted in

no segregatlon of primary. FO.rt |nerrmre eutectic Si was fornmed into

S P RSB hCER o o8l Lol SEOSUARA S P Ao
an approximately disk shape as shown in Fig. 9. Using this analysis
sample 50, the composition elements of the melt was quentatively
analyzed according to JIS H 1305.
[0144)] Next, the cast rod was cut into a length of 6,000 mm.
Then, the cut cast rod was homogenized under the conditions of the
treatment temperature of 470 °C and the holding time of 7 hours.
[0145] Thereafter, the cast rod was cut to remove the outer
periphery to have a diameter of 50 mm. Further, the cast rod was
cut into a length of 60 mm to obtain a round columnar shaped forging
material.
[0146] Next, this material was preheated to 420 °C and then
pressurized from its end face in the axial direction to perform
upset forging into a thickness of 10 mm. This upset forging

corresponds to the forging at the forging step of the present
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additi-se, 3aoi cinntof Siistciosmvall,priraryiwaspartial rexisted in

the upset forge:: product; i.e. primary Si was not entirely. existed
in the upset. forged. product. of Si was within the range of

t hepresent invention, since the additive anmount of P was too snail,

pri maryiSiverxished conl ythe tipeetenfergpoyt ween wirfdenepset forhgedorge
product and no primary. Si was existed at the outer peripheral

porti onprocessing rate ddrreypard@triy ecExaaptesgd Hr@ihsandy 2datsidicehe
the additive amobunt. of Si was too nmuch, segregation. of primary- Si

occurred; nEQISLL A, | 1'n‘{get15éﬁ1%|e%1%3 igdd hough-the: addibb VR terial

amount. of Si was within the range of the present invention, since
t he additive_ a s too nuch, eutectic Si Wasforrredintoa
ne. &dl eké}%a%el gﬁ‘ﬁgﬁe %he oUghness of the upset forged product was

Aol obL PR oy 2008 98627811 61 GFOkt BBBF-30° 3008 it Y e 6°

di scl osure of which is incorporated herein_ by reference i
entiret§, TPOISHN tt¥fulhithe uhiderSFadlt hat st M@SSEr &O%ﬁe?ﬁpgg§8eﬁ‘?s

used herein are used for explanation. and have no nntention to be
used tosebistraé i cashilhited ranasTenUhdtd el Ci anda-her ta pytificial
equi val ents of featureb shown and nentioned herein, and all ow vari ous
nodi fi catyiogsundet |ty cwirtdiitn drise ocl ahaeajgim@[mermentdtmm eserf00° C and
i nventi on.
the aging time of 6 hours.
[0148] The upset forged product to which a T6 heat treatment
was subjected was cut and the cut surface was mirror polished, and
the microstructure of the mirror polished surface was observed from
the center portion of the upset forged product to the outer
peripheral portion using a metallograph to check whether there
existed primary Si, segregation of primary Si, and the shape of
eutectic Si.
[0149] As to the presence or absence of primary Si, it was
judged based on whether there existed gray-brown block-shaped
crystals when microstructure observation was performed.
[0150] As to the presence or absence of segregation of primary
Si, it was judged that there existed segregation of primary Si when
three or more primary Si were gathered and there existed a primary
Si aggregation in which at least one of distances between primary

Si is shorter than the grain diameter of primary Si, and judged

that there existed no segregation of primary Si when there existed
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[0160] Wi | e the present invention may be enbodied in nmany C

ifferent. fornme, arnaaberofillustrativeenbodi nentssoedescri bed

herein with the understanding that the present disclosure is to be.
consi dereo. as providing exanples. of the pi eciples of the

i nvel i tmo. snth andmsudhSexagpkegaarennot: intended to limt titue
insesUiion to preferred enbodi nents described herein arid/or

i | lustravesl]herei neutdanfc Wil el d | husiratievenbodi aeal s sofather than
i nventi on have beeh described. herein, the presEsat inisnroien is not

i mitmed i@, Fhegyaripus: preter ;& edr eahotif BN Pgs  AESHEE . mbadlked, if
berefs, but ir.p.brucjes axv and all enbodi nents havng equi val ent

| mhod! n
e eﬁentsm?gz?ﬂﬁ&' %%X %enﬁﬁ@r@}g p% i pad 'oqngfgg,g v s BSRERS that

across vallc. us e tations and/or alterations as

woul d be appreciated O. those.in the art based or._th r esent

di scl os%?'égggrh‘é % FR% 407 sl?ﬁot‘—’hélecﬁdé:ef_isrs??pane t Ef) tﬁl’(la(xg)irraftelrc|)or"‘7e Sed S
brstsidThy basnd or. the | anguage enployed.in the clituass and not .

i ffitetld® exdripies deseribet Pue Priesentas pbeifee attdh oPPEatiing
the of: the application, which exanples are. to be construed as

non- excélusbwe. For exam 1.21e, in the presenh discaosure, the term

"' preferabay” is non-enpinsive and. neare "preferahay, but not
[imtedMeans] - pl us-Trf uliet ciolamnopfstepaplhasibdbuncin ahid i Mzt at'icdnslenotes
wi | | be anpl oyed where for. a spec Hiic claimltation. all of the foA

| owi ng €eadi tions anecppesenbri A hhat-heitakpennadrrialt feasahoenofine
"step for" is expressly recited: ft) a. correspondi hg functien is

oo SSbersel el mod astpuctine. mierial onsebe e sanoort

prosecuféf§3?f thi%mf&ﬁk%&ﬁgkp@able 4 and Fig. 12, in Examples 9-12, the
additive mount of Si was within the range of 11.0 to 13.0 mass$%,
the additive amount of P was within the range of 0.005 to 0.010
mass%, and the additive amount of P satisfied the aforementioned
formula (1). Therefore, the crystallization of primary Si due to
continuous casting becomes stable. As a result, primary Si
entirely existed from the center portion of the upset forged product
to the outer peripheral portion thereof, and there existed no
segregation of primary Si. Furthermore, eutectic Si was formed
into a spherical shape. Accordingly, an excellent microstructure
was obtained.
[0154] In Comparative Examples 17, 23, and 24, since the
additive amount of Si was too small, primary Si was partially existed

in the upset forged product, i.e., primary Si was not entirely

existed in the upset forged product.
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the term nol ogy "present invention': or "invention" nmay be used as a.
reference to one or nore aspect within the present disclosure. The

| anguage present inverdnipn. or invent i Gl should riot be
big)roperly interpreted as an identification of criticality, should

not be i[opeeperly im epppetredias @mpplyidagsacriossowdi taspetiist bre amount
enbodi ments (1,s,, it should be understood that the present invention

has a ngmber Qfasaspeaish ange epbagdbMmeat HhepraidrghoemotoMe since the

inmproperly interpreted as limting the scope of the application or

o T AL SR 0Ll L e e g Bt

can bé used to describe any

aspect, feature roces r ste conmbi nati an thereof, .and/or,.an
porti onc?ﬂg?ﬁo?éﬁgiqnl%]?s%h% %é%?%c}s/]fg?ﬁ;blroo sucgcnt%lgﬁrrlgjn § gy Y o1 was

i ncl ude overlapping features, In. this disclosure and during the

prosecut¥ontef thi sheasetetneSF dPR6WRhgPaRbr8% at ed t er ni nol ogy nay

be em | X1.0yedm "e.g. " whlb.h. neans "for exanple; and "NE)" which

means "heiebhel |, ¥ | NDUSTREALVAPPKEORBES TV 0169, | Thél prleseffince the

i nvention can be used for a production nmethod of producing a

neai Hdnatidshape mabenicaloff ofi amaengbne mpicst, orsdardye ummun®f omiAary Si

varicie atoEbH lc:: or ..torcycle rv'i ar*, r--arba.-haw, materi al

for an epgineed; H n DESCRI PTI ON OF THE REFERENCE NUMERALS [ 0163]

enoi ne pi ston crown face portion 4skirt portion 7piston ring groove

portionrdinear - net -shape Aater ialpfa,Bno2end NenPigt @Me addi tive amount
of Si was within the range of the present invention, since the
additive amount of P was too much, eutectic Si was formed into a
needle-shape. Thus, the toughness of the upset forged product was
low.
[0158] This application claims priority to Japanese Patent
Application No. 2009-250278 filed on October 30, 2009, and the
entire disclosure of which is incorporated herein by reference in
its entirety.
[0159] It should be understood that the terms and expressions
used herein are used for explanation and have no intention to be
used to construe in a limited manner, do not eliminate any
equivalents of features shown and mentioned herein, and allow
various modifications falling within the claimed scope of the
present invention.

[0160] While the present invention may be embodied in many

different forms, a number of illustrative embodiments are described
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12crown face portion correspondi ng portion. 1l4skirt portion
correspondi ng portion 17piston ring portion correspondi ng portion 20A
hori zontal continuous casting device 208 hot-to p continuous casting.
device nr) continuous casting nold nelt 31lcast rod .fforging materi al
40f or gi ngretlevivteh tAenettfedsofngioduthag ahaearenentstapelmated als to
for an engine piston, the nethod including. the steps of
be considered as providing examples of the principles of the
invention and such examples are not intended to limit the invention
to preferred embodiments described herein and/or illustrated
herein.
[0161] While illustrative embodiments of the invention have
been described herein, the present invention is not limited to the
various preferred embodiments described herein, but includes any
and all embodiments having equivalent elements, modifications,
omissions, combinations (e.g., of aspects across various
embodiments) , adaptations and/or alterations as would be
appreciated by those in the art based on the present disclosure.
The limitations in the claims are to be interpreted broadly based
on the language employed in the claims and not limited to examples
described in the present specification or during the prosecution
of the application, which examples are to be construed as
non-exclusive. For example, in the present disclosure, the term
"preferably" is non-exclusive and means "preferably, but not
limited to." Means-plus-function or step-plus-function
limitations will only be employed where for a specific claim
limitation all of the following conditions are present in that
limitation: a) "means for" or "step for" is expressly recited; b)
a corresponding function is expressly recited; and c) structure,

material or acts that support that structure are not recited.In

this disclosure and during the prosecution of this application,
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a continuous castinCl. step of continuously casting a nelt having a.
conposition consisting of Si: 11,0 to 13,0 nas:i& Fe: 0.6 to 1.0
mash% Cu: 3.5 to 4,5 nmass% M 0.25 mass%or less, My: 0.4 to 0.6
mass% Cr: 0,15 nass%or less. Ni: 0,6 to f(-4/6) x Cu

mass% 4tbe nasishnZrogP, B dert. Ihveass¥%n “20r0" 00%eth 01 On 0 Ik yrass s Caas
0.002 mass% or less, and the bal ance being Al and inevitable

i mpur i thesebyrsetding.orge Bt ndrempeiic eibefior enpogibBgnthe ikl dsitre .
a continuous casting nold to 720 OC or above to thereby obtain a.

cast r O'FhQQ‘éh@Qla%edﬂ)P@EéﬁE 19f,e83% 1'011'1009 i k8885 o8Nthould not be fi Q\Eg‘o@ﬁrly

step of forging a orglng mat eri al obtalned by h. oanen|Z|n cast

rod atiaclepperatune of 300499005 ' AlS Aear 01;?8518“?18% be

nater|af an eng|ne p|st rodu0|ng
a near-net -sha nynaterlal for an englngéglston as recit

wher ei n3R" T 1Y vel BRBERTCbFIP R t ABPLEMPBsi EFOASGf ?ﬁg n@ﬁpec or
satisfies the foII(xedna formula (1): 0.0025 zadadditive.i xfonutof51
--025 :eneo@ddTRRivef(iodt 3100250 ihebaddindsws mfsinFaf Sihe. present
0.02_Formula (1) where a. unit of the additive anount: of P

and a unnveofithéamdi himbeanplimtsiofctS andr enbhdinss %)  raspestdwid pot
Aneal - nst - shapomat eri al f or anengi nei gi st 5nproduced. b:'," the netbod

of produsiingrgwedry neteshape ofhaterimitit@ransengienef pilst pppldsation
recited in claiml or 2, wherein. there exists n: leerySi at.

| east ipra-nofdd on 9f thhe Reariosnet ashaper MRy efhdlpeadasPosWidg tha s
a skirt portion and a poitlon of the near-net-shape materi al

corres pgﬁ%p%égog Ript (Hérg{' 'Iﬂﬁvo JF Q%S Q% aRbhe used td"@%rs%ﬂbe

Crknos € no brlnary ong a. ijall'T"Mdi anet
o:tsGjra or

E ang_ho e oo s glggntlgm %E: hecr oF,
a. raX|%H¥1aF8ﬁﬁ er ~of §6ennF5P ore,° 1. A Sheaf - het Mt er 1 4.

tor an. 9 . A piston. produced by forglng, ,
and or any portion thereof, etc. Il some examples, various
embodiments may include overlapping features. In this disclosure
and during the prosecution of this case, the following abbreviated

terminology may be employed: “e.g.” which means “for example;” and

“NB” which means “note well.”

INDUSTRIAL APPLICABILITY
[0162] The present invention can be used for a production
method of producing a near-net-shape material for an engine piston
to be mounted on a vehicle such as an automobile or a motorcycle

and a near-net-shape material for an engine piston.

DESCRIPTION OF THE REFERENCE NUMERALS

[0163]
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whersin the near-net-shape material. has a conposities. consistinn f:
Si: 11,0 to 13,0 mass% Fe: 0.6 to 1.0 rass% Cd: 3,5 to 4.5 nmass*,
Wnh: 0,25 mass%or lees, My: 0.4 to 0,5 mass% C: 0.15 mass% or | ees.
Ni: 0.6 to P, -1/6) x [Cu nass% e5-jrmaes% Zr: 0,07 to 0,15 mass%
0.005 td 0, 016ndBSSYiLaon0, 002 mass% or | ess, and the bal ance being
Aa and inevitable :inpurities, 5. The nedr-net-shape material for en
engi ne pi stoncaswhethtedpbhttbai m 1. wherein an additive amountP in
Cne conposition of the near-net-shape raterial satisfies the
fol |l owing forgutac (ddrtion 0. 0025 x an ad.dlticai. amunt of S
0,0257;i: an addi Live amount of PO, 0025 x the additive anpbunt of S

- 0.02_For nmul a. ; jt_of the additive anmount of P
and a uf:1-1t8%§é%%er%%%i?¥€§&§ Oﬁgi%? Si are. V' nmass%,

respertively, 6.The near-net-shape erial for.,an engjine piston as
recitedi¥n cI%?%?Zﬁ%?_g?ape mateﬁh%fﬁ#%rt%%r%n%&?gt%l%%?ﬂary S at

| east Inc portion of the: near-net-shape material corresponding to a
skirt pofti onCEAE: B2PBrPPHRlOF THE ATRPLAELESARPEIHat eri al

corresponding to a piston ring groove pciction, and wherein
there exfsts FolpriparyiSi fewiagrendiedipemydeamet er of SO pm or
nmore and. no Al.-Fe-Ch:--iyin series gigantic crystal having a

maxi nunidi angpestof SOhgnport imn ecorresponding portion
20A  horizontal continuous casting device

20B hot-top continuous casting device

22 continuous casting mold
30 melt

31 cast rod

32 forging material

40 forging device
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CLAIMS

1. A method of producing a near-net-shape material for an
engine piston, the method including the steps of:

a continuous casting step of continuously casting a melt
having a composition consisting of Si: 11.0 to 13.0 mass%, Fe: 0.6
to 1.0 mass%, Cu: 3.5 to 4.5 mass%, Mn: 0.25 mass% or less, Mg:
0.4 to 0.6 mass%, Cr: 0.15 mass% or less, Ni: 0.6 to {(-4/6) x [Cu
mass%$]+5tmass%, Zr: 0.07 to 0.15 mass%, P: 0.005 to 0.010 mass$%,
Ca: 0.002 mass% or less, and the balance being Al and inevitable
impurities by setting a melt temperature before pouring the melt
into a continuous casting mold to 720 °C or above to thereby obtain
a cast rod having a diameter of 85 mm or less; and

a forging step of forging a forging material obtained by
homogenizing the cast rod at a temperature of 300 to 500 °C to obtain

a near-net-shape material for an engine piston.

2l The method of producing a near-net-shape material for
an engine piston as recited in claim 1, wherein an additive amount
of P in the composition of the melt satisfies the following formula
(1) :

0.0025 x an additive amount of Si - 0.025 = an additive amount
of P = 0.0025 x the additive amount of Si - 0.02 ..Formula (1)

where a unit of the additive amount of P and a unit of the

additive amount of Si are “mass%”, respectively.
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3. A near-net-shapematerial for an engine piston produced
by the method of producing a near-net-shape material for an engine
piston as recited in claim 1 or 2,

wherein there exists primary Si at least in a portion of the
near-net-shape material corresponding to a skirt portion and a
portion of the near-net-shape material corresponding to a piston
ring groove portion, and

wherein there exists no primary Si having a maximum diameter
of 50 um or more and no Al-Fe-Cr-Mn series gigantic crystal having

a maximum diameter of 50 um or more.

4. A near-net-shape material for an engine piston produced
by forging,

wherein the near-net-shape material has a composition
consisting of: Si: 11.0 to 13.0 mass%, Fe: 0.6 to 1.0 mass%, Cu:
3.5 to 4.5 mass%, Mn: 0.25 mass% or less, Mg: 0.4 to 0.6 mass%,
Cr: 0.15 mass% or less, Ni: 0.6 to {(-4/6) x [Cu mass%]+5}mass$%,
zr: 0.07 to 0.15 mass%, P: 0.005 to 0.010 mass%, Ca: 0.002 mass%

or less, and the balance being Al and inevitable impurities.

. The near-net-shape material for an engine piston as
recited in claim 4,
wherein an additive amount of P in the composition of the

near-net-shape material satisfies the following formula (1):
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0.0025 x an addition amount of Si - 0.025 =an additive amount

of P = 0.0025 x the additive amount of Si - 0.02 LFormula (1)

where a unit of the additive amount of P and a unit of the

additive amount of 81 are “mass%”, respectively.

6. The near-net-shape material for an engine piston as
recited in claim 4 or 5,

wherein there exists primary Si at least in a portion of the
near-net-shape material corresponding to a skirt portion and a
portion of the near-net-shape material corresponding to a piston
ring groove portion, and

wherein there exists no primary Si having a maximum diameter
of 50 ym or more and no Al-Fe-Cr-Mn series gigantic crystal having

a maximum diameter of 50 um or more.
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