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Abstract.

Aluminium Alloy AC8A is the material used for casting piston
head. The piston head is one in which has high possibility to fail
by fatigue, caused by fluctuating pressure in combustion chamber.

Fatigue Failure has very little data because of many instru-
ments and long-time testing. So, this project was established for
getting more data about fatigue strength of aluminium alloy AC8A esp.
for the data at the operating temperature (temperature in combustion -
chamber of gasoline engine) at the beginning. But lacking of tools,
so, testing at room temperature after Heat Treatment for strengthen

the specimen.
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Tunrnadatii ﬁaqﬁqﬁaa Aluminium Alloy AC8A iﬂﬁqmﬁuﬁauazdduﬂizﬂau
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L/ Reference
. . Category {Classification
Grade Desiggfitifn of alloy of mold Fquivalent Specific feature Example of
name of alloy of alloy application

Aluminium alloy ACTB Al-Mg alloy| Metal mold. |AA 520.0 Superior corrosion |[Optical instrument
casting sand mold. resistance, frame, case, .
Grade 7 B shell mold good mechanical pro-| aircraft parts,

perties. however, parts of

poor castability. airframe for .

Due to aged deterio- | aircraft

ration. especially,

elongation reduces.
Aluminium alloy ACB A Al-Si-Cu Metal mold AA F332.0 Superior heat re- Automobile piston,
casting -Ni-Mg sistance, good ab- Diesel engine pis-
Grade 8 A alloy rasion resistance, ton, marine engine

low coefficient of piston, pulley.

thermal expansion, bearing

high tensile strength.
Aluminium alloy ACS8B Al-Si-Cu Metal mold Superior heat re- Automobile piston,
casting -Mg alloy sistance, good ab- pulley, bearing
Grade 8 B rasion resistance,

low coellicient of

thermal expansion,

high tensile strength.
Aluminium alloy AC8C Al-Si-Cu Metal mold AA A332.0 Superior heat re- Automobile piston,
casting -Mg alloy sistance, good ab- pulley, bearing
Grade 8 C rasion resistance, :

low coefficient of

thermal expansion,
high tensile slronmh.J




@159 2 @ @wtlirnaumeiaiizay Aluminium Alloy
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. Chemical composition %
Desig-
nation |y Si Mg Zn Fe Mn Ni Ti | po Sn Cr Al
. 0.10 0.20 3.5to |0.15 0.30 0.6 0.05 0.20 { 0.05 0.05 0.15 :
ACT A max. max. 5.5 max. max. max. max. max. max. max. max. Residual
el
ACT B 0.10 0.20 9.5 to 0.19Q 0.30 Q.10 0.05 0.20 0.05 0.05 Q.15 Residual
max. max. 11.0 max. max. max. max. max. max. max. max.
~ 0.8 to 11.0t0{ 0.7 to 0.15 0.8 0.15 0.8 to 0.20 0.05 0.05 0. 10 .
AC8 A 1.3 13.0 1.3 max. max. max. 1.5 max. max. max. max. Resuiual‘
2.0 to 8.5to {0.50 to(0.50 1.0 0.50 0.10to | 0.20 0.10 0.10 0.10 iy
AC8 B 1.0 10.5 1.5 max. max. max. 1.0 max. max. max. max. Residual
2.0 to 8.5t0 |0.50t0{0.50 1.0 0.50 Q.50 0.20 0.10 0.10 Q.10 .
ACB C 4.0 10.5 1.5 max max. max. max. max. max. max. max. Residual
ACO A 0.50 to {22 to 0.50 te ] 0.20 0.8 0.50 0.50t0]0.20 0.10 0.10 0.10 Residual
1.5 24 1.5 max max. max. 1.5 max.-| max. max. max. esidua
ACY B 0.50 to |18 to 0.50 to | 0.20 0.8 0.50 0.50t0|0.20 0.10 0.10 0.10 Residual
1.5 20 1.5 max. max. max. 1.5 max. max. max. max. esidua
Remark: Vanadium and bismuth shall be up to and including 0.05 %. However, such elements as vanadium,

bismuth, and those not specified in Table 2 should be analyz

FwfuauttrnaunisLall legast Bae L HuderiTien 3

4 p 74 1
A9 3 @ AUTEAAUNIN L ARYAYEW LR W N Tnadan

Si

Fe

1.01

11.71

1.14

0.11

1.20 | 0.08

0.01

2 a) 2O v
( naﬂamﬂumﬂg{m L37)

ed only when requested by the purchaser.
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2). NTIITNIIVRE

1. w1 Aluminium alloy AC8A waz Graphite mold (d'lmawuaza‘”m
) luievaan Wi (Electric furnace) nuﬁﬁmMQﬁ§qﬂizuwm 720 ‘¢

2. 11 graphite mold dutmaazaunaty  aanunaas Erfivdauany 4
'1'1\?aémff'ﬂﬂiiﬂkgu (water cooling system)

3. 147 ACSA WRAULUWRIBANIMNLA 3m§mﬂﬁﬁTﬂaiﬁ thermocouple wWiau
fudin slag aan uasnudn ﬂuﬂizﬁqgmwﬁﬁama@ﬁqﬂizuﬁm 700 ‘¢

4. o ACBA wRENLYAY Ay luwunvaa  wataan W we biheiTudu

5. tasmal (Ysgnn 7007¢) EEARINLAN PR R LN IVEN
mold Lﬁaﬂauquﬂﬁiuguﬁanad ACBA uaanLwaaqﬁidqﬁﬂdauéﬂa%uuwwﬁdauuuﬁae mold
i Fun 3 lduavaoneitaen T Re Tuss i 1ﬁLM§Bﬁﬂﬂ%§ﬂ

83 i ﬁﬂgmmgﬁﬁmzLﬂ ACSA waaN L MARILE A AT NN AR

Ul 16 : N1TLN ACBA VRENLVAT A9 auimaa
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4 ¥ X ] o «f <
VAR NN TNeEaY AT 9Tk Tuaﬁuﬁ1nﬂxznwﬁqmmguqﬂﬂﬂuﬂﬂanaq ACBA 18

) )74
LW LaTaie Wwian  Jedasnnng heat treatment fumuneday WHA1 strength

-4 <4 ar & ! i ' 1R/ .
gqﬁh LﬁaﬁaLﬁaﬂnﬂqﬁnunquiqﬁaaanWﬂﬂ111§Qﬁuiqmmgﬁgq Il L Ranl#R T-5

(Tempered) GMNIATIZM JIS H 5202 Gy luAn119n 4

“‘I -y -4
f1INN 4 ¢ q:uauumnwﬂana\ﬁu\mumaau
Tensile test Reference
Grade Subdivision of Desig- Tensile Elon- Brinell Heat treatment
quality nation strength | gation | hardness
| Annealed Solution treated Tempered
kgl/mm2 % HB(10/
{N/mm2} 500/30) | Temp. °C | Period h| Temp.°C | Period h | Temp. °C | Peridd h
Grade |As cast AC T A-F 22 min. |12 min.{Approx.
TA {216 min.) 60 :
Solution treated, | AC7 B-T 4 30 min. {10 min.|Approx. Approx. |Approx.
Grade }and quenched {294 min.) 75 430 18
7B l(air cooling)
As cast AC 8 A-F 18 min. - Approx.
{177 min.} 85
Tempered AC 8 A-T S 20 min. - Approx. Approx. | Approx.
Grade | {196 min.} % 200 a
Solution treated, | AC8 A-T 6 28 min. — Approx. Approx. |[Approx. [Approx. | Approx.
and quenched and {275 min.} 110 510 4 170 10
tempered
As cast AC 8 B-F 18 min. - Approx.
{177 min.}) 85
Grade | Tempered AC 8 B-T S 19 mfn. . Approx. Approx. | Approx.
3B ' {186 min.} 90 200 4
Solution treated, | AC 8 B-T 6 2B min. -— Approx. Approx. | Approx. |Approx. |Approx.
and quenched and {275 min. ) 110 510 4 170 10
tempered
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medan (Testing)

Rotat.ing Bending Fatigue Strength Testing

1). gﬂﬂﬁﬁﬁqﬁquﬂﬁinaﬂau #a LATaY Ono’s High Temperature Rotary Bending
Fatigue Testing Machine Model H7
- ° v & ol o o
fauTannnneday 1§ GNULGTIEAMANYE ﬂun1snﬂ§q
iy 850 ¢

T18az L 28 5quamq1u3uﬁ 22, 23 uas 24

4] -
S
A==

R0 ®
i A
= = E

zﬂﬁ 22 : Ono’s High Temperature Rotary Bending Fatigue

Testing Machine Model H7 (Schematic Representation)



gﬂﬁ 23 : Ono’s High Temperature Rotary Bending Fatigue

Testing Machine Model H7
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b 74
2). uRaunIneRal

uy i 2 o e e . 4

1. quiuﬁﬁuﬁazTﬁnmaauLnﬂﬂuudﬂu§quu (chuck) nedashu

} 74 } 74 :
(Bavredy Lifetusumaeniatue i B . .aq7 1 Bisaw
|° |£ z t

2. ld load anuin w3 Cuiiily Feud 13 T 20 kg, wardifunns

nagauf room temperature avdiadld based weight Hnludaa)
< o < 2 o o o Ap

2. dateday,  vSuarwi§asaulieen Nesduniaemis
6 i X ‘
Clut | ¥atseunm 3310 rpn 6aae)

b 4 ) 7 '
4. Reset WATlutay, wianfiuteaminuin Wngsinfiuiunedauas ey

4“ X a Qo O ’; [ QAI K as e
5. Llatuenuane N suIwIay uazmwuﬂﬂ‘lﬂ ‘lum':wmfmwa

'3). n1IewEmn Bending Stress

Distance Between Load Supporting Point : L cm (20 cm)
Weight : W kg
Diameter of Specimen : d cm
Uniform Bending Moment : M ket cm
Bending Stress given to Specimen : S kgf/cmz
as 16

M = WL/ 2 = 10W kgf cm
s = 32M/ 94

= 320 W/ Mg’

= 101.86 W / d° kgf/cm”

= 9982.18 W / & MPa

( @1 Maximum Stress 1av Pure Bending = Mc / I

@1 I rawmndenan = Md® 7 64 )
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t ] E 74 )
@150 5 ¢ ﬂﬁﬂuLﬁuQQQGﬁuunaqﬁuQWuﬂaaau LB 9R N RGAUEAZAT

(ﬁww%nLﬁudﬂguénaﬂqnaq Specimen = 12 mm)

Weight (kgf) Stress (MPa)
20 115.535
19 108.758
18 103.981
17 98.205
16 82.428
15 86.651
14 80.874
13 75.088
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Tensile Testing
Lunnineday L Wani@n Ultimate Tensile Strength mas Specimen ACBA TS

Vet i Fau Rarfunnas1su JIS H 5202

3uﬁ 25 : LATANTORALLIINS

dnen ¥ lun11neday Tensile Strength
- Test Mode Single Tension
- Test Speed .20000 mm/min (1/10)

Traverse Speed 50.000 mm/min

Return Position 10 mm

Recorder Mode X-P

X-Axis Load

Load Cell 10000 kgf
F/S Load 5000 (%2) kgf (auto)
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MIaTYdal Microstructure
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#vw Gazaan
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Rotat.ing Bending Fatigue Strength Testing

@119 6 : uamimaaumwmmudaﬂ’nuLﬁtﬁm'mgu
Specimen Load Number of Cycles Pouring Temperature
Number (kg) to Failure (in Casting Procedure)
48 20 145 300 700
26 20 64 100 700
45 20 328 900 700
55 20 80 3500 700
54‘ 20 489 200 700
38 18 326 100 895
32 18 278 100 700
47 19 273 300 ' e80
40 19 210 800 700
06 19 244 000 885
18 19 185 100 700
a9 18 504 200 700
52 18 887 900 700
41 18 421 800 700
17 18 517 200 700
53 18 2 858 700 700
51 18 247 80O 700
11 18 180 200 6895
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: NRﬂWTﬂﬂﬂaﬂﬂﬁﬂﬁﬂuﬂﬁudaﬂiﬂﬂLauﬁﬂﬂgu

Specimen Load Number of Cycles Pouring Temperature
Number (kg) to Failure (in Casting Procedure)
01 17 198 800 680
039 17 315 300 895
08 17 876 200 700
50 17 508 600 700
16 17 759 000 695
05 17 288 900 685
23 16 1 058 900 700
42 16 224 000 700
33 18 721 800 6820
12 16 2 188 500 895
29 16 1 257 800 690
25 16 854 100 700
30 16 1 013 300 890
28 15 2 125 000 6580
31 15 1 897 100 700
49 15 5 505 200 700
35 15 1 610 200 695
19 15 7 656 200 700
43 15 1 147 600 880
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Specimen Load Number of Cycles Pouring Temperature
Number (kg) to Failure (in Casting Procedure)

34 14 2 877 800 680

38 14 5 578 400 700

13 14 > 10 152 000 700

22 14 1 664 900 700

24 14 > 11 000 100 700

37 13 > 10 855 000 700
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Tensile Strength Testing

(159N 7 3

HANTINANALLINAN (Tensile Strength)
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No.1 No.2 No.3 No. 4
Maximum Load (kgf) 3857.5 | 3123.5 | 2788.5 | 2728.0
Elongation (mm) 1.5490 4.1430 3.4160 3.03880
Meximun Stress (kgf/mm®) | 21.81 | 20.20 | 18.11 17.72
Maximum Stress (MPa) 213.74 | 198.85 | 177.52 | 173.67
K
Strain (%) 3.0980 | 8.2860 | 6.8320 | 6.0780
K3t . 7% : :
| I{QDDQ v . 2mmsmin i
/ L s
4000 L.
3000 L.
'
| -
//
2000 | !//,/’//
1000 |
D ! 3 4

N 28 :
]

£ /ongai‘ion Cmm)

[ YR
NTUIIMNVINAI AL TGN 2D ﬂﬁumﬁanﬁuﬁ 4
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dqwa & T3nad )

MSNATBLUMIAIIANNINURDA L HUARMYU BN ACBA-TS ﬁqmaqﬂﬁBQ( room

temperature ) USAINATUFUNS I s-n curved {panmnanusauiiiusansem
fi 10758y

s MIaeieaud1 ( Fatigue Limit )azagﬁéwnawutﬁu 80 MPa w32 load

14 kg. wdneirumsiiondussy  deaedu ( wumanged ) féni1 80 MPa

2
Fusuasdl anadeny w98 mamunudausus 18 Susmousaugann taetiiie

MSUARNKN
Snvasmisriaveeduumesoy 1seannmsd ( fatigue failure ) 3xifum
v 9 wih 9 Hunsfluvaenmsiandylundusn ( Reversed bending ) Uax msefl
tfiusav ( Rotation load ydw i Surfla No stress consentration over load
Vlaganndaemsanainut duas nseiaBuuEnsomcdnnnin 10750y
{asadpsadusunasay  fmsnssnefnes silicon ( gyt fuladanszay
58y 9 1husan (lseangn Naon fiReanty )agif WM uauasHanani
audanunisye ( abrasive ) tMiuddNLEND uazud e dwuu,dng yaefiuey
fnsepnanningNdmaddy ( Guage Length )

MSNANBUAIHLAUAN ( Tensile Test ) B TDENATASY URENTINIERNTY
acsa-T5 Hutdadouteude, (e, Sntlege nsINAFqR Yield Point WAL
@1 Tensile Strength MIRIWndifue 196 MPa Teufldgendy 2 é1 #wndy 2 &
s wmsnagauns¥ras Waind Beefuaanan fuade

darudud  Jaandeenady Sdflee 40 % B MNILAUGNER ( Maximum

Stress ) WNSNAHDY Tensile Strength
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qungfl Acsa vaan i flaWduseina 700 C foufiazinaeu wwuvda Tumoufiarsadioa
fapfige  wmnefeas¥oumsn Acsa uiilgamgdgenntfuty

gavnfifl i mNeANTULUUMAD  graphite (LIMTRIBULUIMED) URs  ACBA @ 720 C

sevuniandafu Lﬁuawtnqnﬂqﬁnﬁﬂﬁ wuuwds graphite (Hudasi$iifuty
(s ims i deftmdafutou vaess
fueunedu LARmsTatawanusauiiens i iu fuSiashuidesnng (Fillet)
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