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Abstract : Recently, the steel parts used at the aerospace and automobile industries are required to

be used light weight parts. Therefore, used material, steel have to be a high stress, which is an

indispensable condition in this field. At the consideration of parts design, high hardness of the

lightweight parts have an benefit of saving fuel and material. A high stress of metal has a point

of difference according to the shape of design, external cyclic load and condition of vibration. A

crack generates on the surface of metal or under yield stress by defect of inner metal defect or

surface defect and slowly, this crack grow stable growth. Finally, rapidity failure phenomena is

happen. Fatigue failure_phenomena, which happen in metal, bring on danger in human life and

property. therefor, anti-fatigue failure technology take an important part of current industries

Currently, the shot peening is used for removing the defect from the surface of steel and

improving the fatigue strength on surface. Therefore, this paper investigated the effect on frcature

toughness using shot peening which is improve the rtesistance of crack growth and crack expansion

rate by fatigue that make a compressive residual stress on surface.
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Table 1 Chemical compositions of specimen (wt%)
] c [si]Mn] P | s |cr]cu
| 056 | 0.25] 0.84] 0.016] 0.009] 088] -

Heating

0il quenching

Temperature

Tempering

20min
|
]
T
|

Fig. 1 Conditions of heat treatment

Time

22 & E 1Y

SdE AFA gEHDFSES sty 93
&AM 2ENY 7| A Table 29 £
z702 AYA EFAHA KEY 7/HFE AP}
Ak AL AEEL 08 mmE AAFNOH 4
EE BEALELEE 70 m/sE SIAch S ENY M
FAzANA AMZANE 9B %E FAFALY
olABIOE FFL EY FBAEZE 70 m/solA

zo] FAHU

Table 2 Conditions of shot peening

Impeller Shot Shot ball | Arc-

Specimen |diameter | Velocity | diameter | height

(mm) |(m/s)|(rpm)| (mm) (mm)

JISG SUP-9| 490 70 | 2200 0.8 0.39
23 =& ¥ 3EEH

£xIYrteAe e ddgE x2AEY] 98
H ZEA(KOSAKA, Surfacorder SEF-30D)E& 9]
S3Fdtk A e At ALE 2 imE JHE}
o ZA4sFL 1go 2 st Ful&2 10008, 3
&L 50H 2 Y. gy AEHAYIEA 9
3t A FEAFESHEFY BEEEE FASE
71 9ste], AE=2AHL vlolaz HAXAHEA
(Micro Vickers, MOK-E3)& o] &3ttt =435}
Z NHEWOZHRE 20 um ZHo|A= 25 g&

)
g3, 150 pm Hol7kA= 300 g& 483t
o

24 fETRSY &4

Ngd gl F4€ 4TS X-
A AFLEZA I (RIGAKU-MSF2M)E ©]) §35%
I, AL 20 pm HolgdHE AAqE HY3}
WA Table 33 & A2 FAHAUY. 54
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Table 3 Measuring condition of residual stress

X-R
. a.y Condition
diffraction W=51 12.5
Target Cr-V 63.5 12.5,
Voltage 30kV Fig. 3 Fracture toughness test specimen
Current 10mA
¢ 0°, 15°, 30°, 45°
20 140° ~ 170° 3. Adde @ @
Diffraction Scintillation counter .
3.1 dEAIE A3l
_ Table 45 @A Fol 227} ARAPA
25 mmeld AE £ ez k. AAEHs) Ao ARAFRE
Fig. 25 d3QAddge) 2183 AF7|2 MTS = 656 MPa, €38 ¥¢9 9AZEE 1226 MPa

model 810, 10 & 8F<] AFE AN MEFAY o4 g7 % A% gy AL & 5 ggon,
HAZA G/ E, Fig. 32 Aol A8E NIHAY  qay iy @ Addd datd aEXYLS A
Fgar AFE el 908 d-L g aeuy A AdA tEA ztzt ol
ASTM E3099¢] ¢lA3sled CT(1/2T) AlgdHo 2N ARG 3 A QAdAREe Wi gk
W=51 mm, B =125 mmeo]® %7} =X4do] 4 9

ANFA = W9 8o/ WE 05022 3Tt Table 4 Mechanical properties of specimen
Agde AHe dxigdd ZEvk FEHelA Tensile strength | Yield strength | Elongation
L-T2&o 2 AFsRoy, w29 éiE{ b5 (MPa) (MPa) (%)
slojo] Auu Ao &ste] 71T F XHS 28 before heat 656 580 1
olg vjaloz Aulslgdtt. treatment

dEde FHe Fu4 15 Hz, AEIAE XA after heat
dold 15 mm ADFReH K 43 mme leamen
= ~2¥= 005 mm/minle2 -2l A5l

1226 1079 9

32 ¢EAFSY 53

1o ol w

Residual stress (MPa)
| 1 !
g &8 8

@—={gp o010

-100 \
1. MTS 2. Grip
3. COD Gauge 4. Controller 0 0 10 200 a 200
5. Specimen 6. Computer Distance from suface (ur%

Fig. 4 Residual stress distribution on distance

Fig. 2 Schematic diagram of tester machine from surface
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PaZ &4 Unpeening
678 MPaz A R, 1.20 um

ZHt 100~170 R (Din) 88 gm %M}%W%v]% g’e*
=1 e .

A LEE FA R ,(Din) 88 pm

garog HryEe A=AFLHAE ZHAA T Shot peening T "“”"“"”"““";’“””"“
e ooy Agoz wad R, A% pmp e R ¥
. w"‘““i § {‘ % ine%w
R ,(Din) 269 pm [ ‘vﬂ ‘%.L; Jﬁ&!f W
8
33 FHzEe A BX R ,(Din) 269 ym |1~ :
Fig. 6 &EVY 71Fo 9ste HAdm Ay
B ERe 2EE =2Aso dAuyAdde g Fig. 5 Profile of surface roughness pattern
229 HwEIY EHRE FAHL 25 mm F¢
< 39 FAA AT (R)T 239 HY
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(R)E e

(R, 108 HFAR7
SEIYS FALS A9IAEAANE Rt

[ R A

88888888 8

=
12 pm, R} 88 pm, R, = 88 ymZ A %
2, &= AF Agde FuzsE R B P
435 pm, R,, RV &7 269 pmz A=} -0~ Stotpearto
olsh o] FAzEY FERHE AYel ¥l 0 o ® ® @ 2 @ @ o
te] &£EDY JFFAEHe] L I FHY Depth form the surface(un)
k. oo & @ auB EA}Q_E% 7hEA] Fig. 6 Hardness distribution of specimen
A4s A¥zxke JAU(R)E F71E oz
Azt Fig. 6& 2EAY 713& 34 g o 34 atzolM A
A Ede] ddd LEIY HEE AFH G304 AHA AL AFAL 74z 3749

o] ik 7355‘«_—2% ]JL?"‘]'C':’ EASAY gk "]@f_é /\};g}%oq Zb Azl her ubu] ol

SRR BYEA B A AW B qg gae o 4 1)) 8l AU,

dEE BT 453 H,,i*i FdolA WA g} P

AETY o K o= ?/2 Aalw) (1)
Edy 7} BW

=3
BELELE FRAAIN H,  fo/W= (2+a/ WN(0.866+4.64a/ W
=465, 40 pm ZolelA H,=457, 80 um Zo}dllA

—13.32 a%] W*+14.72 a®] W?
H,=455, 140~200 pm H,=452, ym 200 pm Z

o] o] H,=4560.2 v}l m glr) o]} zkol ~5.64 a'/ WH/(1—a/ W
1A

ANdA FTHEGA 100 pm7tH e HE7 =A N H;z

AYHR Q= A4S %4 mBR G go] & Lo T ATIN

Eg Faouxd] oste] Agd wde zxg B P AHRAS FAmm)

ZUEA GNP N A AFd yry W o AZAY Z(mm)

oot xe AR BFHR o AMPer o #GPol(mm)

= Amel 2 s v A9 olRe d qgan S9d4A(KeE ASTM E3999)4

£7h EE lEel &E AFS F BE AR gay gazas 2ATABE U obd 4@

o] apolrk @A FA U, APz HETYS T 3 @e % BEddons HuANges T4
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stk Table 5 Fracture toughness of peening and
P oax ! P min<1.10 (2) unpeening
. . Fracture
B,a=25( Ko/ oy)* (3) C;::Zal leq():;rdna] oy | Elong, | tovehness
A Aol ofF AdE AN dd AHE Ptk | Potk) (MPa)| (%) Kic .
unpeening @] 7% Fig. 70 Y eI 2 peening9) (MPa - m™)
A48 Fig. 8l uvehuigith d@dse)d ww _pecning | 2287 | 2287 |10 ] 9 | 782
unpeening A ¢} #7AFFE 1015 MPa- m®® unpeening | 29.67 32.21 1079 9 101.5

peeningA ¢l  HHAJAHAFL 782 MPa-m =

unpeening A9l W3] unpeeningAl el =<l gkol 34 mEeld AlE Fo| mtud

233 MPa-m™2 9/ Utthe 2¢ 2 & 9ok, #9a4A8 F g3 e gd3r] Hsd
°olv & aAs #ol A=A A shot  dA4AMAL Agto A FAsAh Fig. 9
peeningoll o3l F¥ Fstet 4H5IFEHol A4 = g o) FAE shear lipe A et
o] 2439 5 peeningdll 98 FAIUR gy pazeE gguyz vk a2gdAd  (a)=
Busn glov #ag AN A A" heening 2419 FoEe Yehlle Rz 3
o dsf ad ddiwe $Hol dfsl U= gyo gz g@ 9ol shear lipol 2A A4
el WtE @RS sldts FAAY H4¥ o ggr Ae @ £ gon (b)) peening A4
& dAned ARATEAA IIE HHAD L g ggwg gudE ReRA @%E @Y =

Ao oz 233 HAHNAINE FEFoEA AHalof ©kzre] shear lipel FAE o] Y= Re @
s ggtel Astdttn Azhenh Table 5l 9t ol Fig. 77 Fig. 8914 peening )\2]]

Fig. 7% Fig. 89 232 A A vteluid el 7} unpeening Aol Hl& 3914 gto] ok 30 %
0 A #ZardAde AdFe F A%t F AT
o iy 4 Ay AgHd diste] FHAd AP
5 peening AAlE A2AVF AR FolRE FHY
 a— Asz dstel AMvTe F4e oA Iy
> ®r / EAR9 shear lip2 4e] AHA2} unpeening
< o 29 4SS A A Al AR zE G
ER! Hwo) £49 UFQ shear lip: FAF=Y @
= o} & UAst AMHNOBE peening2 Aol Hla)
s| Ao oz gy gte] A viskiviar Azhgict
00.0 * 0?5 ]f() 175 270 275 3.0 ? /_Shear o
COD (mm)
Fig. 7 Relations between load and COD in unpeening /" hear lip /\
25 : —
e/ shreen
20}
15}
%\ (a) unpeening (b) shot peening
'c'g 10 Fig. 9 Schematic diagram of fracture
3
i Fig. 103 Fig. 11& 334 A& %9 sgy
Abz1S Jeba gitk Fig. 109 (a)E unpeening
00.0 03 10 1T5 2.0 29l shear lipe] B4€ AAE Jetdl= Ao
COD (mm) 24 shear lip #E2 +F T45F vl &49W
Hoz g8 AN HHE g3t Yok (b= <

Fig. 8 Relations between load and COD in Shot peening
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1 (h)e F4® gl A9 unpeening A
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(b) middle point

Fig. 10 Fracture photo of unpeening
ZF¢dHo FAE KEIYIIE AFHY
W 9ol tle AEBEE HAAM  H,=465, 40
pm Zolel X  H,=457, 80 pm ZololA H,
=455, 140~200 pm Zolo|N H,=452, 200 pm

Zo) o|F& H,=4562 2 i}ehiti vk
3. 2EAYNES ¢ AgAe FAAHA(K )

782 MPa - m®, A9gA @A a4
£ 1015 MPa-m¥o.2 £EIYI APA

(a) shear lip boundary Hlel 77 % A% =4 =AU}

4. peening AA9 A FAAGFel unpeeing
A vle] Aslstgi o, oy Y AP
ol B¢ UntE FEFeolmz EW9 A4S
Feae axMzte & 7oA EPoy
peeningol 93 EHAI=E A FHZAAE
FregozA Aol A Aoz A
Z} gkt

5. unpeening® A #HHAG AFA] HHol
shear lipe]l ZAA FAEoZA gy r}

(b) middle point olg]d AW Ee Y& shear lipE A3
Fig. 11 Fracture photo of peening =48 AvlgozA sHedAgle] FUME Aoxw
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