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{ Residual Stress ]

-

7N

- Material - - Peening Conditions -
(a) Yield strength (a) Shot diameter
(b) Hardness (b) Shot hardness
(c) LCF-behavior (c) Velocity
(d) HCF-strength (d) Peening time
(e) Shot angle
(f) Injecting area
(g) Shot machine ]

Fig.1.1  Relation between residual stress and
shot peening conditions

Table 1.1  Chemical composition of specimen (wi%)

C |Si |Mn P S |[Cu |Ni |Cr [Mo [S-Al
0.20/0.26 0.84|0.0180.013 0.09 /0.08 |1.19 10.150.021

1-2 EBRAE
1-2-1 #HEPMELURKLE

BEERPPRH B AL 22mm D SCHA20 BRI IEREMR T H 5. £ DAL B % Table 1. 1
IZR9. EFMZ1193KT 1 BRRIBEAL S Uk, ME19mm, £ X76mm, E X 10mmiZBEHk
MT U, Fig LACRTERAEER L bOERBN & Ui, BRAETE,
BER SR DCO, L., NS BERAS X CGBHRXA Z) #1T, 1183KT 3 W
FrEte, 1103KE THH U, & OEE TISMER LI il AN 17 - 72, 2D,
133K T 2 IR DBEIL & LR AT - 7. BHRAEEORBI FHOBE, HOEES
X ORLE Y X % Table 1. 2157
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1183K

Carburizing 1103K Tempering
Rx gas 4 33K
10.8k s 1.8k s 7 2 ks
(3 h) (0.5 h) (2 h)
0il quenching Air cooling
(353k)

Fig.1.2 Carburizing condition

Table 1.2 Vickers hardness of specimen after carburizing

Surface (HV) Core (HV) Efective depth (mm)

122 390 0.90

1—-2—-2 7—9NA}@E

T =7 MhZ, 1950FERICEEINIZEDT, Vay hE—=Z V7RI
MY TE2RLBAEDEIARDEELFETHUETELEN) T 0D, EEH
BTOmEERPRICBITIHEREMLL > TS, JEL, Fig 1.3ITRT
£, UWEREERTHETIVA VAN vy TERFEETEEL, Yavy hE—
Z VB ERBUCERONL, KOEEFT A VIV -V THATS. Bl
FTHBETIVA VAN v id, BENRCIH4-50DHDT, EXHL. 3mmdD ik
DARZERW. Fi, WELLT =271 MERZmAEERT 3.
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Almen strip

Arc height

Fig.1.3 Measurement of arc height value

Arc height

100 200 300
Coverage (%) (Time)

Fig.1.4 Relation between arc height and coverage
1-2-3 HNL—=D

ANV—=D Y gy MUIKIEEOEERERTET, 7—7/ 1 MEDOH
ERHTTIVA Y Z MY o TEREBEMETIMECHEALTHRICE D RD B, &
gy MLUIXZEENERERERICRIEX, NNV —-D100%EERT 5. Fig 1.4
X7 =714 MELANV-DOBRERT. RIIRT LI, AL —UhF
(F100% & X SRR TT — 7/ 4 MERERITS. £/, BN — IH3200%,
3005 TH B &) T &I, 100%E72 584D 2, 3MEDHMY a v PE—=
VIOMI A Tl L2 EY%T 5.
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1-2-4 FEPICHAE

BREISHDOREBIEXBRIETH Bsin? g B HNTIT - 7o FHEX#IE, Cr, Ka
wAERY, HAEESXUOEREZENENIKY, 10mATHS. KA-DFIEHD
B TH O PP, FOBHEER E XBREYT 2T ) QLD FHEER & DT A
20 %ALY, BIFAGERETSEIEICKD, 20-sin?¢ MHOMEHI S5
HicHhxEFHE L. 0k, [GHEHK IZIE, -317. MPa/degk M7z, £/, A
FE264%, 0°,10°,20°,30°, 40° & L= 7.

X cotf X ——x 229
201+ v) "7 71807 ssinzg

0240

o siny
WER G OB IS OREE, 1X2mD< ZAF v 7% Ul L TEBRIEIC X
DEMEARLAICBREUENST 7. vXAF U752 UREEIE, BRUTEBRE
DI DOHFHEBABT D ETH5HDTH5B.

=K (1-1

1-2-5 YaybE—zUI%HE

KFAFTHEH LIy ay FE—= V7 OMIEE TR LOEHFN LT KT,
%% DFUOREBERBIEMICFEMTES L1, WTFhHrOEREEHAW.
b E, BORSROBEE, Fig 1.5 (@QITRTLH1Z, FMHEKoFR
iz, o, BEAENMEERMISH UTEMISES XD ICHELL. £/, =7
—HK DA ITIEFig 1.5 (IR d & 51T, it & U 150mnDALE 12 E 51 0mn
D/ XNEEy bU, SEM O REERGSFHBOPLRIZAE X )ITHELL.
BLRXOFE ERBICERSAETHEAMICH UTEATHS. T/, #EME,
B PY 7 — TV RENICE D AR e TRy P U, T—7 )% 12rpnTH
EIXBRNSMIT AR L. REEETEOERFEROEHE, 1 RXT—DREEH
FEELOFETERD. KIZRT LIS, #EAMEA RS — DB R
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LTWBIENS, Yay ML, 1 URF—hoOHHETHAM ICESN XN
TW3b0DET5. Fi, 27-XOHEIE, REHEEZERNT S E0HES
fodd, RETEEEFBEICHETIRNENTHRHALL. 2T, Y3y MHOK
SERFEOESXO%E, 100kg/nin, =7 —X0H4, Keg/ninTh 3.
Fro, EBRIERALILYay M, STV RAY IS Y—-TZORREE
%Fig 1.6ICRT. Mk, HEEEFCRBNENL X CERHEEMIE, SERE
Bohicidl LTH 5.

Specimen

Impeller

Fig.1.5 Location of specimen in each shot peening machine

0.9mm
Fig.1.6 Photo of rounded cut wire

1-3 =BRER
1-3-1 Yay PMUEOERBICASHENOEE

gy MIBROEELHAT S DI, EENIVII0TEREAS0. 4mmn&0. 8nmd
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SV RAy FIAY =20, BFEERTT - T, #HEFIX0. 58P,
HHRERIIZ90sTH B, Fig L.TICY a v PE—=Z U VB HOBRH IG5 %R
T ¥ 3y MIED. dmDGE, HERMOBEEICHIL-T00MPaTH b, EHHEHIS
S DOHEKMEIE-10500Pas 7 > T 5. —F, 0.8mmDEHE TIIHHH-4504PaT,
BEDN-950MPaTHB. Uk, HHFIT/RLAKIIC, T—7, 1 MERK, Yav
MR, SmmD DI 2 5 K 1R - TV B D, EMRBREISH O K3
(T TWWB I EDDbM5.

ZDXHIT, RBEERES UTHEMCTORAMEIXIZEA EZRMLLIZL. #
12, ZREMETRRNEORXVAMEOVEMCHIIE>TNE. 20 &id, &
CTOEMEHERRKIZTINENFEL TSI EEFRBLTNS. i
NHLBELUERESLDE, Yay MOEBZRXLF-—PRE LI E
&k, REHOMHUEROBRENELL, EMICHPEMINS0HEREERLT
W5, ZLUT, RHBEOKEWN). SmDOBHAITIFESI N80 uneBZ THEWEMEIE
HIDREHELTED, MEREREXLTEI IV E—Z v 7 RENAXLES
CELDLMBN, Thdbyay MIOBBZRIVF-—DNRE L - o SHE
TX5.

0

® 0.4mm HV700 A/H 0.29mmA

—200 O 0.8mm HV700 A/H 0.60mmA
—400

—600
—800
—1000

Residual stress (MPa)

L 1]
0 40 80 120

Depth from surface (um)

1 1

1
160 200

—~1200-L—

Fig.1.7  Effect of shot diameter on residual stress distribution
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1-3-2 Y3y MBEEOERBRCNSHENOEE

Yay MNOEEOREAMAT ALY, EBRICBWTHW Y gy MLIZE
BZH30. 3mmTHREEEAAV520, HVT206 K HVIODS Y v KAy b A ¥ —TH 5.
BEEBII LT T, HESI20.5MPa k0. AMPaTH 5. % 7=, H 4R I1360s
ThHb. Fig L8y a vy " E—=Z VT UBBOBRYEICHA G ERT.

Yay MROEEOKETIE, REFMDOIGCHIIFABETH 50, RAEHEHY
6 F113HV520D 854, -650MPa, HV720D454, -1200MPa, X SICHVTI90DHA IR,
-1450MPa& ¥ 3 v MRIOBEEICHAI L TES B o7, 72720, RAREMBEIEH
HIZKEBECRHEHDD, 7= A4 MEZIZIBABRE LB ->TED, 7—
A MEDEHBEEICHORKEOREZIIIHIEL TN Enbhb.
DEIHIZ, Yavy MEEELE LTSI EICXDBEICEHISHORKMENE A
T5. LHL, Yay PRBENELCTHEIENG, REMDICHERCEI H I
DRIRBIIXITEA ERENTL.

DEDkHiT, Yay MOWEENRKMORmMEREHVT22) EREEEL EIZ
b L, BEENEELS LTERVERSCAI BRSNS I EIZES. Zhid, &
KEFICY gy MIBEKOEENE IS K157, HNLTHOBHEENEhHR
IS RELIHRTHEEEZONS.

0
—200(
—400
—600
—800

—1000

—1200F \ *-O < @ HV520 0.5MPa A/H 0.22mmA
R/ OHVI20 0.4MPa A/H 0.25mmA
—1400[- ~C OHVI90 0.4MPa AH 0.26mmA

_ T I U ISR R S SR
16004080 120 160 200
Depth from surface (um)

Shot diameter : 0.3mm

Residual stress (MPa)

Fig.1.8 Effect of shot hardness on residual stress distribution
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1-3-3 BREEFEORBALCHABNOLE

gy MR ORSHEEDOLELRATH.HIC, ERICEWLWTHW Y3y b
B, EED0. 6mmTHEELNIVI200S Y KAy 74V —Thsb. HHEE
BORHEHAT, 1 RS —DEELHIZ L D RD I G HEEI1L62m/s £82n/sTH 5.
7z, HRETERRDIZ180sTH 5. Fig LUy ay bE—= vV NEEOEYICT
SfiERT.

Vg vy MIOERSHHEENC2N/sDGE, REEOKRRAIEIZ-4200PaTH v, E
RSN OB KMEIL-820MPal 78 > TV 5. —7, 82m/sDIFA TILHIHHY-500
MPaTHE M -950MPaTH 5. 71k, Y av MIOKRIEEEFC TS &, EHEK
BISHOBRKEDOHEMEEBIIT =714 MEDEL > TWAB. T I T, i
WUTHERERZRRY, TS MEEBREIGHORKMEEIHSEL TSI &
NHON5%.

TDEIIT, BEEEEKELS TSI LK ERISHORKMEIEPPRH LT
5. Fl, BIHANOHBEOETRKE(NLS. 72720, REEEEZHBALT
BB I XNVF—ZGEDRIb00DST, HEOKEBDLEIAThEN/ILLI L
KEBBETORHBRMBELC TN, T, ISIKHERICULILHRICONTIE
AHTH 5.

@® 62m/s A/H 0.34mmA
—200 O 82m/s A/H 0.49mmA

—400
—600
—800

Residual stress (MPa)

—10001 Shot media

0.6mm HV720
- 1 200 — l ! ] 1 | 1 | 1 | |
0

40 80 120 160 200
Depth from surface («zm)

Fig.1.9 Effect of shot velocity on residual stress distribution
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1-3-4 HBHEABBOBRBELCHSENOEE

Vavy MORFHEMOEEEEATHIDIZ, ERIZBVWTHW Y3y |
i, B mmTHEENV620DS 7 KAy 74V —Thsb. BHFEER
7 —3KT, BHEENIZ0.5MPaTHB. F/o, BLEEFRIZ40s, 60s, 100sdD 3 K
2TH5D. Fig LIy sy hE—= V7B BEOBREIC A/ ERT.

Vg v PROTRGFERNENT IO ONTERBREICH DB IFRNDOZRH
B AKTS. £, REMBORNEREDLSTTNWSDOOD, EEHI) S40unZE
TOIGHIZEHABFRAIE NI ERELS L >TVSE. ChiZRHFFRNERL 251
ONT, BMHERENKESBDHEIR UL IS TTBEHMORFEIZRECNL S
HEEZONS.

Dt, 420%HK%2%LD5E, Vay MREREOI ORKEIZER 5E
Db REV. BERERIIEATIAMENPRENI EEZEZINE, E—= v
TIWLDEMBEECHORKIEORESTHIENBEENLS. LIW-T, &
BREEMICEVRNEMNETHIENTEREHELTIE, Yay MROEE%
HMOXRMEREITES T5I ENBLELILS.

0
< ® 40s
% —200 O 60s
»n —400
[72]
o
< —600 / D/,/U
S —800
=)
§ —1000 Shot media
~-Lr 0.6mm HV620

"-1200 — I 1 ] 1 ] 1 l 1 l 1
0 40 80 120 160 200

Depth from surface (& m)

Fig.1.10  Effect of peening time on residual stress distribution
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1-3-5 BHAEROBRBLCNSHICEZINE

bk U 4 RO, BHAEORBLHRATILENDS. Jhi, HHE
1 EAHEHTEEE, WKIC XVOF.LEREEy b UREEIE, sl
THRSAENEMICHE S, L - T, WIS INEhamiE, WK
DZENEHLET S LEIAMNOHRED 5 TR KEFAERRICSEI/NE LS
ZIENTRINS. —F, RHHEOEEX, EcOIFES &t mEEEEIC
KELTWS., Zhokhkvagy PE—= U2k EX V510, Htd s
BEEICH UTHERBYEICHEZD RN E T2 0¥ E L, BHAAEOR
BIIOWTHRT 2LENH 5.

ZZT, YVay MOBRFHEOELEAHEIATHIOERIZENTHNWW Y 3
w MBLIE, ERD0. 6nmTHEENHV600D S KAy NOA Y —Th5b. #H#4t%
BIET7—RT, EHHESL0.MPaThH B, F7o, RHTRFHIIHAMEZHES S
TRWTET» ofc®, bs& L. THNEANV =200 YT KR THS. &
St EEFig 1L 1INCR T £ 910, BeFFEHOPREHAM O IIZIE L K HIT/
ZIVAEZE L, 90°, 60°, 30° D 3k#EDKRIAEE L.

Vay bE—Z VIR OBREICH i 2Fig L 12ICRY. ¥ a v PHOEK
SHAEINNI KL BIZDONT, HHBERIGS O KAE K& R X J5 A~ O 5
MMETT 5. Fi2, KITRLUILEIIZ, £4DT7 =7/ 1 MEEZBIE UICKERT
LEGFABICHHM U TN >TWNAE. I22L, BHEAENC0 OBEE&ICIE, 30°
DOEE LB TS EBRFAICHIMN DD NI T =7 4 MEEBHIZI0° EHENTIK
FTERENDPELIES>TNSE., ZN6DZ E0S, LTI A WRAT
bbHEEZONS. LIch-T, HEICESFAOFLEEY b UAEETTS
BHETYH, Wl UTESAEN60° U LIty b TENIE, SHTREOEHE
BB ETEEZ EICE 5.

Fig.1.11  Shot angle
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0
< Shot angle O 30° A/H 0.19mmA
a -—200F O 60° A/H 0.35mmA
\E_, 400 A 90° A/H 0.40mmA
A O
L —600F ,’
e 7
7
= —800
: 7
2 —1000[-
O S=— _p-""—="  Shot media
o _ | =
1200 0.6mm HV600
]

| | | | I
—1400—5—20 20 60 80 100 120
Depth from surface (u m)

Fig.1.12 Effect of shot angle on residual stress distribution
1-3-6 HHFFHEANOERBRICHIHDEL

7 -ROBFHEBEHNTY a3y NE—Z Vv TRE AT HE, B0
& UTHRHEHEBNREINE A S, fIRE, =7 —HTi/ AIVOEREN
10mmD &1, BRHFFEBOERNENOEN0~50mmI LR SR, 2D &b
S, BRHEEFRE LB TRICHFHITENDRESL I E0”TFRINS. L
Do T, TT7—RORHFEEEZHVBHEITE, Bl LcRstAEOREDMIC
BEHEBN OB HOEDOHEEER T LIHENDS.

ZIT, BHHERNOIEHATOENERERTHID, 1 -3 -5THWY
aw MRIZERL, BHEHZ0.MPaTHAMICY ay PE—Z VML %ETT -
fo. BEHTEFRIIL60sTH 5. 84k, HRHEBRBPRELEFREI D 10mmBEN /LB
B L 15mDALE TEREIGH ORIE TV, FHBNOZEERERA L. Fig 1131
Vay hE—= U NBROKREICH S ERT.

ST HEB A RIS 10mBEN /o & Z A SEINCERBREIC 6L, &K
HICZREDONBNHOD, WX HMOYMBHEBMICENE LTS, N1,
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O Center of injecting area

< _ L OO 10mm distant from center

% 200 A 15mm distant from center

S 400 A8
% ’,A’/ ///
£ 600

n

= —800[

-

© —1000}-

o Shot media
@ —1200f 0.6mm HV600
_ I | | | | |

140050 40 60 80 100 120

Depth from surface (x m)

Fig.1.13 Effect of injecting area on residual stress distribution
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O Air type machine A/H 0.23mmA
—200 @ Impeller type machine A/H 0.19mmA

—400f °o @
—600~
—800|-®
~1000}-

Shot media
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| I TR B
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Depth from surface (xm)

Residual stress (MPa)

Fig.1.14 Effect of shot machine on residual stress distribution
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Fig.1.15 lllustration of different types of residual stress distribution
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Residual stress (MPa)
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Fig.1.16 Residual stress distribution of type (a) in Fig.1.15

120

—-200
O 0.3mm, HV720, 0.4MPa, 30s
—400[- O 0.6mm, HV720, 0.4MPa, 60s
—600F g A 0.9mm, HV720, 0.4MPa, 180s
—800
—1000}f
—~1200} o,
_ - / o 7
1400 oI
—1600
|

I l | | |
—1800—50 20 60 80 100
Depth from surface (xm)

Fig.1.17 Residual stress distribution of type (b) in Fig.1.15
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Table 2.1 Shot peening conditions

Shot media
Shot size
Shot hardness
Shot velocity
Shot machine
Peening time

Rounded cut wire

0.8 mm

HV550, HVT30

40 ~ 82 m/s
Centrifugal type

7 min (coverage 300%)

Table speed 3 rpm
1
Shot hardness
i O HV 550
0.8 F [J HV 730 /D
i 0.65mmA 0

Arc height (mmA)
o
(o]
|

o
~
|

A B
0'220 40

60 80

Velocity (m/s)

Fig.2.1 Relation between shot velocity and arc height value measured

by A type strip
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/\ Not peened specimen A
—200 -~ -
—400F Peening conditions

O HV 550, 82 m/s
(] HV 730, 66 m/s

—600
—800
—1000(- O

Residual stress (MPa)

_ I | | | | 1 L 1
1200 0 40 80 120 160

Depth from surface (& m)

Fig.2.2 Residual stress distribution at arc height value 0.65 mmA
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99.9 O Almen A strip

Cumulative probability P %

Fig.2.4

A Almen C strip
99 <& High hard trial strip

(o]
o
|
I

HOID
OO0
T TTT T
1T T T T

-
o
|
I

| I ] I ]

'130 40 50 60 700 1 2 3 4
Hardness HRC Thickness (mm)

Fig.2.3 Normal distribution of hardness and thickness

0

0.4
Shot hardness

) O HV 550
£ 0.3 0O Hv7ao
E
5 02f ot
5 095 —©
e
< 0.1

0 1 I 1 ] L

40 60 80 100

Velocity (m/s)

Relation between shot velocity and arc height value measured by
C type strip
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_. 08 7
= N /</— Almen A strip
£ s
- 0 6 B // /,{‘D
'ccn - /// -
8 .0
< 04
o i
< Shot hardness
0.2 O HV550
B O HV730
[ l 1 l 1 I 1
%O 40 60 80 100

Velocity (m/s)

Fig.2.5 Relation between shot velocity and arc height value measured by
high hard trial strip
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Residual stress (MPa)

—400 Shot hardness
Open : HV550, Solid : HV730
—600[m
_. \
—800
—10001 5 40 s ~a ® 45 m/s
0O 65 m/s B 66 m/s
A 82 m/s A 80 m/s
—1200 | | I | | | |
40 80 120 160
Depth from surface (xm)
Fig.2.6 Residual stress distributions
Table 2.2 Maximum residual stress at each shot condition
Shot hardness Shot velocity Maximum residual
(HV) (m/s) stress (MPa)
40 —765
550 65 —854
8 2 —922
45 —-903
730 6 6 -991
80 —1030
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1200

Shot hardness
QO HV 550
0 HV 730

1000 |- -

(o]

(=]

o
|

Maximum compressive
residual stress (MPa)

600 1 | 1 | 1 | 1
0.2 0.4 0.6 0.8 1

Arc height (mmA)

Fig.2.7 Relation between maximum compressive residual stress and
arc height value measured by A glpe strip

1200

Shot hardness
O HV 550
[J HV 730

o
3
|
=
0

0

o

o
|

Maximum compressive
residual stress (MPa)

600 M B R B
0 0.2 04 0.6 0.8

Arc height (mm)

Fig.2.8 Relation between maximum compressive residual stress and
arc height value measured by high hard trial strip
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0
N Peening conditions
< O HV 550, 78 m/s
o —200~ O HV 730, 50 m/s
= |
% —400
17
S —600
0
o
x —800
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Fig.2.9 Residual stress distributions at arc height value 0.42mm measured
by high hard trial strip
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Rolling direction

Width

Shot velocity 80 m/s

Shot hardness HV730

Shot hardness HV550

Arc height 0.82 mmA

Arc height 0.66 mmA

Almen \ y \/ /
A strip
Hw = 0.52 mm Hw = 0.36 mm
Arc height 0.56 mm Arc height 0.39 mm
High hard ~
\_/ ~——_ -~
trial strip

Hw = 0.21 mm

Hw = 0.17 mm

Fig.2.10 Comparison of bend height of width direction between A type strip and high hard trial strip
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Fig.2.11 Weibull distribution of measured arc height values
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Table 3.1 Chemical composition  (wt%)

C Si Mn P S Cu Ni Cr
0.54 |0.20(0.72 |0.017 {0.01 |0.08|0.05(0.14
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Fig.3.1  Residual stress distribution of annealed specimens at each
shot condition
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Fig.3.2 Residual stress distribution of quenched and tempered
specimens at each shot condition
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Fig.3.3 Residual stress distribution at two different coverages
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Fig.3.8 Comparison between calculated and experimental residual
stress distributions of annealed specimens
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Fig.3.9 Comparison between calculated and experimental residual
stress distributions of quenched and tempered specimens
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Fig.3.10 Comparison between calculated and experimental residual
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Table 41 Shot media
Hardness Shot media Hardness | Diameter
level (HV) (mm)
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HV550
Rounded cut wire 594 0. 895
Cast steel shot 692 0. 925
HVT00
Rounded cut wire 678 0.902
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Table 4.2 Shot peening conditions

Hardness Shot media Peening time | Arc height
level (s) (mmA)
Cast steel shot 180 0.700
HV550
Rounded cut wire 200 0. 700
Cast steel shot 180 1. 020
HVT00
Rounded cut wire 240 1. 000
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Fig.4.3 Micrograghs of shots after Ervin test 1mm
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Table 5.1 Chemical composition of tested material (wt%)

C Si Mn P S Cu Ni Cr Mo
0.38 {0.21 {0.80(0.026 |10.01 {0.11 |0.06|1.02]|0.16
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Mechanical properties of each tested material

Table 5.2
Tempered 0.2% Proof | Tensile Elongation | Reduction
temperature stress strength of area
K Oo. 2 MPa os MPa d)% LIJ%
673 1313 1411 16 50
713 1225 1298 18 56
60°
0.2
\f
_ < ¥ _ (]
S y -
20 20
40
Fig.5.1 Specimen geometry
Laser displacement
O.1N,HCI sensor \\\s
s Specimen MomeﬁI arm [:]
0
o/ N '
L[] |
‘ 400
Holder
Weight

Fig.5.2 Testing device of delayed fracture test

_73_



5§—2-2 Yay bE—ZUImMT

Yay PE—Z UIHRICKIFT Y gy MROWEL X OKBEOZEAHE T
iy, 3FHODY g MPRIEZH# L. Shot A, B E V450 L 04
UEWHVBS0 T R 2150 umD Ay b7 A4 ¥ —T& 5. ShotB ik L UShot C i
P ENRBRAEE L DN D EOHIVE0008M s 5 v FTHS. BECTIi
SRR, BHIS0um, Cix90unTHh 5.

Vay M= U7 OMLEEZZT KT, =7 —H1iF0.2PaTH 5. R
BAYIREEIZY gy PE—= V7 —ffiIiiE b £ 512, B Z#19rpn
Th¥E X7, 0k, BHFERIZI045THS.

5-3 XBERBLUEE

5-3-1 REBOEREILHSH

6T3KBER LB L OTISKBER LM ICBIJ 5y 3y hE—= 7 (LT,
HR UBEAZWRTIERDHENQT, T ENSPETIME L USPTI3H &I1ES) &
KALEEAF (LLF, NP6T3kf 3 & UINPT134F & 0 3) DM AL K i DR It 153 fi % Fig.
5. 3T, Bk, XBISHUERBRRITE, YIREETORENAN LD
IR EJERE &% UWEBICEBIN T U v 2 fnve. NEHROREE, #lE
LN E < X% 2 7 (Immx2mm) UZe L TEBIE TR A IZBRE LN ST - 7.
HNSHONIEIIZ, Yay NE=Z U7 MIIZ& > THEERT O RS IS
J113450MPah & 600MPak75 D, N P#HIZib~NE K £350MPakgin L, &H &#180
umDE ST H200MPat2 EOHHEFE IS 2L L TNBE I ENDbh 5.
ZIT, BEMICKBEMBRICT OKE X EEMBEE IS OA LT 5 HiH
D] Jj % E R INFTAM G 5 728, BREIST 500 diR & B & O O B & B
IZK Dk, OB, BRISHH MRS RN RIEICK DK, FEorHEH
BRI SHEX60unE TTHS. Fig. 5. 3IZSP6T34 DShot A1l 13 5 434 ih
WO BHRERT. &Y gy FE—Z V7 &MICEB T DB IS R4 i & Table
5.3 9. COBRESHEMEEHA T Yay NE—Z V7R E IR U,

ﬁ74_



Open : 673K tempered, Solid : 713K tempered
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0 20 40 60 80 100
Depth from surface (u m)

Fig.5.3 Residual stress distribution

Table 5.3 Integral value of residual stress

Shot condition Specimen at a strength Specimen at a strength
level of 1400 MPa level of 1300 MPa
Not peened 3.0 MPa+mm 3.0 MPa-mm
Shot A 28.3 MPa s mm 27.7 MNPa - mm
Shot B 27.6 MPa « mm 28.6 MPa « mm
SHot C 21.8 MPa + mm 26.1 MPa - mm
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Fig.5.4 Delayed fracture diagram of specimens with strength level
of 1400MPa
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Fig.5.5 Delayed fracture diagram of specimens with strength level
of 1300MPa
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Fig.5.8  Micrographs of surface layer at notch root of specimens
with strength level of 1400MPa under condition of Shot A
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Fig.5.9 Relation between displacement of moment arm and time at bending
stress of 3430MPa for specimen with strength level of 1400MPa
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Fig.5.10 Relation between displacement of moment arm and time at bending
stress of 2450MPa for specimen with strength level of 1400MPa
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Fig.5.12 Micrographs showing crack initiation for specimens with
strength level of 1400MPa
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Fig.5.13 Relation between displacement of moment arm and time
at specimens after hydrogen charge
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Fig.5.14 SEM micrographs of delayed fracture surfaces at a nominal
bending stress of 2450MPa
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Table 6.1 Chemical composition of tested material (wt%)

C Si Mn P S Cr Mo
0.21 {0.21 |0.82 | 0.014{0.02 |1.17 |0.15

M10 xP1.0 M10 xXP1.0
e 0 e -
" | o f |
.S_. X
15 22 38 22
95
R0.25
=
Notch root

Fig.6.1 Specimen geometry
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Fig.6.3 Hydrogen thermal analysis apparatus
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Fig.6.8 Results of delayed fracture test for carburized specimens
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