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2.6.1 AMNANNUSTRIAMINNINITINNAINAMNIINUAMNLABLAZ AN
YRITDEIS?

o 1

anndayain ldarnnismeaasudagfetinaaissisetiesoniy B9NANEUTAY
4 Y . - Y , J e .
A 2.10 Faen13eAnNmARImINAng 2.9 Taelduuinaes cyclic stress ALAINN
N P oo o 4 4 ay
N133AFaL 1 NINLNTY WaUALANWIU stress cycle NI AWAASIUAINT 2.10 Tld stress
cycles 2 5261 AN curve AT 2.10 (1) wdna lEindn
dl v o Y [ QI v [~3
1. WaaNeaessasindatianas 809N13Na89N19519 da/dN fi
aviAndasmulsag
[ %3 al v QI v
2. ARIINITNNIBINITUANGIY da/dN ALNNANNAIIHNENIURITALIED
42 ¥
ANN
Y , A X I
3. 1 cyclic stress (0) WNAY BATINITENNTRETIINALLNNALAIE
HuRadnsNIsiNIasinaeiann e lian1ag cyclic stress AZNANEIULANNAING

o

%
2.10 WATHANNANNUS AT

L fo.a)

a, crack length

N, Number of stress cycles

(n) (1)

ﬂ’]‘W‘ﬁl 2.10
(n) mei@@ﬁaﬂmﬁmﬂ fasnARaLEa edge crack ngl# cyclic stress
(1) ugRIANRINs R 1Eann crack length vs. A1U2U stress cycles 413U o, LAy
o/0,>0,)
flan - Principles of Materials Science & Engineering — ngainm«:41siniunviasl/
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Tagulédn fatigue crack growth rate da/dN fuudsaiuderiduaes cyclic

dl ¥ % o dl val o0 A o =1 o 1 Ao
stress WI‘T]LL@ZWJ’]QJE]’]Q‘IJ@\‘I?@EI?”]Q a mwfmwimmmsmmﬁLﬂummumnfwwmqmm
lua Ny fatigue crack growth rate Hudenduniy stress intensity factor, AK
(mode 1) B9iluN1999N1B9ANNLAL LATAINENIUR9928519 ANNFUTANTNANNIRAINITN

wane|etearia N AN iy

da
— = AAK"
dN
e da/dN = fatigue crack growth rate , mm/cycle 170 in/cycle
AK = stress intensity factor range
= K. .-K.. Judaenily MPa.m' visa ksim™
A4 a o o o o o < -
A m = ARSI eﬁ\‘iLﬂuW\‘mﬁjuﬂme ATLINADH AITND BAEUNN

u

WAL stress ratio
Aanaunsieuuld  stress-intensity factor K, (mode 1) lald fracture
toughness value K, ﬁxﬂ&u‘ﬁl maximum cyclic stress
Stress intensity factor = K = amaX\/E
LL@%‘ﬁ minimum cyclic stress
Kain Gmin\/%
AK(range) = Koo = Koin = AK
= onVm-o,Nm = o, Nm

Imed stress intensity factor Tadl@nvuaduiy compressive stress 148ne 8n

a

O i \{lu compression IFOIIW Koin ﬁwumiﬁﬂu@uﬁ 1HAT y, geometric correction factor
§U AK = oV faviuaylfaannsidly
AK = yar%

2.6.2 NI MNUARIANNFNNUETEWING Fatigue crack growth rate NUAT
stress- intensity factor range

e lihiledeunamugaannnuduiugseing Fatigue crack length vs.
stress-intensity factor range data A8 1 Tauns e log da/dN vs. log stress-intensity
factor range AK lunsiliialil agldnswidunssiefeududunsuanidt da/on vs.

AK Indaziflu da/aN = AAK™ 15ald log iegaadnaaslfiilu
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log da/dN

log (AAK™)
log da/dN = m log AK + log A

§1138unsIzNINg log da/dN vs. m logAK azldinsifluidumnse Geliaanu

UL m
o . .

AN 2.11 uanInInead log crack growth rate vs. log stress-intensity factor
range 189N1INARAL fatigue TBIVANNAT ASTM A533 B 1 nawliludsaanliiiu 3 dow
dqud I iy fatigue crack growth rate iaTRgIN1n @9 11 azldnsmiudunsauans
da/dN = AAK™ uazdaud 111 crack growth IiaTuee1emaEe uazlndazunnin Aanrin
194 AK Ineinsasuandnlilf5andn stress-intensity factor range threshold, AK,,

Y . . X ! | o X o

11 stress-intensity factor range level UAN1 AK|, azlaiflsaauaniaa f1en
m &3y fatigue crack growth da/dN lu region 1T TaavinliaziiFnatszndng 2.5-6
uweisluniseanuuuginsaimisisonsia taeldiagnianizanilugamaudayainaoiy
fatigue life 109@Tiudae Tunanernsalenalddeasyasan iy fatigue crack growth fiu
fracture toughness a1 lua¥19aunis I lunsunusennung fatigue life

n1avn fatigue life lAgnWmWIAWAIENIIBUTINIATUWANNIS da/dN = AAK”

AngeefaENAuieIeaiIingRIuIn a, Inazifin fatigue failure lHad 1w cycle lu N,

o
ULAR

Nf= — _ ;Lfi’am;éZ
Ao"";rzy’”[—’;+l}

ANaNNINAUANYRIN m # 2 uar y autuANeedseniig Gelildlu
naaiall  AuluaunisiianadluAtasezaldasenes fatigue life A6 dwfunsiiald

y = f(a) NIATUAIAT N,AZFEIAIUIAINAINENITEE] atinvsiailia



Stress-intensity factor range (A K ), ksi /in.

10 20 50 100
T T T T
102 e
/
J
o]
&;ﬁ 107
107 I o'
| |
b [ I I
ow crac
L SLH dN
2 10 ] f
3 [ g ] |
35 . Region 3: :
s i i P 6
E I 8 i le ! 10
e . | ___crac .
g} i | growth ;
3 ’ | | |
S I :
: 4107
I b Region 2: power-law behavior .
i
_6 Q
|
I§ 41078
:
T
107
6 8 10 20 30 40 50 60 80 100

Stress-intensity factor range (AK), MPa \m

AN 2.11

Crack growth rate (da/dN), in/cycle

27

LAAIANHILEAAY Fatigue crack growth IRUUANNET ASTM A533 B1 (Yield strength 470

MPa) Test condition R = 0.1 room temp 24°C

11 : P.C. Paris et al Stress Analysis and Growth of cracks, STP 513 ASTM,

Philadelphia, 1972, p. 141-176
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2.6.3 Crack closure (N151n5a8517)
A r-&l dgl a al % v -&l dl o o
Crack closure m@ﬂmﬂgma‘mmﬂwumLmﬂmmm@ﬂmmmLﬂ@@u‘wmmm
Auluaned unloading taeludanuanaiinaunsniia crack closure TUHA load HAN
' o v o o =< a 4 a \
41NN31  load VIMWWZ‘!@IMQQ@ﬂ?HN’] sﬁﬁﬂﬁ@ﬁﬂﬁ@”l&lﬂ@iﬂ‘ﬂgﬂL’&u‘ﬂLW’ﬂ‘ﬂﬁ‘]_l’WEI L (a)
plasticity-induced crack closure, (b) oxide-induced crack closure, (c) roughness-
induced crack closure, (d) fluid-induced crack closure, (e) transformation-induced crack
closure LL@::%LA‘] [14]

Tnetianuaas effective stress intensity factor range, AK,; e

&Eﬂff = EI'F'I.E.T _EE: = H :ﬁ &E

Taei; Ko A stress intensity factor NAMUINIAIN maximum load LAZ Kdﬁ@

a)

AN stress intensity 7 maximum load N9as191uiln (closure load, P,) U Aa effective

©

stress intensity range ratio 38 crack closure ratio @4 U 4181708 alasql

U= AK,.-/AK

gumstneduilesinglddn Tites load range 32194 closure load WAL
maximum load WuEiHanIEnUReERINN e faeLANE

IpeannNs g stain gauge FrnsRindaTaitensaael crack closure
load 4 compliance technique (1§RlALEAIAMNTUIRY stain BB load) 1é’gﬂﬁfmﬂ%ﬁl:ﬁ'@

v a

FnAW closure load Aauandlugiln 2.12
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P
|

plastic ent
wake fatigue ;E;Zré transformed zone
crack zone
(a) (€)
oxide film crack obstacle
) )
fracture surface asperity ) crack

© fibers

—[t_.;_p:zles

viscous fluid crack

(@) (4)

ﬂ’]‘W‘ﬁl 2.12
uansnmnmnalniineinldnnsenefasesfindrdnasluaningily constant
amplitude fatigue (a) Plasticity-induced crack closure, (b) oxide-induced crack closure,
(c) roughness-induced crack closure, (d) fluid-induced crack closure,

(e) transformation-induced crack closure, (f) crack deflection, (g) crack-bridging by
fibers, (h) crack-bridging by particles

‘ﬁlm . S. Suresh. Fatigue of Materials (Second Edition). Cambridge University Press,

(1998) p.485
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2.6 255uNssNUSN AN

NUIRENLNLITAY

- Yasuo Kobayashi warmnuy [Toshinori Shibusawa, Keisuke Ishikawa,
1997] l#nnn1sAnenanisaenafinsasinataclanzuunidanluranaan1ng wianig
= 1 a ] v a al & dsj a al ] dgl dld %
Hegreseandaudinaliifiaidueen lafuunuiodowsluslsngauluaneninag i

@ o =< o ! o v oy ' o X o
N1t uAnNELEa9Ta L sﬁ\‘l%’ﬂﬂ@ﬂ?ﬁ“ﬂﬂ’]ﬂﬁ]’)‘ﬂ‘ﬂ\iﬁ‘“ﬂﬂﬁ"}'l@’ﬁ/lLLlﬂﬂﬁ]’]ﬂﬂu1ﬂ°lluﬂ‘1.l@ﬂ'1'ﬁ3

'
o A

wndeu Tnaiinismageumnudnluaninzufsasidanseseninauilnaduidanfud
naaauluainie Tmﬂqu:wudﬂﬁmmmﬂmﬂﬁfmmaﬁfaﬂ?m%gﬂLﬁuz_gﬁuiummazlﬂﬂﬂ
Aqluaniutaniiazaningluuunisieguesiauann lafluuuy hard film wazinllgnis
mﬁumumﬁmﬂmngm@ hydrogen embrittlement

- ZY. Nan uazAtuz [S. Ishihara , T. Goshima, 2007] lénnnnsAnED
wqﬁﬂ@@mmwé”]Lﬁmmﬂmiﬁmﬂ‘ifaumm extruded magnesium alloy AZ31 Tuasazans
TnAeuaaalss wudn Corrosion fatigue life fiFnanaaiianBaufiausilugnizisinng
AILANEINTA TR RN S 54 Corrosion fatigue life ‘ﬁlgﬂﬂfa‘xLﬁumqﬂ?mm‘lmmmﬂmq
N9LUIUNNG AuETinsanniansawiy 2 szezie (1) gaszaznaunisaLie
corrosion pit NAWNNIAA crack AN pit way (2) sraznN9WAUTA crack ﬁ@u‘ﬁ%u\‘nm::
Remng wodAeusaanaes Corrosion fatigue lives (70-80%) 7 stress amplitude rﬁ'ﬂ%
QNATALATENIALITINTTEZINANUBINTALIRYRY  corrosion pit

- Zainuddin Bin Sajuri karAnly [Yukio Miyashita, Yasunobu Hosokai,
Yoshiharu Mutoh, 2006] lAM1N19ANHDNOFANTTNAINANTEY as-cast WAL extruded
AZ61 magnesium alloy Tua1nnA (20°C-55%RH) WUINUUIALAZNTNIZANLIFIURY cast

= ¥

defect NaNaNaAaLszANTAINNNIFIUNIULINAN LAZAITNATBY as-cast alloy T4 fatigue

|
o A

limit 289 as-cast alloy HANAINd1ad9 a1 AyEaTaLWaUiy extruded alloy aad
casting defects azidutdnundugiunininseadiadndunadi stress concentration
site WAZTWUANTUNWRINAL&EMNgaN inclusion N INATURITWINY

HANTENLTBY  texture  FRAYITNATLAZNAANITNNNIVENEFRTRE 519128
extruded AZ61 magnesium alloy plate 99 3 9UA (longitudinal, transverse WAy 45°
) ) ) . . . . . L oA A o
directions) Wu91 fatigue strength WU longitudinal direction NAMGINILNANLLNL

o  ar a

transverse WAy 45° directions IAEKNANILNLALNNTANATYIBINANINUAITUINUANN
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NITLIUNNT extrude FENGANIINNITENEAITBesaeF9a gL TUuLTAlNG  threshold
region 1;1{1 short WAZ long cracks
atalsfimamnlaifinisdnilefefiAmiaredunuannnszuaunng  extrude
WU da/dN-AKeff curves mﬂdé’u\‘ﬂu%\i 3 Tiiawas extruded AZ61 magnesium alloy plate
(longitude, transverse Waz 45° directions) HANHEUZLAL A lEINAN AN A 919
fatigue life PeEUNUAEAANIANNsTIIUNNT extrude ‘ﬁlrfmﬁumiwuﬂudquz%ﬁmﬁﬂﬂ@j

ﬂfJWLLMﬂﬁiﬂxﬂjquﬁﬂﬁu crack closure

- Zainuddin Bin Sajuri [Doctoral Dissertation, 2005] 1FNINI9ANE

[
adaa

NANTENUUBIAINNDNHNAR Wqﬁﬂﬁmmm&’wm extrude magnesium alloy t 4n19% 50°C
AATudTNG 80% WudndngAnsTuAr AN TLANAnauet 2 nedifiansnsnsyld Ae
time dependent behavior at stresses below the fatigue limit WAL cyclic dependent
behavior at stresses above the fatigue limit Tmﬂ‘ﬁ fatigue crack growth behavior ‘ﬁlmﬂs\l?{
1 Hz Meldanag 50°C AMATuRNTME 80% Wgalldnilen threshold stress intensity
factor LAY fatigue crack growth resistance Qﬂﬂ’j%ﬁ@ﬁﬁmﬂﬂ?‘ﬂuLﬁﬂuﬁuﬁmmﬁl 10 Hz
ludaunisdnen Fatigue crack growth test malfan1nsinnaay 2 an1ne
Ao @0z 20°C ANMIUANTINE 55% WAz 50°C Asudaing 80% wudnluanioy

a

AYINTUAITBIBINTA (high humid air) liH@nswasie fatigue crack growth behavior 84

magnesium alloy



