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ABSTRACT

The dynamic fatigue behavior of alunmna ceramics was observed at room temperature using four-point
bending method. Dynamic fatigue fracture strenglh was chserved as functions of down speed and natch
length. The crack growth exponent of the specimens was calculated from the fracture strength and lifelime
in dynamic fatigue test. After loading the stresses in the range of 0% to 105% compared with the average in-
ert strength, the value of residual fracture strength was measured for unnotched and 0.5 mm notched speci-
mens at the 0.001 and 0.0005 mun/min down speed. respectively. After the 95% stress of the average inert
strength was applied repeatedly, the value of residual fraclure strength was measured for 0.5 mm nolched
specimens al the 0.001 and 0.0005 mm/min down speed, respectively. The material constant A was found to
be almost the same and not to depend on the loading mode or the down speed {or unnotched and nolched
specimen. The value of fracture strength with time calculated from the conslants n and A was in goad
agreemenl wilh the measured value.

Key words : Dyramic fatigue, Crack growth exponent, Stress rate, Inert strength

LN 2 BA mE wEszel o|@ Aol Bakch? 2} 54
M2 e B ol AlTle] Yasihs BRe A
AsElae Qibdoz Q4] gol B3zt §243 DR NZAGYe] v o5 AL Azke] dasEs

etk 3145 Fm%+ Zoh ofebd] Aepad e 9 A1d £ o ee 7 AAkEe] g o
o 7 N
o weiE deley n3

dol Ao Ayl A5 g T 7Y zmm At R A9 A F e g k) ad s 8
& FERAGELY 282 Tm AU HRAY SHNEE sheel Ay ¥
, 2AE $HF AFATE A2 fo, Park £
A o GRa Al e 3A, Wy 2] o
2% % ATAA oM A7 AABFEAA L AR 2

lo &

ekt 4AoAoFE 31
AR S oL A 40
A AE= 7 AT 2] 2 Ao 48 E o

=
Z 0

— 850 -



e

A&7} A8 LAdskR @a, 2 AAFE o) AelA] A Ee]
A= w7 225 AEe ol E_Lﬂgj‘q__’m
£ Aol dn Aztelad dqistel 43 29

HE ol&3le] ME THE down speedel My #RAT
g SRR AR AsE SEsiHT £
5l FA s wEA B 0}'3—0:” o Ase F
FAEA ofulg 2 AEAE S5 2 AT S
wastn A AHE-E Hsle] 0%1?51— MEe] FRE
S3la ARATE File Evh FES WS AAE
g,

2. 0|2 WA

A ae] sas R weleTd/d A slow crack
growth)7]1e 24 z]a]]&]uq, L e e

(slow crack growih rate) V& 7 Eq. (1)3) 32e] 1}
B &= gich”

714 K2 283y Al9=(stress ntensity factor)e] st
a® wEde], AT A, 28|l nd wEAEHAS
(crack growlh expoment)e]th

571 2% (equivalent static stress) o, = Eq. (2)

ER

1h
- {1—1 J'B' [ G(t)]"dtil (D

g, S A S K tha<] Eq. (35 2] 49
H}
K=Yom (3

714 o 97F2 = (applied slress) 22 Y& 854
A4 (geometrical factor) 2 2] (13)3} 2oy o] g2
e 2w A7) 221 51 systemd] &Y
277 % S& By (325E F=5o] Eq ()%} &
o] vJepd = gl
K

o e
=Ye (4)

Eq. (4)Z A7t t2 u| B Eq. (5)9 Zo] vEdc]

ds Ke | mta [ ¥
I [ZY ] d‘L [—gKlzc } SV (5)

Eq. (319 Eq. ()& Eq. (1)o] sl Eq. (6)8 ¥

o8} e

I slepe)ae) s 2AE 851

= 7 3

V = AK{o/S)" {6)
Eq. (6)& Eq. (5)9 ti%i3l¥ Eq. (D= €& F 3ivh

d—? =—(AY? K %2) (0/S)'S? (7
Eq. (& A13F 078 72 #AEs5PH BEq. )8 9=
T ok

Lin-2)
KR
Slﬁlisln—z Wim I [ (t)] dt} (8)

of7] s BdEelw, S EE A7
@ 39 Algle] 2R el
Eq. (9] 5714439, 0,7} Bg. (8)9) 27 7}

AW Bq. (9 9<% g
(n-2)AY? K52 ]
n— (3 2
Si= [Sln_z*flc s - t] (9)

Aere g As- a7 A gL 28-13
Adeg vnpioz Favze] 7

{(stress rate) o= TE LA sh weba T4 ST
ol SrFEESE & g Eq. (1007 Zo] viekd

% ek

kA 7}

1 {
(;E) at (10)
oA BESEE 18] 713 Aol s2d 28 ot
=7 AAA e AFaAze Wals e 42 B
(113 o] viepd 5= glk”

1/n-2)
m-2JAY K2 o'
_ —2_ - 7 v e
S.=|8p 2arD) et (11)

g 802 FAREE AR A S48
K=

UHE Eq. (12)9 Ze] ERd 5= vk
O = (7)Tl O-max (12)

Hdax WEdes BHHES shg 2% o)
g3l sh=)s)7] WA AR we] WEE Uehie
42 Eq, (13)3F 2] VR % 9t

LAu-2}
(-2)AY K52 "

8= SI“'“ —T t (13)

A 354 A 8 F(1998)



852 ol & - Wkl

Eq. (113 B, (13) 2258 A7) t5¢ 352 713
o] AR AFAE Sto] sEAR 1S o259
WEE o 4 slch

=13=5
A=

3. Al&

o

AH2 ARd2eit} Ed(AES-11, Sumitomo,
Japan) 2 A F5 AT B3-S 1738 A @3 45 mm
®50mme| ETeo] ¥y d&rigdE e F 1361 MPa
o 4802 Yt A4 A F(CIP, cold isostatic press-
ingréka 1600°Ca1A 1413F B9k 4 dAd sl 35 mm X
40 mm*3mme] #E AA-E Ak o] B AEE
FerlrdarE drkEln 2 mm*4 mm > 35 mme)
47F 7T%E°c}:°] HEeE Al & e g Q3 2Ag
B F2 AR A9 =47 E Hapepth

FAHEAEE 98 Ax)EL AE 30 mmE Sk
2 A"z AE 10 mmE 3 44 YE S o &
591 o]u] down speedi 0.5, 0.1, 0.01, 0.001, 0.0005
mm/min=. SHA L8 =AZolE 0, 0.5 mmE AT
AR 17} 0.1 mmel Tholohie G ALgE
). sl2Adole 9ks s AlE7HHIK-C, House-
field Test Equipment, UK)E ©]-835+4 ).

w35 Fx) g2 A9 0.5 mme) =AE £ A4
el FHu R o3 A=z A e] AFAEY
Wals masly] et Eefrk=e] 50, 90, 95, 100,
105% #HE7HA] 0.0012 0.0005 mm/min®] down spe-
ed= THHZAEE AT T AJHe| AFARE 9
StETH 05 mme =25 F FAFd dF FHEE
Fig. 134 2& ¥ 2 &2 22 715l oo 57| A7}
Al #Fzze] Wgte et 0.0017 0.0005
mm/ming] down speedZ B3& 3155 B35 95%

5%
inert
steengin

down speed
-—0 0003 mn/min
- G,001 mn/min

Applied Stress (¥Fa)

\

1ime( s}

Fig. 1. Schematic diagram of repeated dynamic loading.
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Table 1. Properties of Alumina Ceramics

Standard
Deviation

360 MPa 23

Property Mean Value

4 Pomt Bending
Sirength

Ky 3.91 MPa - m™” 0.15
159 GPa 11
3.91 g/em’ 0.01

Young's Modulus

Density

Down Speed ( mm/min )
G 0005 0.005 005 05

® unnolched specimen
® 0 5mm nolched specirmen
*° ”/%/,%-/%' 400
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o (MPa)
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Ln[o (MPa)]
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Ln [ Down Speed ( mm/min ) ]
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g. 2. Fracture strength of alummna ceramics as a
function of down speed.
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Table 2. The Variation of Constant n and A According to Notch Length

A
Down speed Down speed
Notch Length{mm) 0.001 mm/min 0.0005 mm/mn
0 : -202 o gy 20
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Single Cycle 2.15%107%° 5.38% 10"
0.5 38.76 e =
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Fig. 3. Fracture strength of the unnotched alumina
ceramics as a function of time under the sin-
gle cycle dynamic loading with 0-100% inert
strength at the down speed of 0.001 mm/min.
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Fig, 4. Fracture strength of the unnotched alumina
ceramics as 2 function of time under the sin-
gle cycle dynamic loading with 0-100% imert
strength at the down speed of (.0005 mm/mumn.
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0 50 95 100
140 T T TT1
105
L ]
120 .l

o

——
T
80
=
S
'E g0
3
o lhearetical
= qoF calculation
[43]
20
or e
b L 1 L Il
a 500 1000 1500 2000
fime (s)

Fig. 5. Fracture strength ot the 0.5mm notched alu-
mina ceramics as a function of time under the
single cycle dypamic loading with 0-105% inert
strength at the down speed of 0.001 mm/min.
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Fig. 6. Fracture strength of Lhe 0.5mm notched alu-
mina ceramics as a function of time under the
single cycle dynamic leading with 0-105% mert
strength at the down speed of 0.0005 mm/min.
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Fig. 7. Fracture strenglh of the 0.5 mm notched alu-
mina ceramics as a funclion of time under the
repeated dynamic loading with 955% 1nert
strength at the down speed of 0.001 mm/min.
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Fig. 8. Fracture strength of the 0.5 mm notched alu-
mina ceramics as a [unclion of time under the
repeated dynamic loading with 95% mert
strength at the down speed of 0.0005 mm/min.
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