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Abstract

The 5086-H116 Al-Alloy plate specimens having an edge through-thickness notch were
investigated to find out the characteristics of the corner crack propagation by the plane
bending fatigue.

The experiments were also carried out in order to clarify the change of the corner
crack propagation behaviour due to the various materials and their thicknesses.

In addition, the retardation effect of overload on the corner crack propagation was

quantatively studied.

Main results obtained are as follows;

1. In the case of estimating the crack propagation rate of the corner crack, it is more
reasonable to consider the growth rate of fracture surface area than that of crack
length.

2. The shape of the corner crack growing in the plane plate under the bending fatigue
can be estimated as following equation.

b b

—_]———

a t

where
a : crack length
b : crack depth
t : specimen thickness

3. The crack propagation rate increases with the increasing of the thickness and the
decreasing of the Young’s modulus of materials.

4. Regardless of a thickness and kind of materials of specimen, the characteristics of
the corner crack propagation can be concluded as following equation.

L ]

C=2.6x10"8
n=2 44
where

—%‘%’— : equivalent crack propagation rate

AK .. .
~ :strain instensity factor range.

5. The retardation effect of overload is distinct in the corner crack propagation.
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4K : FE 758 B fA B #5 E (Stress intensity factor range)
4S; : /AFBRE f14%iE (Nominal stress range)

a:d9gd 7Ao|(Crack length)

b:Fod Zo)(Crack depth)

S : B B (Fracture surface area)

—Z%~ : g Aol EiE M (Crack length propagation rate)

% : BRI B B 3 g (Fracture surface area growth rate)

b/a : 4R (Aspect ratio)

E : @AM (Young’s modulus)

48, . MR (Strain range)

75 : MEATHHR WS =] (Plastic zone size after overload)
4S, : BEHS) K H#E(Overload stress range)

4K, : @A R RMEE (Overload stress intensity factor range)

oyt 3HE-FEH(Yield stress)

7 i 1A cycled] WpEEBS] =71 (ith cycle’s plastic zone size)

4S; : i 5 cycles] fEhH#E(ith cycle’s stress range)

(kg/mm?®?)
(kg/mm?)
(mm)
(mm)

(mm?)
(mm/cycle)

(mm?/cycle)

(kg/mm?)

(mm)
(kg/mm?)
(kg/mm®?)
(kg/mm?)
(mm)

(kg/mm?)

4K; : igl =] cycle®] M 1585 R (ith cycle’s stress intensity factor range) (kg/mm?®?)

—A—EK— B R (R B E (Strain intensity factor range, —;-Ae, J7a)

ag: % T A o)(Equivalent crack length)

dag
dn

dap: H'E Td Aol #@4(Equivalent crack length increment)

¢ Bk o] s (Retardation parameter)

HE T Ao MEH R (Equivalent crack length propagation rate)

(mm?)
(mm)
(mm/cycle)

(mm)
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SO ER bk el el o)

Lefup ol 4RO PRgEE LB ESAMEE hOoo® stel HiEel JIE, B fEdl o HilES
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(Semielliptical crack), a4rEF(Quarter circular crack), r4K5E A (Quarter elliptical crack)
TR MGEE, o Fel A HEl MoHIEKY REBE st 242 el (Corner crack) 17
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off =py- el o] R b= EETIE TR WAe @A Tel RS ®yiste o w5 HE
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ol BB bl e A FEl el oA gk
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o iEwe] el e} (Crack length)wmle] T {##%# fr(Surface crack propagation rate)da/dn
<} KE Sy FE (R 8B (Stress intensity factor range) 4K<o}o] HiRABEMR ola) o #EEEMES —&
o= FEsHE vl MBET &5 Bskdl.

A mrgeel A Mbst 22 #RE Ed® 2Ae] ¢ (Corner crack)e] Rl w& FEREL
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£ EEMoR RS 1 EREES FEse M2 HFHE s, BAK(Overload)d] o
T EREES] BEYR(Retardation effect) & ##adst ob-gel, BT MNBEHEMMS Sk
F= fERsHE S086—HI16 &Ful v A4k T4 ERKHES BHL AL BHLE, HAEL F
H 53 EHRBE A% FRTFH 38 ZHEARE Tad.

2. ’BB® HE
2-1 RBH U BRBH

A BB A= BB =4 5086—HI116 470 5 4&HE, LEHEAE SS—41K#EH S + BH
2 3t T {EBE KRS 2 @B #tke Table 1.3} 2, 430w 4&M9 R4 £ 4.5
6, 6.6, 8, 10, 12.5mme] 6= BLAA Frlol =& Td EREMEST BRBAEE LK #E
slgon, kM B#M AL 8mm, 10mm 5 FES S o84 BRBRS 75k,

Table 1. Chemical eompositions and mechanical properties of materials

als Chemical compositions (wt%) Mechanical properties
Materi
. X T.S Y.S |EL
Mn| Cr | Cu Mg] si | Ti| C ] P |s | Fe| ALl 70 Y5 5
5086-H116 )
Al-Alioy 0.36 {0.132] 0.02 | 3.7} 0.05(0.015 — — —| 0.27 | Res. 42 30 12
S§S-41 0.54 - = —| 0.22 —| 0.19 | 0.02 {0.015| Res. —1 43 31 28
1
& O |
]
'
]
1 q
: A ] 17
& & | g
ok L 25
L Detail of &)
300

Fig.1 Configuration and dimensions of specimens
o] * HES HBMA< BEFAET Aol FAz —HA|A, Fig.ls 2L A4+2 #MEMTE sty
3, E ER#EEL-E 4EE ARMIE SAE, ¢ F 44HE EHY FAS A1 #2,00071=)
8] A% (Sand paper) & FBM LA, & KBF-L 0.25mm <=2¥ 7 ¢ (Slotting cutter)E {#H
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5. Cover 9. Counter Unit
Photo 1. General view of the bending fatigue
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(Sensor)¢} ETHEMEEE (Digital integration
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ol Cycle N 9] Cycle N

Fig.4 Stress pattern for observation of fracture

Fig.3 Stress pattern for measurement of crack
surface in fatigue test

propagation rate in fatigue test
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A (€:))
Photo 2. Fractographs of corner fatigue crack(SS-41)
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Photo 3. Plastic zone behaviour near the pro- Fig.6 Relation between stress intensity factor
pagating crack in SS-41 steel range and crack propagation rate
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_ﬁ,ﬁ_C(J]g) ........................................................................ [€Y)

o | A Co} mi fHFHE Be) 7

AP ol el ER] Wl T e BE s Mgrge R vehvis, AR Tl 3
o pL1-¢] Peris rule® JlJist=l, Fig. 149] #5Rd ola) oh3a) 3ol ¥ = olrh. 5

d 4K " 1 —\"
7%{—-::6‘( S ) =C(—2—Ag‘ Jﬂa ) . / 7 /7 (5)
o714 C=2.6x10"8

n=2.44

48, -A]gi ol ¥ KL BEiE(Strain amplitude)

Lol RG)E FskR mAel gl ol Aol HTAl v, A Bt MRl Eal dERKr

fol WMo ARE + Yk

3-4 2AE| THo| EHEEHN DX BRE S

THE Wl Slel A, — R RS NARMEE e AST BRI, RENE =018
Fo e el mGelch, wehd T REREH ¢AL BRG] Y B LB gk

wAel Lol RERERE 0 A BA) d@& Bists] St Fig 4ol vhrhd 2 B2l R
A R HESS MEE A sk, —idt BB TR MHE M Aol Aste] Fd R Aol ad)
A Nolo) RIS BBl gorelnd Fig 59 2eh. ol #hRel Slshyl el EHHOTE:
ME el A el = dEAIE molw gleh.

olo} 7ol MEAMIIH Fol MRMIE =eA dehdl Bt ohosh gl 3 uleh

Fig. 16(A)e} vheiebiz wbsl ol fufiel lelel w-o WMEEMe] Zasle] Ml ol
o) olelubAlnl HENS Al ASH PR WbERbRO] Telseld Sk MEEURA] Gl
SO R MBIl = MBS Ahktel Slatel MEMESe] fiflishn, o g% Fig 16
BYSh 7o AT Mol vhehdeh, o] AR EEHS EAT BB MBI ool bx %t
% owelsly SR fTRReh. el SR (E AR N gmstel o AR M sl



136 WEREAR KB AL Sol

T T T T T T 4 i T H T ! i 1

i #5086-H116 For Retardation t=8mm
O: VSmin: 11" 6 kg/l"{']r’ﬁ2 S’nax: 1 8 k%mz

4: Constant stress amplitude
{
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Fig.15 Retardation as a result of overload
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(A) at overload (B) after overload

Fig.16 Residual compressive stresses at crack tip as a result of overload
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plastic enclave
due to overload

plastic enclave due
to another nigh load
N

Qo Mo

new do _new o |
T -

-

(A). Situation after overload (B). Situation after second overload
Fig.17 The model of Retardation
kel el el el Qe e FAMBEEZ Totod HE Ao BRI
LS 2L, HRART AUBSH BRH T EREE(9D ). 4449 T

B (G2 )urmar2h ) Afolol e oh 83 28 WHoH Razate.

Fig- 7CAYN A5t Aol @AM 71 AR T 2ol & azh T o) WES 8 £RD 02
PEBURS) A7) 7ot thEsh el vhebd 4 gl
4Ss%a, —c 4K,?

Tyst Oyt
A71 A A4S WAL FEHEE
4K, = i R HE i B R B
dolo] Ml o) she] AR WIPEBIR S 2] 7, PolA] —i o) a7k 2] RS, L Joi
oA ThAl AR WPERR =l rul ohosh et

7,01“-01

o g T )
Q714 4S,: v cycle] &Il
AK; - in s cycle?] [ 7R 4R B i
Lelvh 7z rpopgell Slat, EEdF U el g (Retardation parameter)® e} s)el, Fig. 17(A)
Al A8k Fel M=aotre—ac] LR i BY O oot o] #rm 4 glh.

¢:<I£L )m___ (*n_ )m ............................................. (8)

J a0+rpn_ai
A A m kR B
by aitra<actrn Ao BEAH Kk 79 B E(92), .0 as 2o drd 4
siet.

<_§Z )mm (})( Z‘z \nurmal_(r)f(AK) .......................................... 9
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DB T @b raZaetre alelE T BAKY HERE A=z BE - B ¢=10]%}.

A BRIERES ol &3ty BWRQL 73&&] o3 o myte R m>lolmz BAT 5
HR® WEERS 2yt AXE AREE O 10 ol Aok A % 2 (Retardaton effect)
= o @mget.

4. # &%

A KR EEE ohea 2L MEme At
1. ®4e A (Corner crack)®] A%, #9 ([GERH FHEA lIAL HETL (Through
crack)ell glo]Ajel Zro] Tl Alo|e| MM da/dns} WEHREFMEE 4Koe) HBABRA T
AR} BEERRERE ds/dne}t 4K HBBRKR A3 #FEA AHEmoltl.
2. SEBTAR ol AL BAE T4 BRBLE T Ao ast FE Fol b W REH A L2k
o) FHBARILRS dsted thost 2 Kol g —FHeE FET 4 Ut
b b

L B

a t
3. A ¥4-& RBA TAMN FALE FAZTS
atowl Ae4E T MEHEE ool #lEr.
4 =N FAE Aol & Paris ruled] da/dn el #i% TIAl MBHE dag/dnst B
S (A B 5 M (Strain intensity factor range) JK/EE BATo =4 BBA =7 RS L
ol BEfRlel T MBEEMELS T 22 BN od #FEL.

dor —c( 4KY'=c( e, vz )

REeHte] M fR#(Young’s modulus)st

-

5. mAE 9 ALlE BWAMW Aol stel MR (Retardation effect) 7t 152 B
B3k, = W A BE ¢ ohe3 2 BMACE RarEth

( Z‘;zz )""’"‘ ¢( dn )»vmar=¢f (4K)
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