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A Study on the Proper Fillet Shape in Fracture Mechanical Aspect

ZJ %‘, OJ: -L—] itt }_— tg EHt*t
Cheol Kim, Wonho Yang, Myoungrae Cho

ABSTRACT

In order to use effectively a machinery part with fillet, it is necessary to determine a proper
fillet shape in design step. Study of such problem by fracture mechanical criterion is rare. So,
this paper focuses on the design of fillet radius in fracture mechanical aspect. Finite element

method was used to obtain crack tip stress intensity factor.

Stress intensity factor was

calculated by COD(crack opening displacement) method proposed by Ingraffea and Mami. The
parameters used in this study are thickness matio, fillet radius, and crack length. If fillet radius
increase, crack propagation may be accelerated. Critical crack length is inversely proportional to

fillet radius.

FR7]a8°} :

Fillet Radius( 3l%*+73), Stress Intensity Factor(-3-# 2t A)<), Through Crack

(#5T¥), Width Ratio(¥#Z 1)), Thickness Ratio(F 7 H])

1A=

sz A FaEd ZEAY HE4
& AFHE Phom BA vl LA &9
o ¥HEE FoR S ARYH HEe
ol gsted ok o) WHE HAS A Waol
b 2ASEE AR TEeE H4e%d o
& AW Auste] AgAEY 35 5H)
Masn GAASE D] 4ASHe 23

+ As)g, Hzadstn usd
o QY ATBYEI 7 AFHE
w39, AU 7] ALA R

214 WEAREAFEEEE AT AT S, pp.214~220

ste Weltt, o, olgk 22 WYL ‘A
o |3t dgx 2R gerade 1A
o] Aol itk a2y, B ALl glolA
A FUlg 9FL uxE 2959 e
AR el EAde dgeziy Laste g
2 g8A o], vge nstn e :ﬂra-wﬂ
A Ao M) A B} AAH HANE
ojgt & £ it}

2 A R FREAE 29 i 27
7} Aslshe Habo] EAj8ls AW o, ¥
A7t AT Ane ©He ndstr] Yt F
A7y Askste Al W3 EAE IhE
Agste ZA$E el gtk olgd MR
FA7t A3kshe 22 gEyeddes

H1B o
T



Z83l7]) MEd dutdqes FAV ditehs A
AREdE Bl 250 Fed, d7ldME
Az el & -"4 ZH%: 3 E B9 GeHA
BAolA e B3 9

o
T
LY
_;:
>
H

N

EXie
42 wgIN 52 ﬂ—% #5717 9% 2
gl B IF L F=2 O]:‘f*‘ﬂ'ﬁ.‘lﬂﬁ
a7AEol %i-*ﬂrzﬂur 9o gE ¥
s tael AT a3 =, Yang
5 Ao rﬂow w?}&/"dﬁ’“# Aif\
=

uﬂ.

4= "'47‘*1"]7—4 % ‘il‘—::ﬂ e
2a = 294949 gAY 27 249

S

wgha, B dApdAds o] e FAA
s eAQ #oMe AR FAPA BAE
HO}‘-ﬂ ggo] g FAE 97 242 B3
31, 9¥A Wl wg I AT(Stress
Inten51ty Factor ; SIF) sj4-& £t #dol
AE HEAAM Fd4Ae dAANE & A= A

3 PelgAS AAaletaal ol

2. RQAMA

2.1 & D@ oy

Fig. 12 dlo]s)vl gl A9 9o BET
gl & a%_ls—m Fegolne AAREY
22 kg uEhd Rolek #el#rt

ho 79 QoM Bag
Qe zﬂ A FaMre] A
W77 f@ial Z o, F94%
ase 21016171

[o
il

A
rr
ar > e

)
oo

2

1o,

1
a3 ﬁ_@,
e ©
_lD: O Fu

it
2
1-'

S A I
2 4

4o O
o
I‘-.--r_h_l
L
fo ia,

N
=S
2
~
i
b
_‘tﬂ

i
o
B
ol
n2
2 o
X
o ol
R x
K
i
8 e o ruk% '
2
e,
>,
on
£,
S 2

)

=100MPa¢] #LAF3ES

W, TEL Zol 2a¢ #FA

B
b

Z(ZA ol FAT FAREEFA t2) 0.2 A4
&) W7HE thin-to-thick 802 A5}

FEeage F4E AGRIZE Bsh &5 4
A% dFeo)uz, HHrd 2EF 49 ST
ol 1/8%te = AT Figs. 3~4< & &
Ao ARE FHeATS Vel RAeR 84
A gAY FHde TEATY Sl
& HEAT7) 5t 15-4F Fol_AE HH'
ram, v FE2 20-d4 Sl

4atAth 2 A7l AHE R frEtasss
aH8e B dFalge] PCe fasEHolA
A 3] 5EE AW 33 FE8
A 229U SFM ver. 3.00]th

Fig. 28 & g7 AH8d 2d9 1/2¢ 28

[

J1rn

]
A}
2

—

iz 1»4)' I'lll’u
u]lF.I

b 01[1 i

o 2

-3

Z w0l 7)stebA g@4ld), o] 2l diste]
WA BEF0)(width ratio) w(Wo/Wi)e 0322
nAsts, A8 (thickness ratio) B8 (/D¥E
20, 30, 50 2@ 8008, Fabd HAR7 (fillet

radius) o R/H)= 0, 05, 10, 1.5, 20 2 30&
2 WA ATIEAN Z FEAol ek =B
A Krg sjadstany, B dye) ARES §8

axmre] BYAL 737 98 Feddersen”

o] s FHd FETE(through crack)ol
79 tigl $E A S g vlast

ol A YA

sle
A, 9A7} 0.1%

Qagyel B A7 25



pooGRALK
Elea:rmmg Pomi of Tager

Fig. 3 3D mesh design for tapered model

e Lol

e o "

%

-

fffi

CRACK
Degivalag Poat uf fvl:x-{_/

Fig. 4 3D mesh design for filleted model

2.2 SHEHEUA=2 As

2 AT Me Ingraffeadt Manu7} #¢bst
LOD(CmLk opening displacement) 9”&
o485t SEEUASF K2 Aalstgnh o &
B wEddd 17423 48798 (quarter-
point wedge clement)S F48%k31 o) 1/44%
o] HARREH SHINWASFE A ]1_?}74 Fig. 5

T TEEE o)FE 1444 Fo8AZ e
Zd_‘zfé_, TEAY gz 438 A~F y%‘*f& k!
AE Us~0F2 EAT ¥ siAdEdoe] FEH
T % = COD/20)H A

19 399 19T 89 0
(L3 o] EAE,

v = {21’3‘“2)0"‘2111:‘1’?)1)"‘%7?(_405
+UC+4UE_‘Z7F)+%772(?)}‘+UC (1)
—~20,)| 7 (= D(2vs—vc

—(1+ P20y — vp)}—LrT

A7IA, Li: TEAH 949 FEdHAe Do)

206 IR

7 K& yatazt st 439 =
AFE

Sih 592 gadAvdAe Wy vs 422
g@stged, 41T Q) SAstd A <
Eﬂ@:}m A K 2(3)3 2] g85th o] uhy
SHAYAG Ko} AN sja g Th4
%w&w Zxrgoay suane Zue s
skew olFe) TE wd] HlE AHA A

|

OIO'

r10

¥4 298 9g 4
y = lﬂb%v). .ZJLK] 2)
by
= I | _
K; = 41— ) 2L, {(2vp—ve
+2vp—vpt+up (3)

+% W —dvg+ v, +4vp—vE)
+% 7#(vp+ vc—ZUD)}

714, E 1 AR SRS
v : AEY Zelg
aEm Bgel Qi 24 el Zo) 2aQ) BE
o EA0 H, FEAA $a0 : drsue
#

w (W2/W1), T”ﬂ“] B (/1) T?‘h‘_ g4
o (R/t) B Fa4d Tde] A(a/W)d
TRAT Flw,B,0,A)8 A&std 2(4)
o} Zro] A oghirl,

K=o/ - F(w, B,0,2) (4)

crack faces

crack front

Fig. 5 Arrangement of querterpoint element along

segment of crack front



3. o423 N X IZ

=

=
Figs 6~7 FA} tﬁﬁ}ﬁ}

"T-

rh[m

Q1 meld st F
Ao} Wgle] wg
A3jo|t)h Fig. 6& ElolsE Zel7} FolA
syl F43) UeElds Z$EA, &9
== HojHr AztEE H 1 A ol A -
8 7+ AgS HRldh o
yHog g A$de A7
}i Age] vEg AR 442
TR AYHe R %”*f& Eﬂolﬂﬂ
ZAM BV F
Hol |57t Al ZtEE ﬁ/l '—C-i%ﬂ
sirtezt oAl 748 e BAEE
0|71 & EHolHE A WEA
o] gk AR R o] % 7414 8t
A WeiZlER Kol A9 F7h
Z7te] Zickn AZE del#rt ¢
= g }7%1 ¢ 2 79 A3

ge ok Cho 579 d7elA 2
?1“33 o] W AA S P2
}i‘i} (da/dNe] F7hEve
AFRTgE QAL Yk o|2HYH W
ZH 53l g Hol#rt g A9 Zol T
o J\gAe we SHEAs
AFe] Uelg Aoz HFo J

=
_0.

rLi

7

L,

i j“h ©
o T

b

I

Y

=

I

I
=

o
2,
1l o
> o

AR < S b N - 1
xS, :
xS
?!}m’ﬂqoo,t

rl

ot
o
)

s
(ST
b
e
on "10_—'*

}(0 EI\‘
o,

1)

d
gr?*
_'_"(}

£,
o]
-
it ot
l,
rlr_.r_rt

—l—" e
L)

~ R

]_

L

™
=
il

ﬂ”] B 7t 29 B¢8 Fard 84
A Fddo] A9 Fhel
Go] WakE vER 740&*‘1, i}
B i sedin
@ Bhﬁ M ﬂaﬂoﬂ weh 1
A, FAR g7 A
giAF KI o] ZAsl
Fig. 95 574
o FER Hﬂ—r K9] 842
A7 4AE ool H

- rlo 0,

o =

EH A

w*ﬂﬂﬂ@

*

S,
(&
(e
—_-l Dﬁa

do i a’z ol E‘
ol

Iﬁ T

2,

I

Do

rL

oW
-
g
N,
=
el
=2
o[o
_|10|

o orr 2od Aok ok
1
lo it

A $EPAS Kol Z28t7] Azget 33
g, 2ahe ggaw& 7t 2 ZAelE SEE
A% Kol #astez 318 gl S71ehe 2

g2 Uebdich
Fig. 107 Fig. 112 &2 FAu] g7t 5 2 8
ol A9 =RA A7} wlmy & F$olth olde
ZAE g7 2 2 39 o vEhd Age] o Fl
A dERR T itk dd7A, FAE ZEEAE o
7t 309 Agde, Fabel TEZ] A7 A g
ol4ke] W p 7} 209 Wrd gEFAAT K
o) i ZA UehiH, 7 FVIE B IA e
e Aol wj§ Fm| g}, o] FabA Fa
0 & AA AFE AL 7ol HE ¢4
& AAste 4L AR, dEA
Ho) Solgd wFZAA 7H79A
18 Te448e 3521/\1 e &2 e
A& ojnjgic} ol g2 #FAL FEFHE Re]
7 tol] vlshed Hl‘”ﬂ & A%, Tadeel
o] Soighr WFEAA 7}77}%% o 2]
sHEdAs Ki#te) Asol #g3d wges
ZA7Y wge 2A(FA W3t fdMg &
Ag ASS Boly] WEel Zos FzrEd.
Fig. 128 B9 A7 oo H3lel izt
+4 ﬂtﬂﬁlf Kpo] thA] $7ket7] Alatdhe T
Zo)Z et Aoty 9714, b Fglo] Alat
He FoMEY WIAANAY Zololx, cE
SHBYAE Kol BA Evtslr] Aldske A
MBE HIEAAAR Y Zolojrt. whA,
(c/b)7F 0018 TgAIwte] B Alatgdl] Egs)
HAEE SHIYAF Kio) A FUhstre A
& 9, §71 109 TEATe] HEF A
zejol v 2a SHEUAST Kol A Ftst
7] AZsie 2E oujgch
Fig. 12014 B¢ 283 o7t &L A=
Faxtie] @EAA 7el7A] g & SEHE
tH?%l = Kio] Tl 71871 Al&etA R, p71' Z
= ggAee] g FojetM 2
fﬁﬁ Ea I&l | ©A F71817] Al dskeh B
12614 e} F23d HwE o AA

o _1

—

% 2

sty g 44 Aol B AF 217



A5

& % ger
e g
o e

Kio] @A) S7tsk7) Al&ete vEZels
4, o] E2 A9 H¥H R Hdtn
Hog, 714 78 TEZolE B

FAANA o] TEATE AAAH

T e YATEEZL N7t e

Fig. 13& S48 A7t 29) A% 24 2
HAREE o o FAY FEHo] 19 Fel g
TAAT Fie] 95tE vehd 22X, FEA

120
F 5 O Thickness Ratio £~ 2
10 F A Thickness Ratio § = 3
3 W Thickness Ratio # - §
PR N S -
P R
E o b . ™
% b iojad b l/,,,,-ﬁ--"._‘ -
=) 700 E }@ng Puizf \\( xﬁ
) \
0 . . . . LTy
1] 04 as a8 [+¥4 as be b
A = a/il;

100 -
O Thickneas Hatio f » 2
1100 | [}'irF%E A thicknass Ratio & ~ 3
W Thrkness Hatio 8 - 5
w0l 1ttt
5 Ve
] L 9/
8 boael |k R
Z mmf i //‘
* kb e
/""’/\‘,.\ 3
o0 - flagrrang Fouwt /-‘ P~ -._,_v__,;/e
o e
0 . A . . .
[} 04 as [:1} 07 os oe 1
A = a/m
Fig. 7 SIF Ki of tapered model
1180 =
o emna 0/—”"
wol o 2773 P o
- S2in P
- e Z,.0 o
= & l- w e 3.0 ¥ ’J/
E K, P
o | e o
o TR
650
° . . . . .
[ oA a5 [:¥ or 08 17 1
A = am
Fig. 8 SIF K; of filleted model (w =0.3, B =2)
218 R

Fig. 6 SIF K; of tapered model

o] Fu e EgA
of wE Fake St 2
1%, o7t ARl ot 2 Z.}_;/‘*EJF
Wt Fig. 14= F48] 7139 4
AT Fae ATE UrE’rqq 7'L-
SHRE o7t & AFdde 7
7b dAgL ol4de] HYW Fate %’:“‘ [R= 0 A
Al Tt AEE VEY.

?— Al AR

Favhe AR

23

r

i

1150
D o= 0.0
wwl S aZTe
E - &= 1.5
- ma 2.0 T ]
im_ - o= 30 ,o’ﬂ-—,;-..b
[
& F
o 0 F
[+
o- i A 1 1 I i
1] o4 o5 ¥} Qr oy [+ 1
A = amy

Fig. 9 SIF K; of filleted model (& =0.3, B =3)

180
(= -]
wob S 2Ind
- o- 1.5
- 2O
@ wf ¥ Z73la
g mof ]
= 9 v-\_h e
s N ey
o T e h 8
[ R "
-
&8s | = .8
Higinamg Pannt
ot -liet
'] - L . .
o 04 s oe ar 08 s 3
A = a/¥

Fig. 10 SIF K; of filleted model (w =0.3, B =5)

1150
[ = o OO
o oem DB
il gl :v- o
P W o= 1B
[ & ==2.0
m B v eon 2a
E Begiiing Pt
§ WF of billet
s TS0 b
860
o C i 1 A, A I L
a 0.4 05 05 1) 4 03 ng 1
A = a/Wy

Fig. 11 SIF K, of filleled model (w =0.3, B =8)



09 | _E‘
0.8

5 i
0.7 :'— L_a.____‘\
06 |- \

L N

c/b

9 a4 2 K\::H
03 F L hickness Ratio B = 2 -
02 £ = Thickness Ratio # ~ 3 -
E * Thicknass Ratio £ = §
0.1 2
0 :A‘._L 1 L 1 1
0 15 2 25 3 35

2 = Rt

Fig. 12 Non-dimensional crack length of re-increasing
K (@ =0.3)

14

E & = OO
13F X 2= oa.
= o Il

- e

L _J
} - o 2,
. ™ oea 3
ot ﬁﬁﬂ@
ot E Beginning 1ot

E ol Filler

09 |-

L1 N-F- 4]

-]

ot

o1 L ‘ . . L L
O 04 Qs ae ar o8 1] 1

A = aM
Fig. 13 Corection factor of SIF (w =0.3, B =2)

14
:. [t = 0.0

il P
r W ooa= 1.0

12 W o-a.5
F & avwz2 o0

fE T o= 30

B 1 F E

o Beginmng ot _

obaF of T uter

0B b

a7 F

o L ! . N N L
0 o4 as o8 or as 08 1

A = aW

Fig. 14 Correction factor of SIF (v =0.3, B =3)

Figs. 16~162 22 F744] g7+ 5, 8% 4+
ol e Fatel A% vebd Aotk 9714 &
29 BAets o7k HlaA 2 B9 AAT
Fabe 7200 dgde] A7F 447 oldel =

13 @ e o0
£ o o= an
F = ® 1.0

12 [ - 22 1s
F - o= O

E - o= 3.0

w 1F

o9 E floginning Potrt
t of I'tilet

0a -

o7

0 L L . X : L
c 04 a5 as a7 o8 [+°] 1

A = a/Vy
Fig. 15 Cormrection factor of SIF (w =0.3, § =5)

14
L

Ty o m= 0.0
E 2 o2m QLG
o o= 1,0

12 - ®» o= 1.5
F - o= 2.0

1k T oewan

= 1F

08 flogantting Poat

08 E_ o ket

o7 F

oty . . " : .
o 04 [¢}.] 08 aT o1 -4 0g 1

A = a/W
Fig. 16 Correction factor of SIF (w =0.3, B =8)

—
[=] -1 il
HEY A5 K9 /{‘5-34 "Pr/‘ s 71%@_ Bolil

D FAR] g7 A2 B8 <2)de gk
AL 3 sow --z}% TEZol| A 7} F71Ee]
ulel SH B AT} Zhske goo] AR &

=T},

A ol Mel AR DAY B AT 219



e
i)
=
ot
s
X
olil
N
-l
&
= :
Rk
clo
i
Jgt
=
2,
P
brl

i g
124

Ok

iy

Ir

2,

1Eﬁ|‘

o

=
=
™
N
- o
Gn
Wy
ol

A9(g 230 TINY
AAA 7R o
= ey o oA $7se
Pad g

PRSI

C

ril
~ — -
P
4z
He
N
i
2.
o
(=
O _lo].

olo
i)
St
=

o7t &
= TA
el

§ BARAE 2 AFE e LA
o

ot oif
cﬁL.‘rIl
o
£
4”1.1
b
‘;r * =
hri
o
g
it i r,
. ot
oo
- r]o
™
—\1‘1.
_L}JJ_‘
lo
i,
o

R A
r‘lr
)
_\'1_J
o
L
rr
o
4
L,
©
i
o
>
O
fe
i
T
B

e
S

hzi
ol

I

I
t

o gl
tle e mp
N

M 55

g

i".. -

2NN

o

TOREIN
12 op g

tlo

ro

L

ol
ol
s
L
o
3,
=1l
it I;
Sy >
°
Ir
ol A8 4o
i
L
I,
A
A

o R
o
L
<,
baia
ir

2 .C‘L
S0
a2
=0
18
oX

s 0_5:.1 b
L
2,
=
H1
r

_Y(_' == -
=

23

oft

)

[o :
kit

(=

=

-3

ol

T

o
=
“a

ik

rO
o e
O)-‘
o
S
rQ i
-
EN
o
.

]
=
2
clo,

B fo
l

&
it ek re

2
RO

I

1. R.E. Peterson, "Stress Concentration Design
Factors", John Wiley & Sons, 1983.

2. D. Tranxuan, "Optimum Fillet Radins for a
Latch", Computers & Structures. Vol. 61,
No. 4, pp. 645650, 1996.

220 %

. CE. Feddersen, "Discussion to

. Chen H., "Study on the Stress

Concentration at the Round Corers of Flat
Heads in Pressure Vessels Subjected to
Internal Pressure", Journal of Pressure
Vessel, Vol. 118, No. 4, pp. 429~—433,
1996.

. WH. Yang, H Houssny-Emam and M.N.

Bassim, "An Experimental K-Analysis on
the Fatigue Crack Near the Interface where
Plate Thickness Varies Discontinuously”,
Engineering Fracture Mechanics, Vol. 19,
No. 2, pp. 295~3503, 1984.

. MR Cho, ¥.S. Choy and WH. Yang, "A

Fracture Mechanics Analysis of the Mode 1
Crack in the Variable Thickness Plate
Having Fillet(Thin-to-Thick Type)",
Engineering Fracture Mechanics, Vol. 42,
No. 1, pp. 117128, 1992.

. Plane
Strain Crack Toughness Testing", ASTM
STP No. 410, pp. 78, 1966.

AR. Ingraffca and C. Manu, "Stress
Intensity Factor Computation in Three
Dimensions with Quarter-point Elements",
Int. J. for Numerical Methods in
Engineering, Vol. 15, pp. 14271445,
1980.

. G.C. Sih, A. Ditominasco, "Fracture

Structural
Application and Numerical Calculation”,
Martinus Nijhoff Publisher, Dordrech, pp.
183190, 1985,

Mechanics of Conciete :

2 - el - 299



