9-1 Yo 2 o ploads 17 093 1396 s S )l )0 il (w3 Alxo

a9y el doliale =
= . =

1 . = =

O W0 SWlSo wigo 8
=L\
mme.modares.ac.ir ;',-.:-;_";a!f//f:

09.0 ooy OYBB—W ‘5"\.9.’).0 oolo )" oy duslw A l&&—U )Lu:: 6‘)‘0 ‘\39.0.; oS DS

&1985 5L Jof

341"4{& )-t.&)‘ 5303‘}#-9 0»35-1 :552‘5‘;‘91*0 Lsdl-b clém Lol)..\.oan

Ol S el (o oSl (Sl psiges 15525 somils -1
ooy eoleyS yinly g oSty (Sl mvitigs <yl -2

Ol S ool (oo olRIS (Sl oariges oLl -3
hadi_salavati@uk ac.ir 76175-133 iy gpoio les #

ouSz alio wleMb|

7S 9 8 J> Shey o a )‘}g‘ oYgd g o }‘ oo dislw ‘_gléf.'i).o sladiges o cuss @l)zg 5L ‘_g):fa)‘lddl alae Oﬂl 5 ol g allas
o)lig> w98 By edlatl b Lt Fibe o o JS-U Lt Iy slas e ladiges lal el 8,5 18 (g 2 950 1395 e 13 :C_db").d
L . . i o 1395 (o 13 35 0y

2 S LA 1) (e Ggeil 950 biaiged (la e sladY Jme (195 atine Cuzr g 0l 4Bl slo b 1395 (ope 10 izols o )
s dapl (05 (Slas e 4 4z b diged (20 )0 (gl iy g ol Joe alox 5 SlSe (olss Ladises o] ol wls
Joges @b 5l bl casls o )b g 48,5 )13 6 138 ,L gl 050y dafiaw ied (ygej] o ladiges aslol js aiil St
IS o sl JLE s jhade lacl ogammacboll S153le 5 55 cisesT ol (6 5hodend b crpiman el Coddy sl 5,8 Sl eole
Sy calizee slages ljl 4 Biod ol 50 b o)l s cwSs Sl b e (o] 5l ealitul b g onal Camday ladiges J Js

loylr 0)bgs o

Ol bl (Ked dgei 5 (14 0 dges CauSd S b g 3 LS Gl Slade g5) 2 bd glad e Sl LS LU L
Li“’ O

25 @l b UL Jlre Lawgs oo (oo S b S 1 Silee 3laid 5 )15 dslie 050 g 00l (6,50l
Ol g ool gy S8 b g Gl I JLEDN sy p sla e 4l sloaY slass il L s el 00,3 17.84 L il
S0 bl g9, 6yl bayY sloss il 20 51 i ey slaws F14S ol ools

Fracture assessment of specimens weakened by U-notch made of
functionally graded materials under mode I loading

Mohammad Reza Mosadeghil, Hadi Salavatiz*, Yoness Alizadeh!, Amir Abdullah!

1- Department of Mechanical Engineering, Amirkabir University of Technology, Tehran, Iran
2- Department of Mechanical Engineering, Shahid Bahonar University of Kerman, Kerman, Iran
*P.0.B. 76175-133, Kerman, Iran, hadi_salavati@uk.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, fracture behavior of functionally graded material weakened by U-notches under
Received 04 October 2016 mode I loading has been investigated. Electro slag remelting process has been used to produce
Accepted 02 January 2017 functionally graded specimens in a notch arrester configuration. Hardness test has been utilized
Available Online 29 January 2017 . L . . . . .

to define the position of each layer. Mechanical properties, including elastic modulus and
poisson's ratio, vary along the width of U-notched specimens. The critical fracture load (Fcr) was

Ié:ﬁ(;ﬁ;d achieved by performing three point bending examination and using force-displacement curve.

Functionally graded material Then, the process simulation was done by finite element software. Firstly, Jcr of each specimen

Integral / was calculated by using critical value of strain energy averaged over a well-defined control

Electro slag remelting volume. Then the critical fracture load was evaluated by means of the | Integral criterion. In this

U-notch . X
research, the effect of the notch root radius, for a fixed notch depth, on the Jcr value as well as the
critical fracture load has been studied. To compare fracture behavior of the FG specimens with the
corresponding homogeneous ones, have the same properties with the notch root layer in FG
specimen, Fcr and Jcr value of each have been investigated. The average difference between the
predicted Fcr by | integral criteria and experimental results is 17.84%. Finally, the effect of
number of graded area layers on Jcr and Fcr has been investigated. The results shows, the value of
Jer and Fer do not be affected though the number of layers is more than 20.
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Table 1 Chemical composition of tool steel
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C Si Mn P S Cr Ni Mo Cu

W Ti Co Al Sn Pb As Fe

057 065 038 002 0.005 097 004 006 004 014 17 0003 0006 0.042 0.005 0.002 0.005 Base
Table 2 Chemical composition of pure copper
Zn Pb Sn P Mn Fe Ni Si Ag Co Be Cu
<0.01 <0.01 <0.01 0.007 0.01 0.02 0.01 <0.005 0.005 0.01 <0.001 >99.9

2 oplaids 17 093 1396 i)l (wrde Suilke wdiie



O 9 (55300 L)oo

GIIT b Ul Sg0 s 3Ygd— pro (51415 0 03Lo 1 03ub aidlw JSib-U Hlusds SIS digod oSl 1) 2

Cu

FGM

Fig. 1 The steps of manufacturing graded copper-steel specimen
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Fig. 5 Experimental load-displacement curve of a V-notched specimen
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Fig. 9 A graded copper-steel specimen under three-point bending test
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Fig. 12 A meshed sample of FG specimen
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Fig. 7 Stress intensity factor vs distance from V-notch tip
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Table 3 Mechanical properties of pure copper and tool steel
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Table 4 Critical J integral and fracture load of graded copper-steel
specimens and corresponding homogeneous ones

Fcr,Hom Fcr,FGM Jcr,HOM Jcr,FGM

&N)  (kN)  (MPamm) (MPamm) P~ (Mm a(mm)
2.564 2.279 0.41 0.36 0.5 35
3.218 2.906 0.53 0.48 1 35
3.714 3.372 0.63 0.57 15 35
4.106 3.732 0.73 0.66 2 35
2.671 2.425 0.48 0.41 0.5 3.85
3.247 3.001 0.60 0.54 1 3.85
3.705 3.476 0.72 0.65 15 3.85
4.172 3.853 0.85 0.75 2 3.85
2.895 2.636 0.57 0.47 0.5 4.2
3.359 3.204 0.69 0.60 1 4.2
3.768 3.657 0.83 0.71 15 4.2
4.129 4.034 0.93 0.81 2 4.2
3.200 2.928 0.70 0.53 0.5 4.55
3.546 3.464 0.82 0.67 1 4.55
3.930 3.927 0.95 0.79 15 4.55
4.259 4.328 1.07 0.89 2 4.55
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Table 5 The critical fracture load of graded specimens weakened by U-
notch by using experimental and finite element method

Error Fcr,Exp Fcr.J int V4 a
(%) (kN) (kN) (mm) (mm)
22.79 2,94 2.27 0.5 35
7.05 3.12 2.90 1 35
17.29 451 3.73 2 35
15.36 3.45 2.92 0.5 4.5
21.54 441 3.46 1 4.5
22.99 5.61 4.32 2 4.5
45 ‘ X ;
4l N
35 | N
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—— =42 mm, FGM
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Fig. 16 Critical fracture load of graded specimens and corresponding
homogeneous ones vs notch radius
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Fig. 14 Critical J integral of graded specimens and corresponding
homogeneous ones vs notch radius
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Fig. 15 Critical J integral of graded specimens and corresponding
homogeneous ones vs notch depth
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Fig. 17 Critical fracture load of graded specimens and corresponding
homogeneous specimen vs notch depth
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Fig. 18 Critical J integral of graded specimens with various layering vs
notch depth (p=1 mm)
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Fig. 19 Critical fracture load of graded specimens with various layering
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