342 -335 o 98 sl 3 o)lads 6 ala

3y sele & s
H")”U $o9Ld 9 I"}J‘c
http://jstc.iustac.ir g‘{".:.»:‘uf)‘, KA

o (Swilfo b aasino 9 y091 5590bk0 gy 43 (pp] — o Lwdud sole el
Sy oMl Ly 3yl 5 o g0 & (s L yoazmodums

Ol cwsb il peal axles s olRasly (SOl pwaige wlinl -1

$ 20 (23 (5355 Aunnsgo (Sl gt ((ppre il -2

Sl cswsb il peal axles siris olRisls (Sl pwiige )] ol IS ggzmiils -3
O omgb (pllal azlys (o oKLl lse (pmiiges letils -4

eslami@kntu.ac.ir 19991 -43344 ., Gsaio (s *

oSz o SleS
a ool Cabis slidl, ;3 bl (SilKe 5 Suib olss 45 aieds Foal Jllug) b by jsel 5 saaz g5 ciiadon olge 95/12/16 ;=L 5
ol s slosle laddod (izren 5 (olo3 eedS 5 Cle i) 50 ook Cliiod 3l 4 55 ;0 WIS oo s Alug O 90 96/4/24 - 20ty
) silizee (Sealudge i 5 (Sujeb ( Sl ol Glgion ouins JoSi3 Slgo (cazem o )d ;i bl a5 & g0 diadiin Slge s
5 oAl e o Mk Do @ oY S s L al - e Y gy eban CyjanelS (el ol ol Sl gl L:; L
P Sl ol 1 g ot 00,28 VL JLad ) vy alewg 4 S o5 il ol asle 39y (555l (g S5 @ Al .
ot ol Gl oy 655 30 51 gl dulie glyy W g 5 el 055 55 oSl gl 5 by iy Jlasl (sl sl 7 iii"
J )
ol Gy oS5 i SsSa g LSlug, cnliv cyz ol soliiwl Oladad colo gl 0y Sslislgnl oy g 05700 SO e ol
o5 L i g 318 2l 5 LY gt Jlail (g 95mg e Slalllas gl (28,5 )18 ooliinl 3590 (5555 29wy S atadon St S

Sl iolej] )50 00l alo diedon (8] — s sladiged (i CujamalS (Sle Lolss uand (gl bl Lis | 4Y 2 50 lee i
— e diadam oole (LiiS g cded plSoial Eol3l ¢ ialej] Sl odel s 4y (25,5 - S gl loges a8 S 18 hiS g e
Gl 50 0 Sliulnl sy crizeen iols (lid j05 (55,0llie gy 4 ead aitle (@l T 5 e b duslie o ) o]

23,5 &Bly 5 fge )l 090 ST & S Dlalad plSoril

Fabrication and mechanical characterization of Cu-Fe FGM produced by powder
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Keywords Abstract

Functionally graded material Functionally graded materials (FGM) are a new type of composites with non-homogenous microstructure, which
Powder metallurgy their physical and mechanical properties vary in the thickness direction continuously. In the past two decades many
Microstructure researches in the field of property estimation, structural and thermal analysis of materials have been targeted.
Bend_ing strength Different mechanical, physical and thermo-dynamical properties can be expected from these materials by changing
Tensile strength the containing materials volume fraction. In this research, five layered Cu-Fe FGM specimens were fabricated with

changing stepwise in the layers composition between pure copper and pure iron by powder metallurgy method. First
the metal powders were compressed by press in high pressures and then the green specimens were sintered in a
proper furnace was used to improve the layers connection and to increase the strength of the specimens. Two press
systems containing uniaxial press and cold iso-static press were used in the fabrication of specimens to compare the
results. Optical microscope was used to observe the microstructure and the combination of FGM layers. The results
of microscopic investigations showed fine connectivity of the layers and powders and low density of pores in each
layer. The produced Cu-Fe FGM specimens were tested in bending and tension to achieve their mechanical
properties. The obtained stress-strain curves of these specimens showed enhancement in flexural and tensile strength
of Cu-Fe FGM compared with the existing curves for pure copper and iron made by powder metallurgy method.
Also cold iso-static press was highly more effective than uniaxial press in increasing the strength of specimens.
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Fig. 3 Tubular vacuum furnace used in sintering process of specimens
ladad sgrais a3 0 solitul 590 M5 slalg) 0,05 3 S5
1200

1000

0 100 200 300 400 500
t(min)

Fig. 4 Sintering cycle diagram of specimens in vacuum furnace
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Fig. 8 Microstructure of FGM layers pressed by uniaxial press, (a)
100% Fe and 75% Fe- 25% Cu, (b) 25% Cu-75% Fe and 50% Cu- 50%
Fe, (c) 75% Cu- 25% Fe, and 100% Cu
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Fig. 9 FGM specimens, (a) bending test, (b) tension test
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Fig. 6 Optical microscope image of Cu-Fe FGM cross section
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Fig. 7 Microstructure of FGM layers pressed by cold iso-static press,
(a) 100% Fe and 75% Fe- 25% Cu, (b) 25% Cu-75% Fe and 50% Cu-
50% Fe, (c) 75% Cu- 25% Fe, and 100% Cu
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