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Keywords Abstract

Severe plastic deformation In this research, a novel severe plastic deformation (SPD) method entitled cyclic flaring and sinking

g;ne-gftalg materials (CFS) is presented for producing of the fine-grained copper tubes. Finite element simulation has
rong tubes

determined the influence of design parameters. CFS process includes two different flaring and sinking
half-cycles. At flaring half cycle, the flaring punch with two stepped regions is pressed into the tube.
Shear and normal tensile strains are applied as a result of the existence of shear zones and increase in
the tube diameter. In the second half cycle, the tube is then pressed to sinking die that applies same
shear strains and normal compression strain so that the initial diameter of the tube is achieved and high
plastic strain is applied. This process can be run periodically on the tube to exert more strain and
consequently finer grain size and ultimately achieve better mechanical properties. The true stress-strain
curve of pure copper tubes was studied in different cycles. Results show the increasing strength in upper
cycles if the yield and ultimate strength were significantly increased to 185 Mpa, and 285 Mpa,
respectively from the initial values of 120 Mpa, and 180 Mpa. On the other hand, the elongation to
failure was decreased after the process. The average hardness along thickness has reached to 127Hv
after eleven cycles from 96 Hv.

pure copper
Mechanical properties
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8 Tube Cyclic Extrusion-Compression (TCEC)
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© Flaring punch

" Sinking die
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Fig. 2 Geometric parameters of cyclic flaring and sinking

B gl rals 5 alEl ol p wais layaie 2 JSB 0 —
a8 Al A

Fig. 3 Tensile test specimen cut from tube

gl 5l o 0dy p (IS Cand diged 3 JSib

Sguzxo |32 (6 jlwdunis =3
Sgazme syl h8le s 51 anls sone (gleans (gly
a5 ool 008 Cmpe U £s g 0ad oolizl T 6-10 4ussL]
core By Ol 4 wdlus Gadee I eslinul e
o 5o 18] el sais 2,5 0105 Ly (M) cdsS Sl
sl glell g9 g oad ooliial (5970 ()l Joo I (g5l
oyl olos sl oad 485 L 0 oS aw gl

ol 0ol 03,51 1 Jga 5o sloacs S38le 5 58 (69959

o g bi -4

Sl plgs ~1-4

3 el i (10,5- 5 sl loged Silas Al -4 S
iz glauly el 5l ey g GBI gles jo (8ES (a5l
Gl Bylsses ol 5l ] mls sl e CFS anlb
Sl Job et doy0 g (285 plSotil (el 0> polie
012 15,5 19) ke 0> el 0 o0ls jlis o =4 JSo o
S Cowl 00gs LK 120 CFS ul 3 plel 51 8 (M)o
d65 Lolie b s 4 ok ool g e @ pll 5l e
Gl gy e auile el aly Lihil JISullSe 185 183
o glul J&> Ll g basls o3l ials SPD

[2] st swlys 2t olSomial § pukes 0> il

* ABAQUS 6-10
2 Explicit
®CAX3

4 o jlosis 2 )93 1394 yliwe) Wl 3dgs 5 walw Swadiie

(wa) (<) (@
Fig. 1 Schematic of CFS process. (a) initial state, (b) the flaring (first
half-cycles) and (c) the sinking (second half-cycles)
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Fig. 4 (a) True stress strain curves of different cycles of CFS, (b) Yield
strength, ultimate strength and elongation at failure of different cycles.
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Table. 1 Mechanical properties of pure copper and input parameters in

simulation software
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Fig. 7 (a) Channel angle influence on plastic strain distribution, (b)
channel angle influence on average plastic strain
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Fig. 9 Deformation ratio influence on plastic strain distribution, (b)
Deformation ratio influence on average plastic strain and Strain
Inhomogeneity Index
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Fig. 9 (a) Corner angle influence on plastic strain distribution, (b)
corner angle influence on average plastic strain and Strain
Inhomogeneity Index
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