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In this research, Cu-30Zn alloy was subjected to severe plastic deformation (SPD) by Multi-
Directional Forging (MDF) process up to 6 passes at room temperature. After the samples
fabrication, microstructure, mechanical, and electrical properties were investigated. Mechanical
properties of the samples were measured by shear punch, tensile, and hardness tests at room
temperature after each pass of MDF process. In addition, electrical properties of the samples
were evaluated by Eddy Current method. The results of microstructure characterization by
scanning electron microscopy equipped with EBSD attachment showed that the grain size of
the initial annealed specimen reduced from about 230 um to less than 1 pm, after 6 passes of
MDF process. Furthermore, grain size reduction was accompanied by slip process, formation of
twinning, and shear bonds in a specific direction. According to the results, mechanical properties
were significantly improved after 6 passes of MDE MDF process led to a 212% increase in
hardness, enhancement of 105% and 73% in shear yield and ultimate shear strengths, and also
improvement of 298% and 190% in tensile yield and ultimate tensile strengths, respectively.
The results of the electrical conductivity showed that the electrical conductivity of the Cu-
30Z alloy reduced slightly during the MDF process. Comparison of mechanical and electrical
properties results demonstrated that high-strength alloys can be obtained in the MDF process
without significantly reduction in the electrical conductivity.
Keywords Multi-directional Forging; Cu-30Zn Alloy; Mechanical Properties; Electrical Proper-

ties; Microstructure

CITATION LINKS

[1] Enhancement of mechanical properties ... [2] Extreme grain refinement by severe ... 3]
The influence of high temperature due ... [4] Twenty-five years of severe plastic ... [5] Effect
of severe plastic deformation ... [6] Diffusional bonds in laminated ... [7] Effect of equal
channel angular ... [8] Fatigue behavior of AA7075 aluminium ... [9] Effect of work-piece
cross ... [10] The investigation of spring-back of UFG ... [11] Microstructures and tensile
properties of ... [12] Influence of stacking fault energy on ... [13] Nano-grained 70/30 brass
strip ... [14] Microstructure refinement of selected .... [15] Microstructure and properties of
o+ f3 ... [16] Grain refinement of coarse grained gold .... [17] Microstructural stability of Cu
processed .... [18] Structure uniformity and limits of grain .... [19] Microstructure evolution
in a 316L stainless ... [20] Grain refinement in a Cu-Cr-Zr ... [21] Microstructures and
mechanical ... [22] Grain size and texture changes of ... [23] Microstructure, texture,
electrical ... [24] Microstructure evolution and mechanical ... [25] Enhanced grain
refinement by ... [26] Recrystallization behavior of nano grained ... [27] Mechanical
properties and fracture ... [28] The influences of extrusion and Multi .... [29] Utilization of
multi directional forging ... [30] Microstructural homogeneity, texture, tensile .... [31] Effect
of deformation conditions on texture ... [32] Promotion of ultrafine grain evolution .... [33]
Study on the effect of production ... [34] Nanostructure formation during accumulative ....
[35] Segmentation of copper alloys processed ... [36] Mechanical .... [37] Validation of the
shear punch ... [38] Correlation between shear punch ... [39] Tensile-shear correlations
obtained from ... [40] Evaluation of the relationship between ... [41] Evaluation of
mechanical properties using ... [42] Hydrostatic pressure effect on mechanical ... [43]
Nanotwinned microstructures from low ... [44| Microstructure, mechanical and electrical
... |45] Enhanced mechanical properties and electrical .... [46] Introduction to the principles
of dislocations ....

Copyright© 2019, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


http://www.ipme.ru/e-journals/RAMS/no_22811/35_paper.html
https://www.sciencedirect.com/science/article/abs/pii/S1359645412007859
https://www.sciencedirect.com/science/article/abs/pii/S0043164815000769
https://link.springer.com/article/10.1007/s10853-012-6507-y
 http://journals.modares.ac.ir/article-15-3862-en.html
https://www.sciencedirect.com/science/article/abs/pii/S1003632617602176
 https://www.sciencedirect.com/science/article/pii/S1044580317336781
https://www.sciencedirect.com/science/article/abs/pii/S0925838818317705
http://journals.modares.ac.ir/article-15-11078-en.html
http://journals.modares.ac.ir/article-15-9620-en.html
 https://inis.iaea.org/search/search.aspx?orig_q=RN:45108180
https://www.sciencedirect.com/science/article/abs/pii/S0921509305008282
https://www.sciencedirect.com/science/article/abs/pii/S0921509309010764
http://www.amse.acmsse.h2.pl/vol47_2/4725.pdf
http://www.amse.acmsse.h2.pl/vol39_2/3923.pdf
https://iopscience.iop.org/article/10.1088/1742-6596/240/1/012116
 https://www.sciencedirect.com/science/article/abs/pii/S0921509310013134
https://www.sciencedirect.com/science/article/abs/pii/S1003632614631927
https://iopscience.iop.org/article/10.1088/1757-899X/63/1/012060
https://www.sciencedirect.com/science/article/abs/pii/S0921509314004079
https://www.sciencedirect.com/science/article/abs/pii/S0925838814020143
https://www.sciencedirect.com/science/article/abs/pii/S1003632610602026
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6317036/
https://www.sciencedirect.com/science/article/abs/pii/S0925838818338702
https://www.jstage.jst.go.jp/article/matertrans/48/9/48_MRP2007123/_article
https://www.scientific.net/MSF.558-559.1329
https://www.sciencedirect.com/science/article/abs/pii/S0921509316309996
http://journals.modares.ac.ir/article-15-9926-en.html
 http://journals.modares.ac.ir/article-15-9858-en.html
https://www.sciencedirect.com/science/article/pii/S0261306912004384
https://www.sciencedirect.com/science/article/pii/0956716X9190474F
https://link.springer.com/article/10.1007/s11661-009-9912-3
https://www.scirp.org/journal/PaperInformation.aspx?PaperID=76604
https://www.sciencedirect.com/science/article/pii/S1044580316306908
https://www.sciencedirect.com/science/article/abs/pii/S1003632615638778
http://opac.nlai.ir/opac-prod/bibliographic/666018
 https://www.sciencedirect.com/science/article/pii/S0022311598002037
https://link.springer.com/article/10.1007/s11665-012-0256-6
 https://www.sciencedirect.com/science/article/pii/S0022311509006904
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119296126.ch165
https://www.sciencedirect.com/science/article/abs/pii/S0921509305000201
https://www.sciencedirect.com/science/article/abs/pii/S0921509316312382
https://www.sciencedirect.com/science/article/pii/S1359646208008683
http://journals.modares.ac.ir/article-15-9020-en.html
https://link.springer.com/article/10.1007/s10853-013-7279-8
http://opac.nlai.ir/opac-prod/bibliographic/2907477

oblSKem g o)lj Ly 19FF

U pmsi @l glaanls 5 (MDF) alfue 98 sl
rle @ Cond (S GRS &5l 45 eagr ad Sy
bl glues U 5> JSb s gezen gl
Slaszy (HPT) ol jlid ol iony JSb jus5 5 (ECAP)
3208 1S5 calilB @ lsioe Uhgs ol edes slacase 51wl
L s)S glal by sz ) cashl slayl js st eae Judsa
il glagsly dlaed Gilisl b olyice calls ool & 4zl
695 bzl culll puizen 35 Jlasl digad ) (g dan (205
B b @ gl b puizer 9 05 (WS 55 Juddas 355 slge
23 315 b8 eslaiwl 390 503 Yb by ol sl lalos )3 lgie
slal 5 1S (o0 s 9 Jlosl jsme oy p2 1 sy als ol
IS 21005l o (Bl ol Ly i3 JSUb ynd by 51 Ay 4l

Tl o3l L |y aTyd LIS (gloi |

I8 xiz )58 4als Jole gusled pgai (1 JSb

390 Wl 2in 3T ,18) 5 SPD lasiald (o 53l 0eisl
53 HPT 513 olosil L B2 (Sa § 577 ool 438, 515 oy
Cu-30Zn ;LT g Cu-10Zn 5T (o> e y boumo (glod
Al e A yilogililes yu5 dy dils ojlail LhalS 4y @390
@5l ptals e 4 b Zn 5T paie Gialél b o w8
02l 3 (s yti 556 HPT aiTy3 (SFE) gadossz 53 oais
9 Sl .3y olgie (653 S>gS dils o3l 4y g 3ls dils o5l
4238 dygly b B ;5 ECAP ail$ (b F plosil b M iSen
G 1y als o5lasl siadlys Cu-40Zn LT 5 ¥OCC slos )5 g
oS paluds Sl jaSho ATy 45 aimy (EalS yiegiltes
4 Pl sgas 5l (ol S Sl g OV 4 WYe 390>
531 g L8 §390 UBL/Ei 8k g (ilaoly  Apany SISy B O
Cu- 50T 5 bume los ;3 (ARB) (mexi 395 a3 S
olidze ol .sies (ialS yiegililes 394> a |y dils o5la3l :30Zn
CS4ilSe (oly> AARB sl sladSow bl b 45wl
5 3,5as¥0x 4y AD 3l Tsgas idus o (559bs e liise G2ali3! 8
ol 48y Gl JSlEVAe @ PO I S ol
s JolS IS A plal b BgSen 5 (KapzsS
Cu-30Zn ;LT 5 (RCS) Jge o358lo g o3)Sdilaisailais
S Sl Y w dily glul uSKile iS4 @8ge
B aygly b ECAP aild ol b ISl o gl
53 slodils jluil 4 Cu-37.3Zn LT 0 ¥eC glos 53 amyae
slos Liahdl b puizen . Sawwy 99,8V Q B /¥ odgax=0
Uial8] 9,5l 5 S d Lodils ojlail e3gamo (Fee®C ay 3yl
0alls @l 51 g 00ytuS (59, WBaiz 98 a8 edl
oo I (uizman g 3Ygd ceguineg) (pue b il
o ploxil calidge b 503 ()l ized 3 pouinedll (euirie
20 MDF 3518 (ol ¥ ool U 23], S g (s 116220 coun
OualS 45 380 AVYC g lumo sled j3 5o5Y euiegl 5LT
wole> ogdeds . ad (59,50l /0 g S A cudiyias dils ojladl
Llyd Jleel 531,55 525 Gy sloplSoniul 5 s plii (Sl
b PphSen 5 plylai/ a8l 4ze5 B Gilsl MDF

WAA 3l3y0 A oylad I8 0593

Gl g SilSe olss il (uyy

2395 gy 4 osdadss Cu-30Zn gy 5L
s>

s

MSc 5el5 L

‘oLnl el oKisls (owdige § (8 0aSls lge ‘o9lc 9 (pwlige 09;
Olrl 98 e

PhD *ilegi 83 seme

‘oLnl el oKisls (owdige § (58 0aSls lge ‘o9lc 9 (pwlige 09;
ol o938 e

PhD Ls)cl.‘:: s> daxo

‘oLnl el oKisls (owdige § (8 0aSly lge ‘o9lc 9 (pwlige 09;
ol 938 e

MSe Ll gled

‘oLnl el oKaisls (owdige § (8 0aSly lge ‘o9lc 9 (pwlige 09;
ol 0938 e

oS>

I (MDF) iz 2,98 aiulé dlawgas Cu-30Zn iy 5LIT Gaagiy ol 5
odigas 4ol 51 e 8l Ll Sty S s o (glos j3 by #
edigad (SuilSe olgs - ad oy Sl s SWille polys Lzl
5 Ghr @l 3 G slagssil 5l el b MDF a])3 alojye 5o 5l
lodiga SuyS)l Lolss uizen 1 (55:565l) bumo (slos j3 S
g Jlibojny Gy jl ol il ad (555651831 (2138 ol b
o sl oLés EBSD 5JUT b oyes (g, iyl iSens Sane 51 oslicial U
3535 51 oad ol adgl digad dils ojlil MDF siild (wb & 51 (o
als olail GialS ogdedy dly (alS (e )SueSy Jl JieS 4 (g ySuel
Vabdie g )3 iy sl g laslss (6xSUSE (bje) AT L oen
BB gy SwilSe olgm MDF (uls & 31 sy sdelewwsds pulis @b 39
Ol (i 5> YWY a8l 4 e MDF aul)d cudls (g2gs
Gl 5 G gl s paled Gloplaied 5 Grep VY 5 10 Calyia
Fo| ARV TP A QTS I RPN (_gkb‘oLi.zL.»l G0y Qe g YAA Cudyiay
SLIT S,SUl calae JMDF siaT)d 31 55 sls glad (oSl colan
5 LSle Lolss il duglio b 14 .l Lals LSul e 4 Cu-30Z
b jlan lStaol b 5311 @5 g3 MDF a3 55 S lgie (Sl
bl s (Sl eglie s azgi BB Gials ggn

xSl elgs (SuilSe (olss (Cu-30Zn gy ST sz z)s dlaeflsals
Sislojay

WAY/ 5[0 redlyys gl
WAV < G gl

noghani@eng.ikiv.ac.ir : Jgiuues sxiungs”

dodio -\
Sl 5 ol 59y 5 e 2epd b buiie @iy lejll
9 G (B Wl (Shed Sy comie )3 (glessd
sdae 3lS Juds . yls 503 3ylge (55l 5 o0 5 @y cYlail
5 GadadSd culld Jolis YU jlun (Sl Lolss gLl
Oalil sl B Mol (S35 4 cuwglio 5 YU plSoxiul
O3 9 Brotggie 3 plel slasnl @b 5l Sl ols>
5 obSisie 4258 0 oilsan ILT ol Lolss s e 53U
Al Setody S et glaainld cwl og plesige
Sl oo by plsiets el adiS )8 ,>lgl 51 (SPD)
G 5 s ol (2 53 5 W3k JlLe b 3lse @ gy
A3 banld ool el 48)S 5 4zl 350 SilSe (ol
casthd slayl )3 ppe whnsd skl gy sl i3)S Jlee!
380 (UFG) 3y eslellged sladilsy eudiwo syl el

pde SiilSe udige (gl - (rale dolinle



VAFD 4tz ayg8 (b, 4 eadadyl CU-30Zn griss ST (Suisll g (SilSo olos olidLunisy oyt

03l M (silwoslel (SouSUl calsm aesT pladil (sl Jlgen
oled ly pwcglin o8 I esliwl b (Sousdl colan
A el sasMDF (oly T G g Sl diged Jolis adigas
obz Gt o cuwl Ot psal o colie o
55551031 E1004 3,lxibel U @sllae 1y (SoayiSIl olsyz el 5,5
c.;glm )'l L% uoL.ul)J l) (ﬁULu) Ul).m oKtws CHI .A.’\Sua
ASie dsale (WIACS) sluilil ord ol Lue oSSl
Uad aigS yo Bi> johiieds dipe duw )3 digad ;o (sly 963

A ST

B () ol Giegis gl oldand gedaduw g MDF LJB yigai (Y JS&
digad (F Sz oS duiue (¥ o Syi duiuw (¥

G SU G e ladigal Gy @l psel Gy sskiet
dgad j5y0 5| Ladigal sb cuz 3 350 iolio IA cols
3 osdsoslel LSU”@)S A ealy iy )JLfg)S.w oKtws dwgas
Ehgw SRS 5 yieheflY Zh kS b bn @k JJB
L 4l ytephe) " e b gyl g @85 48 Jigy Sy
ol B 5 3y o 5,5y, AsSum 5l Jlee! landigas
5 6551l @l pluly cuey el sy olie i
65651831 55 bl 51 esliianl b JSwbBlo cunmyy oy (3
130144

S
r= dtm M
sy digad wwold Ui cuey il goy P oS
ol el iy B g @l Jhd uSile d g sieilie
Gy Gy ORI ey b Gy @b sl glegizie
25 a1 58 Jloy el sl cans 4 Jlos (ol
:[7]MT Cuwd A
d= % 4p)
cuwl yialie cumy @b lralz hg Jloy plal>d o
L dw diga yo sl 0sail csel ol @l 51 plisebl sl
e 3l Gy @k osesl gladised oS (gusbay wd LSS
2388 1a> 0asMDF (sladiges
HVS- ziwoidu olfiws aluwgds 5505 awiidu 963!
@,«b aslivo UMUSL.u ULO) 9 ‘a)fon Gy el 1000A

Modares Mechanical Engineering

5 bume glos 5 palls @il » MDF sl (ol 1 plaul
W Caiyidy (49,508 P 51 adgl dils ojlail oS 388 dseis YYoC
ol sloplSixinl guizes . ulie (RS 9,SeY 5 Ko
Y5 Gt ot T agl diged 4 cond Gy g BAS
9 hore byl (505 @S L5 guizmen Sl (ol
01,5 Lialisl g MDF aigls Jlee! o 1 oamlice [25] ] Ko
Cu- @iy LT 5 oaslSYY (sles 53 (l8 slagwly Galih)
gV B 3LT el il ojlail amg5 LB LialS ay y2ie 30Zn
MDF 3y Jlacl (yol> Ghmghs ys amsi Bl a5 sl 00
9 hoso g oS 039y (o iy syl SWSy bumo (glos )
los 53 27130 5 Ll g 261 Sem g g/5T (1251 ), Sam
el Goe by s SLT 5 le 395t dlaizne b oha jho 50
L olsice MDF (ig) sblie S0 51 puizmed sl o
5 i dlal b (aladiged 51 oslisiul 13 g ool Vb Jamiliy
500 43S T sgMeds 3903 oyl isiuo (sl ywlide )5 ooldiwl Jil8
wole; MDF 318 ) o spaé g HPT (ECAP aiilo laaisT,
sl Lol ol 5 B pladl el 5 sitn e g
Ohmgdy ol 53 128 25,115 3529 e (sles ,d 53k sl
S 390 ST Vb (S8l g (SilSe elss @ gy sl
)5 )18 Bz 7598 Al e bume slod y3 el TGb
0ols> st 390 ce 3 3 pllo ladisad aled prizzen

S 18 Syl g SuilSe cg sl

@iz by 9 dlge -Y

Cu-40Zn seys U @iy ST 51 Tl i 390 SLIT aud sl
)LJT wgd 5l as Cu-30Zn )LJT gl sl BTSRRI W oalastwl
SLIT dgs oo clie 3uoyd (33)Sa8LSI g 1+0+°C (slos 43 gl
Loy 3 plaxil (s yteglsS (93T aled ;5 .88 wgo s 330
390 ST (liesd CuSyi ad e SLIT )3 39290 olic
el 00 1) Jgam 55 a3

(359 2033) oadiis Sz (595 e SILIT o <5y (1 Jgsz

5‘-.‘:” Cu In yolie il

Cu-30Zn FAN /YY) >\

slasl 5y adiged g3l B s Gy s
O Bad oy iy ol oy b yielie)ex)ex)
wldee 0595 53 «gd dhadi /A glos ;3 cond oslef Sldigas
los @ sy U oyS 13 g oads il el V ety Gyl
a5 Wz 298 LB ) ondeslel (sladiged .0 S e
o Slid dbwgds ccwl oad odls lis ¥ JSs glase
ESLBRRECLI ST /CRR VRV R SE R ¥ JEWEL JUES S GUSRVES
23 ey Sy ey b Sy, uy ol I wlidee
oV byl 5 4l siepkeVld Uyl 6L el
Jlee! ladiges (555 ool & 15 JS8 pusts wliles .0 oslisul
53 495 BB el oxe ounline 51 ass dingy ol Ll i

s oslital oS Jse IS5, 51 digad 3 LB cya
colin slapssl sl (3lweslel dadigad agd I e
laigl 53l plail GRS g Gy @l (iR (Sl
S 31 A5 (SsolT 55 53 51 4y St (lndined s
g Blo xhw esliw ;I eslaiwl b O A (S)L.ugfb

Volume 19, Issue 8, August 2019



oblSem g 525l Lugj VPP

508 S5y b azd 0B Y g gz Sl b agly Ses
Sy b a2y 10 U gy o g SYs aygly S oS (sl ye
L (4200 1 53855 ez SYasl) agly Sii sy 9 2
JT diged adgl HLislupy 53 el odd pakdn s Ky
Loy gl S8 (slmjyo 3 St 45353 Ly o odee (i

(F JSh) W9 ed oambie )lislugy ) 5

N

0o 10

(o dils glojye aids (all tadgl Cu-30Zn LT ;I EBSD ;JUT (F <&
IPF S5y auiis

§ diged (gl dils ojlul K,y aids g ails gl addl yglas
ojlail ol oais a3l ¢ IS 5o e (slod 43 0aMDF uly
00l 035 (e (9950 Sy I yiaS 4y MDF (uly 751 asy «ils
350 31 L S QabASd g JSiS 4 azei b b el
A &S lasliss 5 iy el dhwgds iz gladils
OlSel ccal 45,3 Ui MDF sl 5s iy idyS Jlec
FIRCTIRLC¥ Y Ny ] IRESUNC UNORE NS{ VI SRV
o Jo> b (glazpaie (s e diged (59 S psS (ool o

WAA 3l3y0 A oylad I8 0593

xbw ad eslatwl bume (slos ;3 ASTM E-384 sjlailiwl
5 Blo b B 0 Galul Gidsy e 3 05l 15 ladigas
ghie mhu S0 5l Gt Lol cwd 4 culie Glive
9 S (o (9051, VE digad yo (sl ad el digad
A duole Woosls (12Kl

948 il Jigy - Sdgj oBiuws I eslisl b (S oge3]
» ke Sy S8 laly cepw b i) ol b gl
Gladigal ol (9SzsS @ drgi b b elxl ddids
ASTM slsbinl U gilhae (iuiS geeil bl (sl oiisyslys
L @lae (5o9line) SzsS S gladiged 51,1 el (sl
slal @ aogi b ladiged ool oohb ad oslitel ¥ S
03a3l sl digad b (sl 0 el (54055 MDF (sladiges
Slapiegsy 53 oadony Sy gladiged I (imgly ol )3 LS
bangi 3 (S (sladiged (g 5lwoslel I8 313310 eslavwl LS
03l s edS ez Glsb sl 53 adigad Sy 51 @Syl
A LS L Y s

2mm
10 mm

[ mﬁﬁ
T

Gigl 53 oMb GRAS el (sl esian dised Siiled (¥ JSB
ol

gy oS QgSigSae 51 SISl (slan sl
Soogysdl il alwgdy LT s 4 420 (SEM)
Yk 2965 L 7001F Jgiz Slase JuuS L (EBSD) Sy
095500+ Sl digad (sl pguat Glagy o5 o5luil . ed)S olauil
A i8S a1 53 yiegySee Y (A8l Sy (sladiged sl 9
sliwly o a9 W (V%] PNV 5! o digaisjlweslel (5lp
gy (ladigad 3Spo) ladigad J&1s 2y ghie xbw ((Job
Oledoy oo g B SIS0 iiadgy WWee dils 05101 by oalw
b pl=il OP-S Jolxo 5 (gsSaee/V awlell yuas b (2l
laosls 54UT (gl EDAX OIM TSL7 Jf5éles 51 cpsian

A oslaw! EBSD

iy g gl -V

Sadlugsy gy -\-¥

&y ails o313l (IPF) (weSao b8 pgali g dils (glojpe dids
b Sy slopsysdl 51 Gigsdl (il dlugdy JT digas
Gl ¢ b 53 EBSD @ jeme Gilugy GiarsIl sy e
sy woadongl lanl, )§.~.an4 Roal aized el oads
shls B 390 5T amsse lad |y ladils (g pSegs wilize
ol 4536 5 g gwy eSSl 9 o B SOl e
il € S, cailords cdsys WolS Ll 31 55 o agl sladils
REI FV-A 9

drwoloo (gly ol 00 (5 S 051851 (9,5 VY adgl dils ojlal
Gobhw S byl ladiged (seled jy adils bwgie ol
10 51 s gz BT dsgls b ails (gligpe 5 o olitusl
sy F S illae canl oad i8,S a5 s dils 5y olgicds

pde SiilSe udige (gl - (rale dolinle



WFY 4tz g8 (b, 4 eadadyd Cu-30Zn griss ST (Saisll g (SilSo olos olizLuoisy oy

ol o3>3 (e (slos 53 dlwgay dd=e ok A.\_\T)B Sl SS6
1133458050 dblol oadisaze jolis 5y sladils b lislogy; o
Pl g Sgy NIy IS s ey GlalS b egdeay
W) O)LMJ' )‘75" doddo ,.A.».’>.|"~ 3 3 3 45)9.bOLA£ .[5' 33])&5(_76 ‘_}j}.".!
Gl S il o MDF sl s ails o5lail ralS
05,5 olise 1 [B5lesgy ECAP Ludsi SPD ,Sis slaail,
55191 GialS @5lse iz sl yiaS Wl ol s Gllecl
Gy slasil JuSad 5 laplal B pialisl pelly 4l
<ol MDF 578 (slopoly slass (aalidl 531 53 (33,5 Gialisl U
gz b ol g pSeqz 5 o) cqz @l 4 dogi b 1
S5 s slagwly slasi Gl bl slasil Jusias
4 o 9 hie a8l Al slajye iwSd 5 (13)Sghks Lg,
D9die Sl gladilyye g JSEeS olil b (ladils Jsis
lspe JSiid 4o 5 5 anlzal J&s il 05ule
A3 &S enge g el Gy GRS Gl b assliSn
U lalal gl sgdie fsid o3k szl opuls
LS 5o Sy 1l LSy 51 (6 xSsle caw =ile o5 il
& BasSa b 395 5155 b gilge b dilsjpe 53 caled )3 g
Lihol b by alab I (YL JEs gblie ool «5 1S e
slass (3 JSd anlyd delsl s i |y lee)S
oalil o2y Jslo laylislo 5 51305 (slaaSeds ;3 Lol
adls Iy g5 payieS & Gl 3 lalzal Glall Lhee
GeliSzsS laje JSUd @ ymie oS 5500 L8 sk
ASe 1w Gl b aleal JEs sp)lS dolsl b 3950
oSl dlues sladolw g gl 9 (Rl Lajre culis
WsliSop slmiye 4 wgliSzsS lmjye st 13 9 Mbee
de 51 Tsaze Su)lS° 5153 W9y ol GRalil b xigdse s
Glagid 4 l) 4l 5wy s glaleal dajye gblas
[3613g. 0 dilagy HLislu slol 4y e 45 0SS0 @ S0
SilSe polgS (s -Y-¥

&b slegse! (Cu-30Zn ST (Sulse (olss uny sl
0sasl 5 dels mls ad elodl (it 9 GdS (i
Al Jloy mlaale cawmy Gy WS whnst (i 2k
ahis pesSle (55 5l Rl Gy Bl (ped 5> AS e
Pl 5 3980 patidio Jlog (nladile -Gy YIS e
Gie &S glahdi (g5 51 g slsgad Jol G 5l by el
Gle dedoe gt b Sl GhE el I eadsl
OBS 03a5T 5 iy @l Jlsged dmosls (S 5l 6055l
23 ity ol £ g el ¥l S T (sladizad (sl Lo
pes U""""’SU9‘°)T)| d.»al.’> C\JLU ol odd 45|)| Yo 6'&;'.59,44
FISETIES SUMIAL SE PRI IR AL SEM B NP
@lahds g jlagad gonjSle dlaili 5l cadiyiay usige (IS -l
lyl3sad rizas 335050 2yl Ghi s I lsgal oS cal
(alS Rl Gy s W G cwen Rl S Sl
Glr el iy g Ghy palud cuney IS el oSl
o iyl ¥ yl3503 53 by £ 5 oy Wl S (JT sladigas
0385l 5 iy @l osel 93 5 sselewesdy (slamesls el
.w|omaj|)|YJ9x?)>(:’iﬁsz9u&ﬁ9wm
ity T digad 4 o Cu-30Zn gy LT (b T diges
ﬁ‘S:.LJ e ol 03y dy=i |y g0V g Vo0 ad,y

Modares Mechanical Engineering

9 48 8 gz S0, Gy sl eled (43,5 ploxil j9me
Glhe cuwl csmline BB cyz S LS PSS sl ey
55 S2sS sljre g ol S5y @ g8 (slagye il diges
ppots ord dtusd WolS 4ia)S Jlael 51 55 o 508 iy @
B0 USh 5 45 oad sl diged 3 38l 5 pSen
3o 4B 5 SsS sl S e 53 sl ssmlice
ol @Bl Gialil lbste LB laie 4 MDF sl
Szs8 sy 4 bone 45 ) 508 g o bshs o (5y9bay
B S0aSG 51 (e il (glmjpe 4BES gl )3 (At 49l

4z (<l «Cu-30Zn 5LJT oadpyed by & diges 31 EBSD 5JUT (& JS&
IPF (S aidi (o ils (slojye

8 =Mool b MDF 15T, amsse ol 0 3 F (gl JSi dunslia
oid ersi 5 als olul LialS Coge Hlislup, abse
w8 do Glgie 41y (slmpe ABES Gy b prized
3 i b el 1 diged > gl lasye (5SS
30 by aleali 51 (eoh slasi goxi g3lg 5> el Sl digad
G oyie ils lajpe g ed sie » MDF snld Jsb
4 e plah o5 cuwl ol Glbail pse aisly o Gialisl
53 43l S5 sladilyy e b 4 s9dioe dilgy 398 slidle JolSS
2 e 555 prizan Blewl sad ablol Y LI5S el
ez 4y 2o Ailgie CU-30Zn LT 55 (ol sl o adions>
SFE 1pj 0sd Saels sl 51 &le 9 (rlzal) idys
Lzl sazmo caSyi g pudlaz gl (solads @ y=ie ol
Gk sy s Gl @ille oS el gblite i3 g
5 do 33l le)S esisJled gblite (hje) ((Saeliny

Volume 19, Issue 8, August 2019



OblSem g o)l Lty 1FA

el Jolds iy @l 9 GRS sl 1 oasluwsay wledbl (¥ Jouz
Gl S Sl (Ouss) ald iy Sl ((O) svs by puled
G g O/01ys uts cawd g (Orvs) S pudud @lSaiwl g (Outs)

s3dzy98 9 Sl sladised

ours/ B Omys Guts Ouss O'sys

= z _ _ digad
oms  (HV) (JSele) (JSulile) (JKuliSe) (JKuliSe) o

VEY YA WY Yoy Y10 Yo Jsl

VoY VR ov. o ¥ va Vet
1

VeE VYV oy oAl £10 vay Y dol

VoY vee  Tag iy £04 ge. Pl

Ll 5l a5 J8 SLIT G g oS elSodil o ab,
ol 0ad o3ls ldd W lagad 5y buxe (sled 3 by # 5 MDF
Sl S g S el glaplasl g G5kl
2 wgeds R Gy 9 G peled gleplSxin] sy
B398 0 ol

TYS, UTS = m(SYS, USS — 1, ) "
NS e 0yL] T yiohly @ To sl datly cuypsm ol ys oS
Lo cuws 4 ¥ l3g0d 53 b Cand s Tase 51 Job e jl g
o Sl 4 g8ly )3 350 baie Giin @l pssil 4 &
ol 93 (G (Shol) gl - B edls ¢ diges - —aily
Gl (slapidd ol mhw puizes 33die bsne el
el sy sty ol Jlade Hb 1 coagr dlse 4 atunly
ool 53 el iy palud el 1 iy Ysazo (algd iy
251\8 ly ﬁ—hL/.MJ L_glm‘al.ial.d o daly 53 g WY ply (ol
caipidy g USS 5 SYS guizen 5 il iS5
[38] st 2l (s g Ky ﬁ.—A.L/.MJ L_glm‘al.ial.d

4 Cawd D gz =V Hlagad o Weesls (Sl wlibl Bis (gl
Spey peled slme 55 g dlodd ey AWl Gy GBS
sk a5 Sy @l Jlame LYY Cape b (0 /Ty = V3)
0alle iy 0351 95 capd b ey slase I yailSdladlxe o
39z -V hged el ead 28 Ghn &k usel sk
(SYS - Lalls iy paans oSl  TYS (g dhayly sy
(USS - USSo) walls les oy el 3 UTS .SYSo)
137,38] 0] o danolne

o dly sxmsylis o« (M) ks cwd W laged
Slepliul puized § by 9 S palud GlopSoiwl
Lol s d VIO g VAY Cudyias el (lgs iy g S
4 S Sl cawd Ghepd Jlime pd il 4 azgi b
Sldail saelcwnsds aulis ccuol oad slgiduy VYW by Gy
odnlewnsdy calps Sal GV .3)3 jrened slme b awlio
Slepiils siile (alayeS a4y jiaeisd slme b yol> Gimgly 5
B g @b o ST 4l )y Ghes g piidS ededy o5 SLS
6l oy @lidad )3 39dp0 0303 caud (e 3929 4
31 6k bagi a8 iy SLIT Jolir cilidee sl LT 51 (5 loms
bt sloplSamnl g dhly, calyo wisS wige lidse
2y g S (2l el puizan g (Ay g (S
dois 5 B0 3TMIel ond iliS VIVE B OVWA odgame
oo g uu)a.n BB 368 el Loy 53 o.mTc_;w.M.j alpd

WAA 3l3y0 A oylad I8 0593

@ o oy T diged 33 (aled S el § (iedS el
Giatl33] ol sl ails GEali %VAe g VAA Casyiay JusT edls
5 SPD lasnld plo b duolie 3 SHlse oly>
2B b GBS 0 desie (i 3 o Gudn slagiagd
My, Sen 5 Cileo izman g B0 800 5 iluol ligio
ol 43S 3 oty glaghegh edgame ) 5 Jod B
5SS (ol Gl i ¥ g ) (slalasel Gillas
2 ol e s S el eulud olSol dles
wols> Galisl &5 wly slaei a3l b g oals &) sl sy
53 Sl 45 (5y5bs cunl 0393 oaialS Loyl j95he (Sl
p2 b Gluz wls Rl slepely ) osis MDF (sladigas
35 63lodilshyy 5 Gl a8 bl clus ol ede 5l
STy 3l cimen ol 039y bame slos 3 Jlas! i)S
slab>e BB jsbay eulud olSol (ialidl )3 alaz 98
calild [aolS .l e olSotel Gralsl )3 of il 1 i
S el o 5 cosds @Sl j3 ¥ Jgaz 53 GilS
el VVEY ol Ll diged (gl (oS ot olSinitasl 4y (lgd
4 MDF 118 (oly G Jlael 1 G o ol &5 > 5
i el 4Bl Gl GialS b el B g ssy VY
PRNV-SC IR ISRV gL SEN PTINE-RC QI JAL S

LCLWPEETREINE SUNNSEY . N TENE ST

500

--------- annealed

[E—— 1 pass
———. 3 pames

450

- i

A 350 ! b passes
= ffl

= 300 g !

z ! s

E 250 ﬂ::' ‘H__.-- “.‘

n o g

B 200 3

] -~

e 150 -/_,

100
50 e

o 0.2 04 06 0B 1 12
MNommalized displacemet
258 5l s g U8 il sladised G @l 0sesl slaizie (V slaged
Bz
BOD

--------- annealed

700
Zegiith 1 pass

600 ———- 3 pases
& passes

500 .
400 o
300 ey

200 A

Engineering stress (MPa)

100 -

0

] 0.1 0.2 0.3 0.4
Engmeenng strain

@5 3l s g S8 il sladigal uige ()5 - (15 (glaioxie (Y lagad
PHLRCES

pde SiilSe udige (gl - (rale dolinle



VAP ailSaiz 298 (g, 45 oadasly Cu-30Zn giys ST (a5 (SilSo olgs olidluoiy oyt

slod ;3 10T (slaguly slasd (3l b it sl lages
L odolewsdy zuli @lao el oads ALl F lagad j3 o
Gl &5 Ll ol Gl ik el slaed Gl
Ollsl &5 i Jud puee 4 3ls Gl gy
Uhls fdsdy G el oad csmline Jgl el yy i
b slass Gaalidl 31,8 (glwailsyy slusl Ylaas! g ails o1l
oraleusndy gl Gib 3sdipe ol L s Ll lise
%YV 390> Cu-30Zn LT 0asMDF (b & digad ;3 (it

el asils (ol JusT edls dy cawd

o
3

g

microhardness (HV)
g B

)

Q

3 4 5 &
Pass number

=
=
[

Cu-30Zn LT Liduog Sao 4l 2458 (slauly slass il (F laged

» MDF 3018 alex 51 apad Sty S8 s glaanl)s
etz sl Carge 03l dw Gk 51 (595 - pme sl
Jsl @38 350 plSainl § b dlox I (Sl oly>
dB1 3 baleal g (iSeay wged (BulS sl
Wils Gpe 1 Gl el g3 EiilSe iy (slaails
exle g dils slaje g anloal o WSy wygod
93 Uhgh ol 5 Blewl wle Jolae ospllinl (eguw
Ol ol Jole il 631l il g ilS Jolis epuile
(_;lm‘a)‘:,JLin » og}l.c B = I QIR oY Syt 3 ‘c‘SaL.d 9 ua|9'>
Ol Wlgise e wél Sl AL pidupliail g9t
53 o 58 58l 4 dzgi b g iy 135550 ndiged olSoxiul
sobes cal oxd 4B Gyo o il 51 bepile plo b dunlic
2 plral el 6 xSsle 5 03589 S Blgie IS
Bolsgie off pllinl § G Glalil 4 i osle Sy
s sloail)s 5l Gl (Silagay 1 55 Sle (olss Gl
5 sgde Gupn g —db daly Golely sl Saady S

.42]

o, =0,+ kd=/2 Q9]
G5 T wosle el K wopled oSl 0y, by ol @ib
5 lzal el il s Sl G5 cwglio glea b Sl
DS sl 4 dtaly k abaly ol 53 sl @il 5lal d
I35 zohw b eSe Jlisle b el gl g cwl el
oShite ezspid sl b @l I oS Hlaie (FCC)

3o Jolis |y (HCP)
o) wlxie pelely JS8 msi (g9 —ome @il 5
s ren 4 el Jleb glagslisy (S 5 oadJis
2 ogdle B0 eVl Jhun 2y sl i Ss
@t 3 5 ohz oAl g5l 0 essesnel slagislse
23 oz el 5] el uy BB LT ool (Sl Lolg
59y liwe Ul b el gupe yio p Joi el palls o

Modares Mechanical Engineering

ol J38 B 50088 slume b dunlio )3 oreleuwsdy b,
1 o 5 S e slnelSoal p dlaly sl illae
sy ogde (s Gy 9 S slaplixiul b duglie
el jlamo dlaily oy 4 (6,5S0058 Al Copd e ]
9 wiged — B8 —zly g Sl [y sl Glis jiepss
U ow ST sl )3 Ghes g (iiS cdedy oS SL3l gl i
ot Sl Rl G el 55 e 929 4 I g

s lid Gy eaded el 4 cawd

(&

700 ~ +

600 4  y=1.8385x- 121.65 e
R = 0.8264 *

500 b

400 -

TYS (MPa)

200 4

100 4

0 100 200 300 400 500
SYS (MPa)

(=)

600 | y=2.0536x-241.71 .g
R? = 0.8579

UTS (MPa)
g

0 100 200 300 400 500
USS (MPa)

()
700 4 "
600 | y=1.8385x+ 0.0025 e

R® = 0.8264 . e
500 - BT

TYS (MPa)
g

300 4

200 -

100 -

0 T T T
0 100 200 300 400
SYS-SYS, (MPa)

()
700 - ¥

600 | ¥=2.0536x+0.0014 e
R2=0.8579 + s

300 4

UI's (MPa)
g

200 A
100 -

] T T T
0 100 200 300 400

USS-USS; (MPa)
5 Joil gladisal Gl Gy 5 S (sloplSodul o dlaly (¥ slagal
(A >y MW ‘oLi.z'f.w‘ 13503 (I «Cu-30Zn )L:JT ossMDF
ﬁJ-L.MJ ‘oLizI.wl Sagal (& 0y sy Sl S ‘oLizI.wl Sagal (w
Gy ey (led M‘oml Sagad (3 palE iy cunsyy (il
ual>

Volume 19, Issue 8, August 2019



ohlSen g o5l Ly 130

ol e eille sl S slaje 4 aliSess
MDF siilj$ sla by slaes Gaaliél b adly 55 sl ol
QsliSzsS iy 9 grle slisz oS slajre 4 laalaals
OalS 4 e ol )3 4S Wigdoe a9l Sy slajye 4
colie Gals Mg, padd¥se 4 53 5 aplal JBs

123 858050 (S pisl
S il g (s (i el Glojpd cuSyT F jlaged
L duqlio ;s asbifSipss gladige (oSl calwe b Gl
e glid b S st g Juil 1 S (Sidy, diged
N digad gl Sl cnlan g led G el
Sl 5 )lsgad ol oads 4l dunlio sl 5 330 ST gl
uub 5 o oddslsul (gilwdilsiy 9 GBS b Sl ol
53 Caiyidy (sduey3Ve g YV sgas ialidl el JMDF sigl)s
calin 53 sao als g (ol idS g ‘clSaLJ
S s gl edS glice 1Y agdee (Sl
@lild 5y aduelloul (sloghyy plu BYSy s Sty
O 5353 Sl calie LEalS el o i gy tiile
0Plo> 4 oy Sl lio sl Glig) S 350 Loy il
osle Syl cglam js azgi LB 30 g Gl Sl

el

(adh

pacy Electrical conductility
& m Uttimate shear strenth "
= 2 w0 Z
g =
b =
= 15 00 £
£ B
A g
2 10 200 3
=
! i
2 2
ég 5 100 5‘
0 0

i H] 1 2 3 4 5 6

2 z

< € Pass number

<

(W)

o Electrical conductility
g u Ukimate Tensile strenth )
= 20 =3
2 I 600
£ £
2 L 400 E
= =
g 10 g
=
g £
-E + 200 B
g 51 =
& g
0 1]

& T ! 2 3 4 5 6

¥ ™

£ E Pass number

<

5 Sl colin y wliiz zys8 T lagaly sl 3l (7 Jlagad
Gl S il 9 (oSl colan izen 5 Rl G el
clin (O (ol by el § (SaySIl eolua (il :Cu-30Zn SLIT

Cu-30Zn LT (g inisS oSl g (Sl

2l doMs -F

5LJT 5 MDF wlsiz 298 ailyé 31 (uypo 31 ool cawsdy pulis
13g00 Ao 45 T Mo oleie Iy e (Lo 53 Cu-30Zn
adils o34l o (glos 53 44‘5.).\9 Z98 A.\_\T)B ool #5305 -
b o.».'b‘algﬂ Sy GSSTON- ol ALl (5).5.‘0.%} ol

WAA 3l3y0 A oylad I8 0593

Sedise yS piz Al (55l ez Jslre wili y ogMe
&0 s 3 Joleel ¥ ol Jlaie (Cu-30Zn LT )5 5 (g y9bay
bj oz el @il e gblite iyl cwl s (S
G b glagial (S8 st oKim )5 5 e &) Gioha
CeblEs (h5a) o gl pall @58l 3 Ll alie 929
o zohw ;3 Wlgie hid anleal 9 dgde S
GSb phaz el olisS slayly b b alaals gead wygods 355
iz ol Gl el s gy oI L ek I aiile
&S 390 ylden Byl sy g oddl lgsy il sl
4 cawd MDF 10,78 adsh (slaguly ;5 aaslss dswsi ol
13,36, 43 el yiiog 3l slowls

S caglady (uyys -¥-¥

10T8 glauly lasd Gialsl b (SoysUl colan @l jlages
cedalewsdy 2ol @lhe .cwl oai 4l O lsges ;5 MDF
laal e Jsl by 5> pogasdy JSb sk 51 a2y SpSl calsa
s sl shawd Gialsl b bl sl (ialS LS
colie (ialS sedpe ol losis (sl colae (JSa
2 e isUl yuuo aielisS Judsas ol slapwly 5o Sl
sladily puidinss 51 ol aphSesS oy JaSas il
lalral B Gl guizan 3 joy sladils JSad s 4s
55 ool slaed Gialidl b Lol Jlacl Gap Gia)S il 5
sl Glaje liSzsS e 5 laleal cusy
4 e e yiSl eS)o e 355 Vsb b & ond Sl
]l o0y (S yiSIl colan LolS sig, oadibyte

25
-
= L
[ 4] -
fof  ——s |
o 3
S _
£ 15
£
2
-
s 10
L=
"
=
g 51
=

o T T T T T

o 1 2 3 4 5 6

Pass number

ST Sl culan p alniz 2508wl (slaguly slass 3l (O Jged
Cu-30Zn

638 eslo jlisluy 4 pulue i Sl colan (g8ly 5
sl 3 eV cdeds gy Sl (SaiST b 51 1 e
S ot g blral B by lbialbb wle gk
s 1B Blaghse s Wsde gyl iy el
Ol sy (558 esle 5 Bl sl Bl 4 b S
sy 5 B gl daplzal dex I GJbun S Csue
by sde Gl calan GialS @ ymie il SzsS
b lpgysdl w8y capw palis Shbl 53 eadaslxl zlogel
Gle @ b oSl ik 4 ke 9 ame Jlels
OialS @ yxie dlus ool 39850 il wS)o e 3 yiolisS
ol Phssbe Sousdl cwglio Gialidl 5 Syl colas
GiEuylS 53 oS a8 Jleel adsl slaguly )3 posada 3lse
Ol ] b el Gugucme 39 e Jlacl oad Juil digad 4y (5315
iy a5 oni gldl Lsds ibuglS bagely slass

pde SiilSe udige (gl - (rale dolinle



1A0Y itz g (b 4 oadardyl CU-30Zn gxiss ST (SayisSll g (SilSo olos olidluniy oyt

4- Kawasaki M, Figueiredo RB, Langdon TG. Twenty-five
years of severe plastic deformation: Recent
developments in evaluating the degree of homogeneity
through the thickness of disks processed by high-
pressure torsion. Journal of Materials Science.
2012;47(22):7719-7725.

5- Talafi Noghani M, Shaeri MH, Esmaeili A, Razaghian A.
Effect of severe plastic deformation by equal channel
angular pressing on fracture toughness of Al-7075 alloy.
Modares Mechanical Engineering. 2018;17(12):11-20.
[Persian]

6- Ansarian I, Shaeri MH. Diffusional bonds in laminated
composites produced by ECAP. Transactions of
Nonferrous Metals Society of China. 2017;27(9):1928-
1938.

7- Chegini M, Shaeri MH. Effect of equal channel angular
pressing on the mechanical and tribological behavior of
Al-Zn-Mg-Cu alloy. Materials Characterization.
2018;140:147-161.

8- Esmaeili A, Shaeri MH, Talafi Noghani M, Razaghian A.
Fatigue behavior of AA7075 aluminium alloy severely
deformed by equal channel angular pressing. Journal of
Alloys and Compounds. 2018;757:324-332.

9- Naseri R, Shariati M, Kadkhodayan M. Effect of work-
piece cross section on the mechanical properties of
commercially pure titanium produced by Equal Channel
Angular Pressing. Modares Mechanical Engineering.
2015;15(6):157-166. [Persian]

10- Naseri R, Kadkhodayan M, Shariati M, The
investigation of spring-back of UFG commercially pure
titanium in three-point bending test. Modares
Mechanical Engineering. 2017;16(11):266-276. [Persian]
11- Tang L, Liu C, Chen Z, Ji D, Xiao H. Microstructures
and tensile properties of Mg-Gd-Y-Zr alloy during
multidirectional forging at 773 K. Materials and Design.
2013;50:587-596.

12- Zhao YH, Liao XZ, Zhu YT, Horita Z, Langdon TG.
Influence of stacking fault energy on nanostructure
formation under high pressure torsion. Materials Science
and Engineering A. 2005;410-411:188-193.

13- Pasebani S, Toroghinejad MR. Nano-grained 70/30
brass strip produced by Accumulative Roll-Bonding
(ARB) process. Materials Science and Engineering A.
2010;527(3):491-497.

14- Ghluchowski W, Stobrawa JP, Rdzawski ZM.
Microstructure refinement of selected copper alloys
strips processed by SPD method. Archives of Materials
Science and engineering. 2011;47(2):103-109.

15- Dutkiewicz ], Masdeu F, Malczewski P, Kukuta A.
Microstructure and properties of o + 3 brass after ECAP
processing. Archives of Materials Science and
Engineering. 2009;39(2):80-83.

16- Miura H, Itabashi I, Yu G, Sakai T. Grain refinement of
coarse grained gold by combined thermo-mechanical
process of severe plastic deformation and low
temperature annealing. Journal of Physics Conference
Series. 2010;240(1):012116.

17- Gubicza ], Dobatkin SV, Khosravi E, Kuznetsov AA,
Labar JL. Microstructural stability of Cu processed by
different routes of severe plastic deformation. Materials
Science and Engineering A. 2011;528(3):1828-1832.

18- Zhu QF, Li L, Ban CY, Zhao ZH, Zuo YB, Cui JZ.
Structure uniformity and limits of grain refinement of
high purity aluminum during multi-directional forging
process at room temperature. Transactions of
Nonferrous Metals Society of China. 2014;24(5):1301-
1306.

Modares Mechanical Engineering

2 S gliSzsS s 4l slajye ls las EBSD jJuT
551 as ceddls 3929 oSy 5 plilope wygods gl ladiges
el gz 4 4298 b g ool )3 elite wygioty JSb sl (wly
el 413,815 35,5 Jlael gLl 55 Lndils 15T S

CSHilSe polgs pSadiz Glalidl wely Bz )99 Al -¥
9 Bl dibsay Jsl by 53 pegada Gl Gl ead
0olgE Giman il 03l &) sty daalzal B bl
iy 5 S eulad slaelol i Jold Sl
MDF a3 (b 151 g o 5 oS Rl sloplSoxinl
ol 413 GEal3s] %YV g 130 140 VA PIY iy

5 Ji5 Cu-30Zn LT iy 5 i oSl oy dlay -V
bl (sboosls 31 oslisul b ol 5 5 MDF il 51 ss
ol ow dhily cayd &S (goebd b dle Gdp g GRS
dhuly oy 31 ol Blyil o sl caws 45 ¥ 3 3 b ol
oS wdeay & Sl slaiil 4 (palls by ) jiens
ol Rle 39279 4 B g @l g BT 4l )y Gies g
on Al Gl 38 cwdl glagid laie gde el
L_glm‘al.ial.d o daly 5 g WY uly (sl L_glm‘al.ial.d
Aol s 4 FFNE il el

0353 Jalsy (Sl eglan Bz 28 ool 15l pu -t
e LS azid 55 9 gl SzgS slajpe LSl 5 Laails
calin ol e cdl LialS %A ke 4 lagyg sl
wels> Gtaldl » MDF sl 1 b duglie 5 (Sl
sl 18 plgie 1wl Ghsede BB YelS (Silse
L glosle sdsi (sl g0 gy S b sl Sy IS
ey YU S S colan 5 SwlKe Lolss

3 52 Silaz 583 51 dlie ool pBaiung 1ilayas g S5
alewgas badiges 3JUT cideas o) Slgo ool gintundl oKl
aislad e s ¢ 55 EBSD

Pl @ 650 @yl g 53 peSB dlie ool (BUST aanls
38 e oyl ) 3 pale wlgixe prizes sl oy
el B siungh pele wolled 5| 7 e

S5 & WS e oYl Wlie ol sy sadlie (byles
3185 3925 Gilejlis Ly e b (mdlia (ylas aisS s

Glol Sawgl (sl osunsh) oy Luj Byl pow
015,01 lid shg, (g3 odkumnigh) (Slegi AW seme (%F)
(pgw  odungh) bl prwe deme (%) cou
(el oxiuag) gbslail plegl (%Y oy 01Kl bs,
(%Y+) éﬁ)iwasyldnm oAj)LiJ

oslainl ols e guio 5l Giegly ol plxil 5 1o gilia

RO VA

&lio
1- Song KH, Kim HS, Kim WY. Enhancement of
mechanical properties and grain refinement in ecap 6/4
brass. Reviews on Advanced Materials Science.
2011;28(2):158-161.
2- Estrin Y, Vinogradov A. Extreme grain refinement by
severe plastic deformation: A wealth of challenging
science. Acta Materialia. 2013;61(3):782-817.
3- Vo KD, Tieu AK, Zhu HT, Kosasih PB. The influence of
high temperature due to high adhesion condition on rail
damage. Wear. 2015;330-331:571-580.

Volume 19, Issue 8, August 2019



OblSem g 525)5 s 190Y

alloy. Metallurgical and Materials Transactions A.
2009;40(9):2137-2144.

33- Fadhil AA, Enab TA, Samuel M, Iskander BA, Ajeel SA.
Study on the effect of production parameters and raw
materials used on the mechanical properties of leaded
brass (CuZn40Pb2) alloy. World Journal of Engineering
and Technology. 2017;5(2):340-349.

34- Karimi M, Toroghinejad MR, Dutkiewicz ]J.
Nanostructure formation during accumulative roll
bonding of commercial purity titanium. Materials
Characterization. 2016;122:98-103.

35- Nejadseyfi O, Shokuhfar A, Moodi V. Segmentation of
copper alloys processed by equal-channel angular
pressing. Transactions of Nonferrous Metals Society of
China. 2015;25(8):2571-2580.

36- Dieter GE. Mechanical metallurgy. Tehran: Nashr
Daneshgahi; 1990. pp. 283-284. [Persian]

37- Hankin GL, Toloczko MB, Hamilton ML, Faulkner RG.
Validation of the shear punch-tensile correlation
technique using irradiated materials. Journal of Nuclear
Materials. 1998;258-263(Pt 2):1651-1656.

38- Mahmudi R, Sadeghi M. Correlation between shear
punch and tensile strength for low-carbon steel and
stainless steel sheets. Journal of Materials Engineering
and Performance. 2013;22(2):433-438.

39- Karthik V, Visweswaran P, Vijayraghavan A,
Kasiviswanathan KV, Raj B. Tensile-shear correlations
obtained from shear punch test technique using a
modified experimental approach. Journal of Nuclear
Materials. 2009;393(3):425-432.

40- Ferrero JG, Sweet SS. Evaluation of the relationship
between tensile and double shear strength for various
titanium alloys. In: Venkatesh V, Pilchak AL, Allison JE,
Ankem S, Boyer R, Christodoulou ], editors. Proceedings
of the 13th world conference on titanium. Pittsburgh: The
Minerals, Metals & Materials Society; 2016. pp. 965-970.

41- Guduru RK, Darling KA, Kishore R, Scattergood RO,
Koch CC, Murty KL. Evaluation of mechanical properties
using shear-punch testing. Materials Science and
Engineering A. 2005;395(1-2):307-314.

42- Zhang ], Nash K, Arrigoni A, Escobedo JP, Florando
JN, Field DP. Hydrostatic pressure effect on mechanical
behavior and texture evolution of Al and Brass. Materials
Science and Engineering A. 2017;679:155-161.

43- Cai ], Shekhar S, Wang ], Ravi Shankar M.
Nanotwinned microstructures from low stacking fault
energy brass by high-rate severe plastic deformation.
Scripta Materialia. 2009;60(8):599-602.

44- Ranaei MA, Afsari A, Ahmadi Brooghani SY, Moshksar
MM. Microstructure, mechanical and electrical
properties of commercially pure copper deformed
severely by equal channel angular pressing. Modares
Mechanical Engineering. 2015;14(15):257-266. [Persian]
45- Murashkin MY, Sabirov I, Kazykhanov VU, Bobruk
EV, Dubravina AA, Valiev RZ. Enhanced mechanical
properties and electrical conductivity in ultrafine-
grained Al alloy processed via ECAP-PC. Journal of
Materials Science. 2013;48(13):4501-4509.

46- Razaghani A. Introduction to the principles of
dislocations and strengthening mechanisms. Mohebbi
MM, editor. Qazvin: Iranian Students Booking Agency;
2012. pp. 189-192. [Persian]

WAA 3l3y0 A oylad I8 0593

19- Odnobokova M, Kipelova A, Belyakov A, Kaibyshev R.
Microstructure evolution in a 316L stainless steel
subjected to multidirectional forging and unidirectional
bar rolling. IOP Conference Series Materials Science and
Engineering. 2014;63(1):012060.

20- Shakhova I, Yanushkevich Z, Fedorova I, Belyakov A,
Kaibyshev R. Grain refinement in a Cu-Cr-Zr alloy during
multidirectional  forging. ~Materials Science and
Engineering A. 2014;606:380-389.

21- Nie KB, Wang X], Deng KK, Xu F], Wu K, Zheng MY.
Microstructures and mechanical properties of AZ91
magnesium alloy processed by multidirectional forging
under decreasing temperature conditions. Journal of
Alloys and Compounds. 2014;617:979-987.

22- Yang XY, Sun ZY, Xing ], Miura H, Sakai T. Grain size
and texture changes of magnesium alloy AZ31 during
multi-directional forging. Transactions of Nonferrous
Metals Society of China. 2008;18 Suppl 1:s200-s204.

23- Dashti AR, Shaeri MH, Taghiabadi R, Djavanroodi F,
Vali Ghazvini F, Javadi H. Microstructure, texture,
electrical and mechanical properties of AA-6063
processed by multi directional forging. Materials (Basel).
2018;11(12):24109.

24- Ansarian |, Shaeri MH, Ebrahimi M, Minarik P, Bartha
K. Microstructure evolution and mechanical behaviour of
severely deformed pure titanium through multi
directional forging. Journal of Alloys and Compounds.
2019;776:83-95.

25- Miura H, Nakao Y, Sakai T. Enhanced grain
refinement by mechanical twinning in a bulk Cu-30
mass%Zn during multi-directional forging. Materials
Transactions. 2007;48(9):2539-2541.

26- Nakao Y, Miura H, Sakai T. Recrystallization behavior
of nano grained Cu-Zn Alloy produced by multi-
directional forging. Materials Science Forum. 2007;558-
559:1329-1334.

27- Dasharath SM, Mula S. Mechanical properties and
fracture mechanisms of ultrafine grained Cu-9.6% Zn
alloy processed by multiaxial cryoforging. Materials
Science and Engineering A. 2016;675:403-414.

28- Akbaripanah F, Salavati MA, Mahmudi R. The
influences of extrusion and Multi-Directional Forging
(MDF) processes on microstructure, shear strength and
microhardness of AM60 magnesium alloy. Modares
Mechanical Engineering. 2017;16(11):409-416. [Persian]
29- Ansarian I, Shaeri MH, Ebrahimi M. Utilization of
multi directional forging for fabrication of ultrafine-
grained pure titanium. Modares Mechanical Engineering.
2018;18(2):371-382. [Persian]

30- Akbaripanah F, Fereshteh Saniee F, Mahmudi R, Kim
HK. Microstructural homogeneity, texture, tensile and
shear behavior of AM60 magnesium alloy produced by
extrusion and equal channel angular pressing. Materials
& Design. 2013;43:31-39.

31- Fukutomi H, Takagi S, Aoki K, Nobuki M, Mecking H,
Kamijo T. Effect of deformation conditions on texture
formation during dynamic recrystallization of the
intermetallic compound TiAl. Scripta Metallurgica et
Materiala. 1991;25(7):1681-1684.

32- Miura H, Sakai T, Ueno T, Takebayashi Sh, Fujita N,
Yoshinaga N. Promotion of ultrafine grain evolution by
coarse particles during multidirectional forging of Ni-Fe

pde SiilSe udige (gl - (rale dolinle



	827
	827-txt



