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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, the constrained groove pressing (CGP) process of Al 5052 sheets are experimentally and
Received 02 February 2016 numerically studied. The CGP process produces the micro-grained-size sheets to enriched strength
Accepted 03 April 2016 nano-grained-size ones. The goal of this investigation is the development of an algorithm for the

Available Online 25 May 2016 mechanical behavior (Strength and Hardness) prediction of the sheets fabricated by the process. The

Keywords: algorithm enables one to evaluate the die geometry and pressing pass definition effects on mechanical

Groove pressing behavior of the fabricated sheet. The proposed algorithm is based on the available relation in literature

Die effect between the macroscopic behavior and the grain size in metal sheets and between the hardness and the

Aluminum sheet strength properties of metal sheets. The Al 5052 samples are fabricated by two passes of the CGP
process. The yield strength and the Vickers hardness of the annealed, the one and two pass CGPed
samples are experimentally obtained. The predicted results by the developed algorithm are in good
agreement with the experimental data. The comparison of the predicted results by the algorithm with
available experimental data for the mechanical behavior of the CGPed pure aluminum sheets with
different dies reveals the good accuracy of the proposed algorithm. The algorithm enables one to
economically save from the time-consuming experimental evaluation of groove geometry effects on the
fabricated sheets and optimum die selection. The effects of the die groove angle on the yield strength
and the hardness of the CGPed Al 5052 sheets are estimated using the developed algorithm.
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Fig. 1 The geometry of the grooved and flattened die sections
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1- Stress-Strain Curve for Annealed
Specimen Subjected to Tension Test

2- Simulation of the CGP Process with
Arbitrary Die Geometry and Process
Definition

3- Stress-Strain Curve for Annealed
Specimen Subjected to Upsetting Test

v

4- Hardness Determination of the CGPed
Specimen (Fabricated by the Arbitrary Die
Geometry) Using Equation (5)

5- Stress-Strain Curve for CGPed Specimen
(Fabricated by the Known Die Geometry)
subjected to Tension test

v

6- Yield stress and Ultimate Stress
Determination of CGPed Specimen
(Fabricated by the Arbitrary Die Geometry)
Using Equations (8) and (9)

Fig. 7 The algorithm for prediction of die geometry effects on strength
behavior of the sheets fabricated by groove pressing process
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Table 2 The specimen and die parameters for studies of the CGP
process
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Fig. 8 Effective strain distribution in Al 5052 sheet subjected to one
pass of CGP process
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Fig. 9 Effective strain distribution in Al 5052 sheet subjected to two
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Fig. 10 The ultimate strength of Al 5052 sheets annealed and fabricated
by CGP process

Sy g Ul sloan] b e AIB052 slo sy oles plSoniwl 10 S
&)k

5 o)laiis 16 093 1395 sl po (e Suilse wiie

O S8 A ead ) S Bay SH LS, B LS aly S

sl 2 an Sge sloyell 2 Joar 0 09d e adlllas o265l
ol 00l &3, M & jgu0as CJLA.’

319 G @ adlae g goue ilwand qubi -1-6
Al 5052

el 5o i @ B9 50 S ST @i S 4958 sladsa o
116 55 @ (555 ,0 polie ol il oals a8l pgo (ol g s by
St gt (3l g Al (B 5 s B 0gd e S 232
Jdo @ cads o el mls Sl e a5l 2le 5l (S g
b g Jlesl oo )3 oSS pis cnl )3 S Sl laiiS
Sglee Dl (5)lid 5 (L2LS (oges S (B (NS pegdle
2 ol S (o Jooi | o i Gla S 1 (2l ple (uizmes
oolaiul Judow (sl dgamme iz g, 5l Jols S5 (16,5 bl 5l aslol
D se

rtiges ly Al 5052 5 Sl plSoial Slyeeis 10 JSE o
@l ol Gbed G b 90 S s b S o e ]
sanlin JS5 50 a5 jebilen el o0l peesyd o hliul A5 cos
o el 135 MPa 0505 50 sas LT 355 slp (oo plSoinl 04 oo
el o) 212 MPa Jade 4 25 ol ()5 e b Sl
Sl3160% sgum 5 )bt B en b S5l o By Sl
gl I816% L lade nl pgs (b ) o 3l g el @28l
Gt by G vy el £odg0 () il oo, 220 MPa sus
a3 e s 1) am sl B e 4 s

plae o 5aS Ced sladiges Job sl woys 11 S0 5o
oiles 1y Gl 50 o g ol S e a5y sl (SSeeS
S 4z Sl i) mn slody o sl pab S, b ass s
lodiges Gpd S a5 b ggdge nl (Jy b Sl plSoual
w0l Wi )0 Usb et 1055 o sinlie 45 jsbilos .l olyen
o &5 el 8% 4 12% 30% s 5 4 Wb 90 S g b SO Cos
gl 5l 2l ol o el (SiFenS 5l s aye Jsb s a5
el feS L (ol 98 S Wigel @ b SG CoS

Slr By Pre by 5o Kged S0y (S Sliess 12 IS8 o
D a5l alold oy ol 99 Co 5 ol Sy co 0nd Sl sladisas
Aile st ol Camo] Pl diSS 90 yume W loges ol L coul ol 4l
bl om e el e deanls (b Gy 0 @l A Sl
o el atils il 0o ,060 sgum 0 badiges 5,50 (St Cawds
S5 el 0093 00 )30 Sgu 50 g Sl Gial3l Gl g ol 5l e
Jlesl 51 Gy 12 S0 Gillas ool digad 10 (S5 @8 & bsye e
&P «Bag S g ol eSSl el (5 mn g0 b
3 egoge il el SISy dised e o] & 4y ke GRS
cs ol Copatl Pl WL lgabl bl L lojle b cqx
slagansl Olime By9 50 Sl Alsr i JB oy cleS
L syl azlie jo aS g gbay wls walgs oS |, b o SVl
2 4 0sd e iy (10) ala) Sjpon ' IHES, pod o p oy
e Al JSesS aised S e Gl onl Gk &S (e

! Inhomogeneity Factor (I.F.)

266


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.41.2
https://mme.modares.ac.ir/article-15-11387-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-11-17 ]

[ DOR: 20.1001.1.10275940.1395.16.5.41.2 ]

G985 Siue 9 9T 95 Sl Sols

6ol SO o A.i,;_'l-)é.;n:dé), ol HUd ) yy B A3 H3l Su i Sl Inu),.{ll._ﬁ

@ @l b eoleiiny w)sNl i 5l Jel @l (25w ool o
Slostee dll Gragh (nl (@28 Sldllas (pizes 5 gzl 10 39290
dwdie wsbe wanld ol bl Gl e ,sSI cl sble ale>
<l &9 S 2l 2 G n ol Se s b B sl jls
slawain gly 025 Slalesl IS5 4 glanl e g9o5e (nl ol
SRSB4 5w slaauld ose ileand b Bro g B was
Pedise plwl T S5 o681 50 2 s slvs o3

Gl oo sn 4 [16] len 5 550 2011 Jlo o
ol o,z Slalllae guls axsls, (alls paiied] lag,g o Sgame
s o i ladiges ol Pl 5wl i 45 ol i
b Gl w15 9 23 6 s a4 Wil oo cpiteds sladiges 4
wisSl aillas aisls ol )5 oy ol 4 5 1, 053 Slolllas oLy
DEFORM ii8la s p3 plaal (agi @ Smn sl olenin
dgaze Lzl gy 5l delo ise (6557 @ie pelaly 0l sl
ool Juil lodiges jLid § 2iS et 4 bae 2Bkl slassls
OB g (e polie wole cul (glp M el (rizen 5 (Al psiias]
ladigas el (A5 5 (S50 dmslio 0l (i o680 alsl s
Jslaz 55 cud 3 @ igsy nl @l 5 [16] a2 o (028 adlllas I Jol>
J S U e Sobco oanlie a5 ¥ led ol o0t @, 4 5 3
s iy G mn pler oob 0 &S gl Al el ss o7
S5l S S et iy, elonh Kbl Swsdes
5o ol WSl bl |y 5T iy s b, e ol st
Sl oaalie BB 4 53 Jguz mls ;0 a5 5,50 a5 el 0ol jupyy
il )15 o ol Sl a3l L las,s SlSe b, i nals
Dol a3y (Slleo J1d) jnki odes T p S b o @ly 50
wged LU plod ;0 59 )18, (ab FESIpSy s slaly )3 9 3550
g1 Jle> ol ar 4y

Al G5 sl pebed 235 5 (e Dliesd oo 5 46 55 Jouz o
el by ot @By Gegn ol @5 Sllhe el
Aoy sguax o DS i s Gilhe 04D o0 canlin golpiing
Loy pllovin) Olesd cnpin <ol Sk goose (nl ol
ol il el agamme (55l (IS i 9l B B e o] o sl
201 byl el g 09 aalsss (65l ()5 un gy 4 99950 s 65!

Lol el o085 430 45 pgms o s aygly by B (ol Yo b plas
AL dwain Sk S50 59 )18, e S Sl bl sl
P ezl )3 3520 (225 Slalllas Sgase b o680l Gl @l anlie 4
ol dedde yidu 0 a5 jgblen 0gd oo il B s il dis)
S agly Bl oo addllae 4 [2] 505 l5> 5 Siloy 2012 Jluys s
20 Sy 0l )5 pop AL el 55 (S JBE, 5 B
@l o eolanwl LJB L glp a0 53 5 45 aygly g0 5l Gudss
P g 2l G b 15 Gl as s aS ols las Ll tegh
a0 53 aygly b jlojleds B (6,5, a pln o s ol 5o 3y

267

40

30
20
10
0 i =

Annealed First pass  Second pass

Elongation (%)

Fig. 11 The elongation of Al 5052 sheets annealed and fabricated by
CGP process
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Fig. 12 The Vickers hardness distribution in Al 5052 sheets annealed
and fabricated by CGP process
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Fig. 13 The inhomogeneity factor of Al 5052 sheets annealed and
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Fig. 14 The effect of groove angle on yield stress of Al 5052 sheet
fabricated by one pass of CGP process
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Fig. 15 The effect of groove angle on Vickers hardness distribution in
Al 5052 sheet fabricated by one pass of CGP process
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Fig. 16 The effect of groove angle on Vickers hardness of Al 5052
sheet fabricated by one pass of CGP process
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