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Influence of extrusion die geometry.in the manufacturing of an axisymmetric
aluminium part with different wall thickness
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, the effect of extrusion die profile on the dimensional tolerance of a cross section of a part
Received 02 July 2016 in a forward extrusion process was studied. In these experimental and numerical investigations, some
Accepted 31 August 2016 parameters such as extrusion speed, metal flow, extrusion temperature and extrusion force were

Available Online 15 October 2016 . . . - . X
val : considered as process variables. The specimen was aluminium alloy 2014 with a variable wall

thickness. The variable wall thickness causes the metal flow rate to be changed along the die orifice. As

Keywords:

Finite Element Simulation a result, the die which is used to produce this part must be suitable to control the flow rate of metal. In
Metal Flow Rate this study, two different dies were used to produce this part. In the first die, to control the metal flow,
Bearing Length variable bearing length method is used. In the second die, in addition to the bearing length method, a
Feeder feeder is used in the narrow channels. From the experimental and numerical results, it was found that

Dimensional Tolerance the first die is not good enough for manufacturing of this part. Because, the first die was not able to

control uniform metal flow rate through the die orifice during the extrusion process. This drawback
causes the die cavity to remain empty at the sharp corners which results in a low quality and low
dimensional accuracy in the product, especially in narrow channels. The numerical analysis results have
shown that, the second die performance was much better than the first one. It was able to control
uniform metal flow rate which causes high quality products.
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Fig. 2 Front view of the die with variable bearing length
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Fig. 3 Bearing length in different sections of the first die
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Fig. 6 A schematic illustration of the entire extrusion process system
with mesh
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Fig. 4 Top view of the die with feeder in thinner sections and variable
bearing length
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Table 1 The process parameters used in the experimental and
numerical analysis
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Table 2 The physical properties of the workpiece and tools
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Fig. 10 Dimensions of the product obtained by second die
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Fig. 11 A view of the section created in part by using first die
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Table 3 Comparison of the results obtained from two parts profile
along the crown length
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Table 4 Comparison of the range of dimensional changes in the product obtained by using two dies with experimental results and the engineering

drawing of product
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Fig. 12 The cracks created in crown part produced by using first die
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Fig. 13 A view of the contact surface of the billet with first die
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Fig. 14 A view of the contact surface of the billet with second die
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Fig. 17 Chart metal flow at different points in the first die
Jol B o alisee bl [0 oole oloula loges 17 JSCo

Fig. 18 Funnel formed at the end of the billet due to the lack of uniform
metal flow rate
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Fig. 19 Chart metal flow at different points in the second die
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Fig. 15 Chart speed changes in three points of the produced part by
using first die
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Fig. 16 Chart speed changes in three points of the produced part by
using second die
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Fig. 22 Force-displacement curve for direct extrusion process (using

first die)
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Fig. 23 Force-displacement curve for direct extrusion process (using
second die)
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Fig. 20 Temperature changes at three points on the produced part by
using first die
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Fig. 21 Temperature changes at three points on the produced part by
using second die

P30 B b ooty 0 gr dxlad alaii dus (o Leo ol sy 21 K&

! Local Recrystallization

10 oplass 16 053 1395 (55 JAS AL Shdid


www.sid.ir

UbeD 9 )94 s34

a9liio 01923 caoliud b (so9aia09lT (6970 )5 aalad Ky 3ulg5 23 039 yianuST B Law3id> s il

Ol i gl B 4 s o,0 6.5 sgum jo 5,5
e s Bl dss aladse (o oole ez Bk 5wl e
Jol B & cod e Lo ool b gy 950 adsl JSS

e S Skas 5 B jos Jobo Gl Wlsiie oS whie I3
sl s Jls 1, YU st 515 9 o

odel Cowds LB g0 1o 50 39,ST Job 0 a5 Sled oSl -7
Sga> ;0 (s)lde 5 g 5 asdal  SHjelle sles I S
2,15423(C)

el gl b i K o o lagie 55,551 -8
oS B 5l eolatnl b des caiiws b isn ple 4 cos 555

5y 0og kel ol e Sioym Jsb g e s gl
Ll 5480 4 55 golai8l Llxd

&lp-6

[1] P. K. Saha, Aluminum extrusion technology. Asm International, pp. 87-115,
(Translated by H. Ghiasi), Organization Publications Jihad Collegiate, 2000.
(in Persian ..,

[2] G. Fang, J. Zhou, J. Duszczyk, Effect of pocket design on metal flow through
single-bearing extrusion dies to produce a thin-walled aluminium profile,
Journal of Materials Processing Technology, Vol. 199, No. 1, pp. 91-101,
2008.

[3] Q. Li, C.J. Smith, C. Harris, M. R. Jolly, Finite element investigations upon
the influence of pocket die designs on metal flow in aluminium extrusion:
Part I. Effect of pocket angle and volume on metal flow, Journal of
Materials Processing Technology, Vol. 135, No. 2, pp. 189-196, 2003.

[4] W. F. Hosford, R. M. Caddell, Metal Forming: Mechanics and Metallurgy,
pp. 69-71, Cambridge University Press, Third Edittion, 2011.

[5] K. Lange, Handbook of metal forming, pp.627-647, McGraw-Hill Book
Company, First Edittion, 1985.

[6] Q. Li, C. J. Smith, C. Harris, M. R. Jolly, Finite element modelling
investigations upon the influence of pocket die designs on metal flow in
aluminium extrusion: Part 1l. Effect of pocket geometry configurations on

metal flow, Journal of Materials Processing Technology, Vol. 135, No. 2, pp.

197-203, 2003.

[7] J. Zhou, L. Li, J. Duszczyk, 3D FEM simulation of the whole cycle of
aluminium extrusion throughout the transient state and the steady state using
the updated Lagrangian approach, Journal of Materials. Processing
Technology, Vol. 134, No. 3, pp. 383-397, 2003.

[8] D. W. Zhang, H. Ou, Relationship between friction parameters in a
Coulomb-Tresca friction model for bulk metal forming, Tribology
International, VVol. 95, pp.13-18, 2016.

[9] DEFORMyy 3D Version 10.0 User’s Manual,. Scientific Forming
Technologies ~ Corporation, Accessed = on 30 June  2009;
http://www.deform.com/products/deform-3d.

[10] T. Chanda, J. Zhou, J. Duszczyk, FEM analysis of aluminium extrusion
through square and round dies, Materials & Design, Vol. 21, No. 4, pp. 323-
335, 2000.

[11] T. Chanda, J. Zhou, L. Kowalski, J. Duszczyk, 3D FEM simulation of the
thermal events during AA6061 aluminum extrusion, Scripta Materialia, Vol.
41, No. 2, pp. 195-202, 1999,

[12] F. Khorasani, Technology Extrusion of Aluminium Alloys, pp. 49-62,
Tehran: Kian Rayaneh Sabz, 2009. (in Persian ..,l8)

[13] Z. Peng, and T. Sheppard, Study of surface cracking during extrusion of
aluminium alloy AA 2014, Materials Science and Technology, Vol. 20, No.
9, pp. 1179-1191, 2004.

[14] G. Fang, J. Zhou, J. Duszczyk, FEM simulation of aluminium extrusion
through two-hole multi-step pocket dies, Journal of Materials Processing
Technology, Vol. 209, No. 4, pp. 1891-1900, 2009.

[15] D. Lesniak, W. Libura, Extrusion of sections with varying thickness through
pocket dies, Journal of Materials Processing Technology, Vol. 194, No. 1,
pp. 38-45, 2007.

10 o losis 16 ©)93 1395 s codIde Suille Swiie

OO Sglite s 4 5l o 1285 B (pmyp 990 Dglie
A o ool (Pl sy cdahad alitie o sy jo beoylgs cwlxs
Crl 3 5 e 5] )0 S5 4 sl il oogy glie LB 5l s,
Jol B o as solanul pwais IS0 bld 5l Glisee LJB g0 5 asdlas
ped B 5o g peite Sy Job ) 5l S 39e8 SISy sl
Jeite S Jsb oles 4 3SHL ablie jo oS adss ol i,
20,5 zlial b3 950 il d ol (goae 5 oym5 5IUT 5o soliul
B avnaie o Ol LGB 5l zg )5 s oole Dl Sy -1
B o gy ey ashad ) 5 4 50k 4 S (oo S
B s 3S30 slooylans jo oanS 4885 092 Jdo 4 peo
Ll 059y (5 e S 16SS slls ol
S e o 50 g B 3 50 58 Sy megSle Jgl B 0 -2
ped B o Lol canl 12.34 (Mm/sec) ply a5 oolidl 5lias] aslad
ghie mlhow bl plos 1o LSy s B 51z 50 copus ooy Sl
Ol o sl 7.64 (mMm/see) plp oolade g odwl Caway
A sl S92y Jolo A 5 ped Bl g o 8 ey
A8 Sl alise slaisu e LB yod 5 0ot g ode] Cawdds
4 ol hol> (golal il )l iS00 (B o a5 (5 by il
s s yo logas B S ol 5y g 0aisS 4055 3529 Juo
s el Sty s Job sl Lais a5 gl B 4 o 5530
Job Eeend jo B oy o3l Jlo laie 4 el FoaisS Lol
Shoael Caway ojlail 5 005, 43.35 MM Ll LJB 95 e 0 2B
) 39.31 mm Jol B o aahad 51 2oy pl gl go0e }JL]
osle oLl woye 4 daxgi b aS Cuwl 004y 41.95 mm pgo LJB
el 3 S, Gl JUIS jo LB e o e las el
o 5 (P1) 655 0 bl oy oole plouls jo BB ) yiins -4
B 0 932 MM sga 0 Jgl LB o 4T eolidl 5las! axlad (p3)
35y 5l e bl o Jlade cpl il 6 MM sgam jo g0
5 12.37 mm Jsl B gl a5 adl zals (p3) 4 (p2) bl
g‘,\.Ua.a u.’l LSL'; ol Cwdy C"L"‘ &l 0.66 mm P9 ;,Jb 6‘)‘.’
1) olge olul> # 5 aiuily ol b sgu> U pgs LJB a5 ol
gled JyS anagy b 4 calizes bla 4o
rlo s G550 Cond 03l by 5 S 0 S pae D
30 S5 obul emren pge KA coge Wlgi oo aslad LGS
B S 5 (8l dilewy 5 3925 o 4 S SSL sl i
29 ot AU 5 Slule il Corge 5 095 ey sll o
B3 s
oobod o S92y o 4 el ooisS aydss (glls aS o LI 5 -6

t_gj):;ulj‘swbg_ﬂ.ﬂa,dwmsdlébubw

292


www.sid.ir

