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Determination of rheological parameters of the Cross model for semi-solid
Al7075 by using parallel plate compression and backward extrusion experiments
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Metallic alloys exhibit rheological behavior similar to non-Newtonian fluids in the semi-solid
Received 26 June 2016 temperature range. This behavior can be described using rheological models. In this study, the viscosity
Accepted 31 July 2016 of semi-solid 7075 aluminum alloy was measured by using the results of load-displacement signals
Available Online 11 September 2016 . . . R . .
obtained from two different experiments: parallel plate compression and backward extrusion. The

Ke : obtained data were used to determine the parameters of the Cross model in a wide range of shear rates.
ywords: . . . . .
7075 minum Alloy The effects of temperature (solid fraction) and shear rate were studied on the viscosity of the alloy. The
Compression Between Parallel Plate results showed that with increasing temperature and decreasing the solid fraction the resistance to flow
Backward Extrusion Test decreases, resulting in a reduced amount of applied forces. This reduction in applied forces results in
Crass Model reducing the viscosity. It was observed that the behavior of semi-solid alloy is shear thinning in which
Semi-Solid Forming . . L N A .
the viscosity decreases with increasing shear rate. Also, the calculated viscosity values of the four
parameters Cross model were in good agreement with the obtained experimental results in a wide range
of shear rates. The simulation results showed good agreement of the presented model for predicting the
rheological properties and flow behavior of the semi-solid alloy in a wide range of shear rates.
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0.333 0405 0.139 0.229 151 225 527 a5l
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°Backward Extrusion

™ Compression Between Parallel Plate

2 Equal Channel Angular Pressing (ECAP)
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99

- =

gy slo bl 5 La8 osesl plod Lyl 5 2 Jgar
Table 2 Compression test conditions and related parameters
(mm/s) o, e yus (%) sl o5 (US) Gop gy
500 50, 60 0.01,0.1,1

led @] Calin Canyd 10 g 08,5 003 Ml B jgo |y wid T O jg0
Hlas Izl (6,05 1,8 0925 50 g oolizwl 5550 (510 5 00l e 1 IS5y
el i ) € S Jlasl b s cigmsl ol ol Lo ou o3l
gy Tapp ol & 555y (he ol i) glis)| 4 hy adsl glis )|
51 oolizl b (slabasd eli)l) g o (slabid (5950) Fr oxlo caws jo b

[10] 5,5 ooess (1) o,

_2mhf | 2mhi
Mapp _3V2é-F£ T 3p2 .ﬂ-Fg ()
dat

Sl Jlade il oo p) dh/dt g 605 o=V o g e
101 bl il Ty o sl 5 5

o 1|v . 1|V 4an o
Vo =3 |72 =3 [ @

9550 553 S 9051 -3-2

sl g Vi Sy s el e oole S i S,
aly ool ool o [10] 5,5 e 5 aallan 5,50 ussinn 55,5
Hae 55 s Gl ani oo 5o sl s osbe s 03y
235850 (6503l @ pes (510 0813 s asgi (13,5 500 Jlonl>
(i 8 o ) 55330 o1 2 025 ECAP wgai slite ool 5
Cewd 4y GialoS SSms il B oS T 51 ey g 00d (Sl
Sde 4y g ol odls 8 CIB 3o 10 diges )y H5 0590 (sloo 4 o]
B o83 JKE S G g 00D (6 Leded g 4 e (e
bty oot Ggoil (s oS 950 ey S 2 Gl 4 0 S e
ol o plol a5 oy

Job A 5e ST (G Jlade oS sl oul ol (g YL (6l p

o] (5555,1,8 0975 9 (50 0818 paasus 4 bogsjo el 1 JSC&

9 o plesis 16 0,95 1395 )3T (P30 Splse wdiie



ublsen 9 lséLgT Sadao C)’-‘-“’I)

UP9520 0J9 pimST 9 Hlisd ans $la g 3T jl 0 Slaiawl b 7075 pguinegT Sols doss SWIT s b Jde SK239095) Gla siolil; cpass

R B o R g R K B L PR LIRS HIN (O PR U Ty
4 ooyly i i g oolidl glasl Stew (15,5 eduay del> 5B Sadl
oals 50 BLbl o b 5 3945 L pgo Al o 0 il o ial38l ey
G Jgl a0 @S gy als JLSlo ale old LS5 5 el 51
S om po > o j0 a0 L ol oo JalS Sal 4 00fy slog y g 00
Ol38l bosyly i e jo Sl Olss sals Jols cdle 4 o
Sl) Les LialS L 0o ,S o osalin 45 len 09 medlyss Sloul>
Gl Ay a5 Sl ke i B slags o s (aelr S
slosly a5 s @ Sl asle S olin Gl L oS Lz e
a9 e R e pl 3 Sl unglin wale D3 58

[12] 00,5 o 2 UKt (sl p3Y (5505 il ey

950 (39 yiunST (59031 lowler - 9505 glbgixio -3-3
05 sal 5 e 5 ySian 555,551 oy ol 6 55 sl IS5 0
oanlive a5 jlizead ol 0l 00,913 Jga Ll i Lulul 5 0oys 0.6 4
@ JlFes ges b asiw ules dlaod Sl lonl = 9,0 (Sonie 905 00
5y g oos 08,8 diged )] ;0 4T gl Ceond 19505 praandi Lol B g0
) e o e o Jihe s 5 5 Gl s
Lood)ly (5o Jladie al>re cnl 5l Gy ol (S (255 0agdy Wlgl e
S 4 Agise o] e o al e plS Sy o5 Jads Luljl
3o il bgsre (Solis saome ol 55 g dul> 5B g als LSl
Stacl 5 B g iged m poled i 20 1B o 4 dl> e (]
oolizl b [13] b walys ity Slowle (ul8l b gy Jade ol 5l 20
ool b g (yge3l 50,8 25,8 = 5 mie | ed] Caws 4 cledlbl
el il s it 45555y plie ol (3) 5 (1) i,

e R ot
TR

h ’\"' .I{: .\
-

Fig. 3 Microstructure of (a) raw material and (b) ECAPed semi-solid
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Table 3 Physical conditions of backward extrusion tests and
corresponding shear rates

y (1) Vr (mm/s) Rp(mm) Re(mm)

1127 9

419 8.5

191 100 3 10
94 7.5

789 9

293 8.5

133 70 3 10
66 7.5
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