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Unsteady State Analysis of Al Tube Hot Extrusion
by A Porthole Die

H. H. Jo, S. G. Lee, J. N. Par and B. M. Kim

Abstract

Porthole die extrusion has a great advantage in the forming of long hollow section tubes. It is difficult
to produce long hollow section tubes with complicated section by the conventional extrusion process with
a mandrel on the stem. Because of the limit of the length of mandrel and the complexity of cross section.
Porthole die extrusion is affected by many parameters, such as extrusion ratio, extrusion speed, die
geometry, porthole number, bearing length etc. Up to now, most of studies about porthole die extrusion
have been investigated by experiments or steady state FE-analysis. However, in this paper, porthole die
extrusion is analysed by the unsteady state 3D FE-simulation. And the result of unsteady state analysis
is compared with the experimental result. Also, the surface state of extruded tubes are examined for the
various process conditions.
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Fig. 1 Spilt tool assembly used in porthole die extrusion
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Fig. 2 2-D Schematic diagram of the charge welding
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(b) Welding stage

(¢) Forming stage

(d) Welding plane

Fig. 3 Extrusion stages in porthole die
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Table 1 Process variables for FE analysis

Conditions Values
Billet Diameter(mm) 74
Bridge Height(mm) 385
Chamber Height(mm) 20
. 15, 1.6, 1.7
Product Thickness(mm) ) .
at same extrusion ratio 43
Extrusion Ratio 37, 43, 50
Extrusion Speed(60mm/min) 60
Initial billet Temperature(C) 400, 430, 460
Initial container/Chamber A0
Temperature(C)
Friction factor 0.7

Table 2 Thermal properties of the porthole extrusion
process

Interface
Thermal Heat
Material | conductivity | capacity | [N/sec/ | coefficient

[N/see/C] | IN/mm*/C)| mm/C 4] | [N/sec/

Emissivity heat

mm/C]
Billet | AI7003 180 241 03 40
Container
& HI3 286 357 03 40
Chamber

Table 3 Composition of the improved Al7003 alloy[wt%]

Si{Fe|Cu|Mn|Mg|Cr|Zn| Zr| Al

AI7003 061
03! 01 |015] 02 01|60 [015|Rem.
[wt9s]
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Fig. 6 Distribution of temperature at each stage when
billet temperature 400°C, bearing length 4.5mm
tube thickness 1.5mm and extrusion ratio 50
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(¢) Forming stage

Fig. 7 Distribution of velocity at each stage when billet
temperature 400°C, bearing length 4.5mm, tube
thickness 1.5mm and extrusion ratio 50
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Fig. 8 Load-stroke curve for extrusion ratio
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Table 4 Maximum extrusion loads when billet temperature

is 460 and bearing length is 6mm and tube
thickness is 1.7mm

Extrusi Max. Max. Max. Max.
XR;L; N Load Billet | Mandrel | Chamber
© (ton) Temp(C) | Temp(C) | Temp(C)
37 4654 5182 4165 4280
43 482.2 530.3 4207 434.3
50 5067 53838 429.2 4427
600 — : : . , . ;
550 ] ]
500 !\!\. ]
= 4501 \x .
& 400] ]
< 350 b
@
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§ 250 ]
® 200 i
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W 100 —e— Experiment (Mg1.0) ]
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Temperature (°C)

Fig. 9 Extrusion loads for billet temperature
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Table 5 Maximum extrusion loads when bearing length
is 4.5mm and tube thickness is 1.7mm

Initial Max. Max. Max. Max.
Billet Load Billet Mandrel | Chamber
Temp(C) (ton) Temp(T) | Temp(T) | Temp(C)
400 529.3 5072 4134 421.8
430 5182 5154 4185 426.1
460 4716 534.8 4257 435.8
600 . r , . . .
550 ] : - -
s00] A a s
= 450 -
& 400 ]
T 350 ]
S 300 ]
s 250 ]
G 200 ]
£ 1501 _u FEM (Mgo.6) ]
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0= . .
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Bearing Length (mm)

Fig. 10 Extrusion loads for bearing length

Table 6 Maximum extrusion loads when billet tempera-
ture is 400C and tube thickness is 1.7mm

35 52 FH9 H1§+01| = et&sts
Fig. 11904 = FEFAZ 15 16, 1.7mm% 244
FQ A3 A %H T Hd 4EI}FS Vel

L dERlE sdetAl #Askl dsl TS

Lomme ®  AFY o - AL 7 148 17.8mm,
16mm¥ e 2 ZF 138mm, 17mm, 17mme W= 2t
7} 126, 16mmz FRI, Z7] Yl 40T, slo]
F ol 45mmE DAANFTE FYT GEH] 439 o]
o) FESAZE 08 29 Al dEHES A 94
F o 5 A
600 r T T T T
5504 . -
500 & a a ]
= 450 - 4
£ 4004 ]
T 3504 ]
9 3004 1
g 250 1
‘0 200 ]
=
£ 150 ]
= —&— FEM (Mg1.0)
1001/ @ Experiment (Mg1.0) ]
504 —A— Experiment (Mg0.6) 1
0 T T T T T
1.50 1.55 1.60 1.65 1.70

Tube Thickness (mm)

Fig. 11 Extrusion loads for tube thickness
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Table 7 Maximum extrusion loads when billet tempera-
ture is 400C and bearing length is 4.5mm

Bearing Max. Max. Max. Max. Tube Max, Max. Max. Max.
Length | Load Billet | Mandrel | Chamber Thick. Load Billet | Mandrel | Chamber
(mm) (bo) | Temp('C) | Temp(T) | Temp(C) (mm) (ton) | Temp(C) | Temp(T) | Temp(C)
3 524.6 506.1 411.2 4197 15 532.1 5145 4177 4942
45 5293 5072 4134 218 16 530.7 5123 4156 4229
6 536.8 509.8 4186 4259 1.7 529.3 2072 4154 4218
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Fig. 13 Distribution of normalized velocities and flow
line on plane A and B when billet temperature
is 400, bearing length is 4.5mm and tube
thickness is 1.7mm

(b) 430°C

(a) 400TC

Fig. 14 Distribution of pressure on plane A when billet
temperature is 400°C and 4307, bearing length
is 45mm and tube thickness is 1.7mm
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Table 8 Surface states of extruded products for each

condition
Tube Initial billet Bearing Surf tat Surface
Thick.(mm) | Temp.(T) | Length{mm) urface states roughness
1.5 400 4.5 0.315
17 400 4.5 0313
1.7 400 4.5 0.313
1.7 430 4.5 0.502
1.7 460 4.5 0.478
1.7 400 3 0.453
1.7 400 4.5 0.313
1.7 400 6. 0.307
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