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Prediction of Welding Pressure in the Non Steady
State Porthole Die Extrusion of Al7003 Tubes
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ABSTRACT

Porthole die extrusion is profitable to manufacture long tube with hollow section. The material through
portholes is gathered within chamber and welded under high pressure. This weldability which classifies the quality
of tube product is affected by several variables and die shape. But, porthole die extrusion has been executed on
the experience of experts due to the complicated die assembly and complexity of metal flow. Analytic approaches
that are useful in profitable die design and in the improvement of productivity are inevitably demanded. Therefore,
the objective of this study is respectively to analyze the behavior of metal flow and to determine welding pressure
of hot extrusion product according to the various billet temperature, bearing length and tube thickness by FE
analysis and its results are compared with tube expanding tests.
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Fig. 2 Schematic diagram of metal flow in the

porthole die

(a)Dividing
Fig. 3 Extrusion stages in porthole die
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Table 1 Conditions of the extrusion process A el RAojd, Fig 5(a), (b), O)ZHEH FH F
Conditions Values Al 1.7mm, #ol® Zo] 45mmo] ois] X7 LA
e SEE 400, 430 2 460CE 3IRE ASEHN, %=
Bilet Diameter (o) Lo 7 MRALETL 5 & £ HHdol YL ¢
Bridge Height {tum) % 4 SIth Fig. Sy 271 WALE7} 400, ¥of
Chamber Height (mm) 200 % ol emm¥ A4EHA, WolH Holrt AFEF
L5 17 AR /7t Hg @AFE Yz Qo
Product Thickness (mm) at the same extrusion ratio ZEZS 23 U ANEL " A
23 2 gh} 5 ggoz o] ojFo|Am Ho|Y
Dsion Bato il ¥2 0A oA dn dAHez Al ofF
Extrusion Speed (mm's) 10 of A o wlojy 239 P43 AN A &
Billet Temperature('C) 400, 430, 460 Ho| whAgS & 4 ok FHRA e &Y
Container/Die¢ Temperature (C) 400 & B T3 iltﬂﬁi‘}%}ﬁ% AR %zi;“]g'yd'
Friction Coefficient 0.7 AEE B39 o AFHAEE AdHEs s g.
e
Fig. 4 Die geometry for process analysis
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(a)~(c) When billet temperature is respectively 40
0C, 430C, 460C, bearing length
4.5mm and tube thickness is 1.7mm

(d) When billet temperature is 400°C, bearing length

is 6mm and tube thickness is 1.7mm
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Fig. 6 Experimental apparatus for porthole extrusion

Table 2 Composition of improved Al7003 alloy[wt%]

Si | Fe | CaMn|Mg| Cr|Zn]| Zr | Al

Improved 0.6
031]01]015( 02 0.1 | 6.0 |0.15| Rem.
Al7003 1.0

Table 3 Maximum extrusion load according to each
process variables(Mg1.0wt%)

Billet | Bearing | Tube Max. Extrusion Load(ton)
Temp. | Length | Thick. Experiment FE
() (mm) (mm) | Mg0.6 | Mgl.0 | Mgl.0
400 45 1.7 510 510 530
430 4.5 1.7 500 506 520
460 4.5 1.7 - 429 457 430
400 3 1.7 507 508 512
400 45 1.7 510 511 515
400 6 1.7 511 513 516
400 4.5 1.5 500 502 510
400 4.5 1.7 500 501 508
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Table 4 Appearance of tubes after expanding test el Fege Avtd Aolg vehliA] skt

3}-o. 2k A9 £E2 XA A I A F

Tube | Billet |Bearing Extruded Expanding N Mig-w?ioiao-;—; A9 A del #Hadt

Thick. | Temp. | Length specimen ratio( ¢ ) Po 7] EH—\'EOH z}‘—'&; ] —F‘—_ijﬂ L}E}"&q ) e

(mm) | (C) | (mm) | Mg0.6 [Mgl.0] 0.6 | 1.0 | 1.0 ”}37}11§ v@ﬂfﬁﬂ*ﬂﬁiTﬂ Ry “azf

o g}oe T 3z ¥ zZ+e FHdo vo
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(a) When billet temperature is 430°C, bearing length
is 3mm and tube thickness is 1.7mm

(b) When billet temperature is 400°C, bearing length
is 6mm and tube thickness is 1.7mm

Fig. 11 Micro-structure of welding line
(a) In case that welding line is appeared

(b) In case that welding line is not appeared
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