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Design and optimization on extrusion die for TC4 titanium alloy
T-shaped thin-walled profile
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Abstract: Reasonable design of extrusion die plays a key role in the production of titanium alloy extrusion profile. Therefore, the extru-
sion process of TC4 titanium alloy T-shaped thin-walled profile was numerically simulated by finite element software, and the different
structural parameters were simulated and combined by single factor method and orthogonal experimental method. Then, taking standard
deviation value SDV of outlet velocity field as a reference, the influences of inlet fillet, mold hole position and guide groove shape on the
metal forming effect after extrusion were investigated, and the metal flow rule during the extrusion process was analyzed. The research re-
sults show that when the extrusion process conditions remain unchanged, the profile with a better shape can be obtained by adjusting the
mold inlet fillet and the distance between mold hole center and mold circle center, and adjusting the shape of guide groove can further op-
timize the mold and make the metal flow out of the mold hole more evenly.
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Fig. 1 Schematic diagrams of sectional dimensions for TC4 titanium alloy T-shaped profile (a) and calculated dimensions of mold hole (b)
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Fig. 2 3D finite element model of extrusion mold
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Fig. 3 Schematic diagrams of structure parameters for three kinds of variable molds

(a) Inlet fillet
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Table 1 Extrusion process parameters of T-shape thin-walled

profile for TC4 titanium alloy
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Fig. 4 Distributions of metal flow velocity at different mold outlets with inlet fillet of R3 mm

(a) Distance from mold hole center to mold circle center of 10 mm

(b) Distance from mold hole center to mold circle center of 20 mm

(¢) Distance from mold hole center to mold circle center of 30 mm
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Fig. 5 Definition of horizontal and vertical directions (a) and distribution of metal flow velocity along vertical direction (b) for

T-shaped mold with inlet fillet of R3 mm
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Fig. 6 Distributions of metal flow velocity at mold outlets with inlet fillet of RS mm

(a) Distance from mold hole center to mold circle center of 10 mm

(b) Distance from mold hole center to mold circle center of 20 mm

(¢) Distance from mold hole center to mold circle center of 30 mm
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Fig. 8 Distributions of metal flow velocity at mold outlets with inlet fillet of R7 mm

(a) Distance from mold hole center to mold circle center of 10 mm
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Fig. 9  Distributions of metal flow velocity along vertical direction for

2.4 ELOL5ECOHEEE 20 mm B\ OE &R0
HTH—EERMA DR A, KB 10 XL

2.3 ANOE®AA R7 mm BHEFLALE RS 00

A BB RT mm B, AT AS RIFL A B
B 1 & s i s B o A = i 8 s, 5 A H
B ff°4 R3 Fl RS mm AOBIUZERAL, YA L BEMAN
R7 mm ., WLOEEESH 20 mm B, # 4K 4 i 50 g 2y
5], BRINRIAIERELF . AR T AR H
Tl )mimshE A (F9) HE—PIEsE T iX—x,

T HRE BT R MR SR e Y, X
PAb 9 FiEEL Ay I HE T O 1 4 W sh MU SDV
B, WmR2 PR, WFE2 T, MADRMA—ER,
BEALTLC SR EL LA FE 20 mm BOASEELAY SDV 1 %
i, BME RS RS R e Bda e, 4560
e BRI BT e, BAARFEA DR
FARRE T BALALG SRR BLCAHEE 20 mm AYREE.
DjZE SJE

V5% B /(mm-s1)

©

(b) Distance from mold hole center to mold circle center of 20 mm

(¢) Distance from mold hole center to mold circle center of 30 mm
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Table 2 SDV values of nine kinds of molds after extrusion (mm - s™)
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Fig. 10  Distributions of metal flow velocity along horizontal and vertical directions for three kinds of T-shaped molds
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Table 3 SDV values for mold with different dimensions of

guide groove

S A/mm B/mm SDV/(mm - s™")
1 10 10 64. 8
2 10 11 53.6
3 10 12 47.2
4 10 13 40.5
5 10 14 35.7
6 11 10 42.4
7 11 11 36.5
8 11 12 315
9 11 13 30. 8
10 11 14 28.7
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Fig. 12 State diagrams of profiles extruded by molds with three kinds of dimensions of guide groove
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Fig. 13 Metal flow velocity along horizontal and vertical directions for molds with different dimensions of guide groove
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