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Abstract: This paper investigates the radial-forward extrusion process at room temperature through
numerical analysis. The simulation was conducted using the rigid-plastic finite element sofiware, Deform 2D. The
study considered multiple parameters such as die configurations, die geometry, axisymmetric billet dimensions,
and power mode settings to analyze key forming characteristics. These include the distribution of effective strain
and stress, as well as the punch and die disclosure load—stroke curves throughout the process.
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Extrusion, encompassing cold, warm, and hot forming, is a key metal forming method used to
produce complex shapes. Modeling in extrusion predicts material flow, stress, and strain, aiding in tool
force evaluation and failure analysis. Cold extrusion, performed at room temperature, offers advantages
such as superior surface finish, mechanical strength, and precision making it increasingly favored in
cost-conscious industries. Types include forward, backward, radial, and combined extrusion, where a
billet is compressed into a die cavity to form a desired shape. Finite Element Method (FEM), especially
via tools like Deform 2D, is vital in simulating extrusion, optimizing parameters, and enhancing design
accuracy in computer-aided engineering [1].

This study employs finite element simulations to elucidate the effective strain and stress distributions
during radial-forward extrusion, using AA 6060 aluminum alloy as the workpiece material. The
simulation also generates corresponding punch load—stroke and upper die disclosure load—stroke curves.

Detailed specifications for the die geometry, billet dimensions, and power mode parameters are
provided below (Fig. 1): Ry — the radius of billet (Ro=20mm), R; — the flange radius (Ri=30mm),
R — the radius of the axial branch (R=10mm), the billet height (70mm), h — the flange height (h=10mm),
r —the die fillet (=2mm), V — punch velocity (V=Imm/s), P — punch load, Q — upper die disclosure load
and the friction factors between the billet and tools are constant (Zibel's law, p=0.08).

1 — punch, 2 —upper die, 3 — under die
Figure 1. The radial-forward extrusion process with gridlines distortion (a),
effective strain distributions (b), effective stress distributions, MPa (c) and final formed part (d)



The analysis reveals a uniform distribution of effective strain and stress within the billet, indicating
a symmetrical deformation pattern. In the radial-forward extrusion process, the maximum effective
strain and stress are calculated as € max =2.0, 6 max =320MPa, respectively (Fig. 1).

Figure 2 presents the variations of punch and upper die disclosure loads with punch displacement
(stroke). The curves reveal a progressive increase in loads throughout the punch stroke, emphasizing the
impact of tool geometry on the overall performance of the Radial-forward extrusion process.
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Figure 2. The punch load (P) and upper die disclosure load (Q) vs. the punch stroke (S)
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YHUCJOBUI AHAJII3 PATAJIBHO-ITO310BKHBOTI'O BUJABJIIOBAHHA 3
BUKOPUCTAHHAM METOAY CKIHHEHHUX EJIEMEHTIB

Anomauin: Y pobomi yucenbHo 00CHiOACEHO Npoyec padiaibHO-N03008ACHLO20 BUOABTIOBAHHS 34 KIMHAMHOL
memnepamypu Memooom ckindenux eremenmia y Deform 2D i3 srcopcmro-nracmudnoro mooennto. Ananizyeanucs
6NIUGU KOHpI2ypayil wmamnis, 2eomempii 3a20MO6KU Md PedcUMI8 HABAHMAIICEHHS HA XApPAKmMepucmuKu
dopmoymeopenns: po3nodin depopmayiil, HANPYIHCeHsb i KPUBI KHABAHMANCEHHA—XIOY.

Knrouosi cnosa: 6uoasnioganns, Memoo CKiHUeHUX eleMenmis, 0eqhopmayis, HanpyICceHHs, HABAHMANCEHHS]
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