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Characteristics of Deformation in Hot Extrusion Process of Stainless Steel Tube

Munekatsu FURUGEN, Hiroshi MATSUO, Tomihiko FUKUYASU, Tetsuya NAKANISHI and Jun YANAGIMOTO

Synopsis : Effect of glass lubrication on metal flow in hot extrusion of stainless tube in an example of Ugine-Sejournet process has been investigated ex-

perimentally and theoretically, which has been closely related to the surface defect of products. First, a relationship between viscosity of glass

lubricants and friction coefficient is measured with a hot friction test. Friction coefficient is proportional to logarithmic viscosity of glass lu-

bricant. Glass lubrication for hot tube extrusion is found in hydrodynamic condition. Then finite element analyses of metal flow during hot

tube extrusion is carried out to simulate metal flows, strains and stresses. Computed extrusion forces and metal flows are in good agreement

with experimental measurements. Quantitative flow characteristics such as redundant work and abrupt change of metal flow in bearing por-

tion are evaluated with finite element analyses. It may be possible to optimize an extrusion condition of hot tube extrusion to reduce surface

defects such as transversal crack of products.
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Fig. 1. Schematic view of friction test apparatus at high

temperature.

Table 1. Test condition in friction test.

Workpiece material
Workpiece (mm)
Roll material
Roll (mm)

Tool material
Tool (mm)

Inlets temperature

Workpiece inlet velocity :

Tool sliding velocity

Reduction of workpiece

: SUS304

: w20 Xt10XL250
: SKD61

. ¢ 150XL100

. SKD61

: wd0 X t60 X L500
o 1273~1473K

0.4 m s

:0.05m s
: 10%

Table 2. Chemical composition of glass lubricants.

( mass %)

Vark  Si0, ALO, B0, Na0 KO Ca0  Mg0

Gl 56 15 6 0.5 0.2 22 0.6
G2 72 2 - 13 1 8 4
G3 33 2 36 16 1 8 4
G4 67 - 33 - - - -
G5 76 - 24 - - - -
G6 81 - 19 - - - -
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Fig. 2. Relationship between viscosity of glass lubricants

at high temperature.
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Fig. 3.

Relationship between friction coefficient and loga-
rithmic viscosity of glass lubricants.
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Fig. 4. Finite element mesh of workpiece for computation.
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Table 3. Extrusion process condition for computation and
experiment.

: SUS304

: ¢ 174X ¢ , 33 XL600
C ¢, 182

: ¢ 80X ¢ 50X 14525
:7.85

Billet material
Billet (mm)
Container (mm)
Extruded tube (mm)
Extrusion ratio o

Die (mm, deg) :R=20, r=10, 6 =80
Mandrel (mm) : ¢ 50
Ram speed : 100 m/s

1 1473K
:0.08

Billet heating temperature
Friction coefficient u
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Fig. 5. Stream lines in hot extrusion process of stainless steel tube.
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Fig. 6. Transition of extrusion load of stainless steel tube.
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Fig. 7. Analytical results for hot extrusion process of stainless steel tube.
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Fig. 8. Relationship between extrusion ratios and shear
strains.
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(b) Equivalent strain rate & (1/s)
(d) Axial stress 0,, (MPa)
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