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CAE Analysis of Occurrence of Inner Surface Wrinkles on Hot Tube Extrusion

Tadatsugu Yoshida, Toshiyuki Hamano and Katsuhiko Osaki

Synopsis: CAE analysis combined with plasticine simulation called S.H.P.S.S. has been developed to study steel deformation
processes. In this work, S.H.P.S.S. is applied to tube extrusion processes in view of occurrence of wrinkles on the
extruded tube surface. Knowledge obtained is as follows:

1) Behavior of extrusion load and metal flow obtained from numerical analysis correspond to that from plasticine
simulation.

2) Occurrence of inner surface wrinkles can be simulated by plasticine experiments where Vaseline is used as
lubricant.

3) Strain concentration point corresponds to wrinkle occurrence point.

4) Wrinkles on the inner surface can be reduced by high speed extrusion.

5) Direct observations of inner surface on the deformed tube show that the lubricant flow gives great influence on
occurrence of wrinkles on the inner surface.

Key words: CAE(computer aided engineering); axially symmetric; process simulation; rigid plastic finite element method:;
plasticine; plasticine simulation; metal flow; Ugin-Sejounet extrusion process; lubricant.
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Fig.2. Process flow for hot extrusion.
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Fig.1. Billet making processes for tubes.
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Table 1. Method of numerical analysis.

Soft ware RIPLS-FORGE

Rigid-plastic finite element method
Method
for slightly compressible material®

Element type Axially symmetric 4-node isoparametric square element

Initial number of
678
element

Table 2. Calculating conditions.

Outer diameter X Inner diameter X

Dimensions of analysis model (mm) Length: 95 X (2032.36) X 17

Diameter of container: 100

( Inner diameter of die, Diameter of mandrel)
Standard: (40,20)

Comparison: (27,20), (40,36), (40,32)

Dimensions of tools (mm)

standard: 8

Extrusion ratio 5
comparison: 15,29

Equation of flow stress o /MPa=91.92 X £" (hot steel)

Coefficient of Coulomb friction u =0.02,0.1,0.2

Number of step Full stroke is divided into 100 steps

Mandrel

Bearing part N\ 40

17

(mm)

Fig.3. Element partition for analysis.
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Table 3. Experimental conditions of plasticine simulation.

Degassing-Mixture-Forging
(111mm square in cross-section)-
Cutting(¢ 95mm)-Piercing

Billet making process

Piercing tool for inserting mandrel Drill for woodwork

Laminating white plate and gray plate

Billeting process for metal flow of Smm in thickness

Lubricant Vaseline

Material of tools S45C

Extrusion machine for plasticine

Testing equipment (Maximum extrusion force: 19.6kN)

Measurement of extrusion force Calculating based on oil pressure

Adjustment of ram velocity Oil valve

Micro scope with 3-dimensional coordinate.
Focusing on the top of convex part
and on the bottom of concave part

Measurement of roughness of
inner surface
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Table 4. Experimental conditions of plasticine simulation.
(Metal flow investigation and inner surface observation)

Outer diameter X Inner diameter X
Dimensions of billet (mm)
Length: 95 X 21 X (17,100)

Inner diameter of container: 100
Dimensions of tools (mm)
(Inner diameter of die, Diameter of mandrel) : (40,20)

Extrusion ratio 8

Effective quantity of
0.8 X 10*
lubricant (g /mm?)

Ram velocity (mm /s) standard: 0.5, comparison: 13.8
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Table 5. Conditions of direct observation of metal flow on inner
surface of deforming tube (Other conditions are the
same as those in Table 3).

. Fiber scope for industrial use with halogen lump
Equipment for observation
and adapter for side view (¢ 6mm)

Recording media Video tape ( SVHS )

Tool materials Container: S45C

Mandrel Acrylic resin tube of 3.5mm in wall thickness

Table 6ICEHERSRMH 2T . BBRAIDZHEZ —KEZEL
SR LSS Table dDERHBHEBL TH D,

Table 6. Experimental conditions of plasticine simulation.
(Direct observation of inner surface)

Dimension of billet (mm) Outer diameter X Inner diameter

X Length:95X21 X100

Dimension of tools (mm) Inner diameter of container:100
(Inner diameter of die, Diameter of

mandrel):(40,20)

Extrusion ratio 8

Effective quantity of lubricant (g/mm?) 0.8X10%0.4X10*

Ram velocity (mm/s) 0.5,13.8
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Fig.4. Schematic illustration of extrusion equipment.
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Fig.5. Effect of stroke and extrusion ratios on load of extrusion.
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Fig.6. Relationship between load and extrusion ratio (comparison

of load obtained from CAE analysis and Sachs equation).
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Fig.7. Effect of coefficient of friction at each part on extrusion

load.
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Fig.8. Metal flow comparison of plasticine experiments and CAE

analyses.
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Fig.10. Distributions of equivalent
plastic strain at non-
stationary rear end at
various extrusion ratios.

Fig.9. Metal flow at non—
stationary rear end at
various extrusion ratios.
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Fig.12. Metal flow and inner surface conditions of semi extruded
billets.
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Fig.13. Wrinkles on the inner surface of semi extruded billet.
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Fig.14. Effect of extrusion velocity on occurrence of inner surface
wrinkles.
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Table 7. Effect of extrusion velocity on extrusion load.

Extrusion velocity Extrusion load

(mm /s) (N)

0.5 6377

13.8 6622
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The case of flow stress
depending on ram velocity.
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The case of constant
flow stress.
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Fig.15. Relationship between occurrence of inner surface wrinkles and strain distribution.
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Fig.16. Relationship between occurrence of inner surface wrinkles and quantity of lubricant.
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