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Analysis Model of Cold Pilger Mill for Optimizing Shape of Roll

Wi RRER™ il B2
YAMADA Mayu and NAKASAKI Morihiko

Synopsis: The cold pilger mill is a process where hot-rolled or hot-extruded tubes are cold-rolled to reduce their diameters
and adjust their dimensions accurately. The productivity of this process is very high since a large reduction in
area can be obtained through one rolling process (a series of sequential forging). However, this also means that
the work load on the tools for this process is quite intense, causing early breakage of them.

Precise prediction of tool life is important to achieve a stable production. However, the prediction method has not
been established. This is because the stress distribution on tool surface, which is considered as the cause for
the breakage of the tools, has not been studied nor reported yet.

In this study, the stress distribution on tool surface was visualized and quantified with a 3-D FEM. Thereafter,
the tool lives were relatively evaluated with the viewpoint of fatigue fracture theory, where stress amplitude and
stress ratio were considered.

“Life evaluation curve” was obtained by organizing the stress ratio and the stress amplitude data from the stress
analysis results of tool surface. The slope of the tangent line from the fatigue limit of alternating-stress to the life
evaluation curve was employed to compare the tool lives. The prediction results with this method were consistent
with the life trends of the actual rolls.
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Fig.1 Schematic diagram of pilger mill.
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Fig.2 Schematic drawing of roll.
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Table 1 Analysis conditions about deformation of tube.
FEM code DEFORM 3D
Roll Material type Rigid
Mandrel  Material type Rigid
Tube Material -type Elastic—plastic
Material SuJ2
Feed between shots/mm 10

60
0.3

Rotation angle of tube/deg

Coefficient of friction

Mandrel

Fig.3 Numerical simulation model of elastic-plastic tube
deformation in pilger mill process.
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(b) Curved roll

Fig.4 Tube outer profile during pilger mill process.
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Table 2 Analysis conditions about elastic roll.

Material type Elastic
Roll Young's modulus 207 GPa
Poisson'’s ratio 0.3
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Contact point with tube

Fig.5 Numerical simulation model of elastic roll in pilger mill.
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Fig.6 Rolling load during pilger mill process.
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Fig.7 Contact stress at 50% in working zone of tapered roll.
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Fig.8 Stress distribution of groove bottom at 50% cross section
in working zone of tapered roll.
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Fig.9 Relationship between stress amplitude and stress ratio at
50% cross section in working zone of tapered roll.
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Fig.10 Relationship between stress amplitude and stress ratio at
each cross section in working zone of tapered roll.
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Fig.11 Evaluation line for life comparison.
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Fig.12 Roll life comparison of used rolls.
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Fig.13 The relation between roll life ratio and slope ratio.
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