hermomechanical Modelling of Cold
Drawing Processes of SS and Co -Cr
Small Diameter Tubes

Muriel Palengat 12, Pierre Latil*?, Grégory Chagnon 2,
Christel Plaideau %, Denis Favier 2, Hervé Louche °

1 Minitubes SA, Grenoble, France
2 Universités de Grenoble, Grenoble, France

3 Université de Savoie, Annecy, France




Outline

Introduction

Experiments
Drawings
Shear tests
Tensile tests

Numerical simulations
Model
Results

Conclusions

August 11-12, 2009

Materials and Processes for Medical Devices

2




Introduction

Minitubes

Specialized in small diameter precision
metal tubing

The smallest ID is 50 um, the largest
OD is 15 mm

More than 100 metals and alloys
Numerous applications (Medical 55%)

Cold and hot tube-drawing
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MINITUSES Introduction

Aim of the study :

Modelling tube drawing with a thermomechanical finite element analysis.
Cold drawing : 3 processes.
Thin-walled tubes of small diameters (2-10 mm)

Stainless steel 316 LVM (ASTM F138) and Co-Cr alloy L605 (ASTM F90)

Init tube

Hollow sinking
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Drawing Experiments

3 types of drawing
Several diameters
Different speeds

2 materials

Force and temperature

—>
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Drawing Experiments

Forces :

316LVM, few dispersion in hollow sinking, a little bit
more in mandrel drawing but no influence of speed.

L605, lots of dispersion, no tendency

Temperature :
The two materials reveal a similar trend
Stable temperature in hollow sinking

Tube temperature increases with the mandrel
temperature
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Shear tests

Shear tests with Image correlation
Anisotropy
Plasticity Hardening type
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Shear tests

0°and 45° Samples
316LVM

Isotropic materials
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Shear tests

Cyclic tests
316LVM

Hardening type : Isotropic
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Tenslle tests

Temperature recordings + Large range of
strain rates 103-15 st
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Tenslle tests

Johnson -Cook Law = (A+ Beno)(“(:ln( ))

Temperature-Independent version
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Tenslle tests

Inelastic heat fraction
316LVM 605

-> Depends on strain Constant = 70%
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Numerical simulations

/ Assumptions \

Model Material behavior
Abaqus software Tubes in 316LVM and L605:

Explicit |sotropic
Axisymmetric Temperature-independent

Thermomechanical Isotropic hardening
model IHF (variable for 316L,

constant for L605)
Johnson-Cook law

Tools in tungsten carbide or

No variations in diamond
lubrication Elastic behaviour

\ Coulomb model Thermal properties /
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Numerical simulations

Boundary conditions
Dies are fixed
Hollow sinking + Floating plug : Tube Is drawn with a constant speed

Mandrel drawing : the mandrel is drawn with a constant speed and drags the
tube with it.

Tube and die initially at room temperature
Contact between tube and tools

Contact conduction between tube and tools
Convection on the tube surfaces.

Contact with
drigtions  friction ms.

Constant

5 speed

revolution
August 11-




Numerical simulations

Inverse analysis

Friction coefficient found by
Inverse analysis = 0.07

Contact conductivity = 100
kW.m=2.K-1->no real influence
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Report : 316L Simulations

Comparison between experimental measurements
and simulations

Drawing Forces Tube temperatures
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Report : L605 Simulations

Comparison between experimental measurements
and simulations

Drawing Forces Tube temperatures
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Example of use : a
parametric study

Initial tube 7,05x8,16 mm / Mandrel = 5.8 mm

Reference die : g=6.64 mm, Bearing = 1 mm, Angle = 20°-> F= 700 daN
20 . . 20— . . . Influence of the die

" 15 | 15] _ parameters
10
| _ g [ _ => up to 15 % on the
i ] drawing force

[ Portée filiere (mm) | 1 10] | Angle filiére (deg) | ]
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Référence 5.22 mm

1 A

Rayon de raccordement filiere (mm)
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Conclusions

Shear and tensile tests

1 hollow sinking All data for a model

Many experimental tests which confirm the
model validity.

Influence of geometries : easy and fast (1 day)

Work In progress:
Defining better thermal contact properties
Defining forming limits

August 11-12, 2009 Materials and Processes for Medical Devices 20




