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IntroductionIntroduction

�� MinitubesMinitubes
�� SpecializedSpecialized in in smallsmall diameterdiameter precisionprecision

metalmetal tubing tubing 

�� The The smallestsmallest ID ID isis 50 µm, the 50 µm, the largestlargest
OD OD isis 15 mm 15 mm 

�� More More thanthan 100 100 metalsmetals and and alloysalloys

�� NumerousNumerous applications (applications (MedicalMedical 55%) 55%) 

�� Cold and hot tubeCold and hot tube--drawingdrawing
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IntroductionIntroduction

Hollow sinking

Aim of the study :

Modelling tube drawing with a thermomechanical finite element analysis.

Cold drawing : 3 processes.

ThinThin--walledwalled tubes of tubes of smallsmall diametersdiameters (2(2--10 mm)10 mm)

StainlessStainless steelsteel 316 LVM (ASTM F138) and Co316 LVM (ASTM F138) and Co--Cr Cr alloyalloy L605 (ASTM F90)L605 (ASTM F90)

Jaw

Die

Initial tube

Final tube
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Mandrel drawing

Drawing with
floating plug

IntroductionIntroduction
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Drawing ExperimentsDrawing Experiments

… ……

3 types of drawing

Several diameters

Different speeds

2 materials

��� � Force and temperature
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�� Forces : Forces : 
�� 316LVM, few dispersion in 316LVM, few dispersion in hollowhollow sinkingsinking, a , a littlelittle bit bit 

more in more in mandrelmandrel drawingdrawing but no influence of speed.but no influence of speed.

�� L605, lots of dispersion, no L605, lots of dispersion, no tendencytendency

�� TemperatureTemperature ::
�� The The twotwo materialsmaterials revealreveal a a similarsimilar trendtrend

�� Stable Stable temperaturetemperature in in hollowhollow sinkingsinking

�� Tube Tube temperaturetemperature increasesincreases withwith the the mandrelmandrel
temperaturetemperature

Drawing ExperimentsDrawing Experiments
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ShearShear teststests

�� ShearShear tests tests withwith Image Image correlationcorrelation
�� AnisotropyAnisotropy

�� PlasticityPlasticity HardeningHardening typetype
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�� 0° and 45° 0° and 45° SamplesSamples

ShearShear teststests

Isotropic materials

�� 316LVM316LVM L605L605

Strain

45° samples

0° samples

0° samples

45° samples

Strain

S
tress

S
tress
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�� CyclicCyclic teststests

ShearShear teststests

Hardening type : Isotropic

�� 316LVM316LVM L605L605

Strain Strain

S
tress

S
tress
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TensileTensile teststests

�� TemperatureTemperature recordingsrecordings + Large range of + Large range of 
strainstrain rates 10rates 10--33--15 s15 s--11

Mandrel

Grips

IR Camera
B

lack zone (paintigs
)

B
lack zone (paintigs)

Start End
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TensileTensile teststests

JohnsonJohnson --Cook LawCook Law
0( )(1 ln( ))eqn

eq eq
eq

A B C
e

e
e

s = + +
�

�

Strain Strain

S
tress

S
tress

Temperature-Independent version 
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TensileTensile teststests

�� InelasticInelastic heatheat fractionfraction

�� 316LVM316LVM L605L605
-> Depends on strain Constant = 70%

Strain

Strain
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NumericalNumerical simulationssimulations

�� ModelModel
�� Abaqus softwareAbaqus software
�� Explicit Explicit 
�� AxisymmetricAxisymmetric
�� ThermomechanicalThermomechanical

modelmodel

�� Contact conditionsContact conditions

�� No variations in No variations in 
lubricationlubrication

�� Coulomb modelCoulomb model

Assumptions
�� Material Material behaviorbehavior

�� Tubes in 316LVM and L605:Tubes in 316LVM and L605:
�� IsotropicIsotropic

�� TemperatureTemperature--independentindependent

�� Isotropic hardeningIsotropic hardening

�� IHF (variable for 316L, IHF (variable for 316L, 
constant for L605)constant for L605)

�� JohnsonJohnson--Cook lawCook law

�� Tools in Tools in tungstentungsten carbidecarbide or or 
diamonddiamond

�� ElasticElastic behaviourbehaviour

�� Thermal Thermal propertiesproperties
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NumericalNumerical simulationssimulations
�� Boundary conditionsBoundary conditions

�� Dies are fixedDies are fixed

�� Hollow sinking + Floating plug : Tube is drawn with a constant sHollow sinking + Floating plug : Tube is drawn with a constant speedpeed

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

�� Tube and die initially at room temperatureTube and die initially at room temperature

�� Contact between tube and toolsContact between tube and tools

�� Contact conduction between tube and tools Contact conduction between tube and tools 

�� Convection on the tube surfacesConvection on the tube surfaces..
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NumericalNumerical simulationssimulations

� 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 SimulationsReport : 316L Simulations
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Report : L605 SimulationsReport : L605 Simulations
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Etudes paramétriques réalisée sur S/M 6.64 (Mandrin 5.8)
Filière référence : D=6.64, r=2, Portée=1, Angle=20° - > Force étirage = 700 daN 
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Référence 5.22 mm

Tube initial 7,05x8,16

ExampleExample of use : a of use : a 
parametricparametric studystudy

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

Reference die : ø=6.64 mm, Bearing = 1 mm, Angle = 20°-> F= 700 daN
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ConclusionsConclusions

�� Many experimental tests which confirm the Many experimental tests which confirm the 
model validity.model validity.

�� Influence of geometries  : easy and fast (1 day)Influence of geometries  : easy and fast (1 day)

Work in progress:Work in progress:
�� Defining better thermal contact propertiesDefining better thermal contact properties
�� Defining forming limitsDefining forming limits

Shear and tensile testsShear and tensile tests
1 hollow sinking1 hollow sinking All data for a modelAll data for a model


