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A Fully-Coupled Approach for
Modelling Plastic Deformation and
Liquid Lubrication in Metal Forming
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Equilibrium Equation

In fluid mechanics differential equation of motion is

é’G,J 8p 8ui Gui
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viscous gravity
forces
pressure inertia term
where Oij = Ji‘j —P and P=—0n.
For Newtonian fluid,
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Equilibrium Equation

WE

If the space-dependent acceleration term of Navier-Stokes equation is

neglected, the equation reduces to

U 0p AU
“oxE Tax P T e

Oijj = 0jj t Omn = 0jj — P

which gives the dynamic equilibrium equation of solid mechanics that is

used in the flow formulation.
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The Flow Formulation

Similarities of viscous flow with flow formulation
| | AU, op du,
- viscous flow formulation H—— — +po0i = p——
OX;  OX dt
- identical separation between deviatoric and volumetric terms
- the analogy for ‘shear viscosity’ and ‘bulk viscosity’ to ensure the
incompressibility constraint of the viscous fluids.
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Finite Element Formulation

Weak Form of Equilibrium Equation
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Bulge Test

FEREER:

Piston

v=1mm\s
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Blank: AA1050-H111
& = 1408%% (MPq)

Fluid: p=10*Pa-s
w, = 103 MPa - s

Pressure [MPa]

0,0 2,0 4,0 6,0 8,0
Displacement [mm]
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Bulge Test ==
e
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Lubricant Breakdown
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m = 1.0 sticking interfaces
Aiover gie = 3.0°

hstrip = 1.95 mm
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Lubricant Breakdown

Shear Stress Normalized by Effective Stress

Vdrawing = 1mm/s

u=0.1Pa-s

Varawing = 1mm/s

L= 10°Pa-s

Varawing = 800 mm/s
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Max.

Min.

0.5752
0.4719
0.3687
0.2654
0.0589
-0.0413
-0.2358
-0.3331
-0.4303
-0.5762
0.5773
-0.5773
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Drawing of Sheet with Surface Pocket

[=1.0mm
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/
Lubricant pocket

Upper die

Aover die = 5.0

m = 0.3 along the upper tool

m = 1.0 sheet — lubricant interface
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Blank: AA1050-H111
g = 312008 (MPa)
Fluid: n=0.1Pa-s
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Deep Drawing
!
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Blank: AA1050-H111 m = 0.5 sheet — lubricant interface
Fluid: H= 10° Pa - s Vdarawing = 1mm/s
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Deep Drawing

i

. = 10mm
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Summary
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Future Works

decoupling of the two models simulating

metal flow and liquid flow separately

_ Y,
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The Flow Formulation
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- The weak form of the quasi static stress equilibrium equations used in
the flow formulation results from neglecting gravity and dynamic

effects.

« Incompressibility is included by transforming the general weak form of

the stress equilibrium equations into a weak form with constraints.

« Flow formulation is based on a velocity-pressure approach where
metals are considered as fluids of very high viscosity and velocities and

hydrostatic pressures are solved simultaneously.
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Drawing of Sheet with Surface Pocket e
Back of the Pocket Front of the Pocket
Vdarawing = 100 mm/s Vdarawing = 1mm/s
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