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Summary. This work covers both experimental measurements and numerical modelling of 
powder filling. Experimental measurements with digital speckle photography (DSP) is used to 
study the powder behaviour and for the characterisation of the die filling as part of the process 
in powder pressing. The DSP measurements are carried out by recording the powder filling 
process with a high speed video camera. The image series are then evaluated using an image 
correlation technique. By this, field data during the filling process can be visualised such as 
velocity fields and strain fields. These measurements are also supporting the development of a 
numerical model of the process. In this work the smoothed particle method (SP) is used to 
model the powder filling process. The numerical results are compared with the DSP 
measurements. The validated model is then used to study the process in more detail, e.g. to 
evaluate the density distribution after filling.  
 
1 INTRODUCTION 

Powder pressing is often a complicated process as the behaviour of the powder material 
changes with increasing density. Manufactures tend to produce components with more 
complicated shapes which demand complex pressing equipment and methods. This implies a 
better knowledge of the material response during the pressing process. Mechanical properties 
of powder materials changes dramatically from the beginning to the end of the compaction 
phase. Previous investigations have shown that powder transfer and high powder flow during 
filling affects the strength of the final component significantly. 

In this work an experimental powder filling rig is used for studying the powder behaviour 
and for the characterisation of the die filling as part of the process in powder pressing. The 
powder filling experiments are combined with advanced dynamic measurements using digital 
speckle photography (DSP). With this technique it is likely to improve the knowledge of a 
critical part of the process. The measurements also support the development of numerical 
models.  
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In this work, the smoothed particle (SP) numerical method is used for modelling of powder 
filling. This method is used to study the powder flow behaviour, velocity fields and density 
distribution during filling.  

2 EXPERIMENT 

The powder filling experiments were performed using a powder filling rig. The 
experimental setup consists of a die and a fill shoe cut in half and provided with glasses. The 
fill shoe geometry is made by plastics in a 3D-printer. The fill shoe is connected to an arm 
driven by an electric linear motion engine. The motion is controlled by a computer system and 
is programmed by the operator. A high speed video camera was used to record the filling 
process. The camera could be placed to study the die, the fill shoe or both.  

2.1 Digital speckle photography 

The method used in this work to monitor the flow fields is called digital speckle 
photography, often referred to as DSP. DSP is based on a technique called digital image 
correlation which in this case is used repeatedly to achieve information about the flow field 
throughout an experiment. When applying the technique of digital image correlation, two 
images of a specimen with a random pattern (speckles) are compared. One of the images is 
acquired before deformation and the other one after. Within the first image a number of sub-
images are defined, which, due to the randomness of the speckles, will have a unique pattern. 
The pattern of each sub-image is then searched for in the second image by a cross-correlation 
algorithm. The coordinate where the correlation coefficient is the highest is taken to be the 
new position of the original sub-image. Since the original coordinates of the sub-images are 
known the displacements can be achieved, yielding the entire displacement field. By using the 
high speed video image series from the records of the tests performed, digital image 
correlation can be carried out several times producing the displacement fields over time. With 
this technique it is possible to evaluate field data such as strain fields, velocity fields, vector 
field etc. over time in the tests. Digital image correlation is described in detail by for instance 
Kajberg and Lindkvist [1]. In this work the commercial software Aramis v6.2.0-6 [2] is used 
for the DSP evaluations. 

3 NUMERICAL MODELLING 

The numerical method used with in this study is based on a continuum approach and a 
mesh free modelling technique. This method is called the smoothed particle hydrodynamics 
(SPH) method or the smoothed particle (SP) method [3]. The advantages with this method is 
the possibility to model large deformations due to the mesh free description and the 
continuum approach enables the possibility to model a large amount of powder with a limited 
number of elements..  

The explicit non-linear solver LS-Dyna R7.0.0 [4] is used for the numerical simulations. 
LS-Dyna is originally a finite element (FE) code that has been implemented with a SP-solver. 
This makes the code very suitable for combined FE/SP problems. 
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In this work a Drucker-Prager [5] material model is used to describe the material behaviour 
of the powder material in the SP-model. This is an elastic-plastic material model with a 
pressure dependent yield-surface. It is a simple model to describe granular material. The 
advantage of the model is the limited number of material parameters. The model is described 
by the bulk density, ρ, two elastic parameters and a linear yield function, f, see Eq. 1. 

 
 , 0 (1) 
 
In Eq. 1, I1 is the first stress invariant,  J2 the second deviatoric stress invariant and k is the 

slope of the yield curve i.e. the internal friction of the powder. 

3.1 Smoothed particle model 

A 2D model of the test rig with the powder material represented by 50 000 SP-elements 
was developed. The shoe velocity profile is the same as for the experimental tests which 
means a maximum velocity of 300 mm/s of the fill shoe. The SP-model of the test rig is 
shown in Figure 1. 

 
Figure 1. SP-model of the test rig. 

4 RESULTS AND DISCUSSION 

 

Figure 2. Velocity in horizontal direction. Left figure: DSP measurement. Right figure: SP-model. 

 

Figure 3. Velocity in vertical direction. Left figure: DSP measurement. Right figure: SP-model. 
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The numerical results are compared with the experimental DSP measurements of the 
velocity fields. The horizontal velocity fields are compared in Figure 2 and the vertical 
velocity fields in Figure 3 at different positions in the filling process. From the simulations it 
is also possible to study the density distribution after filling. In Figure 4 the numerical result 
of the density distribution in the die after filling is shown for the numerical model. From the 
result it is observed a density increase in the bottom right edge of the die. 

 
Figure 4. Numerical result of the density distribution after filling.  

5 CONCLUTIONS 

Experimental investigations with digital speckle photography (DSP) of the power filling 
process have been carried out in this work. It is possible to use the DSP method on powder to 
measure field data of the flow during filling is concluded. The DSP measurements are also 
valuable as validation for numerical models.  

In this work a numerical model of powder filling with the smoothed particle (SP) method 
is developed. The comparison of DPS measurements and simulations gives similar flow 
characteristics.  

Experimental measurements with DSP together with numerical simulation with the SP 
method are powerful tools to increase the knowledge of powder filling and to improve the 
process in the future is concluded. 
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