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Powders are complex systems. This is ostensibly due to the combination of solids, liquids 
and gases that comprise a powder. The interaction of these phases contributes to the 
changeability of powders, and as a consequence the processing and handling of powders is 
not straightforward nor easily predicted.

Historically, a suite of semi-empirical testing techniques (poured and/or tapped bulk 
density; angle of repose; flow through an orifice or funnel) have been used to characterise 
the flow properties of powders but often with limited success. This is due to restrictions 
imposed by the manual measurement process, operator bias and, perhaps most 
importantly, relevance to the way the powder is actually processed. Individually, 
these techniques don’t represent the conditions that powders experience either in 
process or during final application.

A key relationship exists between the stress to which a powder has been subjected and the 
force required for it to be re-mobilised. This can be evaluated by uniaxial testing which 
involves measuring the force needed to break or fracture a free standing column of powder 
which has been previously consolidated by a known applied stress – this determines the 
unconfined yield strength of the powder. Uniaxial testing is arguably the simplest, most 
intuitive technique based on this aspect of powder characterisation. Although biaxial shear 
testing has become the most common way of generating a value for Unconfined Yield 
Strength (UYS), it delivers a mathematically derived value which can be subject to significant 
limitations.

For many years the routine use of uniaxial testing for powder characterisation has been 
compromised by the practical challenges associated with the test procedures. However, 
recent advances have been made with the development of the Edinburgh Powder Tester 
(EPT) and the uniaxial accessory for the FT4 Powder Rheometer® which have led to a

PURPOSE

• An easy to use, repeatable, versatile and low cost automated Uniaxial Powder
Tester has been developed and tested to verify functionality

• The AUPT is suitable for a diverse range of materials, ranging from free flowing to
very cohesive powders

• Consolidation Stresses from 5kPa to 100kPa can be achieved
• Intuitive, easy to interpret results (uUYS, Poured & Consolidated Density values and

Compressibility)
• Short test time – as little as 6 minutes
• Off-instrument Consolidation Station for consolidation at high temperatures or

relative humidity

EXAMPLE DATA

SLEEVE DESIGN
Sleeve design is paramount to the operation of the AUPT as any disturbance of the 
consolidated sample during sleeve removal will weaken the powder column, resulting in 
low uniaxial Unconfined Yield Strength (uUYS) values.   As such the sleeve must have the 
following characteristics:

• Low wall friction
• Chemically compatible with a wide range of materials
• Stable at elevated temperatures (up to 100˚C)
• Simple to use
• Low cost

Several designs and materials were tested, ranging from stainless steel through to acrylic.   
Following tests with different powders, two sleeve designs were found to generate the best 
results. As can be seen from the data below, both designs  generated comparable uUYS
values, however Sleeve 2 was easier to use, reducing both the average test time and 
operator interaction.  Consequently, this sleeve configuration was incorporated into the 
final AUPT design.

uUYS values for a range of 
powders using two sleeve 
designs across a range of 
consolidation loads

CONCLUSION

collaboration between the University of Edinburgh, DuPont, and Freeman Technology.

As part of this process, several operational and methodological challenges were overcome
relating to optimising the test sample volume; the aspect ratio of the consolidated sample;
data capture rates and analysis methods; compression phase optimisation (single/multi-
stage); bulk density determination; and the minimisation of wall effects.

This has resulted in the evolution of a standalone, compact solution - the Advanced Uniaxial
Powder Tester (AUPT) – which addresses the requirements for an accessible uniaxial
powder tester enabling robust and reliable data to be generated using this simple
technique.

PROTOTYPE FINAL DESIGN

As demonstrated by the example data above, the AUPT is capable of completing the
necessary steps to generate a uUYS value with minimal operator input, from achieving
and maintaining the target applied load to failing the consolidated powder column.
The flow function graph shows that the AUPT consistently reaches the target load for
a wide range of stress levels and generates repeatable uUYS values.

PRECONSOLIDATION

CONSOLIDATION (MPS)

FAILURE (uUYS)
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PREPARATION OF THE CONSOLIDATED SAMPLE
In order to ensure uniform consolidation without the need for time-consuming multilayer
consolidation, several features were incorporated into the AUPT.

• Vented piston and lower column to aid air extrusion during consolidation
• Double ended consolidation to compact the sample from both ends simultaneously (per.

Edinburgh Powder Tester)
• Adjustable column height to ensures suitable aspect ratio following consolidation (1.25 <

Height/Diameter < 1.5)

A further challenge was automating the consolidation stage to ensure compatibility with a
wide range of powders. Powders can exhibit a range of responses during consolidation, e.g.
stiff powders will reach the target load quickly and therefore potentially overshoot;
conversely, other powders may collapse during consolidation resulting in a sudden decrease
in the applied load. The control program must therefore be able to detect and quickly react
to these changes in order to maintain the target load with minimal overshoot.

Force Control for a range of 
powders at 5kPa, 40kPa and 80kPa
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