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Abstract

This paper describes how the range of applicatiatexture analyser, used for mechanical tests of
solids and liquids in the food and cosmetics industan be extended to reproduce squeeze flow
geometry. It describes the necessary optimisatidineodevice to ensure parallelism and thermal
regulation of the plates during tests. The erroth@nload cell and the instrument compliance are
evaluated. The influence of these artefact measemesms investigated in terms of interpretation of

rheological properties of materials.
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1. Introduction

Texture analysers are commonly used to investify@enechanical response directly linked to the
surface or the internal structure of materialssTikiperformed with different appropriate probes
which differ from the type of tested materialstte food industry, these instruments are used in
product development and in quality control [1]. Manical results are dependent of the type of
probe used and are essentially comparative [2] cantplete chemical and calorimetric analyses.
The whole set of data is supposed to bring comphang information to sensorial analysis, which
can be performed only by a trained panels of egpert

The aim of this paper is to extend the range ofiegion of an existing texture analyser in order t
perform unconfined compression between paralléeplar squeeze flow [3]. The interest of such
adaptation is mainly to provide a potentially cheragternative to existing squeeze flow
rheometers. So, texture analysers are widely uséabd and cosmetic laboratories, compare to
rigid presses which are frequently used in othdustries processing stiffer materials. Furthermore,
the squeeze flow is relatively easy to perform @mglused increasingly as a means for measuring
the biaxial extensional viscosity [4], the liquidlsl relative motion of pastes [5,6] and the
rheological properties of many fluids [7]. It appethat the squeeze flow geometry is also an
interesting alternative to shear rheological teghes, particularly for concentrated suspensions [1]
and for sensitive fluids. Actually, in this lastsea the advantage of the squeeze flow geometry is
that the fluid structure is not disturbed prior theasurement [8]. In addition, several analytical
solutions of such a flow are proposed for diffendrgological behaviour and boundary conditions
[4,7-13]. In principle, this enable the computatafmmaterial properties by fitting experimental alat
with analytical solutions [7,10].

In this flow geometry, a fluid sample is squeezetieen two circular coaxial parallel plates,
without superimposed rotation. Such a flow is rbdral axial, inherently transient and spatially

inhomogeneous due to the changing geometry. Tleearste parameters of the flow are the radius
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R of the plates or the sample, the heiglof the sample, the compression spéednd the
compression loa#. These parameters are imposed or recorded dimnigpst.

The purpose of this note is to describe how théopmiance of a texture analyser can be improved
in order to be used as a squeeze flow geometrg.imtolves a series of modifications of the device
and its calibration. The details of modificatiome presented in the following section. Artefact
measurements are also evaluated and their influsmdiee interpretation of the squeeze flow raw

data in terms of material rheological propertiesfarally discussed using theoretical arguments.

2. Instrument description

This study is based on the TA-XT2itexture analyser from Stable Micro Systém# schematic
side view of the device is shown in figure 1. Thad cell (strain gauge type) of the texture analyse
is placed in the mobile arm of the device. Her25@ N load cell is used; its accuracy is 0.01 N
(manufacturer data). The mobile arm moves in teditgi up or down the column. The arm
displacement, limited and secured by two senseensured by a stepper drive motor. In our

squeeze flow geometry, the squeezing action issezhby moving the upper plate at constant

compression speed, with the lower one remaining motionless. Consetjyethe recorded

applied force varies with time. In order to enstive symmetry of the squeeze flow geometry, the
first modification concerns the original test fiktuof the texture analyser which is modified with a
additional base. It may also supports a plate aimd the highest one (see figure 1). Design is
evolved to guarantee a simple and fast installagfqriates of various diameters. Additional base
and plates are made of steel.

Moreover, it is well known that plate parallelismdathermal homogeneity of the plate surface are
necessary to ensure an axisymmetric radial flowsi#®vn in [13], a parallelism default causes
flow in a preferential direction. In the same wayemperature gradient at the plate surface would

induce an asymmetry of the velocity field, whiclertlcomplicates the squeeze flow analysis [14].
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To overcome the problem of plate parallelism, thpar plate is screwed onto a mounting
plate, itself fixed on the load cell (see figure The upper plate rests on three ball screws used f
adjustment of parallelism before a test. The thi@escrews are spaced at 120 ° intervals around
the plate.
Secondly, a thermal regulation system is develapawntrol the plate temperature. In fact, the
drive mechanism installation under the bottom plettats up that plate to 25 deg C if the instrument
is placed in a room at 18 deg C, as shown in fi@urehis fact has not been mentioned by previous
authors which have used the same device to adaptpmrfect squeeze flow geometry and test food
samples, see [15] as example. To avoid this prokdet@mperature control system using a fluid
flowing through a pipe network machined into bahttplates is thus developed. The 5 mm
diameter network pipes are connected to a thermostater bath using flexible pipes. To improve
the temperature regulation efficiency, the tempeeabf each plate is recorded over time, as well as
that of the instrument base and the room temperaluring a 8 hours test. Figure 3 gives an
example of such temperature regulation for a tgoipge temperature of 24 deg C, above the
temperature room and below the temperature dnivthi$ test, the water bath was started 2 hours
after the texture analyser in order to evaluatadaetion time of the thermal regulation system and
the initial temperature difference between bothgdaFigure 3 shows that a stable temperature
difference between the plates of 0.5 deg C washezhwithin a few minutes. This temperature
difference is sufficient for the present purposé eanishes when tests are carried out at
temperatures that are higher than the drive tenyoerar when temperature regulation is close to
the room temperature [16]. Consequently, the desdrmodifications provide experimental
conditions needed to squeeze flow measurementsnJiare the right measurement of key
parameters of squeeze flow (the squeeze f6raed the height of the sample) the adapted device

is calibrated as described below.
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2. Calibrations

2.1. Force transducer

As indicated by the manufacturer, calibration @& tbrce transducer must be performed by placing,
with the 250 N load cell, a 50 N weight on the loadtion platform of the mobile arm. This
calibration is carried out for each geometry t&€be load cell is equipped with fixed strain gauges
that enable the control of profile deformation. Teehnological choice of strain gauges here is
satisfactory because of the low range of comprasspeeds. In order to calibrate the load cell, a
repeated measured of applied loads (0.05, 0.1d1L@mM) is realised during loading and unloading

steps. Load cell calibration allows the determwraf calibration curve, as shown by equation (1).

Fea =0.9987xF

real eaq +1.345x10° 1)

whereF,e; (N) denotes the applied load aRd.q (N) is the measured load.

However, replicates carried out in the range 0.@9 N show that the error associated to this
measurement can be only neglected above 1 N (figjuiea practice, the user can set the data
acquisition of the texture analyser for a minimuigger force. This minimum trigger force
corresponds to a contact detection between ther yghgte and the tested material. According to the
results obtained in figure 4, the default valuéhef trigger force, which generally determines the

plate position where the gap vanishes, must beeewand set to 1 N. With a 1 N trigger force, the

measurement error is lower than 1 % and instruroemipliance is low, as it will be shown before.

2.2. Displacement

The displacement of the mobile arm of the texturayser is ensured by a stepper drive motor. A
cycling measurement of a displacement issued froefiesence point is carried out and checked
with a comparator distance with an accuracy 6f &n. The type of plates (various weight) and
the compression speed of the upper plate do n& &ay influence on the measure. Indeed, results

agree well with displacement instruction, the igastandard deviation of the displacement being
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102 mm. Statistical study of the displacement sigti&] Ehows that the error linked to the
compression speed is of the same order of magnilmsever, this study shows that acceleration
and slowing down phases appear during the armatispient, respectively at the start and the stop

of its movement.

2.3. Instrument compliance

An accurate knowledge of sample height is esseatiebrrectly interpret squeeze flow data [13].
Because of the device design (figure 1), complianast be corrected over the accessible range of
the load cell. For this purpose, one determinesdts deflection of the instrument as a functidn o
the applied load by letting the upper plate pressctly on the lower plate until the overload value
was reached and recorded the apparent plate despéant (figure 5). The compression speed and
the plate set-up used are identical to those uwed ffeal test. In this manner, one could estirtiege
real height of the sample during real tests. Fgivan compression lodél, the real height jeq

(mm) of a sample is obtained by the following nelaship:

h real = h

h compliance (F) (2)

measured ~
whereh neasuredlenotes the gap between the plates during a sqteEstznd compiiance(F) is the
instrument compliance corresponding to the appbed.

Figure 5 shows that, for significant load valuég, instrument compliance is about to 1 mm. The
texture analyser software cannot automatically nthkecorrection suggested by equation (2), but
this can be performealposteriori when data are numerically treated.

Due to the instrument compliance, the plate pdrsffemust be checked during test phase. The
experimental operation developed to check paratitels depicted in figure 6. Four load cells are
spaced in a square pattern on a 50 mm radius plagése load cells work mainly in compression
and act like a coiled spring. We assumed thattiffaesss of the load cells is constant and

corresponds to a displacement of 0.013 mm for & Nfrce (manufacturer data). Performance
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tests without any sample are carried out in fiy@icates using two compression speeds (0.2 and
0.5 mm.&). Similar results are obtained for both comprassiseeds, consequently only the lowest
one is discussed below. The initial height betwienupper plate and the top of the four load cells
is 5 mm. Figure 7 shows that the force results ftbentexture analyser and from the four load cell
system are in agreement. Moreover, the load digtab is not equivalent on each cell. A deviation
is estimated from these values, which takes intowat the flexion of the mobile arm. Figure 8
shows that the deviation from perfect paralleligppears to be extremely very low (x1¥0°rad),
which proves that instrument compliance does riet glate parallelism in measurement

conditions.

3. Discussion

The quantification of the influence of artefact m@@ment described in this work, due to error on
the load cell and instrument compliance, is analysd¢erms of the interpretation of the squeeze
flow raw data from a theoretical point of view. Rbrs, we consider simulated sticking squeeze
flow data of a Newtonian fluid. Such a solutiorki®wn [7] and can be expressed in the reduced

system F*(h/R) [6].

: 2
F* = @(Bj (3)
2R h
. Fh . . . .
with F* =-—— anda is the Newtonian viscosity (Pa.s).
R

For squeeze flow simulation, the calculation of th@uced squeeze forEé& is obtained with a

Newtonian viscosityr of 1 Pa.s and a ratib/ Requals to 4.16mm.s*. The gap to radius ratio

h/R varies between 1 and $0with an interval of 18 between each point. This theoretical solution
is compared with the same solution including thiefact measurements. Results are shown in
figure 9. In this example, fd/R= 0.1 and 0.7, an error of 10 %, respectively 1,pfothe

measurement of the sample height due to the instnusompliance, added to an error of 0.3 %,
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respectively 14 %, on the measurement of the cassfme load due to the error on the load cell will
imply an error of 20%, respectively 17 %, on theetl viscosity according to the raw data

interpretation published in [7,10]. Error on theaasity is shown on figure 10. With our corrections
of artefact measurements, these errors are suiadaréduced and material rheological properties

can be accurately determined.

4. Conclusion

We have extended the range of application of aitexdnalyser to perform squeeze test. Simple
modifications have been first developed to enslategparallelism during tests and to improve the
temperature stability of the plates. A comprehemsiadibration of the device was also realised.
Results of the load cell calibration lead to a riodtion of the trigger force value initially used

the software in order to correctly determine thegposition. The principal reason for this
modification is the uncertainty of the sample heigtnother important consideration is the
instrument compliance and its effect on the plataltelism and the force distribution on the plate
surface. We have shown that parallelism adjustmoktained from ball screws system is not
modified by the instrument compliance. Our reshége also shown the requirement of the
instrument compliance measurement to determineraisty the distance between the plates or the

sample height, to correctly evaluate the materaperties in squeeze flow geometry.
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Figure caption

Figure 1. Schematic side view of the TA-XTZ2itexture analyser from Stable Micro Systéms
used for squeezing flow geometry adaptation. Thgiral test fixture is modified with an
additional base. The lower plate is fixed on tlddiaonal base with screws.

Figure 2. Temperature control of the plates over a 8 houpge

Figure 3. Influence of the thermal regulation system onglate temperature.

Figure 4. Load cell calibration: error on the recorded loatiie.

Figure 5. Instrument compliance measurement.

Figure 6. Schematic of the system developed to check thte plarallelism during tests — (a) Side
view — (b) Top view of the systerf, denotes the load cell position.

Figure 7. Comparison of force values recorded by the texturalyser software and by the four
load cells.

Figure 8. Deflection of plate parallelism against compresgorce.

Figure 9. Comparison of the theoretical reduced squeeze force of a Newtoniad fh sticking
flow with (thin line) and without (thick line) thiefluence of artefact measurements.

Figure 10. Viscosity of a Newtonian fluid in simulated sticking flow Wifthin line) and without
(thick line) the influence of artefact measurements
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Figure 1. Schematic side view of the TA-XT2itexture analyser from Stable Micro Systémssed for squeezing flow
geometry adaptation. The original test fixture isdified with an additional base. The lower platéixed on this
additional base with screws.
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Figure 3. Influence of the thermal regulation system onglade temperature.
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Figure 5. Instrument compliance measurement.
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Figure 6. Schematic of the system developed to check tte pkrallelism during tests — (a) Side view — (bp View
of the system, Fi denotes the load cell position.
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Figure 7. Comparison of force values recorded from texturayser and from the four load cells.
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Figure 8. Deflection of plate parallelism against compresdbrce.
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Figure 9. Comparison ofthetheoretical reduced squeeze force of a Newtoniad fh simulated sticking flow with
(thin line) and without (thick line) the influencé artefact measurements.
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Figure 10. Viscosityof a Newtonian fluid in simulated sticking flow wWwi(thin line) and without (thick line) the
influence of artefact measurements.
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