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Abstract 
 
This paper describes how the range of application of a texture analyser, used for mechanical tests of 

solids and liquids in the food and cosmetics industry, can be extended to reproduce squeeze flow 

geometry. It describes the necessary optimisation of the device to ensure parallelism and thermal 

regulation of the plates during tests. The error on the load cell and the instrument compliance are 

evaluated. The influence of these artefact measurements is investigated in terms of interpretation of 

rheological properties of materials. 

 
Keywords: texture analysers, squeezing flow, calibration, instrument compliance, plate parallelism, 
thermal regulation, rheometry. 
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1. Introduction 
 
Texture analysers are commonly used to investigate the mechanical response directly linked to the 

surface or the internal structure of materials. This is performed with different appropriate probes 

which differ from the type of tested materials. In the food industry, these instruments are used in 

product development and in quality control [1]. Mechanical results are dependent of the type of 

probe used and are essentially comparative [2], and complete chemical and calorimetric analyses. 

The whole set of data is supposed to bring complementary information to sensorial analysis, which 

can be performed only by a trained panels of experts.  

The aim of this paper is to extend the range of application of an existing texture analyser in order to 

perform unconfined compression between parallel plates or squeeze flow [3]. The interest of such 

adaptation is mainly to provide a potentially cheaper alternative to existing squeeze flow 

rheometers. So, texture analysers are widely used in food and cosmetic laboratories, compare to 

rigid presses which are frequently used in other industries processing stiffer materials. Furthermore, 

the squeeze flow is relatively easy to perform and it is used increasingly as a means for measuring 

the biaxial extensional viscosity [4], the liquid-solid relative motion of pastes [5,6] and the 

rheological properties of many fluids [7]. It appears that the squeeze flow geometry is also an 

interesting alternative to shear rheological techniques, particularly for concentrated suspensions [1] 

and for sensitive fluids. Actually, in this last case, the advantage of the squeeze flow geometry is 

that the fluid structure is not disturbed prior the measurement [8]. In addition, several analytical 

solutions of such a flow are proposed for different rheological behaviour and boundary conditions 

[4,7-13]. In principle, this enable the computation of material properties by fitting experimental data 

with analytical solutions [7,10]. 

In this flow geometry, a fluid sample is squeezed between two circular coaxial parallel plates, 

without superimposed rotation. Such a flow is radial and axial, inherently transient and spatially 

inhomogeneous due to the changing geometry. The reference parameters of the flow are the radius 
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R of the plates or the sample, the height h of the sample, the compression speed h&  and the 

compression load F. These parameters are imposed or recorded during the test.  

The purpose of this note is to describe how the performance of a texture analyser can be improved 

in order to be used as a squeeze flow geometry. This involves a series of modifications of the device 

and its calibration. The details of modifications are presented in the following section. Artefact 

measurements are also evaluated and their influence on the interpretation of the squeeze flow raw 

data in terms of material rheological properties are finally discussed using theoretical arguments. 

 
 
2. Instrument description  
 
This study is based on the TA-XT2i texture analyser from Stable Micro Systems. A schematic 

side view of the device is shown in figure 1. The load cell (strain gauge type) of the texture analyser 

is placed in the mobile arm of the device. Here, a 250 N load cell is used; its accuracy is 0.01 N 

(manufacturer data). The mobile arm moves in translation up or down the column. The arm 

displacement, limited and secured by two sensors, is ensured by a stepper drive motor. In our 

squeeze flow geometry, the squeezing action is realised by moving the upper plate at constant 

compression speed h& , with the lower one remaining motionless. Consequently, the recorded 

applied force varies with time. In order to ensure the symmetry of the squeeze flow geometry, the 

first modification concerns the original test fixture of the texture analyser which is modified with an 

additional base. It may also supports a plate similar to the highest one (see figure 1). Design is 

evolved to guarantee a simple and fast installation of plates of various diameters. Additional base 

and plates are made of steel.  

Moreover, it is well known that plate parallelism and thermal homogeneity of the plate surface are 

necessary to ensure an axisymmetric radial flow. As shown in [13], a parallelism default causes 

flow in a preferential direction. In the same way, a temperature gradient at the plate surface would 

induce an asymmetry of the velocity field, which then complicates the squeeze flow analysis [14].  
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To overcome the problem of plate parallelism, the upper plate is screwed onto a mounting 

plate, itself fixed on the load cell (see figure 1). The upper plate rests on three ball screws used for 

adjustment of parallelism before a test. The three ball screws are spaced at 120 ° intervals around 

the plate.  

Secondly, a thermal regulation system is developed to control the plate temperature. In fact, the 

drive mechanism installation under the bottom plate heats up that plate to 25 deg C if the instrument 

is placed in a room at 18 deg C, as shown in figure 2. This fact has not been mentioned by previous 

authors which have used the same device to adapt an imperfect squeeze flow geometry and test food 

samples, see [15] as example. To avoid this problem, a temperature control system using a fluid 

flowing through a pipe network machined into both test plates is thus developed. The 5 mm 

diameter network pipes are connected to a thermostatic water bath using flexible pipes. To improve 

the temperature regulation efficiency, the temperature of each plate is recorded over time, as well as 

that of the instrument base and the room temperature during a 8 hours test. Figure 3 gives an 

example of such temperature regulation for a target plate temperature of 24 deg C, above the 

temperature room and below the temperature drive. In this test, the water bath was started 2 hours 

after the texture analyser in order to evaluate the reaction time of the thermal regulation system and 

the initial temperature difference between both plates. Figure 3 shows that a stable temperature 

difference between the plates of 0.5 deg C was reached within a few minutes. This temperature 

difference is sufficient for the present purpose and vanishes when tests are carried out at 

temperatures that are higher than the drive temperature or when temperature regulation is close to 

the room temperature [16]. Consequently, the described modifications provide experimental 

conditions needed to squeeze flow measurements. To ensure the right measurement of key 

parameters of squeeze flow (the squeeze force F and the height h 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 of the force transducer must be performed by placing, 

with the 250 N load cell, a 50 N weight on the calibration platform of the mobile arm. This 

calibration is carried out for each geometry test. The load cell is equipped with fixed strain gauges 

that enable the control of profile deformation. The technological choice of strain gauges here is 

satisfactory because of the low range of compression speeds. In order to calibrate the load cell, a 

repeated measured of applied loads (0.05, 0.1, 1 and 10 N) is realised during loading and unloading 

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

 
-2

read real 101.345  F 0.9987  F ×+×=     (1) 

 
where Freal (N) denotes the applied load and Fread (N) is the measured load. 
 
However, replicates carried out in the range 0.05→10 N show that the error associated to this 

measurement can be only neglected above 1 N (figure 4). In practice, the user can set the data 

acquisition of the texture analyser for a minimum trigger force. This minimum trigger force 

corresponds to a contact detection between the upper plate and the tested material. According to the 

results obtained in figure 4, the default value of the trigger force, which generally determines the 

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

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

 
2.2. Displacement 
 
The displacement of the mobile arm of the texture analyser is ensured by a stepper drive motor. A 

cycling measurement of a displacement issued from a reference point is carried out and checked 

with a comparator distance with an accuracy of 10-2 mm. The type of plates (various weight) and 

the compression speed of the upper plate do not have any influence on the measure. Indeed, results 

agree well with displacement instruction, the relative standard deviation of the displacement being 
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10-2 mm. Statistical study of the displacement signal [16] shows that the error linked to the 

compression speed is of the same order of magnitude. However, this study shows that acceleration 

and slowing down phases appear during the arm displacement, respectively at the start and the stop 

of its movement. 

 
2.3. Instrument compliance 
 
An accurate knowledge of sample height is essential to correctly interpret squeeze flow data [13]. 

Because of the device design (figure 1), compliance must be corrected over the accessible range of 

the load cell. For this purpose, one determines the total deflection of the instrument as a function of 

the applied load by letting the upper plate press directly on the lower plate until the overload value 

was reached and recorded the apparent plate displacement (figure 5). The compression speed and 

the plate set-up used are identical to those used for a real test. In this manner, one could estimate the 

real height of the sample during real tests. For a given compression load F, the real height h real 

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

 
 (F) h   - h   h compliancemeasuredreal =    (2) 

 
where h measured denotes the gap between the plates during a squeeze test and h compliance (F) is the 

instrument compliance corresponding to the applied load. 

Figure 5 shows that, for significant load values, the instrument compliance is about to 1 mm. The 

texture analyser software cannot automatically make the correction suggested by equation (2), but 

this can be performed a posteriori when data are numerically treated. 

Due to the instrument compliance, the plate parallelism must be checked during test phase. The 

experimental operation developed to check parallelism is depicted in figure 6. Four load cells are 

spaced in a square pattern on a 50 mm radius plate. These load cells work mainly in compression 

and act like a coiled spring. We assumed that the stiffness of the load cells is constant and 

corresponds to a displacement of 0.013 mm for a 1000 N force (manufacturer data). Performance 
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tests without any sample are carried out in five replicates using two compression speeds (0.2 and 

0.5 mm.s-1). Similar results are obtained for both compression speeds, consequently only the lowest 

one is discussed below. The initial height between the upper plate and the top of the four load cells 

is 5 mm. Figure 7 shows that the force results from the texture analyser and from the four load cell 

system are in agreement. Moreover, the load distribution is not equivalent on each cell. A deviation 

is estimated from these values, which takes into account the flexion of the mobile arm. Figure 8 

shows that the deviation from perfect parallelism appears to be extremely very low (< 3×10-5 rad), 

which proves that instrument compliance does not alter plate parallelism in measurement 

conditions. 

 
3. Discussion 
 
The quantification of the influence of artefact measurement described in this work, due to error on 

the load cell and instrument compliance, is analysed in terms of the interpretation of the squeeze 

flow raw data from a theoretical point of view. For this, we consider simulated sticking squeeze 

flow data of a Newtonian fluid. Such a solution is known [7] and can be expressed in the reduced 

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

 
2

2

3
* 







=
h

R

R

h
F

&α
                                                                                                 (3) 

 

with 
3R

Fh
*F

π
−=  and α  is the Newtonian viscosity (Pa.s). 

 
For squeeze flow simulation, the calculation of the reduced squeeze force F* is obtained with a 

Newtonian viscosity α  of 1 Pa.s and a ratio Rh /& equals to 4.10-2 mm.s-1. The gap to radius ratio 

h/R varies between 1 and 10-2, with an interval of 10-3 between each point. This theoretical solution 

is compared with the same solution including the artefact measurements. Results are shown in 

figure 9. In this example, for h/R = 0.1 and 0.7, an error of 10 %, respectively 1.3 %, on the 

measurement of the sample height due to the instrument compliance, added to an error of 0.3 %, 
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respectively 14 %, on the measurement of the compression load due to the error on the load cell will 

imply an error of 20%, respectively 17 %, on the fitted viscosity according to the raw data 

interpretation published in [7,10]. Error on the viscosity is shown on figure 10. With our corrections 

of artefact measurements, these errors are substantially reduced and material rheological properties 

can be accurately determined. 

 
4. Conclusion 
 
We have extended the range of application of a texture analyser to perform squeeze test. Simple 

modifications have been first developed to ensure plate parallelism during tests and to improve the 

temperature stability of the plates. A comprehensive calibration of the device was also realised. 

Results of the load cell calibration lead to a modification of the trigger force value initially used in 

the software in order to correctly determine the plate position. The principal reason for this 

modification is the uncertainty of the sample height. Another important consideration is the 

instrument compliance and its effect on the plate parallelism and the force distribution on the plate 

surface. We have shown that parallelism adjustment obtained from ball screws system is not 

modified by the instrument compliance. Our results have also shown the requirement of the 

instrument compliance measurement to determine accurately the distance between the plates or the 

sample height, to correctly evaluate the material properties in squeeze flow geometry. 
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Figure caption 
 
Figure 1. Schematic side view of the TA-XT2i texture analyser from Stable Micro Systems 
used for squeezing flow geometry adaptation. The original test fixture is modified with an 
additional base. The lower plate is fixed on this additional base with screws. 
 
Figure 2. Temperature control of the plates over a 8 hour period. 
 
Figure 3. Influence of the thermal regulation system on the plate temperature. 
 
Figure 4. Load cell calibration: error on the recorded load value. 
 
Figure 5. Instrument compliance measurement. 
 
Figure 6. Schematic of the system developed to check the plate parallelism during tests – (a) Side 
view – (b) Top view of the system, Fi denotes the load cell position. 
 
Figure 7. Comparison of force values recorded by the texture analyser software and by the four 
load cells. 
 
Figure 8.  Deflection of plate parallelism against compression force. 
 
Figure 9. Comparison of  the theoretical reduced squeeze force of a Newtonian fluid in sticking 
flow with (thin line) and without (thick line) the influence of artefact measurements. 
 
Figure 10.  Viscosity of a Newtonian fluid in simulated sticking flow with (thin line) and without 
(thick line) the influence of artefact measurements. 
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Figure 1. Schematic side view of the TA-XT2i texture analyser from Stable Micro Systems used for squeezing flow 
geometry adaptation. The original test fixture is modified with an additional base. The lower plate is fixed on this 
additional base with screws. 
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Figure 2. Temperature control of the plates over a 8 hour period. 
 
 
 
 
 
 
 
 
 
 
 

ha
l-0

06
64

42
4,

 v
er

si
on

 1
 - 

30
 J

an
 2

01
2



Estellé et al Measurement  

13 

19

20

21

22

23

24

25

26

27

0 2 4 6 8 10 12 14 16 18
Time (h)

T
em

pe
ra

tu
re

 (
de

g 
C

)

ambiant temperature

upper plate

lower plate

additionnal base

 
Figure 3. Influence of the thermal regulation system on the plate temperature. 
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Figure 4. Load cell calibration: error on the recorded load value.  
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Figure 5. Instrument compliance measurement. 
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Figure 6. Schematic of the system developed to check the plate parallelism during tests – (a) Side view – (b) Top view 
of the system, Fi denotes the load cell position. 
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Figure 7. Comparison of force values recorded from texture analyser and from the four load cells. 
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Figure 8.  Deflection of plate parallelism against compression force.
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Figure 9.  Comparison of  the theoretical reduced squeeze force of a Newtonian fluid in simulated sticking flow with 
(thin line) and without (thick line) the influence of artefact measurements. 
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Figure 10.  Viscosity of a Newtonian fluid in simulated sticking flow with (thin line) and without (thick line) the 
influence of artefact measurements. 
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