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CIRCUIT DESIGN FOR MEASUREMENT OF FORCE IN BIAXIAL AREA
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Abstract: This contribution is focused on circuit design for
measurement of speed and direction of wind. The measurement
method is based on balance of strain gauge sensors on the
deformation unit which are connected to the bridge. The sensor
reacts to the mechanical force in biaxial area. The
semiconductor strain gauges are used in this work. They have a
very considerable and accurate change of the electrical
resistance with applied mechanical strain. Evaluation is
realized as a voltage difference. This measurement is a part of
the model of Photovoltaic unit.
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1. INTRODUCTION

This paper presents a circuit design for measurement of
forces in biaxial area which is used for evaluation of speed and
direction of wind. This evaluation is a part of the Photovoltaic
unit. This model (DE10) is an experimental laboratory exercise
in the project of online available real models. This modern
laboratory contains series of real-time models which can be
accessed from campus LAN or remotely from the Internet. All
models are used for education in the study programs related to
the industrial automation and to the applied informatics. The
main goal for the future is to become a part of the global
laboratories on the Internet (Hruska 2005).

The DE10 model has the following functions (Hruska,
2009):

e Biaxial positioning of the panel via the step motors

(azimuth and elevation)

Measurement of:

e wind speed and direction

e temperature, humidity and barometer pressure
e illumination

o electric parameters of the panel and battery

e voltage of module and battery

e azimuth and elevation

As was already mentioned before, this work is focused on
one part from the list which is the measurement of the wind
speed and direction.

2. MEASUREMENT PRINCIPLE

The non rotating principle was used for the evaluation of
acting force. Therefore, a sensor with strain gauges was
designed for the purpose of biaxial force measurement.

The deformation unit must hold the force in x axis (Fx)
constant when the force in y axis (Fy) changes and conversely.
This demand is fulfilled by the hollow deformation unit as can
be seen in Fig. 1.

The deformation unit is exposed to the wind flow. The
bridge connection of the strain gauges provides two output
voltages Uy and Uy which are adjusted and analyzed.

Fig. 1. Deformation unit

The Newton law applies (Cerny et al., 2007):
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where  F - force (N)

k - coefficient

S - panel surface (m2)

p - fluid density (kg/m3)

v - flow speed (m/s).

Values of the coefficient k are: for circular plate k = 1.11,
square plate k = 1.27, cylinder k = 1.2.

Further, following relations applies according to the Fig. 2:
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Fig. 2. Forces acting on the deformation unit



0104

3. DESIGN OF THE CIRCUIT

Block circuit diagram of the measuring system can be seen
in Fig. 3 (Skocik et al., 2008). It consists from three main parts.
One part is sensitive to the external impulses (sensors), second
one serves for the adjusting of measured signals. The last part is
used for the data evaluation and archiving (DataLab, PC).
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Fig. 3. Block circuit diagram of the measuring system

The deformation unit is stressed in two axes by forces Fy
and Fy. The mechanical strain is measured for both directions
by the semiconductor strain gauges in the bridge connection.

The semiconductor strain gauges were used in this work.
They have a highest known efficiency in conversion of
mechanical strain to the electrical resistance.

The advantages of the sensors with these strain gauges can

be seen in (***, 2010):

e Quite high output signal in the range from tens to hundreds
of mV DC

e Can be used in the environment with electromagnetic
interference

e Minimal demand to the power supply capacity

e High lifetime

e Resistance to the overload up to 200 % of nominal range

e High reliability

e Accuracy from 0.1%

e Thermal drift of the zero value less than 0.02 %/°C

e Thermal drift of the sensitivity less than 0.03 %/°C

e Hysteresis in the nominal load is under 0.05 %

e Long-term stability in range from 0.015 to 0.05% per year

Both output voltages Uy, Uy are adjusted and amplified by
the low noise operational amplifiers TLO71C and TL082C (see
Fig. 4). These output signals are gained through the
input/output unit DatalLab to the PC where they are evaluated
and archived in the ControlWeb environment. Communication
and data transfer between the PC and DatalLab unit is
performed through the Universal Serial Bus (USB).

The output signal depends on the applied mechanical strain
but also on the power supply current. Therefore, it is necessary
to have the stabilized power supply.

Evaluation electronic circuits are powered by the
symmetrical power supply +/-15V DC. This power supply
powers also the ADR421 integrated circuits (Fig. 4) which give
the stabilized voltage 2.5V DC for the strain gauges (***,
2011).
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Fig. 4. Evaluation electronic circuit
4. CONCLUSION

The measurement was performed for the tested deformation
unit. Tests are performed by connection of input-output data
acquisition module and PC’s program Control Web in the
development version. Data are presented as relevance between
mechanical force and output voltage from the measurement
device. The results from the tests give positive signal for
applying the sensor in measuring equipment for speed and
direction of wind. Further, new operation amplifiers have to be
used in the evaluation electronic circuit to achieve better
parameters (accuracy, sensitivity, offset).
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