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Abstract: In this paper, a novel signal conditioning technique for Linear Variable Differential Transformers 
(LVDT) is presented. This technique considers the usage of waveguide acoustic resonance tube as signal 
conditioner. The induced voltages of the LVDT coils are converted into sound waves by loudspeakers, and then 
the waves are traveling within a resonance tube in a force mode of operation, where the position information of 
the core is presented as a signal acquired by microphone placed in the opposite side of the resonance tube. Signal 
measurement and processing is achieved utilizing LabVIEW software. A plot which illustrates a relationship 
between the core position and the measured voltages via sound card is obtained by measuring the amplitude, 
frequency and phase of the acquired signal.  
 
Keywords: LVDT secondaries, Virtual instrument (VI), Forced resonance, DC characteristics, Opposite series 
connection. 
 
 

 
1. Introduction  
 

LVDT transducers are used in industry to measure 
position, distance and direction of moving targets. 
Various types of LVDT signal conditioners play an 
important role in industry . The LVDT transducer is an 
electro-mechanical transducer based on 
electromagnetic filed variation, the input to which is a 
physical movement of the transducer core, and the 
output is a change in magnetic coupling between the 
internal windings [1]. The output voltage of LVDT is 
measured using suitable conditioning electronic 
circuits, which include: oscillator circuit, rectifier, 
phase detector and differential measurement technique 
such as differential or instrumentation amplifier [2]. 
The output of the conditioning electronics is a stable 
DC voltage which is proportional to the core position 
[3]. 

The LVDT transducer produces output voltage 
signals e01 and e02 when excitation voltage is applied 

to the primary coil. The output amplitude of e01 and e02 
are mutually different due to the polarity of 
displacement in the zero position of the LVDT. The 
displacement quantity is obtained by the differential 
signal between e01 and e02 in the secondary coils with 
series opposing connection [4].  

A simple LVDT signal conditioner acquires the 
output voltages generated by LVDT secondary coils 
and converts them into a DC voltage which is 
proportional to the displacement of LVDT spindle [2]. 
In addition to that, most of these conditioners have a 
phase detector block which indicates the direction of 
the spindle.  

Modern Information technology has significantly 
changed the way of measurement and control. The 
present evolutions of computer technology can be used 
to develop computer based measuring transducers and 
signal conditioners which are capable to work in 
industrial environment [5-9]. 
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In works [5-9], the authors explored the possibility 
of using the acoustic standing wave phenomenon to 
measure linear displacements in the small – scale 
range of motion. 

The measurement achieved by these transducers 
was realized by measuring the amplitude and/or the 
frequency of acoustic standing wave generated in the 
tube in forced mode of oscillation. The transducers 
include the same components introduced in work [7]: 
acoustic transmitter which is placed at one end of 
resonance tube, the acoustic receiver which is placed 
at distance 1/4 from the acoustic transmitter [8, 9], 
and the microphone output is connected to the MIC 
plug of a sound card.  

Utilizing sound card for measurement electrical 
parameters such as voltage, current and frequency are 
also presented in works [10-12]. 

In these studies [10-12] the authors proposed a 
signal conditioning circuits which allows to scale the 
analog input of the signal to be introduced into the 
MIC input and then they used special developed 
software to acquire the analog signal and making the 
suitable signal processing to achieve the required 
measurement. 

The aim of this work is to present a trial of 
measurement LVDT voltage using sound card based 
on waveguide acoustic measurement. This technique 
is based on connecting the LVDT outputs to the 
loadspeaker within an acoustic waveguide in forced 
resonance mode [13]. This can be realized by 
conveting the electrical signal into an acoustic signal 
and then measuring the signal paramters of 
microphone which is connected directly into the PC 
sound card. The further signal processing will be done 
using LabView software. This allow to measure the 
LVDT output signals without additional circuitry. 

 
 

2. Physical Background of LVDT and 
LVDT signal conditioners  

 
Measuring linear displacement with a high degree 

of accuracy can be done by using a type of electro-
mechanical transducer which is called LVDT (Linear 
Variable Differential Transformer).  

LVDTs have been used since 1930 to measure 
process variables in chemical process and then they 
found use in several industrial, military and medical 
applications [14].  

The LVDT produces an electrical output 
proportional to the displacement of a separate, 
moveable magnetic core. It consists of three coils:  

- One input coil which is called Primary coil: it 
looks like s the primary of the transformer.  

- Two output coils, each of them is called 
Secondary coils and they are usually symmetrical 
about the primary coil. 

The electrical circuitry of an LVDT is shown  
in Fig. 1.  

 
 

Fig. 1. Electrical circuitry of an LVDT. 
 
 

A simple method to measure LVDT outputs is to 
connect the two outputs into the two channel of an 
oscilloscope, and then recording the variation the 
voltage (polarity and amplitude) output and phase of 
the LVDT outputs and make a lookup table to estimate 
the relationship between displacement change and 
produced output voltage [15]. 

Conventionally, the two outputs of an LVDT are 
connected in series opposing to form one secondary. 
When the core is located at the center of the two coils 
(further we will say, two secondaries), the induced 
voltage of the two secondaries have the same 
amplitude but not of the same polarity or phase, and in 
this case the difference between the produced voltages 
of the LVDT outputs will therefore be around zero ( 
null or central position). The output of one of the 
secondaries will increase if the iron core is moved 
from the central position, and this produces a 
differential voltage as a function of displacement. The 
amplitude and the phase of the produced voltage 
depend on the location of iron core within the LVDT. 
The phase of this output voltage changes by 180° as 
the core is moved from one side of null to the other. 
Experimentally it was shown that, the relationship 
between displacement and output voltage of LVDT is 
linear and given by the following formula 
 

 ,, (1) 
 

where D is the displacement of the iron core with 
respect to the transformer, K is the sensitivity of the 
transformer (slope of the displacement-voltage curve), 
Vout is the output voltage of an LVDT and equals to 
voltage difference between the two secondaries  
(Vs1-Vs2). 

A simple signal conditioning technique for LVDT 
can be realized using a radiometric method. In which 
the difference of the two signals produced by the two 
secondaries , the signal of interest is measured with 
respect to a second signal as a ratio[14,16]. For LVDT, 
this ratio is given by  
 

  , (2) 

  
Substituting equations (2) in equation (1) , the final 

relationship between displacement and produced 
output voltage is given by  
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 D K
Vs1‐Vs2
Vs1 Vs2

 ,, (3) 
 

Equation 3 found applications in many industrial 
LVDT signal conditioners. AD598 manufactured by 
Analog Devices Company and AP605 product from 
Action Pak are good examples of this application.  

The widely used LVDT signal conditioners consist 
of the following blocks [17]: 

- Oscillator circuits; 
- Demodulators; 
- Phase detector; 
- Differential amplifier.  
Fig. 2 shows the common block diagram of LVDT 

signal conditioners. 
The literature review of existing signal 

conditioners for LVDT shows that this issue is still 
developing. This explains why research and 
development in this field is a viable continuous 
process. This work describes the possibility of using 
waveguide acoustic resonance tube in order to build 
and test a novel LVDT signal conditioner.  

Waveguide acoustic measurement technique is 
used to measure molecular mass and gas concentration 

[18], displacement [5], temperature [6]. This 
technique is based on creating of an acoustic standing 
wave within a resonance tube in free or forced 
resonance and the distributed standing wave is 
introduced into microphone input of a sound card then, 
the signal processing is carried with LabVIEW 
software.  

 
 

3. Materials and Methods 
 

Utilizing waveguide acoustic resonance tube the 
proposed signal conditioning circuit allows to convert 
the output signal, i.e. electrical signal of each 
secondary into sound signal within a waveguide. The 
design of the proposed signal conditioning is will be 
based on forced waveguide acoustic resonance [5]. 

In the forced waveguide acoustic resonance, the 
leads of LVDT output(s) (Fig. 3(a), Fig. 3(b)) is/are 
directly connected to the loudspeaker(s) and a sound 
signal(s) is(are) generated within the waveguide.  
Fig. 3 shows a connection of the LVDT outputs into 
the loudspeaker(s). 

 
 

 
 

Fig. 2. The common block diagram of LVDT signal conditioners. 
 

 
 

Fig. 3 (a). Opposite series connection of LVDT to waveguide signal conditioner. 
 

 
 

Fig. 3 (b). Connecting the output of each secondary of LVDT to waveguide signal conditioner. 
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Where 1 is the core of LVDT, 2 is the loudspeaker,  
3 is the resonance tube, 4 the microphone and 5 is the 
microphone jack.  

The operation principle of the conditioning circuit 
is follow. The LVDT secondaries produce and 
electrical signal proportional to displacement. The 
electrical signal is converted into sound signal which 
is received by microphone. The microphone output is 
connected directly to the microphone input of the 
sound card of personal computer or laptop. Labview 
software is used to measure the amplitude of sound 
wave and for signal processing. In this measurement, 
demodulator, differential amplifier and phase detector 
circuits are to be replaced by standard LabVIEW VIs. 
 
 
4. Development of LabVIEW Software 
 
LabView 2014 is used to carry out the software 
development process. This process can be dividing 
into three stages: 

1. Acquiring microphone signal stage; 
2. Signal measurement stage; 
3. Signal processing stage. 
Table 1 shows the used VIs (the word VI states for 

Virtual Instrument, i.e., The LabVIEW blocks or code) 
[19], for each stage. 

 
 

Table 1. VIs used for acquiring microphone signal stage  
 

Stage VI Description  

1 

 
Sound Input Configure VI 

 
Sound Input Read VI 

 
Sound Input Clear VI 

2 
 

It returns the single tone 
frequency, amplitude, and 

phase 

3 

 

Smoothing filter 

 
 
Acquiring algorithm for measuring and processing 

of a Microphone signal using LabVIEW is shown in 
Fig. 4.  

The Front panel and the block diagrams of 
LabVIEW VI used to measure the acquired signal by 
microphone are shown in Fig. 5 and Fig. 6. 
 

 

 
 

Fig. 4. Measuring and processing of an LVDT signal.  
  
 

 
 

 
 

Fig. 5. The Front panel of developed VI. 
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Fig. 6. Block diagram of developed VI. 
 
 

The Front panel of developed VI contains the 
following VIs 

o Two waveforms VIs , which are used to display 
the measured voltage by the first channel of sound 
card. 

o Six numerical indicators to display the 
measured signal parameters for each channel, i.e. 
Amplitude, Frequency and Phase 

Fig. 5 shows the block diagram of the developed 
VI, and the components used to develop such VI are 
given in Table 1.  
 
 
5. Experimental Setup and Procedure  

 
The experiment setup consists of the following:  
o LVDT transducer with micrometer and 

distance marker;  
o Two Microphones; 
o Two tubes (made from glass); 
o Oscillator; 
o PC or Laptop; 

o Connection wires;  
o Two loudspeakers.  
The oscillator is connected into the primary coil of 

LVDT, which generates a sinusoidal signal with 
adjustable parameters.  

When opposite series connection of LVDT is 
applied, the two wires are connected to the speaker 
mounted into one side of glass tube and the 
microphone is placed in the opposite side of the glass 
tube.  

When differential measurement is applied, each 
secondary is connected into a loudspeaker.  

Two microphones are used to detect the generated 
sound signal with the tube.  

In works [20-22], the authors proposed an 
experimental procedure which can be used to 
determine DC characteristics of an LVDT. In this 
work we will illustrate the experimental procedure 
when opposite series connection of an LVDT is 
applied. The general procedure is follow:  

a) Connect the LVDT transducer in opposite 
series connection as shown in Fig. 7. 

 

 
 

Fig. 7. Opposite series connection of an LVDT. 
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b) Connect the Vout of LVDT to the 
Loudspeaker(s).  

c) Adjust the null position using micrometer and 
measure the Vpp displayed on a waveform.  

d) Record the Vout of LVDT when the core is 
located in the central position. 

e) Use the micrometer to move the LVDT core to 
the right side , step = 1 mm, reach the maximum core 
position, make records for Amplitude for each step  

f) Return into Null position  
g) Use the micrometer to move the LVDT core to 

the Left side, step = 1 mm, reach the maximum core 
position, make records for Amplitude for each step  
 
 
6. Experimental Results  

 
The experiment was operated under the following 
conditions (Table. 2) 
 
 

Table 2. Operation condition. 
 

Vprimary, [V] 2 

Oscillator F, [Hz] 500 

Input range x, [mm] 0 to 25 

 
 
The experimental results when the output of each 

secondary of an LVDT is connected to individual 
loudspeakers are shown Table 3. 

The plot between displacement of LVDT core and 
the difference of the measured voltages via sound card 
is shown in Fig. 8.  

 
 

7. Conclusion  
 

In this paper, a simple measurement technique 
utilizing waveguide acoustic resonance tube is 
developed to determine the LVDT characteristics. The 
work utilizes LabVIEW for signal acquisition and 
processing. Experimentally it was shown that LVDT 
DC characteristics can be obtained and plotted without 
additional signal condition circuits. Utilizing such 
measurement technique allows monitoring and 
measuring LVDT movement in several industrial 
applications where LVDT is used.  
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Table 3. Experimental results. 
 

x, (mm) V1, (V) V2, (V) V, (V) 

0 0.154 0.852 -0.698 

1 0.156 0.956 -0.800 

2 0.158 1.000 -0.842 

3 0.162 0.980 -0.818 

4 0.163 0.912 -0.749 

5 0.166 0.822 -0.656 

6 0.176 0.724 -0.548 

7 0.194 0.645 -0.451 

8 0.217 0.567 -0.350 

9 0.246 0.497 -0.251 

10 0.278 0.448 -0.169 

11 0.310 0.398 -0.088 

12 0.369 0.337 0.031 

13 0.416 0.305 0.110 

14 0.465 0.276 0.190 

15 0.529 0.249 0.280 

16 0.608 0.224 0.385 

17 0.697 0.205 0.492 

18 0.796 0.193 0.604 

19 0.891 0.187 0.704 

20 0.965 0.186 0.778 

21 1.000 0.190 0.810 

22 0.955 0.189 0.766 

23 0.851 0.187 0.664 

24 0.723 0.186 0.536 

25 0.525 0.172 0.353 

 
 

 
 

Fig. 8. The plot between the core displacement in mm 
and difference of measured voltages in LabVIEW. 
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