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Introduction to Mechatronics

LVDTs and Interfacing

The LVDT (Linear Variable Differential Transformer) is an electromagnetic device that produces an electrical voltage proportional to the displacement of a movable Magnetic Core
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A COIL WINDING ASSEMBLY consisting of a Primary Coil and two Secondary Coils symmetrically spaced on a tubular center.
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A CYLINDRICAL CASE which encloses and protects the Coil Winding Assembly.
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A rod shaped MAGNETIC CORE which is free to move axially within the Coil Winding Assembly.
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A separate shield is used for ELECTROMAGNETIC SHIELDING.

Applications

Automotive Applications 

Industrial Gauging

Machine Tools

Military and Commercial Aircraft 
Materials Testing Equipment   and much more ….
Principle of Operation
When an AC excitation signal is applied to the Primary Coil (P), voltages are induced in the two Secondary Coils (S). The MAGNETIC CORE inside the COIL WINDING ASSEMBLY provides the magnetic flux path linking the Primary and secondary Coils.
Since the two voltages are of opposite polarity, the Secondary Coils are connected series opposing in the center, or Null Position. The output voltages are equal and opposite in polarity and, therefore, the output voltage is zero. The Null Position of an LVDT is extremely stable and repeatable.

When the MAGNETIC CORE is displaced from the Null Position, an
electromagnetic imbalance occurs. This imbalance generates a differential AC output voltage across the Secondary Coils which is linearly proportional to the direction and magnitude of the displacement.
As shown in the figure, when the MAGNETIC CORE is moved from the Null Position, the induced voltage in the Secondary Coil, toward which the Core is moved, increases while the induced voltage in the opposite Secondary Coil decreases.

LVDTs possess the inherent ruggedness and durability of a transformer and truly provide infinite resolution in all types of environments. As a result of the superior reliability and accuracy of LVDTs, they are the ideal choice for linear motion control.

General Specifications
DS6000A LVDT from Daytronic 
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	Nominal Stroke
mm (in) 
	"L"
mm (in) 
	"X"
mm (in) 
	Approx. Weight
gms (ozs) 
	Spring Rate*
gms/cm (ozs/in) 
	Electrical Output
volts/volt 

	±75
(±3.0) 
	387
(15.25) 
	114
(4.5) 
	483
(17.0) 
	39
(3.5) 
	1.5 


* Spring rates other than those specified can be accommodated.
	Connection Details 
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NOTE: The BLACK wire should be insulated from any other wires or connections including the cable shield. 


Electrical Specifications 
· Input Requirements: 0.5V to 7V rms a.c. regulated 

· Linearity: ±0.5% of full stroke max as standard with ±0.25% or ±0.1% options on some ranges 

· Output (full scale rms): 1.5 Volts per Volt 

· Residual Null Output: 0.1% of full stroke output (quadrature & harmonic) 

· Phase Shift: Typically 10° 

· Output Load (optimum): 100K Ohms 

· Zero Temp. Coefficient: ±0.01% FS/°C (0.005%FS/°F) 

· Span Temp. Coefficient: ±0.01% FS/°C (0.005%FS/°F) 

· Operating Temp. Range: -50°C (-60°F) to +125°C (248°F) (200°C (385°F) option) 

· Additional Notes: Factory calibrated - I/P 5V rms at 5KHz (I.max 50mA) - O/P load 100K; Fitted with 2 meters (6ft) of shielded cable 



Product Definitions & Descriptions 
Daytronic LVDT transducers come in at least one of three armature configurations: 

· Unguided Armature transducers have an armature which is a separate component from the body of the transducer. This provides the possibility of friction free and non-contact movement and is appropriate for applications with a very high number of cycles.

· Captive Guided Armature transducers have a bearing which guides the armature in the bobbin tube. This allows the transducer to be mounted between self aligning bearings if desired.

· Spring Return Armature transducers have a guided armature which is spring loaded. The spring pushes the armature to its outer end stop. The end of the armature is fitted with a ball ended probe. This type of armature configuration only requires fixing at one end.

Sources and Price

Daytronic (http://www.daytronic.com)

Price $690

Item Number DS6000A
LVDT to DSP Interface 
LVDT conditioners are available at http://www.daytronic.com, which are instruments to be connected to the LVDT to take and manipulate readings. We here present an interface of the LVDT with a Digital Signal Processor.

The basic platform consists of a board, containing a DSP, and one Analog Interface Circuit (AIC).
The DSP generates a sinusoidal wave signal. An interruption based algorithm on the processor reads a look-up table and drives the 14 bit DAC in the AIC. This signal passes through an impedance coupling amplifier to the primary winding of the transducer. The signals at the primary and secondary windings of the transducer are feed-backed and stored in the processor by means of two-channels ADC in the AIC. Then the measurement algorithm correlates the sampled input signal v1 and v2, to give a displacement data of the core in the transducer.
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The amplifier at the output of the DAC is a current gain amplifier and the audio signal coupling network, formed by C1, C2 and R, serves as a power stage at the input of the transducer. As there are two analog inputs in the AIC, IN and AUX, the input signal to the transducer also is an input to the AIC. In the scheme of Fig 1, v1 is input at the 

IN pin. The signal conditioner is an operational amplifier in differential configuration; in this sense, the common mode noise is rejected and the gain in the amplifier is such that the signal is matched to the analog excursion at the AIC. The output of this signal conditioner, v2, is connected to the AUX input in the AIC. 

The external devices to the DSK, i.e. amplifier, coupling network, signal conditioner and transducer are in an expansion board out of the DSK. 

First, to analyze the requested digital signal processing, it should be stated that the waveform at the input of the transducer is as follows: 

a1(t) = A1 cos(wt)

Then, the signal at the output of the transducer is 

a2(t) = +/-A2 cos(wt-phi) + r(t)

Where 0 <=A2<=Amax, r(t) is the noise and phi is the phase angle between a1(t) and a2(t). The analog excursion of A2 in combination with the sign discrimination (difference of phase approximately of 180 degree) represents the signed displacement data. The two representative waveforms of a1(t) and a2(t), v1(t) and v2(t), are digitizing using a 14 -bit multiplexed ADC, taken four samples per cycle. This is due to the AIC characteristic, where the maximum sampling rate is 19.2 kHz. In order of concordance with the Nyquist criterion, the processor is generating a 4.8 kHz sinusoidal wave (19.2 kHz / 4). 
Theoretically, the resolution of a 14 -bit converter for the +/-1000 um range is 0.1221 um, in opposition to the expected 0.1 um resolution. Nevertheless, as we are seeing next, the measurement algorithm fulfills with a good measurement stability of 0.1 um. 

A great amount of noise at the secondary winding of the transducer is of the kind "common mode noise"; thus, it can be rejected with a differential amplifier. However, there is a remainder of high frequency noise due to the main timer in the processor. This kind of no ise does not affect the system performance, since it is filtered by the measurement algorithm (high frequencies are neglected in the Fast Fourier Transform of the waveforms). 
In order to obtain the measurement displacement data, first it should be obtained the transformation ratio, a, of the inductive transducer 

A=a1(t)/a2(t)
                                  (1)
The equation 1 takeover the small variations on the waveform at the input of the transducer, since this variations are reflected in the waveform at the output, leaving the parameter of interest, the ratio, unchanged. 
Then, to distinguish between positive and negative displacements, the phase phi should be estimated. It can be arbitrary fixed accordingly to the following. 
Phase estimation postulate: If phi is near 0 then the displacement is positive. If phi is near 180 degree, the displacement is negative. 
Small deviations near phi are common and these deviations should be considered in the measurement algorithm. 

The core displacement is proportional to the transformation ratio. This means the core displacement is also proportional to the voltage across the secondary winding when the primary winding is driven by a fixed carrier wave. Under this assumption, the relation between the displacement, d, and the transformation ratio, a, is 

d=+/- aL

Where L(μm) is a calibration value and the sign of a is resolved according to the value of phi in the phase estimation postulate.
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