Exercise 1
Measurement system with the sensor Pt100 and transducer XTR 103

Half-bridge linearization by power current changing

Half-bridge linearization consist on platinum resistor sensor PT100 by power current changing is presented in Figure 1. This solution was used in XTR103 circuit, developed by Burr-Brown company.
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Fig.1. Half-bridge linearization by power current changing
RG – amplifier resistor, RLIN – linearization circuit resistor
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 voltage, which is the difference voltages of resistors: platinum 
[image: image3.wmf]PT

R


(PT 100) and reference 
[image: image4.wmf]0

R

 in given to the circuit input 



[image: image5.wmf](

)

.

0

0

R

PT

I

R

R

E

-

=


(1)

The resistance of platinum resistor is changing depends on temperature according to relation
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where: A and B - platinum temperature factors,
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The current 
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in a circuit XTR 103 is related to the voltage 
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by relation 
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where: 
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- forced, nominal current which flow through half-bridge. 
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 – circuit constant XTR 103, 
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 - linearization circuit resistor.

Substituting given relations to equation (1) and assuming that the measurement circuit will be used to temperature measures in the range from 
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After transformations
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The voltage 
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 will linear depends on measured temperature t when fulfill the condition
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After transformations was obtained
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Hence the expression for the resistance 
[image: image24.wmf]LIN

R

of linearization circuit
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Optimal resistance value of resistor 
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is obtained after system calibration.

On that condition is satisfy the half-bridge linear voltage
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is linearly dependent on the ambient temperature PT 100.


Amplifier 
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 resistance determined from the formula describing the circuit XTR 103
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where :
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- output current , current inside the current loop in mA,
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 - half-bridge output voltage in mV,
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Substituting the above relation to the equation (9) iand after transformations was given 
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Example

Determine the resistors values of XTR103 circuit: amplifier 
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 if sensor Pt100 works with measurement system for measuring temperature in the range from 
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 resistance of linearization circuit determine from relations (8) by substituting 
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Measurement circuit amplifier 
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 resistance  determine from relation (11), by substituting for 
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and assume , that this temperature corresponds to the output current 
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Burr-Brown company in table 1 for linearization error 1% give values 
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At the laboratory this values will be experimentally determined using multi-turn potentiometers and an appropriate measurement procedure. This process allows to reduce the linearization error to the 0.1%. 
Exercise program

1. For a given temperature sensor processing from T0=0⁰C…Tmax  specify, from the relation the current Imax, which will flew through measurement circuit. Knowledge the value of this current let us to determine the characteristics of sensor and measurement circuit  [image: image49.png]()



. 
2. Determination of sensor and measurement circuit characteristics using temperature simulators (linearization button must be in 0 position):
a) for T0=0⁰C set I=4,00 mA,

b) for Tmax =….⁰C set Imax=….mA,

c) determinate the sensor and measurement circuit characteristics. Processing error has a negative value,
d) we do the parameters of measurement circuit correction and for Tmax =….⁰C we set the I=20,00 mA, and we determine processing characteristics of measurement circuit. The processing error, except measurement points T0 and Tmax has positive value.

e) we can decrease the processing error value when current value is equivalent to Tmax will be assumed in the range of Imax÷I=20 mA (for example in 1/6 of this range). Now, processing errors have a negative and positive values.

3. Linearization of the sensor characteristic with using a XTR103 transducer (linearization button must be in 1 position).
4. Determination of power line resistance changes.
Tests we do for powering the sensor and transducer:

Uzz=15 V – this voltage power the measurement ciruit,

Uzz=(15+20) V – voltage 20V we add from stabilized power supply.

Characteristic determination I=f(RL), where RL – power line resistance.
Resistor Pt-100 characteristic is described by formula
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Resistor Pt-100 parameters
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Resistor Pt-100 characteristic can be determined by using XTR-103 transducer with output current from 4 mA to 20 mA.

Assume that sensor temperature changes from 0 (C to Tmax [(C]. The temperature Tmax corresponds to the current Imax . because sensor Pt-100 has non-linear characteristic (red line). If sensor had had linear characteristic then sensor resistance change would have been 
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 (blue line).

Imax current can be calculated: 
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Definitions of sensor Pt-100 errors 
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Definition preferred by manufacturers
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We use the knowledge that current changes are proportional to changes in sensor Pt-100 resistance 
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Table. Characteristic Pt-100 measurements
	No
	T
	Ideal
	Real
	1st correction
	2nd correction
	linearization
	Errors
	Comments

	
	
	IP
	I
	II
	III
	IL
	(I
	(II
	(III
	(IL
	

	
	(C
	mA
	mA
	mA
	mA
	mA
	%
	%
	%
	%
	

	1
	0
	4.00
	4.00
	4.00
	4.00
	4.00
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	N
	Tmax
	20.00
	Imax
	20.00
	
	20.00
	
	
	
	
	


Determine processing errors ie. for real sensor
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And draw characteristics (I. (II. (III. (IL = f(T)
Determine the dependencies of the linearized sensor parameters on the change of line resistance
	No
	Sensor error and current
	Voltage supply

	
	(I
	I
	UZZ=15 V
	UZZ=35 V

	
	%
	mA
	Rline [(]
	Rline [(]

	1
	0.0
	20.00
	0.0
	0.0

	2
	0.1
	19.98
	
	

	3
	0.2
	19.96
	
	

	4
	0.3
	19.94
	
	

	5
	0.4
	19.92
	
	

	6
	0.5
	19.90
	
	

	7
	0.6
	19.88
	
	

	8
	0.7
	19.86
	
	

	9
	0.8
	19.84
	
	

	10
	0.9
	19.82
	
	

	11
	1.0
	19.80
	
	


Plot the error characteristics 
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