PROTOR Tutorial - Conversion Factors for Transducer Inputs

Colin Mercer, Prosig Ltd.  June 2001

Summary

At certain times during the system lifetime, transducers used by PROTOR may be changed or upgraded.  At this time the PROTOR Host software will need to reflect any changes in the conversion factors and other setups for that channel with the PROTOR Configuration Editor.  The following notes are intended to describe the procedure for setting the correct configuration for a transducer.  This section should be read alongside the PROTOR User Reference Manual (D1085), specifically the section on Configuration Details.

A transducer generates a voltage 
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 corresponding to a physical level 
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 in some engineering units such as (C, mm/sec, MW and so on.  The software converts the measured voltage into the corresponding physical quantity in the required units by relationships of the form
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In addition, the software has to know the hardware gain, Gh, and the software selectable gain, Gs, and if appropriate whether for dynamic signals there is any hardware or firmware integration.  The following parameters are configurable for a channel.

(i)
transducer sensitivity in (units/V), sens,

(ii)
offset in units, Offset,

(iii)
text string representing the units (statics only),

(iv)
hardware gain, 
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(v)
software set gain, 
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(vi)
hardware or firmware integration (dynamics only).

The factors above are entered into the calibration page for the signal.  There are some differences for what is required for dynamic signals and for plant process signals but the basic principles are the same.  In all cases the sensitivity, in units per volt, is expressed in terms of the input to the RMDAS unit.  That is, the software will automatically adjust for the hardware gain, Gh, and for the software selectable gain, Gs.

Note that the sensitivity as input is in [Units/Volt] whereas some transducer manufacturers supply a conversion factor in terms of say 
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 such as 25mV/g.

The value entered into the offset field should be the physical level represented by zero volts.

(a)
Linear Plant Process Signals

Linear plant process signals are those where there is a linear (“straight line”) relationship between the physical change and the voltage generated.  PROTOR also supports non linear relationships such as found with thermocouples.  Calibration details for non linear items are treated elsewhere.

Sometimes the sensitivity is given directly by the manufacturer so it is a case of checking to see if sensitivity maybe used as given or should be inverted.  The sensitivity factor input to PROTOR must be in terms of [units/volt].

For a 4-20mA or other current based signal then it is also necessary to know the value of the dropping resistor over which the voltage is measured.  This allows determination of the equivalent voltages.  

For plant process signals the units identifier is entered as a conventional text string.  PROTOR merely reproduces this string.

As an example suppose we have a pressure transducer with a sensitivity of 15mV/bar and that the output at 2V is known to be 145 bar.  In this case
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The value 66.67 would be entered into the Factor field and the string “bar” would be entered into the units text field.  

In order to calculate the required offset we make use of the knowledge that we have a 2 volt output for an applied pressure of 145 bar.
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Hence, the value 11.67 is entered into the offset field.

As another example consider a 4-20mA signal input using a 50 ohm resistor drop.  Thus 4mA corresponds to 200mV and 20mA corresponds to 1V.  Suppose we know that 4mA is equivalent to a temperature of 240(C and 20mA corresponds to (80(C.

If 
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 is the physical level at 
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 volts and 
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volts then the sensitivity is given by
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In this example then
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Note that the sensitivity in this example is negative.

The offset is given by
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(b)
Acceleration, Velocity and Displacement Dynamic Signals

This is similar to the scheme used for the plant process parameters except that the sensitivity and the offset must be specified in specific metric units.  Input data conversion is always specified in metric units.  Specifically

m/sec2
for acceleration,

mm/sec
for velocity,

(m
for displacement.

This should not be confused with the display units which maybe in either imperial units or in metric units as indicated below.

Type
Metric Units
Imperial Units
Style

accel
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Display Units

For the calibration sensitivity we are not concerned with the display range but only with the relationship between physical units and the input voltage.

When specifying the properties of the dynamic signal the system expects to be told if it is an acceleration, a velocity or a displacement.  It will then automatically adjust for the conversion from metric to imperial and for the 0 to pk, rms or pk to pk factors.  If the particular channel uses hardware or firmware integration then the units used are those after the integration.  An example is given later.

As an example suppose we have an eddy probe which has a manufacturers sensitivity of 50mV/thou.  This has to be converted to an equivalent in units/volt in metric units.
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We would thus enter the value 508 in the ‘Factor’ field and select DIS in the transducer field.  The offset would be set to zero.

Consider another example where there is an accelerometer with a sensitivity given as 100mV/g.  In this case also assume that firmware integration is to be used to give velocity so that in metric the resultant units will be 
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.  The hardware or the firmware will carry out the integration but in determining the relevant conversion factor we just multiply the units field by seconds as indicated below.
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Although the transducer is in this case an accelerometer we must tell the software that it is velocity because we have used a firmware integration.  

(c)
Other Dynamic Signals

As well as acceleration, velocity or displacement signals PROTOR supports measurement of other dynamics such as pressures.  On gas turbines, for example, these are often called “Hum” signals.  In this case the conversion is just like that used for static signals.  That is, there is no integration possibility and the units are set as "User Defined" and input as a text string.
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