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Definitions for Measured values, Disturbance quantities, Errors

1  Miscellaneous types of pressure with their reference points
2  Types of signal
3
 Null (Zero) point (Np), Full Scale (FS) and Sensitivity
      4  Excess pressure, Bursting pressure & Base pressure
5 Signal behaviour
      6 Error consideration and Compensation

7 Stability
8
 Insight for the Data sheets and Order specifications

1 Miscellaneous types of pressure with their points of reference

	Keller Type

Notation
	In reference to...
	Type of pressure
	in English

	PAA
	Vacuum
	Absolute  (abs.)
	absolute

	PR
	Atmospheric pressure
	Relative  (rel.)
	vented gauge

	PA
	Fixed pressure e.g. 1000 mbar abs. or current atmospheric pressure at equilibrium 
	Absolute  (e.g. abs1000)
	sealed gauge

	PD
	A second pressure
	Differential  (diff.)
	differential


In order to indicate which pressure point one refers to (reference point), the appropriate Reference Specification, e.g. bar rel. is written next to the pressure unit.  

Difference between receiver and Transmitter (in regard to the output signal):

      -       Receiver
signal not standardized, zero point, sensitivity and thermal property not directly controllable.

· Transmitter:
standardized signal, zero point, sensitivity and thermal property controllable.
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Miscellaneous types of pressure
     2            Types of Signal

Receiver 

Standard unit of measure:       [mV]

Example of a signal range:                     -25...250mV @  1mA  feeding

Transmitter

Standard unit of measure:  [mA], [V], [mV] 

Standard signal range: 4...20mA, 0...10V, 0.5...4.5V ratio, digital ( by transmission types such as  USB, RS-232 or RS-485)

Transmitter has in contrast to the receiver a normalized (standardized) output signal

     3           Zero point (Np), Full Scale (FS) und Sensitivity
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                                     Bsp:
The relation above allows itself to be read as follows:

	-1...2 bar rel.
	pressure range
	pressure range
	Np:
	For ex. 4...20 mA  -1...2 bar. rel.

	-1 bar rel.
	initial pressure
	initial pressure
	
	* theoretical Np: 4 mA, cannot be measured in Winterthur

	2 bar rel.
	final pressure
	final pressure
	
	   (height, meteorological atm. pressure). In some places

	3 bar
	pressure span
	pressure span
	
	   owing to height measure and weather condition the zero point is 

   measurable.

	bar
	pressure unit
	pressure unit
	
	

	4...20 mA
	signal range
	signal range
	
	Assuming the atmospheric pressure is 0.970 bar abs.:

	4 mA
	initial signal
	initial signal
	
	( measurable Signal: at Vacuum, 4.16 mA

	20 mA
	final signal
	final signal
	
	( Signal at atmospheric pressure: 9.33 mA

	16 mA
	output span
	output span
	
	

	mA
	signal unit
	signal unit
	
	

	atmospheric pressure
	reference
	reference
	( i.e. the atmospheric pressure is adopted as a reference value 


In the signal measurements the signal at initial pressure is the Zero Point (Np) and the signal at the final pressure is the Full Scale (FS). The difference between the two is called signal span. Sometimes the term Fullscale is used for the (measured or required) signal span such as, i. e. „FS%“
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The sensitivity (E) is the ratio of Signal change to pressure change. One distinguishes between the desired (theoretical) and the determined sensitivity (actual).                                                           signal span

The desired sensitivity can be calculated as follows:  sensitivity E =  pressure span

In the above example (also see pressure – signal curve further below):

4...20 mA  -1...2 bar   =>   E = 16 mA / 3 bar = 5.334 mA/bar

In the ascertainment of the sensitivity of two experimental points** (signal S1 at pressure P1 und S2 at P2) : 
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In the same example: measurement 4.15...20.02 mA  at  -0.97...2 bar rel. 
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** For more than two experimental points, there exist different bases for the calculation of the sensitivity, depending upon which linearity consideration one observes.

Example for the desired and ascertained sensitivity:
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Standard unit of measure with sensitivity (E, Sens) for:

- pressure receiver
[mV/bar @ ....mA]




mA is the reference to the current, with which the pressure receiver is fed



- pressure transmitter
[V/bar] or [mA/bar] or [mV/bar]

      
 4              Excess pressure, Bursting pressure & Base pressure


       
4.1           Excess pressure and Bursting pressure


4.2      Base pressure

Limitation: Only for PD– receiver/transmitter relevant.

The pressure application takes place simultaneously on both sides of the pressure receiver or on either receiver with equivalent large pressure. Therefore, a signal deviation (synchronization) can occur. They are expressed by the CMR (Common Mode Rejection).

The pressure so applied is called base pressure.  Therefore, the largest pressure can be P1 base pressure + difference pressure. 

The Output signal corresponds to the pressure difference (P1- P2) for a PD transmitter with two receivers. 
5.        Signal Behavior

5.1      Pressure Behavior Signal-Pressure Curve:

The user desires linear pressure, where the output signal remains proportional to the increasing pressure. The curve in the Pressure Signal Diagram should be straight, beginning at the Zero point and depicting the increases with sensitivity. The actual course of the Pressure Signal Curve always displays deviations more or less  from the ideal straight line: for the receiver this is Linearity Error, where the climbing curve indicates the sensitivity.

For Transmitters the deviation consists of:

· Zero Point Error (parallel deviation),

· Amplification Error (insufficient increase)

· Linearity Error (insufficient straight-line   

 
behavior)

The linear portion of the marker line is exploited if the receiver is applied with minimal sensitivity.

Linearity errors of pressure receivers

5.2
Repetition and Reproducibility

The Repetition Error occurs when any measuring point is repeatedly approached from the same direction.
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5.3
Hysteresis

The Hysteresis Error occurs when any measuring point is repeatedly approached from a variety of directions. Two types of Hysterisis Errors can occur; Pressure Hysterisis Errors and Temperature Hysterisis Errors. These errors are occurring in ever smaller numbers (typically <0.05%) in piezo-resistive Pressure Receivers.
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5.4 Marginal Frequency

The Marginal Frequency for a ‘naked’ amorphous silicon chip without oil filling is > 20kHz.

The marginal frequency of an amorphous silicon chip is dependent on:

· membrane thickness, 

· membrane diameter

The marginal frequency of an insulated pressure receiver (oil-filled) is also dependent on:

· amorphous silicon chip,

· oil filling,

· internal form of the receiver housing (capillary, for example),

· separating membrane,

· ceramics,

· installation of the amorphous silicon chip into the housing,

· other mechanical components

The marginal frequency of a transmitter is also influenced by:           

· electronics, 

· other mechanical components between the receiver and the transmitter connection (reduction bore, governor plates)

5.5
Thermal Behavior

The signal behavior of a pressure receiver or transmitter changes with the temperature.

5.5.1
Temperature-specific Zero point shifts:

The cause of Zero point shift is a sum of various effects, such as:         

· Mechanical tension on the basis of mounting for the measurement cell on its carrier, which changes according to the temperature.

· Extension of the oil in connection with the stiffness of the steel membrane, leading to pressure accumulating in the housing.

One effect or the other will be more or less evident, according to the construction of the pressure receiver and the pressure range.

5.5.2
Temperature driven changes in sensitivity:

The temperature-dependence of sensitivity may be observed differently according to the amorphous silicon chip type. In operational practice, a measurement cell has been laid out to automatically compensate for any decrease by increasing the bridging resistance, when the pressure receiver is driven by constant electrical power. In this manner the user is provided with a measurement cell where the sensitivity varies by less than 1% when operating within an adequate temperature range from 10° to 80°.


An example of temperature-dependent sensitivity changes

5.5.3
Other temperature-dependent changes:

Linearity can also change somewhat with temperature deviation, but this can usually be ignored in practice. The higher the temperature, the lower the linearity error rate. 

6.
Error handling and compensation

6.1
Linearity errors

For linearity errors, it is important to know under which definition they are reported. We differentiate between:

· end-point linearity (Lendp)

· best straight through Zero point (Lnorm)

· best straight (Lbfsl)

Comparative errors as with offset and amplification variances have no effect on linearity. That is, here we only consider how non-straight the line is, and not how far it varies from the expected path.

The linearity error (L) is cited with the appropriate signal unit or in [%FS]

6.1.1
Endpoint linearity error (Lendp – terminal straight line)
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6.1.2
Linearity error of the best straight line through the Zero point (Lnorm - best fitted straight line through zero)
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6.1.3
Linearity error by the best straight line (Lbfsl - best fitted straight line)
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Comment: This solution provides a good approximate solution. The mathematically correct calculation of the BFSL is based on the least squares error method, where the straight line is laid into the curve in such a way that the sum of the quadrants of the intervals curve-straight is at a minimum at corresponding selected points. This calculation method is used, for example, in the 11 point protocol in Microsoft Excel.

6.1.4
Summary of the various linearity calculations

Approximate comparison of linearity errors:
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6.2
Temperature co-efficient (Tk)

A temperature co-efficient yields a reproducible dependence of the signal according to temperature.

The temperature co-efficient of the zero point (TKN/TKO) indicates the maximum zero point deviation by the temperature.

Tx
Temperature x (T0, T1, T2, ....) [°C or Kelvin]

Npx
Zero point at  Temperature Tx (Np0, Np1, Np2, ....)

Ex
Signal tension at Temperature Tx (E0, E1, E2, ....)
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The image depicts one possible course of signals at constant pressure dependent on the temperature.

The temperature co-efficient of sensitivity (TKE or TKS) or TK Gain (TKG) provides the maximal sensitivity deviation as temperature.      
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The image depicts one possible course of TKE dependent on the temperature.  

6.3
Total Error Band - (TEB – total error band) 

The error band or summary error provides the range in which the measurement values of the pressure receiver or transmitter may lie at a specific temperature. This is therefore a measure of accuracy across a temperature range. The error band includes all error entries, such as linearity, Repetition Hysterisis, TK-Error, Stability, etc., as well as failure in settings of zero point and sensitivity.

For example, indicates +/- (1%FS error band, where no measurement value may lie outside the predetermined pressure and temperature range of the full scale.
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6.4
Accuracy at room temperature

In contrast to the Total Error Band, the accuracy RT encompasses all error entries without the temperature error (TK-Error)

7
Stability

Under ‘stability errors’ we understand the random change of the output signal under like external circumstances and in consideration of reproducible past events. The difficulty in investigating stability errors is found in edge conditions (temperature change, pressure cycles, etc.), past events and time duration. Tolerance values must always be bounded by time, for example, 0.2%FS/year.

7.2
Long-term stability

The long-term stability is the change modification of the output signal over an extended period.

An example of this for stable sensors: the zero point deviation is SYMBOL 163 \f "Symbol" 2 mV at a 4 mA feed.

The long-term stability is not explicitly tested on the basis of time and expense constraints. We refer instead to the 30-year company history, and especially on our experience in stability of non-delivered products and corresponding evaluations.

7.3
Following (briefly considered) stability errors are determined in the evaluation program

· Zero point stability at room temperature (standard measurement)
The zero points measured in the standard evaluations at a reproducible room temperature are applied in evaluation of zero point stability. The time between the first and the last measurement typically consist of 14 to 26 hours (dependent on the number of temperatures, programs).
Example entry: the deviation is SYMBOL 163 \f "Symbol" 2 mV at a 4 mA feed.

· Zero point stability at elevated temperature, for example, 80 °C (standard measurement under high pressure)
During six to 12 hours, 10 to 20 measurements are taken, and the greatest deviation is determined. All measurements are accomplished at a constant temperature.  Example entry: the deviation is SYMBOL 163 \f "Symbol" 2 mV at a 4 mA feed.

· Pressure stability (only high pressure)
Three full-scale measurements are made, where intermediate time loads occur, and where the greatest deviation is determined. 
Measurement sequence: End pressure, Over-pressure, 30 minutes of end pressure, varying temperature and pressure levels, end pressure. The time between the first and last measurement typically consists of 24 hours (depending on the number of temperatures).
Example entry: The deviation is SYMBOL 163 \f "Symbol" 2 mV at a 4 mA feed.

8
Understanding the data sheets and the log entries

A separate error comment should be made for each tolerance entry. For example, when the entries below are required, each individual tolerance must be tested.: 

· Lnorm: ≤ 0.25%FS

· Maximum zero point deviation at room temperature ≤ 0.1%FS

· TKN < 0.01%FS/K at 0...50°C and < 0.03%FS/K at –10...80°C

· Summary errors < 0.4%FS


8.1
Accuracy, Precision and Uncertainty


Accuracy and Precision should not be confused with each other.


8.1.1
Precision

Precision is the deviation of the actual values among 

Themselves. It is therefore a relative value.

8.1.2
Accuracy

Accuracy is the deviation from the target value.

It is therefore an absolute value.

More Accurate





Through corrections in accuracy of the target image A, improvements can be achieved. Target image B cannot be improved upon.
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The overload pressure is the pressure range, in which preselected or compatible tolerances may be exceeded, but no permanent changes of the property measuring techniques occur.  The signal in the overload range must no longer be proportional to the pressure. 


The destruction range is the pressure range in which, for the pressure receiver, permanent changes of it’s’ property measuring techniques occur and the receiver also can be mechanically destroyed.


Excess pressure: pressure at which the sensor chip is still guaranteed not to be destroyed.  


The bursting pressure is the guaranteed pressure at which the pressure bearing component does not burst and the pressure bearing component and no measuring medium pertains.
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