SECTION 2.0

AUTOPROMPT CONVERTER OVERVIEW

2.1
PURPOSE

The AutoPrompt Converter automates temperature and position measurement, provides consistency of the calibration process through user PROMPTs and CONVERTS between mass and pressure.  Hence the name AutoPrompt Converter (or simply AutoPrompter).

The AutoPrompter's main purpose is to ease operator requirements of pressure generation and measurement while using a deadweight gage.  The AutoPrompter automatically converts pressure to mass and mass to pressure while correcting for deadweight gage temperature, head pressures, absolute or gage reference pressure, local gravity and air density.

Figure 2-1 is an illustration of the AutoPrompter.

2.2
DESCRIPTION

The AutoPrompter consists of the following major components:

1.
Microprocessor-based printed circuit board, electronics and power supply.

2.
Enclosure with integral 24-key keyboard and 4 line by 40 character Liquid Crystal Display (LCD).

3.
Float Position Indicator (FPI) and Resistance Temperature Detector (RTD) sensors (optional).

4.
Back panel connectors for an FPI sensor, an RTD sensor, an RS-232 printer.

The AutoPrompter easily and accurately performs pressure to mass and mass to pressure conversions with reference pressure, pressure head, gravity, air density and temperature compensation (see Section 2.4; Pressure Generation and Measurement).  The AutoPrompter works with up to 15 different units of pressure (reference Section 5.5; Set Pressure Units).

Listed below are some of the functions which can be performed by the AutoPrompter:

1.
Pressure-to-mass calculations with corrections.

2.
Mass-to-pressure calculations with corrections.

3.
Corrections for temperature, pressure head, gravity and air density.

4.
Absolute or gage reference pressure selection.

5.
15 units of pressure; user-selectable.

6.
Retains data for up to 6 piston/cylinder data sets.

7.
Retains data for up to 2 mass data sets.

8.
System International (SI) or English systems of measurement for mass data set, piston/cylinder data set, float position and pressure head data.

9.
Automatic measurement of float position with respect to mid-float (optional).

10.
Automatic measurement of deadweight gage temperature.

11.
Operator prompting for consistent pressure generation and pressure measurement.

12.
"Floating" detection and display.

13.
Graphical display of the current float position with respect to midfloat, "floating" setpoints and user-defined graph limits.

14.
Hardcopy printout capability of pressure generation and measurement data with date/time stamp.

15.
Storage of piston/cylinder data, mass data and sensor calibration coefficients in non-volatile access-secured memory.

16.
Automatic date/time stamp of sensor calibration in nonvolatile memory.

2.3
SPECIFICATIONS

2.3.1
GENERAL

The AutoPrompter will:

1.
Retain up to 6 piston/cylinder data sets.

2.
Retain up to 2 mass data sets with up to 32 masses per set.

3.
Provide user-selectable reference pressure of absolute or gage and user entry of reference pressure if absolute.

4.
Accommodate user-selectable pressure units of psi, psf, MPa, kPa, kg/cm2, mm Hg (0 degrees C), cm Hg (0 degrees C), in Hg (0 degrees C), mm H2O (4 degrees C), cm H2O (4 degrees C), in H2O (4 degrees C), mb, atm, altitude (geopotential feet) and calibrated air speed (knots).

5.
Interface to an RS-232 printer.

6.
Provide user-definable piston reference temperature.

7.
Provide user-definable mass density reference for piston and masses.

8.
Provide user-selectable gas media for calculating head corrections; Nitrogen, Helium or Zero air.

9.
Provide user-selectable oil media for calculating head corrections, Spinesstic 22 or DOS Sebacate.

10.
Interface to an RTD temperature sensor.

11.
Interface to a float position indicator (FPI) sensor.

2.3.2
ENVIRONMENTAL

The AutoPrompter has a:

1.
Maximum warmup time of 30 minutes during normal operating conditions.

2.
Normal operating temperature range of 15 degrees C to 30 degrees C (59 degrees F to 86 degrees F) with maximum change rate of 0.56 degrees C (1 degree F) per 10 minutes.

3.
Normal operating relative humidity range of 20 % to 50 %, noncondensing.

4.
Storage temperature range of -40 degrees C to 71 degrees C (-40 degrees F to 160 degrees F).

2.3.3
ELECTRICAL

Electrical requirements and capabilities are as follows:

1.
Electrical power: 115 VAC or 230 VAC , 50 or 60 Hz; switch selectable.

2.
Combined float position and temperature measurement error less than 20 ppm of full scale pressure (if RTD and FPI sensors are installed and calibrated).

a.
Deadweight gage temperature measurement resolution of 0.05 degrees C.

b.
Deadweight gage temperature display resolution of 0.1 degrees C.

c.
Inaccuracy of temperature measurement subsystem, when using the Ruska-supplied RTD sensor, is less than 0.56 degrees C.  NOTE:  This inaccuracy can be reduced considerably by calibration of the RTD sensor's offset resulting in a reduction of the combined float position and temperature measurement error.

d.
Piston float position measurement resolution of 0.001 inch.

e.
Piston float position measurement display resolution of 0.001 inch.

f.
Inaccuracy of float position measurement subsystem is less than 0.017 in (0043 cm).

g.
Deadweight gage temperature measurement range of 15 degrees C to 30 degrees C. The temperature must be maintained within a +/- 3.5 deg C  window of the temperature when the RTD temperature sensor was last auto-calibrated.

3.
Float position nominal measurement range of +/- 0.200 inch about mid-float of 0.000 inch.

4.
Printer specifications (if installed): RS-232-C; baud rates of  110, 300, 600, 1200, 2400, 4800, 9600; odd, even or no parity; 7 or 8 data bits, 1 or 2 stop bits; busy hardware handshake on RS-232 pin 5.

5.
Non-volatile memory (RAM) nominal data retention interval of 4 years.

6.
Date/time clock nominal data retention interval of 4 years.

2.3.4
MECHANICAL

Mechanical attributes are:

1.
AutoPrompter nominal size of 10.2 L x 14.5 W x 5.3 H inches.

2.
AutoPrompter nominal weight of 6.5 lbs.

3.
Liquid Crystal Display (LCD).

a.
size of 2.6 L x 12.13 W inches

b.
4 line by 40 characters per line

c.
-20 to +20 degree viewing adjustment

d.
5 x 7 dot matrix character size of 0.335 H x 0.197 W inches

4.
Keyboard: 4 by 6 matrix, membrane, pressure-sensitive.

a.
decal size of 4.75 L x 12.6 W inches

b.
keypad size of 3.75 L x 6.0 W inches

2.3.5
CALIBRATION/ADJUSTMENTS

AutoPrompter sensor calibration and/or adjustment requirements are as follows:

1.
RTD sensor offset calibration interval of 12 months.

2.
RTD 'auto-cal' adjustment interval of 7 days.

3.
FPI position measurement system adjustment interval of 7 days.

2.4
PRESSURE GENERATION AND MEASUREMENT

Reference [1] provides a derivation and discussion of the mass/pressure equations.  The use of these equations is presented in the following sections.

Reference [2] gives an excellent discussion on the terms and use of 'true mass' and 'apparent mass versus brass standards'. 

The AutoPrompter converts a pressure at the reference plane of the device under test to a mass to be loaded onto the deadweight gage with corrections for:

1.
Reference pressure (gage or absolute).

2.
Oil and/or gas pressure heads.

3.
Local gravity.

4.
Local air density.

5.
Temperature of the deadweight gage.   

6.
Active piston's cross-sectional area (Ao).

7.
Active piston's coefficients of elastic distortion due to pressure (b1 and b2).

8.
Active piston's thermal coefficient (c).

9.
L and D dimensions used for computing the distance to the true reference plane of the deadweight gage standard from a known external index mark.

2.4.1
DISCUSSION OF "REFERENCE PLANE"

Fluid pressure gradients and buoyant forces on the piston of a dead weight gage require that a definite position be assigned where the relation Pressure = Force/Area exists.  It is common to associate this position directly with the piston being used.  This position is called the 'reference plane of measurement' and its location is determined by the dimensions of the piston.  All pressure measurements made with the piston are referenced directly to the 'reference plane of measurement'.  This is the true pressure reference plane of the deadweight gage standard.

The  AutoPrompter works with up to six piston/cylinder assemblies.  Thus, several reference planes exist depending upon which piston/cylinder assembly is actually installed in the deadweight gage standard.

The AutoPrompter retains an 'L dimension' coefficient for each piston/cylinder and a 'D dimension' coefficient for each mass set.  Using these coefficients, in conjunction with user-specified pressure heads, the AutoPrompter calculates the precise position of the deadweight gage standard's true reference plane with respect to the reference plane of the device under test.  Thus, the AutoPrompter can calculate a pressure corrected to the reference plane of the device under test.

The user-specified pressure heads are determined by physically measuring the vertical distance between the reference plane of the device under test and a known index mark on the deadweight gage standard.  The known index mark on the deadweight gage standard is usually scribed on an 'index' post mounted to the deadweight gage base.  The user must determine the reference plane of the device under test.

The user must separate pressure heads between two types of pressure media.  One is gas; the other is oil.  Usually, only one media is used.

The gas and/or oil pressure heads are defined to be positive if the reference plane of the device under test is above the index mark on the deadweight gage standard's index post.  Otherwise the heads are negative.

NOTE:The pressure head, either gas, oil or both, should be accurately measured.  As an example, the pressure error due to a bad oil head measurement when using Spinnestic 22 oil is equivalent to 0.031 psi per inch of oil head error.

2.4.2
PRESSURE AT REFERENCE PLANE OF DEVICE UNDER TEST

For pressure generation or measurement, the pressure at the reference plane of the device under test is calculated by:


Pdut = Pdwg - Pgh - Poh + Pref
with:


Pgh = (Hg + L1 - D1 - F1) x Pg x k 


Poh = (Ho + L2 - D2 - F2 ) x Po x k 

where:

Pdut =
Pressure (MPa) at the reference plane of the device under test; referenced to either absolute or gage pressure

Pdwg =
Pressure at the true reference plane of the deadweight gage.

Pgh =
Pressure correction due to a gas pressure head

Poh =
Pressure correction due to an oil pressure head

Pref =
Reference pressure correction; see discussion in Section 2.4.1

Hg =
Gas pressure head (cm)

Pg =
Density of the gas medium (g/cm3) as a function of absolute pressure

Ho =
Oil pressure head (cm)

Po =
Density of the oil medium (g/cm3)

k =
9.80665x10-5; conversion of g/cm3 to MPa/cm

L1 =
L Dimension (cm) for gas medium; Distance below the top loading edge of the weight loading table to the true pressure reference plane of the deadweight gage standard

D1 =
D Dimension (cm) for gas medium; Distance above the index line on the outside diameter of the sleeve weight to the weight table locating seat when the piston is at mid-float.

F1 =
Measured float position (cm) about mid-float; positive is above mid-float, negative if below; 0.0 if FPI sensor is not installed or if float position exceeds +0.635 cm.

L2 =
L Dimension (cm) for oil medium; Distance below the top leading edge of the weight loading table to the true pressure reference plane of the deadweight gage standard.

D2 =
D Dimension (cm) for oil medium; Distance above the index line on the outside diameter of the sleeve weight to the weight table locating seat when the piston is at mid-float.

F2 = See F1 above.

If the piston medium is gas, then:

L1 = L, the reported L dimension

D1 = D, the reported D dimension

L2 = 0

D2 = 0

F2 = 0

If the piston medium is oil, then:

L1 = 0

D1 = 0

L2 = L, the reported L dimension

D2 = D, the reported D dimension

F2 = measured FPI reading (cm)

2.4.3
ABSOLUTE PRESSURE REFERENCE

For absolute pressure reference, the pressure unit in the above equations is MPa absolute.

Additionally:

Pref = Reference pressure remaining in bell jar (MPa absolute) due to imperfect vacuum

2.4.4
GAGE PRESSURE REFERENCE

For gage pressure reference, the pressure unit in the above equations is MPa.

The gas pressure used to compute the gas density (Pg) must be expressed in MPa absolute.

Additionally:

Pref = pa x R x k

where:

pa = Density of local air (g/cm3)

R = Vertical distance (cm) between the reference plane of the device under test and the reference plane of the deadweight gage standard; positive if the device under test is above the reference plane of the standard; negative otherwise.

k = 9.80665x10-5; conversion of g/cm3 to MPa/cm

2.4.5
GAS AND OIL HEADS

The gas and oil heads are positive if the reference plane of the device under test is above the index plane of measurement of the deadweight gage.  The gas and oil heads are negative if the reference plane of the device under test is below the index plane of measurement of the deadweight gage.

The sum of the gas and oil heads should equal the distance between the reference plane of the device under test and the measurement plane of the deadweight gage based on the index mark of the sleeve weight (mass #1) when the standard's piston is at mid-float.

2.4.6
MASS EQUIVALENT OF PRESSURE

The mass equivalent of pressure at the reference plane of the deadweight gage is given by:

where:

M =
Mass (kg) equivalent of pressure at the reference plane of the deadweight gage

Pdwg =
Pressure (MPa) at the true reference plane of the deadweight gage; referenced to either absolute or gage pressure

Ao =
Piston cross-sectional area (m2) at zero pressure and reference temperature r

b1 =
Piston/cylinder's primary coefficient of elastic distortion (1/MPa)

b2 =
Piston/cylinder's secondary coefficient of elastic distortion (1/MPa2)

c =
Piston/cylinder's thermal coefficient (1/degrees C)

t =
Temperature of deadweight gage (degrees C)

r =
Reference temperature at which Ao was derived (degrees C)

k =
Proportionality constant = 1.0 x 10-8
g1 =
Local gravity (cm/sec2)

pa =
Density of local air (g/cm3); 0.0 for absolute reference pressure

pb =
Density of mass reference; (example: 8.4 g/cm3 for brass)

The mass to load onto the deadweight gage is given by:

Mdwg = M - Mp
where:

M =
Mass (kg) equivalent of pressure at the reference plane of the deadweight gage

Mdwg =
Mass (kg) to load onto the deadweight gage

Mp =
Tare mass (kg) of the piston

For pressure generation and measurement with an absolute reference pressure, Mdwg, M and Mp are expressed as 'true mass'.

For pressure generation and measurement with a gage reference pressure, Mdwg, M and Mp are expressed as 'apparent mass versus a mass reference standard' (usually brass).

2.4.7
PRESSURE EQUIVALENT OF MASS

A nominal pressure at the true reference plane of the deadweight gage is computed by:
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where:

Pnom =
Nominal pressure(MPa) at the true reference plane of the deadweight gage; referenced to either absolute or gage pressure

M =
Mass (kg) applied to the deadweight gage (including piston tare)

Ao =
Piston's cross-sectional area (m2) at zero pressure and reference temperature r

c =
Piston/cylinder's thermal coefficient (1 degrees C)

t =
Temperature of deadweight gage (degrees C)

r =
Reference temperature at which Ao was derived (deg c)

k =
Proportionality constant = 1.0 x 10-8
g1 =
Local gravity (cm/sec2)

pa =
Density of local air (g/cm3); 0.0 for absolute reference pressure

pb =
Density of the mass reference standard (example: 8.4 g/cm3 for brass)

MPa =
'Megapascal'; unit of pressure

For pressure generation and measurement with an absolute reference pressure, the mass M is expressed as 'true mass'.

For pressure generation and measurement with a gage reference pressure, the mass M is expressed as 'apparent mass versus a mass reference standard' (usually brass).

The corrected pressure at the true reference plane of the deadweight gage is given by:
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where:

Pdwg = Pressure (MPa) at the true reference plane of the deadweight gage; referenced to either absolute or gage pressure

b1 =
Piston/cylinder's primary coefficient of elastic distortion (1/MPa)

b2 =
Piston/cylinder's secondary coefficient of elastic distortion (1/MPa2) 

2.4.8
GAS MEDIUM HEAD CORRECTIONS FOR GAS DENSITY

The AutoPrompter automatically calculates the pressure head for the following gas medium types:

1.
Nitrogen

2.
Helium

3.
Zero Air (dry bottled air).

Refer to the deadweight gage user's manual for selecting the appropriate gas medium for your deadweight gage.

2.4.8.1
NITROGEN

The AutoPrompter automatically corrects a Nitrogen gas pressure head due to a change in the gas density as a function of operating pressure from 0.2 to 15,000 psia (0.00138 to 104 MPa absolute).

The following table shows the density and pressure correction.  The pressure uncertainty is the maximum uncertainty over a 20 to 30 degrees C temperature range.

	OPERATING

PRESSURE

PSIA
	GAS

DENSITY

G/CM3
	PRESSURE

CORRECTION

PPM/IN
	MAXIMUM

PRESSURE

UNCERTAINTY

PPM/IN

	0.2
	0.000014
	2.5
	0.06

	1,000
	0.078
	2.8
	0.07

	15,000
	0.56
	1.4
	0.08


In the above table, at 1,000 psia the pressure head correction results in a 2.8 (( 0.07) ppm pressure correction per inch of gas head.

2.4.8.2
HELIUM

The AutoPrompter automatically corrects a Helium gas pressure head due to the change in the gas density as a function of operating pressure from 0.2 to 15,000 psia (0.00138 to 104 MPa absolute).

The following table shows the density and pressure correction.  The pressure uncertainty is the maximum uncertainty over a 20 to 30 degrees C temperature range.

	OPERATING

PRESSURE

PSIA
	GAS

DENSITY

G/CM3
	PRESSURE

CORRECTION

PPM/IN
	MAXIMUM

PRESSURE

UNCERTAINTY

PPM/IN

	0.2
	2.2e-6
	0.4
	0.02

	500
	0.0055
	0.4
	0.02

	1,000
	0.0110
	0.4
	0.02

	15,000
	0.1147
	0.3
	0.02


In the above table, at 500 psia the pressure head correction results in a 0.4 ((0.02) ppm pressure correction per inch of gas head.

2.4.8.3
ZERO AIR (OR DRY BOTTLED AIR)

The AutoPrompter automatically corrects a zero air gas pressure head due to a change in the gas density as a function of operating pressure from 0.2 to 3000 psia (0.00138 to 20.68 MPa absolute).

This correction is based on the assumption that dry air (nominally 80% N2 and 20% O2) behaves as an ideal gas below 3000 psi with a density uncertainty of 15%.

The following table shows the density and pressure correction the pressure uncertainty is the maximum uncertainty over a 20 to 30 degrees C temperature range.

	OPERATING

PRESSURE

PSIA
	GAS

DENSITY

G/CM3
	PRESSURE

CORRECTION

PPM/IN
	MAXIMUM

PRESSURE

UNCERTAINTY

PPM/IN

	0.2
	0.000016
	2.9
	0.44

	3000
	0.242
	2.9
	0.44


In the above table, at 3000 psia the pressure head correction results in a 2.9 ((0.44) ppm pressure correction pre inch of gas head.

Above 3000 psia, the density uncertainty increases.  Ruska does not recommend the use of zero air above 3000 psia.

2.4.9
OIL MEDIUM HEAD CORRECTIONS FOR OIL DENSITY

2.4.9.1
SPINNESTIC 22

The density for Spinnestic 22 oil is specified at 0.85 g/cm3 from 8 to 40,000 psig at 25 degrees C.

The pressure head correction for Spinnestic 22 oil medium is considered to be constant at 0.031 psi/inch.

The density increases linearly with increase in pressure due to compression of the oil.  This density increase is no more than 10% at 40,000 psi which, if ignored, introduces an uncertainty of less than 0.1 ppm of pressure per inch of oil head.

2.4.9.2
DOS (DIOCTYL SEBACATE)

The density for DOS oil (Dioctyl Sebacate) is specified at 0.912 g/cm3 from 8 to 72,500 psig at 25 degrees C.

The pressure head correction for DOS oil medium is considered to be constant at 0.033 psi/inch.

The density increases linearly with increase in pressure due to compression of the oil.  This density increase is no more than 40% at 72,500 psi which, if ignored, introduces an uncertainty of less than 0.2 ppm of pressure per inch of oil head.

2.5
MEASUREMENT OF TEMPERATURE STABILITY

During pressure generation or measurement functions, the temperature of the deadweight gage is automatically sampled by the AutoPrompter.  The maximum temperature change since the beginning of a 5-minute time period is computed.

If the maximum change is greater than 0.3 degrees C, then the temperature is unstable.  Otherwise, the temperature is stable.

For the screens that display temperature, a 'U' is displayed following the temperature value whenever the temperature is unstable.

If the RTD temperature sensor is not installed, then the user must key in the temperature reading.   The temperature, in that case, is always considered to be stable.)

2.6
MEASUREMENT OF FLOAT POSITION

The float position (FPI) signal is sampled and digitally filtered by one of the following user-defined methods after being linearized and converted from count to inch.

1.
None - no filtering is done.

2.
Low pass.

3.
Butterworth (2485 DWG).

Low pass filtering helps to remove unwanted noise from the FPI measurement.  This noise is usually due to indicating surface runout.

Butterworth filtering is a technique that removes noise due to wobble from a Ruska 2485 deadweight gage (and similar gages).

Please refer to Section 5.11.1 (Screen: Installation Options) for a discussion on 'low-pass' and 'Butterworth' filtering.

2.7
MEASUREMENT OF SINK RATE

During pressure generation or measurement functions, the current float position of the deadweight gage's piston is automatically sampled by the AutoPrompter.  Sink rate is then derived from accumulated float position data.

A negative sink rate indicates that the piston is falling.  A positive sink rate indicates that the piston is rising.

Different media, as well as rotation speed and the rotational plane of the masses will affect the displayed sink rate.  The metrologist must determine the appropriate sink rate and system stability for his calibration experiment.

NOTE:The sleeve mass (mass #1) must be installed for proper indication of sink rate.  Some dead weight gages also require an additional mass to be installed on top of the sleeve mass for proper indication of float position.

The FPI sensor is optional.  When the FPI is not installed, sink rate is not computed or displayed.

2.8
`FLOATING' CRITERIA

During the pressure generation and pressure measurement functions, the AutoPrompter indicates `FLOATING' on the display when the following conditions occur:

1.
The FPI sensor is installed and

2.
The float position is between -0.060 to +0.060 inch (-0.152 to 0.152 cm).

NOTE: The sleeve mass (mass #1) and SPI sensor must be installed for proper indication of float position and "FLOATING" status.  Some deadweight gages also require an additional mass to be installed on the sleeve mass for proper indication of float position.


NOTE: The user should only take a reading of the device under test when the AutoPrompter indicates 'FLOATING'. To operate any deadweight gage at its maximum accuracy rating, all readings should be acquired when the piston/cylinder is at mid-float. If the sleeve mass (or FPI indicating mass) is removed, then the user must take a reading of the device under test when the deadweight gage standard is at mid-float as determined by the deadweight gage's operating manual.

2.9
DISCUSSION OF SYSTEM STABILITY

The pressure generated by the deadweight gage standard is considered to be 'stable' when all of the following criteria have been met:

1.
The deadweight gage piston is 'floating' about the mid-float reference position.

2.
The temperature of the deadweight gage system is 'stable'.

3.
The sink rate of the piston is 'stable'.

'Floating' and temperature  stability are measured and indicated by the AutoPrompter if the FPI and RTD sensors are installed.

Different media, as well as rotation speed and the rotational plane of the masses will affect the displayed sink rate.  The metrologist must deterine the appropriate sink rate and system stability for his calibration experiment.
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