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How to calibrate reference
pressure transducers with

COMPASS® for Pressure Software
Application Note

This article describes how
to create and run tests,
activate coefficients and
generate calibration reports
for the Reference Pressure

Transducers (RPTSs) in
the supported products
introduced by Fluke
Calibration at the Phoenix
site (previously known as
DH Instruments) including
the products listed below.

=& &= Er T — = -
taSpan Error vs. Points Taken
3 015 R e —

e

[
e molbox® flow terminals

e PPC series pressure e RPM series pressure
controller/calibrators monitors



Requirements

The following items are required to implement this

setup.

e COMPASS for Pressure Enhanced version
4.2 or later. The calibration test needs to use
macros, so the enhanced version of COMPASS
software is required.

e The .NET DLL CaltoolExt.dll and the associated
files. The DLL is installed and registered with
the installation of COMPASS for Pressure version
4.2 or later. The associated files will be copied
to the same directory of CaltoolExt.dll during the
installation.

e Macros used for the Test Definition and
for reporting. The default. mdb shipped with
COMPASS for Pressure version 4.2 or later
contains these macros.

e The report templates “"RPTCalibration.tpl” and
“RPTCalibration_As Left.tpl".

Supported products

Except for a few legacy products (PPC1, PPC2 and

PPCK), all former DHI products that use RPTs are

supported, including:

e PPCs: PPC2+, PPC2AF, PPCK+, PPCH, PPCH-G,
PPC3, PPC4, PPC4E

e RPMs: RPM3, RPM4, E-DWT

e molbox: molbox1, molbox1+, molbox RFM

When running tests and calibrating these devices,
the device needs to be set up as a device under
test (DUT) with “Autodetect setup” on the [Header]
tab of the DUT Editor.

Note: Caltool for RPTs will still be available as free software. But it is
frozen without further code modification to support new products or
new Microsoft Windowsw platforms, or fix any bugs. The calibration
of legacy products such as PPC1, PPC2 and PPCK has not been

incorporated into COMPASS for Pressure. Caltool for RPTs is still a
good choice to calibrate these products.

License

There is no special license needed to enable
COMPASS for Pressure to do user calibration on the
supported products mentioned above. To adjust the
factory coefficients for factory calibration, a license
file, Caltool.lic, is required in the directory of
“C:\DHI\COMPASS for Pressure.”
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The capability to calibrate DHI RPT products
(referred as “Caltool Mode”) is always available
to the user even after the Demo license expires,
or the available license seats exceed the allowed
limits. In such cases, COMPASS for Pressure will
turn into “Caltool Mode” and only the “Autodetect”
products will show on the DUT list.

Collecting calibration coefficients

The difference between the normal tests run under
COMPASS for Pressure and the test run under Cal-
tool Mode of COMPASS for Pressure is that the latter
collects the calibration information of the DUT and
saves the information in the data file. The calibra-
tion information will be used later to calculate the
new coefficients and predict the As Left DUT data
during report generating process.

To enable Caltool Mode of COMPASS for Pres-
sure, the following option under [Tools][Options]
[Initialize Test] must be enabled:

Load calibration info for auto-detect devices.

In addition, the fields “User Defined1,” “User
Defined2” and “User Defined3” shall be selected
to log in the data file from [Tools][Options][Data In
File]. These fields are used to store the predicted
DUT pressure, predicted “%FS error” and predicted
“ObReading error”, which will be saved in the data
file as “res file” after successfully activating the
new coefficients to the product.

The Callnfol to Callnfo5 of DUT header in the
data file are used to store the calibration informa-
tion. See the details as the following:

As received

Calinfol: “RPT range unit mode SN” like “IH 10342.0 kPa A SN97174"
Calinfo2: “(As Received) User PA:0 PM:1 Date:20060106 ZOff:1”
Calinfo3: “(As Received) Factory PA:0 PM:1 Date:20060106”

Calinfo4: IO settings, “IEEE 10” or “COM1 9600 E 7 1”

Bs left
Calinfo5:
or
Calinfo5:

“(As Left) User PA:O PM:1 Date:20060106 ZOff:1 ZNatErr:2”

“(As Left) Factory PA:O PM:1 Date:20060106 ZOff:1 ZNatErr:2”
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Activating when generating a report

Using the special report templates, a calibra-

tion report can be generated from the data file
collected under Caltool Mode with calibration
coefficients. After the report is generated, the user
has the option to activate the new coefficients into
the device connected. The template can also be
selected as the “Default Report Template” in the
test definition, so that the report will be generated
automatically at the end of test.

Note: Up to 10 data files can be loaded to generate reports at the

same time under the condition that all the data files were generated
during the tests that have the same measurement mode.

Several items are needed in the report template:

e The Template Macro “CalToolExt”. This macro is
used to create the object for CaltoolExt.dll and
pass the data files (up to 10) to the DLL.

e Field Macro “Callnfo”. This macro is used to get
the calibration info from DUT Calinfo fields and
extract the fields to display on the report.

e User defined plot “%Span Error vs. Reference
Pressure — As Left”. This plot is used to display
the predicted %TFS error.

Template Macros x|

Avgilable Macros Selected Template Macros

CalToolExt

Create Mew Macro
_Declaration

Create Neww Macro |

Save |

Close WYWincow |

Figure: Select Template Macro “CalToolExt” in the report template

The “Force Standard Regression” option is
shown only when the test is conducted in Gauge
mode. If it is checked, the standard regression
is used. Otherwise, the new pressure adder is
determined by taking the average difference from
the reference pressure from the first and last point,
and then this adder is applied to the DUT pressure
prior to regression.

After the report is generated, the following
“Calibration Activation” form is dispayed. The user
can inspect the calibration reports and choose
the DUTSs to be activatd. If the report is generated
at the end of test, the 10 settings for each DUT
should be still valid. If the report is generated from
data files, the IO settings maybe be different, and
should be modified and tested on this form before
activating the new coefficients.

FLUKE -

——— Calibration

Calibration Report User Calibration
PPC2AF SN 106 L1 15.0 psi A SN

Jul 172012

Report Information

Report Compiled:Jul 17 2012

Date of test: 20120805

Time of test: 12:56:55 PM i

Data file:D:\Software Projects\COMPASS Extention\CalT oolExt\Data Files_testingiPPC2AF108120120605_000_L1.dat
Testfile:AMH PPC2AF - SHORT

UserAdmin

TestMeasurement Mode: Absolute

DUT Information Reference Information

Manufacturer DH Instruments Manufacturer DH Instruments
Model PPC2AF Madel PGTE01
Serial Mumber 106 Serial Number 208
Identification Identification PGTO00
Pressure Range 0.000 to 103.421 kPa Pressure Range 0.000 to 766.70655 kPa
Data Acquisition Method RS232 Data Acquisition Method RS232
Mominal Uncertainty 0.01 %Span Mominal Uncertainty 0.001 kPa+ 0.002
Rdg
Calibration Information
As Received As Left
User PA 0.0 322
User PM 1.000000 0.995935
ZOffset 0.0 0.0
ZMatErr 0.0 -0.8
Cal Date 20120523 20120717
Test Data
Refarence DuT %FS %RdgDUT  Status Pred DUT Pred %F5 Pred %Rdg
Paoint Pressure Pressure Emor Emor Bressurs Emor Emor
kPa kPa % % kPa % %
1 19.85112 19.819 0.0311 0.1618 T 19.8509 -0.0002 -0.0010
2 41.97227 41.942 -0.0292 £.0719 T 41.9736 0.0013 0.0022
3 62.01150 51.981 -0.0282 -0.0488 T 62.0123 0.0008 0.0013
4 103.885940 102.958 -0.0205 -0.0304 T 103.8887 -0.0007 -0.0007
5 19.85111 19.818 0.0316 -0.1646 RT 19.8498 0.0011 -0.0053
%Span Error vs. Reference Pressure %uSpan Error vs. Reference Pressure - As Left
L 1 = e
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w ooy = :/‘-“_—‘-‘—-_____‘_‘\___‘
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Pt PreswireckPa) Reference Final Ouputk Pa)

[ Force Standard Rearession for Gauge Calibration

ok LCancel

Figure: Calibration Type selection
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Calibration Activatio

M DUT 1: PPC4 9

[]ouT 2 F'F[%i 3

I0Tvpe  |RS232 ~] Test IO |
Settings |COM3:3600.M,8.1 Save |0 |

Arctivate Cloze |

Figure: Calibration Activation

For PPC2+, PPC2AF, PPCK+ and RPM3, the user

can have the option to active the sub-ranges if

applicable. Example: for the calibrated range “1L2,”

the new calibration coefficients can be activated
to both L1 and L2 if the user chooses “Yes” in the
following prompt during activation of the new
coefficients:

PPC2AF SN 106 : x|

?/ Activate the calibration to all sub ranges?
Sy

R

Activating at the end of pressure cycle 1

The new coefficients can also be written to the
calibrated product at the end of the first pressure

cycle of the test, and then continue to run the pres-

sure cycle 2 to collect the “As Left” data. There is
no user prompt in the middle of test, and all the
DUTs in the test will be activated. Two macros are
required to set up the test:
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1. Pre-Test macro “CalActivate_PreTest.”
This macro is used to select options related to the
calculation and activation of the new coefficients at
the start of the test.

El
Test Record Lael [hH FPC2AF | s/w | D
Test Defintion Type [advanced Test | A [ o =
Pre-Test | Pressure | Data | Auxdiary | Options | comment n
FPre Test Macro [casctivate_PreTest =
Lesk Test Exer K
Run Leak Test [~ System exercise [~
Leak TestUnt [+20075pa ] Bxercisa Uni [<0ursps 7] x
Leak Test Target (%0UTSpan) [100 Min Target (%0UTSpan) [o —
Set Target Timeout (s) [560 M Target (%DUTSpam |25 §
Lesk Rate Limit (%DUTSpan/s) |00 Dwell () |50 P
Dwell(s) [0 Number Of Repettions [ \@
Leak Test Time (=) [500 Hold Setting (%0UTSpan) |7
Aot test on faiure [ Set Target Tmeaut (s) [0
Abort test on falure [~

Closs

Figure: Pre-Test Macro “CalActivate_PreTest”

e Option 1: Force Standard Regression for
Gauge Calibration
The default is false. If this option is selected, the
standard regression will be used for Gauge test.
If this option is not selected, the new pressure
adder (Pa) is determined by taking the average
difference from the reference pressure at the first
and last point, and then this adder is applied to
the DUT pressure prior to regression.

e Option 2: Activate Sub-range When
Applicable
The default is false. If this option is selected,
the sub-ranges will be activated with the same
coefficients when applicable for PPC2+, PPC2AF,
PPCK+ and RPM3. For example, if the calibrated
range is “L2", the new calibration coefficients
can be activated to both L1 and L2 if the user
checks this option.

Select Calibration Typ o ]

- Calibration

" Force Standard Regression for Gauge Calibration

[" Activate Sub-ranges when Applicable

ok LCancel

4

Figure: Prompt to select Calibration Type and Activation Options
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2. Test Event macro “CalActivate.” In the template, “As Left” data use “Cycle” 2,
This macro is used to pass data between COMPASS  while “As Received” data use “Cycle 1”.
software and CaltoolExt.DLL to calculate the new
coefficients and to write the new coefficients to the
DUT.

Pressure -> Reference Data - Test x|
Dats Format  Dsta Source and Cycle Selection | Fisld Behavior |

x|
Test Record Label [ahH PPC2AF m D
Test Definiion Type: [Advanced Tast | K1 | 2
Diata Source: Data Source 1 Yl
Fre-Test | Pressure Dats |Auxmary| Optiors | Commert
~Data Acguisiion ——————— - Ambiert Pressure n
lW[ fo s |V|PGTEIEIEI Base / Ambient Pressure | e | v :
Readings Perfort [1 | ambier Temperature Dats Cycle Information
Complete Test Cycles |q IV PG7000 Base / Ambient Temperature j Eeit | )(
Lock Test satup [~ ! o I 1 Temperature Cycle I 2  Cycle
= Ambiert Humidity
Local Test =
Toct Evort aorn |V|FGTEIEIEI Base / Ambient Humicity x| Edt | % : - :
Calbctivate | o @ I 1 Line Pressure Cycle I 0 Individual Data Point
Timed Macro Interval (ms) [o ||"‘D"E =5 i” :
Post Tost Walve Driver
“ﬁ {l“‘m HEET |
lone: =
%
0 Update Cancel
Close:
N

Figure: Test Event Macro “CalActivate”

The report template for this type of test is differ-

: ; : : Calibration Report L
ent from the one described in previous section that PPC2AF SN 106 L2 30.0 psi A SN
activate the DUT at the end of test. Since this test Report Information
. R R Report Compiled:Jul 17 2012
activates the DUT during the middle of test, there Dste of test 20120605
- “ ” Time of test:3:10:33 PM
is no need to select “CaltoolExt” macro as Template Dats file:D:\Software Projects\COMPASS ExtentioniCa ToolExhDeta Files_testing\P PC2AF1 0620 120605_003_| 2As|=ft_User dat
. Tast file: AMH PPC24F - SHORT (as left induded)
macro in the report template. UserAdmin
Tast Mzazsuremant Mods: Abzoluz
M = DUT Information Reference Information
Test Record Label [ahiH PPC20F m D Manufachrer DH Instruments Manufacturer DH Instruments
= i [ Model PPCZAF Model PGTE01
Test Defilon Type dvanced Tost = Seris| Mumber 106 Serial Number 208
Identification Identification PGT000
Pre-Test | Prassure | Data | Auxiiary Options | comment | n Prassure Range 0.000 ta 206.843 kPa Pressure Range 0.000 to 766.70555 kPa
Data Acquisiton Method RS232 Data Acquisiton Method RS232
Detaut Re Mominal Uncertsinty 0.01%5Span Mominal Uncertainty 0.001 kPa+0.002%Rdg
port Templ
[CADHICOMPASS for Pressure\Templates\RPT Calloration_&s Left TPL D K : _ 2
Calibration Information
e Az Recsived AsLeft
Auta generate report vehen the test completes. 2 b UserFPA 0.0 238
Execute posttest macro on aborted tests: r o UserPM 1.000000 1.000083
Prompt for test notes at the end of complete tests r % éﬁ:tsEertl ?001 3250 ?001 3350
Incluide test comment in test notes r @ Cal Dats 20120605 20120605
Include DUT comment in test notes r E
Test Defirition Group 1 = Lﬂaﬁ: - As Left
Reference oDuT %FS %Rdg Status Reference ouT %FS %Rdg
Point Pressure  Pressure Error Error Pressure Pressure Error Error
¥Pa kPa % % kPa WPa % %
ose 11 4187204 419436 00137 D0677 T 4197206 418706 00007  -0.0034
12 B1.87276  B81.8431 00143 DO0362 T 8187282 818737 00004  0.0011
. . . 13 12405100 1240188 00156 00260 T 12405100 1240526 00008  0.0013
Figure: Template “RPTCalibration_As left.tpl” 14 20651160 2064694 00204 00204 T 20651160 2055105 0.0005  -.0005
15 4187206 419439 00136 00670 T 41.97207 418713 00004  -0.0017

%oSpan Error vs. Reference Pressure

oo £
E Cycle 1
0005 £
=t Cycla 2
5 0000 f gy —r—mrte—— —¥T e
i} E
c -0.005
5 =
=X =
» 0010 £
® =
0015 —E\T
-0020‘:I1iJJ.LLl|J_LIIi!lllillf_LiJ_lIli II|1J| il

50 75 100 125 150 175 200
Ref Pressure(kPa)
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View calibration coefficients

the calibration information.

The calibration coefficients can be viewed through
menu [Data][View Calibration Coefficients]. User
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The report shows the device information and

selects the product, set up the IO and click <Con- Yicv Calixstior; =101
tinue> button to load the calibration coefficients 3
ﬁmnthesupponlﬂoduas_ RPM4 Calibration Information =]
SH 378
Generated: ZO01Z June 12 15:02
&% DUT Interface Set | header
Manufacturer :Fluke
Model I RPM4
ouT T_'.-'DE IHPM4 j S:rial Humber 378
Hi RPT 2N 197174
Lo RPT BN 198365
Interface |H5232 j
calibration
Range :IH 10342.0 KPa hbs
User P& :0.0 Pa
Uzer I'M :1.000000
I [AE Calib i ol DE01Z05EE
HSEEE PDrt I:I:IME ZE:;se: rorarion e 1.0 Pa
. Factory PA :-887.2 Pa
Factory PM :1.000014
HSESE SEttlngS IEEI:”:I-'N -'B"-I Factorz Calibration Date :ZO0060106&
Range :IL 3447.0 kPa fbs
Uszer A :0.0 Pa
User PM :l.000000
1 1 User Calibration Date DEZ01EZ0EBES
El:lntlnue EHIt | E0ffset ; ; :Z.0 Pa
Factory PA S0.0 Pa —
Factory PM :l.000049
Figure: View Calibration Coefficients setup form Factory Calibration Date :Z008010S |

Macro code
DataFile Macro CalToolExt

Dim firstCall 'Caltool:flag to indicate the first function call

Function CalToolExt (colData, curFile)

Dim Obj

flag = colData (CInt(curFile)) .DataInfoCollection (“*ID410002”) .flags
colData (CInt (curFile)) .DataInfoCollection (“ID410002”) .flags = flag Or 2"3

‘only initialize once
If firstCall <> 1 Then
Set Obj = GetObject (“”, “Fluke.CalToolExt.clCalToolExt”)
‘already did

firstCall = 1

If colData.Count > 10 Then
msgbox “Only 10 DUTs can be supported in one calibration.
generate calibration report.”
Exit Function
End If

‘poorman parameter passing. Hard to pass collection to
Select Case colData.Count
Case 1:
obj.Calibrate colData.Count,
colData (1), colData(l),

colData(l),
colData (1)

colData(l), colDbata(l),

colData(l),

colData(l),
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Select 10 or less data files to

.NET DLL or create a collection in macro

colData(l),




DataFile Macro CalToolExt (continued)

Case 2:
obj.Calibrate

colData (1

), colData(l)

Case 3:
obj.Calibrate

colData (1

), colData(1l)

Case 4:
obj.Calibrate

colData (1

), colData(l)

Case 5:
obj.Calibrate

colData (1

), colData(l)

Case 6:
obj.Calibrate

colData (1

), colData(l)

Case 7:
obj.Calibrate

colData (1

), colData(l)

Case 8:
obj.Calibrate

colData (8

), colData(l)

Case 9:
obj.Calibrate

colData (8

), colData(9)

Case 10:
obj.Calibrate

colData (8

), colData(9)

End Select

obj.Activate

End If

If curFil

Set obj =

End If

End Funct

e =

ion

colData.Count,
colData (1)

colData.Count,
colData (1)

colData.Count,
colData (1)

colData.Count,
colData (1)

colData.Count,
colData (1)

colData.Count,
colData (1)

colData.Count,
colData (1)

colData.Count,
colData (1)

colData.Count,
colData (10)

colData.Count Then
Nothing

ReportField Macro Callnfo

Function CalInfo (colData,

‘Calinfol:
‘CalinfoZ2:
‘Calinfo3:
‘Calinfo4:

‘As Left
‘Calinfob
‘Calinfob

IO settings,

curFile,

“IEEE 10” Or

colData (1),

colData(l),

colData (1),

colData(l),

colData(l),

colData(l),

colData(l),

colData (1),

colData (1),

userParam)

“coMl E 7 1”7

colData (2),

colData (2),

colData (2),

colData (2),

colData (2),

colData (2),

colData (2),

colData(2),

colData (2),

colData (1),

colData (3),

colData (3),

colData (3),

colData (3),

colData (3),

colData (3),

colData (3),

colData (3),

“"RPT range unit mode SN” Like “IH 10342.0 kPa A SN97174”
“(As Received) User PA:0 PM:1 Date:20060106 ZOff:1 ZNatErr:2”
“(As Received) Factory PA:0 PM:1 Date:20060106”

: “(As Left) User PA:0 PM:1 Date:20060106 ZOff:1 ZNatErr:2”
: “(As Left) Factory PA:0 PM:1 Date:20060106 ZOff:1 ZNatErr:2”

trim(gextract (temp,id, id+1,”:”))

trim(qgextract (temp,id-5,1id-4,"”:"))

id = GetVal (UserParam)
Select Case id
Case 1, 2, 3, 4, 5
‘CalinfoZ2:
temp =
temp2 =
Case 6, 7, 8
‘Calinfo3:
temp =
temp2 =
Case 11, 12, 13, 14,
‘Calinfob:
temp =
temp2 =
Case 16, 17, 18
‘Calinfob:
temp =

If instr (temp,”Fact”)
trim(gextract (temp,id-15,1id-14,"”:"))

temp2 =

End If

15
“(As Left) User PA:0 PM:1 Date:20060106 ZOff:1 ZNatErr:2”
colData (curFile) .DUT.CalibrationCoefficient5
trim(gextract (temp,id-10,1id-9,”:"))

<> 0 Then

“(As Received) Factory PA:0 PM:1 Date:20060106"
colData (curFile) .DUT.CalibrationCoefficient3

“(As Left) Factory PA:0 PM:1 Date:20060106”
colData (curFile) .DUT.CalibrationCoefficient5

‘only if it is user cal

colData (1),

colData (1),

colData (4),

colData (4),

colData (4),

colData (4),

colData(4),

colData (4),

colData(4),

“(As Received) User PA:0 PM:1 Date:20060106 ZOff:1 ZNatErr:2”
colData (curFile) .DUT.CalibrationCoefficient?2
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colData (1),

colData(l),

colData(l),

colData (5),

colData (5),

colData (5),

colData (5),

colData (5),

colData(5),

colData (1),

colData (1),

colData(l),

colData (1),

colData (6),

colData (6),

colData (6),

colData (6),

colData (6),
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colData (1),
colData (1),
colData(l),
colData (1),
colData(l),
colDbata(7),
colDbata(7),
colData (7),

colDbata(7),



ReportField Macro Callnfo (continued)

Case 21
‘Calinfob: “(As Left) Factory PA:0 PM:1 Date:20060106"
temp = colData(curFile) .DUT.CalibrationCoefficient5

If instr(temp,”Fact”) = 0 Then
rtv = “User Calibration”
Else

rtv = “Factory Calibration”
End If

CalInfo = rtv
Exit Function

End Select
If temp2 = “” Or left(temp2,5) = “-9999” Then
CalInfo = “N/A”
Else
rtv = gextract(temp2,0,1,” “)
If id = 4 Or id = 5 Or id = 14 Or id = 15 Then ‘'Zoffset, ZNatErr
CalInfo = formatnumber (CDbl (rtv),1)
ElseIf id = 1 Or id = 5 Or id = 11 Or id = 15 Then '‘'PA
CalInfo = formatnumber (CDbl (rtv),1)
ElseIf id = 2 Or id = 6 Or id = 12 Or id = 16 Then ‘'PM
CalInfo = formatnumber (CDbl (rtv), 6)
Else
CalInfo = rtv
End If
End If

End Function

Test Macro CalActivate_PreTest

Function CalActivate PreTest (iT, iL, iC, iP, cTest, cConfig)
Dim Obj

Set Obj = GetObject (“”, “Fluke.CalToolExt.clCalToolExt”)
rtv = Obj.getPretestOption
If rtv = -1 Then

cDebug.LogStatus “User Cancelled on Activation Selection form”

Set Obj = Nothing
cCOMPASS .AbortTest True
Exit Function

End If

cDebug.LogStatus “Option: “ & rtv

If (rtv And 270)<> 0 Then
factCal =1

Else
factCal = 0
End If
cConfig.DUTPrs (1) .SetParamData 1,CDbl (factCal)
cDebug.LogStatus “factCal: “ & cConfig.DUTPrs (1) .GetParamData (1

If (rtv And 271)<> 0 Then
forceStdReg = 1

Else
forceStdReg = 0
End If
cConfig.DUTPrs (1) .SetParamData 2,CDbl (forceStdReq)
cDebug.LogStatus “forceStdReg: “ & cConfig.DUTPrs (1) .GetParamData (2)

If (rtv And 272)<> 0 Then
subRange = 1

Else
subRange = 0
End If
cConfig.DUTPrs (1) .SetParamData 3,CDbl (subRange)
cDebug.LogStatus “subRange: “ & cConfig.DUTPrs (1) .GetParamData (3)

Set Obj = Nothing

End Function
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Test Macro CalActivate

Function CalActivate (iT, iL, iC, iP, cTest, cConfig)
Dim Obj

' Test pressure cycle complete. All pressure points defined in a pressure cycle have been logged.
If cCOMPASS.CurrentTestStep= 1150 And iC = 1 Then ‘only activate at the end of first pressure cycle.
cDebug.LogStatus “At the end of first pressure cycle.”

cDebug.LogStatus “#Data files:” & cCOMPASS.DataCollection.Count

Set Obj GetObject (%, “Fluke.CalToolExt.clCalToolExt”)

factCal = cConfig.DUTPrs (1) .GetParamData (1) ‘set in CalActivate PreTest macro
forceGauge = cConfig.DUTPrs (1) .GetParamData (2)

activateSubRanges = cConfig.DUTPrs (1) .GetParamData (3)

cDebug.LogStatus “Factory call: “ & factCal

cDebug.LogStatus “forceGauge: “ & forceGauge

cDebug.LogStatus “activateSubRanges: “ & activateSubRanges

For i = 1 To cConfig.DUTPrs.Count
If cConfig.DUTPrs (CInt(i)) .DHIDevice Then
cDebug.LogStatus “DUT “ & i & “:” & cConfig.DUTPrs (CInt(i)).RangeMain.GetParent.Label

Obj.Activate2 cCOMPASS.DataCollection (i), factCal, forceGauge, activateSubRanges

model = cConfig.DUTPrs (CInt(i)).RangeMain.GetParent.Model
cDebug.LogStatus “model=" & model
If model = “RPM3” Then '‘need to get the current unit
cmd = Obj.nextWriteCoefsCmd (reply) ‘'first cmd
RPTUnit = cConfig.DUTPrs (CInt(i)).RangeMain.IoSendCommand (CStr (cmd), False)
cDebug.LogStatus cmd & “->” & RPTUnit
End If

‘loop through all the cmds

reply = “”
Do While 1
cmd = Obj.nextWriteCoefsCmd (reply)
cDebug.LogStatus “Cmd: “ & cmd
If cmd = “” Then
Exit Do
Else
lastCmd = cmd
reply = cConfig.DUTPrs (CInt(i)) .RangeMain.IoSendCommand (CStr (cmd),False)
cDebug.LogStatus cmd & “ -> “ & Reply
End If
loop
If model = “RPM3” Then ‘restore the test unit

cmd = replace (lastCmd, “xxx”,RPTUnit)

reply = cConfig.DUTPrs (CInt(i)) .RangeMain.IoSendCommand (CStr (cmd),False)
cDebug.LogStatus cmd & “ -> “ & reply

End If

‘gauge mode to vent and unvent to autoZ

If cTest.TestPrsMeasMode <> 0 Then
cDebug.LogStatus “Gauge mode. vent for autoz”
cConfig.DUTPrs (CInt(i)) .IoSetOutput 1,0,1 ‘vent and wait for ready

cCOMPASS.TimeDelay 5 ‘delay for a while
cConfig.DUTPrs (CInt(i)) .IoSetOutput 1,-1,1 ‘close the vent valve
End If

End If

Next
Set obj = Nothing

End If
End Function
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Appendix

Calculations

Overview

This section describes the mathematical manipula-
tions used by COMPASS for Pressure to determine
new calibration coefficients and predicted “as left”
data. The predicted “as left” data is the result of
applying the new calibration coefficients to the DUT
readings taken during the test, so the predicted “as

FLUKE -

——— Calibration

Determining factory pressure

The first step in determining new calibration
coefficients for a DUT is to determine DUT fac-
tory pressures. DUT factory pressures are the DUT
test readings in the Data File with the DUT “as
received” calibration coefficients (PA, PM) and
ZOFFSET backed out. The exact manipulation
required depends on the RPT measurement mode,
the measurement mode of the calibration and the
state of AutoZ during the calibration.

Table 1 describes the relationship of these

left” data shows what the DUT would have read

if it had already had the new calibration coeffi-
cients. The coefficients used include: PA (Pressure
Adder), PM (Pressure Multiplier), ZOFFSET, ZNATERR
and ATMOFFSET. All coefficients that are pressure
values are expressed in the pressure unit Pascal
(Pa) but are applied mathematically in the current
measurement unit when calculating predicted “as
left” data. For more information on the calibration

variables and the resultant calculations of factory
pressure. Table 2 defines the terms used in the
factory pressure equations.

Note: Not all DUTs support AutoZ. For these DUTSs, assume ZOFFSET

to be 0 and refer to the case with AutoZ turned OFF. molbox1 and
molbox RFM do not support AutoZ.

Note: Gauge mode calibrations may have an independent ZOFFSET
value for each point.

coefficients used by DHI products, see the Calibra- RPT Calibration
tion of Reference Pressure Transducers and AutoZ Measurement | Measurement | AutoZ
Sections of the DUT’s Operation and Maintenance Factory Pressure Equation Mode Mode State
Manual. Py = Ppyr — PA Absolute Absolute OFF
FACT =
Note: Not all supported DUTs utilize the AutoZ capability of multi- PM
ranging products such the RPM3 and PPC2+. For these devices, P...— PA + P, Absolute Absolute ON
: = Lour ZOFFSET
ZNATERR, ZOFFSET and ATMOFFSET are not used or manipulated. In Pracr =
. - o PM
these cases, assume zero in any mathematical description. molbox1
and molbox RFM do not use AutoZ. _ Ppyr + Proppser — PA Absolute Gauge OFF
Pracr = = Poorrser
Note: In the case of the calibration of an absolute RPT (AXXXX) in PM
gauge measurement mode on a DUT that supports AutoZ, ZOFFSET is Ppyr + Prage — PA Absolute Gauge ON
o o : = ik —
no longer a calibration value, it is the current atmospheric tare value Praer = PM Pragg
to simulate gauge operation. For this reason <N/M> (Not Meaningful)
displays in all ZOFFSET fields on the <Data Manipulator> display for Prage = Pyoprser + Pamyorrser
absolute RPTs calibrated in gauge measurement mode. P PA G G OFF
- - - = ~pur — 74 auge auge
Data used for calculations is read directly from the Pracr PM
selected Data File. All data acquired during tests b _ Py PA+ Py Gauge Gauge ON
is simply written to this file without manipula- pacy = P AL

tion regardless of the type of test run. During any
calibration of an absolute RPT in gauge measure-
ment mode, if AutoZ is ON, the values of ZOFFSET
and ATMOFFSET are also recorded for every

“as received” pressure point. Refer to the DUT
Operation and Maintenance Manual for additional
information on products that support AutoZ.

The steps in manipulating any test data and set
of calibration coefficients is as follows: PA
1. Determine factory pressure (see Section 1.2)

for each calibration point: The factory pressure is

Table 1. Factory pressure equations.

Variable | Definition

DUT pressure reading in the unit of pressure in which the test was run.
This value is read directly from the Data File without manipulation.
Calculated raw DUT pressure. This is the value the DUT would output
without the current calibration applied.

“As received” DUT pressure adder converted from Pascal to the
pressure unit in which the test was run.

PDUT

PFACT

T ! " PM “As received” DUT pressure multiplier.
the. pressure rea.d.by the DUT with “as received Prge Temporary storage variable that holds the effective atmospheric
calibration coefficients and AutoZ backed out (PA pressure value for absolute RPTs calibrated in gauge mode.
- O, PM = 1, ZOFFSET = 0). . Pyorrser ZOFFSET value logged for the pressure point for gauge mode
2. Find th? new _PA and PM (?ee Section 1.3) by calibrations of gauge RPTs when AutoZ is ON and for gauge mode
performing a linear regression of the factory calibrations of absolute RPTs.
pressures against the reference pressures. The Puorrser | ATMOFFSET value logged for the pressure point for gauge mode

offset is PA, the slope is PM.

3. Modify AutoZ values (see Section 1.4) depend-
ing on the RPT type and measurement mode.

4. Determine predicted “as left” pressures (see
Section 1.5) by applying the new PA and PM
values to the factory pressures.

calibrations of absolute RPTs. This value is not used in any other
calibration cases and is never used on DUTSs that do not support AutoZ.

Table 2. Definition of Factory Pressure Equation Terms.
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Determining PA and PM

To determine the new pressure adder (PA) and pres-
sure multiplier (PM), a linear regression is performed
on the factory and reference pressures. The regres-
sion results in the lowest value of residual of error
of the DUT factory pressures relative to the reference
pressures. The least squares best fit method is used
for the regression. See the section on PA and PM
coefficients in the DUT Operation and Maintenance
Manual for additional information on PA and PM and
their determination.

Table 3 documents the equations used to calculate
PA and PM depending on the measurement mode in
which the calibration was run. Table 4 defines the
terms used in the PA and PM equations.

Note: When an RPT is zeroed, in gauge measurement mode,

the pressure adder is canceled out. Therefore, the slope must be
determined in such a way as to minimize the impact of the adder
while still correcting the DUT. This is done by forcing the adder to the
average error at zero, then determining the slope based on the adder.
This method of determining the slope and offset is always used for

gauge mode calibrations. For this reason, gauge measurement mode
calibrations must always begin and end with O.

ZNATERR, ZOFFSET Modifications

Note: Not all DUTs support AutoZ. For example, molbox1 and molbox
RFM do not support AutoZ. This section does not apply for these DUTs.
For DUTs that do not support AutoZ, always assume ZOFFSET to be O

and refer to the case with AutoZ turned OFF in calibration calculations.

In many cases DUTSs that support AutoZ require
modification of ZOFFSET and ZNATERR as part of the
calibration. These changes are detailed in Table 5
based on the RPT measurement mode type (AXXXX
or GXXXX) and calibration measurement mode as
well as the state of AutoZ during the test. Under no
circumstances is the value of ATMOFFSET modified.
The new value of ZNATERR is predicted by
performing a second order fit of the predicted “as
left” DUT readings and the reference pressures
and determining the resultant residual (error) at
101.325 kPa.
Note: If the DUT is a PPC2 AF, the value of ZNATERR (called PA(z)
Tare) is not determined by COMPASS for Pressure. With PPC2 AF, the
instruments on-board PA(z)Tare routine must be executed using the

front panel of the pressure controller as part of the activation of new
calibration results.

Predicting “As Left” DUT Results

To predict the “as left” DUT results based on the
new calibration coefficients, the newly calculated
PA and PM values (see Section 1.3) are applied to
the factory pressures (see Section 1.2). This requires
multiplying the factory pressure by PM and adding
PA for each test point. The predicted errors are
determined by comparing the predicated “as left”
pressures to the reference pressures taken during
the test. Table 6 describes the equations used for
this process.

Note: When determining predicted “as left” data for an absolute RPT
calibrated in gauge measurement mode, first the value of ZOFFSET

must be removed, then PA and PM applied, finally the value of
ZOFFSET added back.
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PA AND PM Equations

Calibration Measurement Mode

_ DX Pracy Popp = (% Pracy)(X. Psyyp)
PM Ny, PZcr — (X Prger)?

Absolute (Gauge mode when [Force
Standard Regression] option is

checked.)
PA=ZPFACT_PM ZPSTD
n n
PM = Z (Peycy Psrp) = PAY, Py Gauge

2. Pypp?

PA = (Pracryy — P, STDH2})+(P ractiny — Psrom)

Table 3. PA and PM Equations.

Variable

Definition

PSTD

Reference pressure reading in the unit of pressure in which the
test was run. This value is read directly from the Data File and is
not manipulated. The subscripts 1 and n represent the first and last
pressure points in the data file.

PFACT

Factory pressure which is the DUT reading in the unit of pressure in
which the test was run with the “as received” calibration coefficients
backed out (see Section 1.2). The subscripts 1 and n represent the first
and last points in the data file.

PA

New DUT pressure adder in the pressure unit of test. The value is
then converted to and expressed in Pascal.

PM

New DUT pressure multiplier.

Table 4. Definition of PA and PM Equation Terms.

RPT Calibration ARutoZ State ZOFFSET ZNATERR
Measurement | Measurement Changed To | Changed To
Mode Mode
Absolute Absolute OFF 0 Predicted
(AXXXX) value at
101.325 kPa
Absolute Absolute ON 0 Predicted
(AXXXX) value at
101.325 kPa
Absolute Gauge OFF N/A 0
(AXXXX)
p Absolute Gauge ON N/A 0
(AXXXX)
Gauge Gauge OFF N/A 0
(GXXXX)
Table 5. Changes to ZOFFSET and ZNATERR.
RPT Calibration
Equation To Predict “As Left” DUT | Measurement | Measurement | AutoZ
Pressure Mode Mode State
Absolute Absolute OFF or
Poyr = PeaorPM + PA ( AXX)l(lX) . on
Absolute Gauge OFF
Ppyr = (Pracr + Prorprse)PM + PA — Proppser (AXXXX) g
Ppyr = (Pracr + Pragg)PM + PA — Prape Absolute Gauge ON
PTARE = PZOPPSET + PATMOFFSET (AXXXX)
_ Gauge Gauge OFF or
Ppyr = PpgerPM + PA (GXXXX) ON

Table 6. Predicted “As Left” DUT Results Equations.
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Miscellaneous

A number of other calculations are used in addi-
tion to what are described in the above sections.

These calculations are defined in Table 7 and their

variables identified in Table 8.

Calculation Of

Equation

DUTSpan PDUTSpan = PMax - PMm
DUT Tolerance Pyt = PouzspanTrol
%DUTSpan Error Egpun = (Poyr = Pred 100
pan P, DUTSpan
%Rdg Error Epge = (Ppyr = Pred 100
7 P, Ref
Leak Rate g = Py =P
Leak T

Table 7. Miscellaneous CalTool Equations.

Variable

Definition

PDUTSpan Tt_le_difference between the maximum and
minimum DUT pressures. This value differs
from the DUT full scale pressure only when
the minimum defined pressure is a value
other than O.

Pyrax Maximum DUT pressure.

Pyiin Minimum defined DUT pressure.

Tro1 DUT tolerance specified in the test definition.
Ppyr DUT pressure.

Ppef Reference pressure.

Pstart DUT pressure at the beginning of the leak test.
Prng DUT pressure at the end of the leak test.

T Time duration of the leak test in seconds.

Table 8. Miscellaneous Equation Terms.
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