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Measurement Standards Laboratory

Heli Jarvinen

Configuration

Date June 16, 2010
Item PTU Transmitter
Manufacturer Vaisala Oyj
Model PTU307

Serial number
Instrument number

2610001

The transmitter's configuration and settings were read from the transmitter's memory.

The calibration is valid only with configuration and settings given in table 1.

Table 1. Configuration and settings

Software PTU300/4.02
Serial number C2610001 P1 offset 0
Batch number 2430029 P1 meas per sec 1s
Module 1 AQOUT-1 P1 average 1s
Module 2 BARQO-1 Mtim 512
Ch3 serial num. C2310051 Ta ON
EXT factor 0,03 P1 serial num. C1720020
Filter OFF P1 multi adj. ON
Pressure 1013.25 hPa P1 linear ad]. ON
P comp. ON P1 poly adj. OFF
Fixed P comp. OFF

PRESSURE CALIBRATION

Description

Reference

Uncertainty

The pressure calibration was done in the Measurement Standards Laboratory (MSL)
of Vaisala Oyj on June 8, 2010 by Pekka Puttonen.

Before measurements the transmitter was allowed to stabilize to the conditions of the
laboratory for at least 2 hours with + 15,0 VDC + 0,3 VDC power supply switched on.
Before the calibration the Multi Point Correction (MPC) and Linear Correction (LC) -values
for the transmitter were read from the transmitter's memory.

The pressure readings of the transmitter were compared to the values of the reference
pressure transmitter in the range from 500 to 1100 hPa absolute pressure.

Pressure readings of the transmitter were read with the MPC -corrections ON and

the LC -corrections OFF. The pressure reading P was then calculated using the old LC
-corrections. New LC -corrections were calculated using the least squares method,
input into the memory of the transmitter and the final results were calculated using
these new corrections.

The pressure calibration is valid only with the LC -corrections switched ON.

Pressure values were read via serial port with resolution of 0,01 hPa.

The used pressure transmitting medium was air and/or nitrogen.

DHI PPC3 Pressure Controller/Calibrator, serial number 722, traceable to the National
Institute of Standards and Technology (NIST, USA) via MSL and Centre for Metrology and
Accreditation (MIKES, Finland).

The reported expanded uncertainty of measurement is stated as the standard uncertainty
of measurement multiplied by the coverage factor k = 2, which for a normal distribution
corresponds to a coverage probability of approximately 95 %. The standard uncertainty of
measurement has been determined in accordance with EA Publication EA-4/02.

- The uncertainty is caiculated from the uncertainties caused from the reference
equipment, calibration process and unit under calibration (UUC) including resolution,
stability (short term), linearity, repeatability, hysteresis and rounding of the final results.

- The measurement resuits and uncertainty may be interpolated between measurement
points.

The measurement uncertainty represents the situation atf the time and conditions of

calibration. When using the UUC at different conditions and at different time the effect of

the conditions and stability of the UUC shall be evaluated separately.
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Date June 16, 2010
Item PTU Transmitter
Manufacturer Vaisala Oyj
Measurement Standards Laboratory Model PTU307
Heli Jarvinen Serial number C2610001
Instrument number --
Corrections The MPC and LC -corrections were read from the transmitter's memory.

Table 2. Multi Point Correction -values

MPC -corrections, P1
Reading Correction
[hPa] [hPa]
499,60 -0,08
599,06 - 0,08
698,54 - 0,07
800,93 - 0,06
900,38 - 0,04
999,84 - 0,02
1061,29 - 0,03
1099,33 - 0,04

Table 3. Old Linear Correction -values

Reading LC ~corrections, P1
500 -0,130 [hPa]
1100 - 0,053 [hPa]

Table 4. New Linear Correction -values

Reading LC -corrections, P1

500 -0,194 [hPa]
1100 -0,077 [hPa]
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The reference and the reading values presented in table 5 are averages of ten independent

observations.

Table 5. Measurement results, pressure

With old coefficients

With new coefficients

Reference Reading P Correction Reading P Correction
[hPa] [hPa] [ hPa] [ hPa] [hPa]
1100,01 1100,04 - 0,03 1100,02 -0,01
1050,03 1050,04 - 0,01 1050,02 + 0,01
1000,08 1000,11 -0,03 1000,08 0,00
950,06 950,09 - 0,03 950,06 0,00
850,16 850,20 -0,04 850,16 0,00
750,23 750,28 -0,05 750,23 0,00
650,24 650,29 -0,05 650,23 + 0,01
550,17 550,23 - 0,06 550,17 0,00
500,08 500,14 - 0,06 500,08 0,00
500,01 500,08 -0,07 500,01 0,00
549,97 550,03 -0,06 549,97 0,00
649,93 649,98 - 0,08 649,93 0,00
749,92 749,97 -0,08 749,92 0,00
849,90 849,94 - 0,04 849,90 0,00
949,90 949,93 -0,03 949,90 0,00
999,93 999,96 - 0,03 999,93 0,00
1049,95 1049,96 - 0,01 1049,94 + 0,01
1099,95 1099,98 - 0,03 1099,96 - 0,01

The correction shall be added algebraically to the reading.
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Reading [ hPa ]

[—D—Corrections with old coefficients —@— Corrections with new coefficients

Figure 1. Measurement results
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Final results

Conditions
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The reading value is an average of the readings of the pressure transducer installed in

the transmitter.

Table 6. Final results, pressure

With old coefficients

With new coefficients

Reference Reading P Correction Reading P Correction Uncertainty
[hPa] [ hPa] [ hPa] [hPa] [hPa] [hPa]
1099,98 1100,01 - 0,03 1099,99 -0,01 +0,04
1049,99 1050,00 - 0,01 1049,98 + 0,01 + 0,04
1000,00 1000,03 - 0,03 1000,00 0,00 + 0,04

949,98 950,01 -0,03 949,98 0,00 + 0,04
850,03 850,07 - 0,04 850,03 0,00 + 0,04
750,07 750,12 -0,08 750,07 0,00 + 0,04
650,09 650,14 -0,05 650,09 0,00 + 0,04
550,07 550,13 - 0,06 550,07 0,00 +0,04
500,05 500,12 - 0,07 500,05 0,00 + 0,04

The correction shall be added algebraically to the reading.

[hPa] 0,00 ~

-0,30
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Reading [ hPa ]

—I— Corrections with old coefficients —@— Corrections with new coefficients

Figure 2. Final results

Pressure
Temperature
Humidity

1006,7 hPa £ 0,4 hPa

+230°C+0,3°C
35 %RH + 3 %RH
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Date June 16, 2010
ltem PTU Transmitter
Manufacturer Vaisala Oyj
Measurement Standards Laboratory Model PTU307
Heli Jarvinen Serial number C2610001

Instrument number --

TEMPERATURE CALIBRATION

Description

Reference

Uncertainty

The temperature calibration was done in the Measurement Standards Laboratory (MSL)
of Vaisala Oyj on June 10, 2010 by Pekka Puttonen.

Before measurements the transmitter was allowed to stabilize to the conditions of the
laboratory for at least 2 hours with + 15,0 VDC + 0,3 VDC power supply switched on.

The temperature readings of the transmitter were compared to the values of the reference
thermometer at + 22 °C in a calibration chamber.

Temperature values were read via serial port with resolution of 0,01 °C.

The new correction coefficients were calculated and input into the transmitter's memory.
Temperature values are given according to the International Temperature Scale of 1990,
ITS-90.

Vaisala PTU200 PTU Transmitter, serial number U0350007, traceable to National
Institute of Standards and Technology (NIST, USA) via MSL.

The reported expanded uncertainty of measurement is stated as the standard uncertainty
of measurement multiplied by the coverage factor k = 2, which for a normal distribution
corresponds to a coverage probability of approximately 95 %. The standard uncertainty of
measurement has been determined in accordance with EA Publication EA-4/02.

- The uncertainty is calculated from the uncertainties caused from the reference
equipment, calibration process and unit under calibration (UUC) including resolution,
stability (short term), repeatability, self heating and rounding of the final results.

- The measurement results and uncertainty are representing the measurement point only.

The measurement uncertainty represents the situation at the time and conditions of

calibration. When using the UUC at different conditions and at different time the effect of

the conditions and stability of the UUC shall be evaluated separately.
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Calculations New offset- and gain coefficients were calculated from the measurement results. The

Final temperature results

Conditions

coefficients are presented in table 7. The final results were calculated using equations
1and 2.

T =T offset + T gain - T', where (1
T = Reading without offset- and gain corrections [ °C ]

Ta = Ta offset + Ta gain - Ta', where (2)
Ta' = Reading without offset- and gain corrections [ °C ]

New coefficients were input into the transmitter's memory.

Table 7. Coefficients

Old coefficients New coefficients

T offset + 3,599999900E-02 - 1,200000050E-02 [°C]
T gain 1,000000000E+00 1,000000000E+00

Ta offset + 2,454000000E-02 + 6,000000000E-03 [°C]
Ta gain 1,000000000E+00 1,000000000E+00

The reference and the reading values are averages of ten independent observations. The
standard deviations are included in the calculated uncertainties.

Table 8. Final results, temperature, T

With old coefficients With new coefficients
Reference Reading T Correction Reading T Correction Uncertainty
[°C] [°C] [°C] [°C] [°C] [°C]
+ 22,47 + 22,52 -0,05 +22,47 0,00 + 0,09
The correction shall be added algebraically to the reading.
Table 9. Final results, temperature, Ta
With old coefficients With new coefficients
Reference Reading Ta Correction Reading Ta Correction Uncertainty
[°C] [°C] [°C] [°C] [°C] [°C]
+ 22,47 + 22,49 -0,02 + 22,47 0,00 +0,09
Temperature +233°Czx0,3°C

Humidity

38 %RH = 3 %RH
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Date June 16, 2010
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Measurement Standards Laboratory Model PTU307
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Instrument number --

HUMIDITY CALIBRATION

Description

References

Uncertainty

The humidity calibration was done in the Measurement Standards Laboratory (MSL)
of Vaisala Oyj on June 10, 2010 by Pekka Puttonen.

Before measurements the transmitter was allowed to stabilize to the conditions of the
laboratory for at least 12 hours with + 15,0 VDC + 0,3 VDC power supply switched on.
The humidity readings of the transmitter were compared to the reference humidity
values at room temperature in Salt Solution Generator in the range from 0 to 97 %RH.
The humidity readings were read via serial port with resolution of 0,01 %RH.

The new coefficients RHI_0, RHI_1, RHI_2, RHI_3 and RHI_4 were calculated from the
observed humidity values and input into the transmitter's memory.

Measurements were made in Salt Solution Generator, where the temperature was
+22,79 °C £ 0,03 °C. The 0,1 %RH value was measured in dry nitrogen flow which
temperature was + 22,59 °C = 0,04 °C.

Salt Solution Generator UG 8195, traceability is based on the physical phenomenon in
which the equilibrium relative humidity values associated with certain saturated salt
solutions are known.

The operation principle and values of the Salt Solution Generator are based on Lewis
Greenspan's research /1/ and on the international standard ASTM E 104 - 85 /2/.

The reported expanded uncertainty of measurement is stated as the standard uncertainty
of measurement multiplied by the coverage factor k = 2, which for a normal distribution
corresponds to a coverage probability of approximately 95 %. The standard uncertainty of
measurement has been determined in accordance with EA Publication EA-4/02.

- The uncertainty is calculated from the uncertainties caused from the reference
equipment, calibration process and unit under calibration (UUC) including resolution,
stability (short term), linearity, repeatability, hysteresis and rounding of the final results.

- The measurement results and uncertainty may be interpolated between measurement
points.

The measurement uncertainty represents the situation at the time and conditions of

calibration. When using the UUC at different conditions and at different time the effect of

the conditions and stability of the UUC shall be evaluated separately.
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The new RHI_O to RHI_4 coefficients were calculated from the measurement results

using the least squares method and input into the transmitter's memory.

Complete description of calculations performed is available in the Measurement

Standards Laboratory.

During the measurement only temperature T was recorded and the Ta value was
calculated using temperature measurement results. With this method the exact humidity

readings were calculated with old and new coefficients using equation 3.

RHour = RH - Pye(T) / Pys(Ta), where
RH = Humidity reading with offset- and gain corrections [ %RH ]

Pus(T) = Water vapor saturation pressure at temperature T
Pws(Ta) = Water vapor saturation pressure at temperafure Ta

Table 10. Coefficients, humidity

(3)

Old coefficients New coefficients

RHI_O - 9,799999240E-02 - 2,319999930E-01 [ %RH]

RHI_1 - 3,073335890E-02 - 3,900740620E-02

RHI_2 + 7,576000210E-04 + 5,803000450E-04 [ %RH" ]

RHI_3 - 3,960000040E-06 - 5,500000000E-07 [ %RH'2]

RHI_4 0,000000000E+00 0,000000000E+00 [ %RH™ ]
RH offset 0,000000000E+00 0,000000000E+00 [ %RH]
RH gain 1,000000000E+00 1,000000000E+00
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The measurements were made for ascending and descending humidity values. The
probe was allowed to stabilize to each humidity for 10 minutes before the reference
values were recorded and the humidity and temperature values were recorded ten times.
The humidity values were then calculated using the equation 3 and coefficients given

in table 10. The calculated humidity values in table 11 are averages of these values.

Table 11. Measurement results, humidity

With old coefficients With new coefficients
Reference Reading RHout Correction Reading RHout Correction
[ %RH ] [ %RH ] [ %RH ] [ %RH ] [ %RH ]
0,10 0,12 - 0,02 -0,02 +0,12
11,30 11,54 -0,24 11,27 + 0,03
32,91 33,02 -0,11 32,48 +0,43
53,55 53,45 +0,10 52,79 +0,76
75,37 75,00 + 0,37 74,54 +0,83
84,67 84,04 + 0,63 83,82 +0,85
97,43 96,59 +0,84 96,87 + 0,56
97,43 97,39 + 0,04 97,71 -0,28
84,67 85,94 -1,27 85,78 -1,11
75,37 76,72 -1,35 76,30 -0,93
53,55 54,82 -1,27 54,16 - 0,61
32,91 33,83 - 0,92 33,28 -0,37
11,30 11,92 - 0,62 11,64 -0,34
0,10 0,19 - 0,09 0,05 + 0,05
The correction shall be added algebraically to the reading.
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Figure 3. Measurement results
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Final results The final humidity calibration results are averages of measured values.
Table 12. Final results, humidity
With old coefficients With new coefficients
Reference |Reading RHout| Correction |Reading RHout| Correction | Uncertainty
[ %RH ] [ %RH ] [ %RH] [ %RH ] [ %RH] [ %RH]
0,1 0,2 -01 0,0 + 0,1 +1,2
11,3 11,7 -04 11,6 -0,2 +14
32,9 33,4 -0,5 32,9 0,0 +1,3
53,6 54,2 -0,6 53,5 + 0,1 +1,3
75,4 75,9 -0,5 75,5 -01 +1,3
84,7 85,0 -0,3 84,8 -0,1 +1,5
97,4 97,0 +0,4 97,3 + 0,1 +1,7
The correction shall be added algebraically to the reading.
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—L1— Corrections with old coefficients —®— Corrections with new coefficients
Figure 4. Final results
Conditions Pressure 1012,8 °C £ 0,4 hPa
Temperature +234°Cx03°C
Humidity 37 %RH + 3 %RH
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--NON CONFORMANCE DESCRIPTION FROM CUSTOMER--
calibration
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No faulty found.
--CORRECTIVE ACTION--
Operation tested, adjustments made and unit was calibrated.
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