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ABSTRACT
In the field of pressure measurement, numerous interlaboratory comparisons are carried out among National Metrology Institutes (NMIs) using a pressure transfer standard to verify the degrees of equivalence. Here, the Yokogawa electric company corporation has been producing a series of digital manometers using a silicon resonant sensor developed independently. This sensor demonstrates excellent long-term stability and has thus been adopted as the pressure transfer standard by many NMIs and has been subsequently well received. The pressure transfer standard is known as the resonant silicon gauge (RSG) among NMIs. From December 2016, the National Metrology Institute of Japan (NMIJ), the Advanced Industrial Science and Technology (AIST) institute, and Yokogawa initiated a collaborative research with the aim of improving the characteristics of the RSGs and developing a portable transfer standard using a new silicon resonant sensor. The new RSG was adjusted using a standard device calibrated by either NMIJ or Yokogawa. The measurement values of the standard device were corrected with the calibration results and used as the standard values for adjustment of the new RSG. The linearity of the new RSG adjusted via the proposed method was improved compared with that of a conventional RSG.
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Introduction
The conclusion of the Mutual Recognition Arrangement of the Comité International des Poids et Mesures (CIPM-MRA) has promoted barrier-free trade in the globalised economy. The CIPM-MRA provides for the mutual recognition of the equivalence of national standards, with the equivalence ensured via international comparisons among the National Metrology Institutes (NMIs) [1], [2]. The international comparison is commonly carried out using a transfer standard, which is circulated to the NMIs in each country, with each NMI calibrating the transfer standard in accordance with their own national standards. The calibration results are then compared among the NMIs participating in the international comparison and the equivalence of the national standards is confirmed. In the international comparison of pressure measurement, a pressure balance is mainly used as the transfer standard [3]. However, a pressure balance is large, heavy, and extremely precise, meaning it is not easy to transfer the instrument as the transfer standard from one country to another. As such, the NMIs, including the National Metrology Institute of Japan (NMIJ) and the Advanced Industrial Science and Technology (AIST) institute, took notice of a digital manometer that is smaller, lighter, more portable, and easier to handle than the pressure balance. Since the international comparison usually takes a year or longer, the transfer standard must demonstrate high stability. While the digital manometer provides less stability than the pressure balance, the NMIs have established a method to compensate for this shortfall. Here, the reliability of the transfer standard is ensured via redundancy using multiple digital manometers. The long-term stability of the digital manometer is compensated by correcting the calibration values using the results of long-term stability evaluations [3]. These methods have made it possible to use the digital manometer for the transfer standard, and a number of international comparisons using these transfer standards have already been conducted. 
[bookmark: _GoBack]The digital manometers and pressure sensors developed by the Japanese electric company, Yokogawa, have been used for such transfer standards for international comparisons [4]-[6]. A pressure sensor is a digital manometer without a display and without operation keys. Yokogawa provides NMIs with various pressure sensors, including 1 kPa differential pressure, 10 kPa differential pressure and 100 kPa absolute pressure models under the model name 265381/Z. Meanwhile, the 265381/Z is equipped with Yokogawa's silicon resonant sensor [7]-[9], with this type of manometer known as a resonant silicon gauge (RSG) among the NMIs [10]. Since the NMIs requested that the supply of the RSG be continued, the development of a new RSG has been initiated. The sensor structure of the new RSG is different from that of the conventional RSG, which requires the evaluation of basic performance (linearity, hysteresis, and repeatability). As such, Yokogawa initiated a collaborative research in conjunction with NMIJ/AIST, which involves national standards and precise evaluation techniques, to improve the basic performance and characteristics of the new RSG.
SILICON RESONANT SENSOR
Yokogawa’s digital manometers are equipped with the silicon resonant sensor developed by the company itself [7]-[9], which is regarded as an RSG. This section provides an overview of this silicon resonant sensor.
The diaphragm, resonator and vacuum chamber covering the resonator, which constitute the silicon resonant sensor, are all formed from single crystal silicon using semiconductor processing technology. Two resonators are placed at positions where tension and compressive forces are generated on the diaphragm. The resonators are then excited by a magnetic circuit, while since they are located in the vacuum chamber, any vibration attenuation is suppressed, and a high Q factor can be obtained. When the silicon diaphragm is deformed by the application of pressure, the resonators are distorted and their resonant frequencies change [7]. The frequencies of the two resonators are then detected and the difference is converted into a pressure value. In addition, the RSG output value is corrected using correction factors calculated from the relationship between the applied pressure and the frequencies of the resonators. The silicon resonant sensor has excellent reproducibility and exhibits only slight secular change since its pressure detection part is formed of single crystal silicon [7], which is an elastic material. This characteristic contributes to the achievement of high stability.
[bookmark: _Hlk40271470]
[bookmark: _Ref312437359]Figure 1. Calibration results for the 10-kPa RSG #A from 2014 to 2016.
Figure 1 shows the calibration results of a 10-kPa differential pressure RSG, which was equipped with Yokogawa’s silicon resonant sensor (10-kPa RSG), in relation to the company’s double pressure balances. The range of calibration values over a two-year period was within 0.06 Pa, while the long-term stability required for a transfer standard demonstrated good results. However, inflection points were observed on the calibration curves [11]. The Yokogawa 10-kPa RSG, which has been used as a transfer standard, has the same tendency. The stability and hysteresis, which are crucial elements of the basic performance, are determined by the structure of the sensor in terms of, for example, the detection part of the silicon resonant sensor and the diaphragm of the pressure detector section. Meanwhile, the linearity can be improved using the adjustment method. With all this in mind, we developed a new RSG and worked on the confirmation of the basic performance and the improvement in linearity via adjustment.
COLLABORATIVE RESEARCH WITH NMIJ/AIST
The aim is to develop an RSG that can be used for a transfer standard for international comparison, one that can be continuously supplied. In order to confirm the basic performance of the RSG, development using national standards is necessary. In 2016, Yokogawa initiated a collaborative research alongside the NMIJ and the AIST, which has enabled an evaluation based on national standards.
An RSG corresponding to national standards or an RSG directly calibrated by these standards was used as the standard device for adjustment. The RSG measured value was corrected via a calibration value and was subsequently used as a standard value. Repeated simulations were then conducted using the standard value and the frequency data of the resonators and attempted to optimise the pressure points used for the adjustment. The effect of the adjustment was confirmed by directly comparing the adjusted RSG with the national standards. The development was carried out according to the following procedure:
1. Yokogawa produce an RSG (referred to as RSG #A).
1. Calibrate the RSG #A (the 10 kPa by Yokogawa, the others by NMIJ/AIST).
1. Yokogawa feed back the result of 2), correct the output of RSG #A and use it as the standard device to newly adjust another RSG (referred to as RSG #B).
1. NMIJ/AIST evaluate the RSG #B adjusted in 3) to confirm the effect of the adjustment.
Meanwhile, the following outlines Yokogawa’s procedure for adjusting the RSGs: 
1) [bookmark: _Hlk40254877]Place the RSG to be adjusted in a temperature chamber and the standard device outside the temperature chamber. 
2) Apply pressure from a pressure controller to the RSG and the standard device.
3) Obtain the frequencies of the resonators of the RSG and the pressure measurements of the standard device by changing the temperature and pressure.
4) The coefficients of the approximation formula calculated from the acquired data are written to the internal memory of the RSG as a correction factor.
In this research, multiple RSGs were adjusted at the same time. This is the same method as that used in the manufacturing process for Yokogawa’s digital manometers. Being able to use the existing method to adjust RSGs without requiring a special procedure and without the need for a large amount of time or expenditure is of great benefit to the continuous provision of RSGs.
Figure 2 shows the developed prototype of the 10-kPa RSG. While it has input ports on the front, it features no display or operation keys. The acquisition of the pressure values and of various settings is performed through USB communication with a PC, with a USB port provided on the rear. The external appearance is the same regardless of the pressure range.
[bookmark: _Hlk40270280] [image: ]115 mm

[bookmark: _Ref67401464]Figure 2. Photograph of the prototype 10-kPa RSG.
In this collaborative research, we developed RSGs characterised by a 10 kPa differential pressure, 200 kPa gauge pressure, 1,000 kPa gauge pressure, 3,500 kPa gauge pressure and 130 kPa absolute pressure. The NMIJ/AIST evaluated certain characteristics of the RSGs, including the linearity and stability. The following sections introduce the characteristics of the RSGs as obtained via the evaluations.
resonant silicon gauge CHARACTERISTICS
Calibration results and linearity of the 10-kPa RSG
The 10-kPa RSG #B was adjusted using the 10-kPa RSG #A shown in Figure 1 as the standard device. For the evaluation, calibration was performed via direct comparison with the generated differential pressure using double pressure balances. Ten points of measurement pressure were selected in the range of 1 Pa–10 kPa, while the line pressure was 100 kPa. The 'ABABA’ method [12], [13] was used for the differential pressure generation sequencing, with the measurement performed during the pressure ascending processes. The pressure was ascended five times and measurement was carried out once for each. The average of the measured values was then used as the calibration pressure value.

[bookmark: _Ref67401480]Figure 3. Calibration results for the 10-kPa RSGs #B1 and #B2. The error bars refer to expanded (k = 2) uncertainties.
Figure 3 shows the calibration results of two units of RSG #B. The calibration data shown in the figures hereafter – with the exception of those shown in Figure 8 – were provided by NMIJ/AIST. The two units were calibrated at the same time and the maximum deviation in the NMIJ/AIST pressure standards was 0.07 Pa. The linearity of the RSG #B was greatly improved in comparison to the RSG #A, with the maximum difference between the two units 0.03 Pa. It was confirmed that this　difference could be obtained by simultaneously adjusting multiple RSGs in combination with the pressure controller and standard device. In fact, it is possible to supply RSGs with small variations in characteristics when multiple RSGs are required to improve the reliability of the transfer standard.

[bookmark: _Ref67401503]Figure 4. Linearity deviations from a regression line of the 10-kPa RSGs #B and #C. The RSG #C was adjusted using the RSG #B as the standard.
The RSG #B was adjusted using the RSG #A calibrated by Yokogawa as the standard device. While the RSG #A correlated with the national standards, it lay deep in the attendant hierarchy. Therefore, the RSG #C was adjusted using the RSG #B calibrated in terms of the national standards as the standard device. The calibration results of the RSGs #B and #C obtained using the NMIJ/AIST pressure standards were then compared with the regression lines, and linearity comparisons were made, with the results shown in Figure 4. The RSG #C exhibited further improved linearity compared to the RSG #B.
Short- and long-term stability of the 10-kPa RSG

[bookmark: _Ref67401508]Figure 5. Short-term stability of the 10-kPa RSG #B.
Figure 5 shows each of the measurement results for the five pressure ascending processes, as described in subsection 4.1., which confirmed the short-term stability of the 10-kPa RSG during the calibration process in terms of the repeatability. Even in the measurement results at 10 kPa, which had the largest variation, the standard deviation was only 0.028 Pa, which was 3 ppm or less with respect to the full scale.	Comment by Yamashita, Hideaki (H.Yamashita@jp.yokogawa.com): Thank you for correcting. We agree with you.
Figure 6 shows the results of two calibrations performed 10 months apart to confirm the long-term stability, with the calibration results aligning within 0.04 Pa. It was confirmed that the stability was excellent, both in the short-term and in the long-term, through the evaluation performed by NMIJ/AIST, where the procedure was highly controlled.
Influence of line pressure and temperature of the 10-kPa RSG
While the line pressure of a differential pressure gauge at the time of calibration is usually 100 kPa, the gauge may be used with the line pressure set to vacuum in the international comparison of absolute pressure ranges [5], [10]. In this case, as the line pressure differed from that at the time of calibration by 100 kPa, it was necessary to check the influence of any changes in line pressure in advance [11], [13]. The RSG #B was calibrated with line pressures of 75, 100 and 125 kPa, and the influence per line pressure of 100 kPa was estimated from the calibration results.

[bookmark: _Ref67401516]Figure 6. Long-term stability of the 10-kPa RSG #B.

[bookmark: _Ref67401526]Figure 7. Influence of the line pressure on the calibration results for the 10-kPa RSG #B. Change in calibration results per 100 kPa of line pressure.

[bookmark: _Ref67401487]Figure 8. Influence of temperature variation on output of the 10 kPa RSG #B.
Figure 7 shows the change in calibration results when the line pressure was altered by 100 kPa. A change in the span was observed, with the amount of change in the calibration results 0.6 Pa at 10 kPa. The RSG #B was adjusted such that the zero point was not affected by the line pressure, while the span was not adjusted. There is the possibility that the line pressure dependence of the span can be corrected by changing the line pressure and acquiring specific span data, and then including it in the adjustment parameters. Furthermore, since the characteristics are linear, it may also be possible to make corrections using regression lines. These approaches should be examined in future research.
There exists a transfer standard using a temperature-controlled enclosure to reduce the influence of the ambient temperature [5], [10]. If the temperature characteristics of an RSG that is incorporated in the transfer standard are improved, the influence of the temperature can be minimised with the use of enclosure, while there is also the possibility that the enclosure can be omitted. The correction factor of the RSG #B was calculated using its adjustment parameters that were obtained in the range of −10 °C–50 °C.
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[bookmark: _Ref67401545]Figure 9. Calibration results for the 130-kPa abs RSG (a) #A and (b) #B. The error bars refer to expanded (k = 2) uncertainties.
Figure 8 shows the results of the measurement of the input-output characteristics at certain temperatures carried out by Yokogawa, with deviations from 23 °C. In the range of −10 °C–50 °C, the maximum temperature coefficient was 0.03 Pa/°C. However, while the adjustment range was set to −10 °C–50 °C in this research, there is no such exact temperature range in the international comparison environment [5]. It is believed to be possible to reduce the influence of the temperature by optimising the adjustment temperature range.
Characteristics of other pressure range RSGs
The international comparison of pressure measurement is performed over a wide pressure range [3], [14]. This section reports the characteristics of the 130-kPa absolute pressure RSG (130-kPa abs RSG) and the 3,500-kPa gauge pressure RSG (3,500-kPa RSG), which were developed in view of the expansion of RSGs into ranges other than 10 kPa. An adjustment was made using a pressure controller and a standard device following the procedure used for the 10-kPa RSG, with the RSG #A calibrated by NMIJ/AIST used as the standard device. For the evaluation of the adjusted RSG #B, calibration was performed by direct comparison with the NMIJ/AIST pressure balance. The measurements were carried out in each of three calibration cycles with the pressure both ascending and descending. The average of the measured values was then used as the calibration pressure value.
Figure 9 and Figure 10 show the calibration results for the standard device RSG #A and the adjusted device RSG #B. Here, the deviation from the national standards could be maintained at within 10 ppm of the full scale. Specifically, a large effect was observed in improving the linearity of the 130-kPa abs RSG. This indicates that the method using a standard device calibrated by the national standards for adjustment is effective for RSGs of various pressure ranges.RSG
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[bookmark: _Ref67401553]Figure 10. Calibration results for the 3,500-kPa RSGs #A and #B. The error bars refer to expanded (k = 2) uncertainties.
Figure 11 shows the input-output characteristics in three cycles for the 130-kPa abs RSG #B and the 3,500-kPa RSG #B. Here, the short-term stability was confirmed. The standard deviations of the three measurements for both the RSGs#A and #B were 0.5 and 4.0 Pa, respectively, and the relative value of standard deviation with respect to the full scale was equivalent to that of the 10-kPa RSG. It was also confirmed that the reproducibility of repeated measurements was excellent.	Comment by Yamashita, Hideaki (H.Yamashita@jp.yokogawa.com): 0.5 and 4.0 Pa are standard deviations of 130-kPa abs RSG #B and 3,500-kPa RSG #B instead of RSG #A and RSG #B.
The adjustment method also proved to be effective in all the RSGs, with the exception of as well as the 10-kPa RSG. Therefore, the method was applied to the production of standard devices for the new digital manometer, which was labelled MT300 and features an array of ranges [15].	Comment by Yamashita, Hideaki (H.Yamashita@jp.yokogawa.com): I mean “The adjustment method also proved to be effective in not only 10-kPa RSG but also all the RSGs.”
CONCLUSION
Through the collaborative research carried out in conjunction with NMIJ/AIST, we attempted to improve the characteristics of the RSGs used as the transfer standards for international comparison. The developed RSGs were evaluated by NMIJ/AIST through direct comparison with the national standards. The method through which the standard device was corrected via the calibration value and used for adjustment purposes was adopted to improve the linearity.
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[bookmark: _Ref67401560]Figure 11. Short-term stability of (a) the 130-kPa abs RSG #B and (b) the 3,500-kPa RSG #B.
As described in subsection 4.1., for the 10-kPa RSG, the linearity with respect to the national standards was greatly improved and adjustments with a slight difference between the two units were possible. Meanwhile, in subsection 4.2, the unit’s excellent stability was confirmed in both the short-term and long-term. The performance of the transfer standard is expected to be improved by replacing the conventional RSG with the new RSG. Furthermore, the line pressure and the temperature dependence described in subsection 4.3 can be expected to be improved by optimising the adjustment conditions, an approach that should be examined and evaluated in future research.
As described in subsection 4.4., the adjustment method proved to be effective through the evaluation of the 10-kPa RSG as applied to the RSGs of other ranges. A deviation of within 10 ppm of the full scale pertaining to the national standards was achieved through making adjustments using the standard device directly calibrated in terms of the national standards. We believe it is possible to use RSGs in international comparisons covering a wide pressure range.
The transfer standard using a digital manometer has improved the efficiency of international comparisons related to pressure measurement. The use of digital manometers in the area of international comparisons is expected to increase in the future. As such, digital manometers that are compact and lightweight and which have excellent characteristics will be indispensable, and Yokogawa has the accumulated RSG technology to achieve this. We will continue to contribute to the advancement of pressure measurement in both Japan and overseas through developments that include the characteristics improvement and range expansion of RSGs.
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RSG #B	1	3	10	30	100	300	1000	3000	7000	10000	-1.5752791633705514E-2	-5.500390036585325E-3	-1.0246984446664668E-2	-1.0462968475462787E-2	-4.6689125762562058E-3	-3.008752864237403E-3	3.2451806127828407E-2	4.2133403248016434E-2	-3.0803402511607493E-2	5.8589931686745533E-3	RSG #C	100	300	700	1000	3000	7000	10000	-6.8456546631338682E-4	2.444331339883107E-3	-1.2978750477894152E-3	-6.6045298383381433E-3	4.6844382237178211E-3	7.262374347698719E-3	-5.8041735588587606E-3	Pressure /Pa


Linearity deviation 
from regression line /Pa




1cy.	1	3	10	30	100	300	1000	3000	7000	10000	-2.4899999999999999E-2	4.0000000000000001E-3	1.01E-2	6.6E-3	-4.7999999999999996E-3	1.78E-2	2.2100000000000002E-2	6.2300000000000001E-2	2.3300000000000001E-2	7.7499999999999999E-2	2cy.	1	3	10	30	100	300	1000	3000	7000	10000	5.0000000000000001E-4	-1.06E-2	-1.5800000000000002E-2	-1.17E-2	-6.7999999999999996E-3	-1.34E-2	1.9599999999999999E-2	3.5000000000000003E-2	1.6799999999999999E-2	7.5499999999999998E-2	3cy.	1	3	10	30	100	300	1000	3000	7000	10000	-1.2500000000000001E-2	-3.0000000000000001E-3	1.6000000000000001E-3	-1.3299999999999999E-2	-3.5000000000000001E-3	-1.6400000000000001E-2	-5.7000000000000002E-3	6.5699999999999995E-2	1.29E-2	4.7100000000000003E-2	4cy.	1	3	10	30	100	300	1000	3000	7000	10000	-2.52E-2	-8.5000000000000006E-3	-1.9099999999999999E-2	-1.5699999999999999E-2	-4.1999999999999997E-3	-1.1900000000000001E-2	-4.4000000000000003E-3	7.4700000000000003E-2	4.7E-2	9.7600000000000006E-2	5cy.	1	3	10	30	100	300	1000	3000	7000	10000	-1.46E-2	-1.1900000000000001E-2	-1.01E-2	-8.0999999999999996E-3	6.0000000000000001E-3	-2.1100000000000001E-2	1.23E-2	7.0999999999999994E-2	3.1099999999999999E-2	0.03	Pressure /Pa


(RSG - Standard) /Pa




Mar-17	1	3	10	30	100	300	1000	3000	7000	10000	3.7066339341883746E-3	-7.4612830846874088E-4	-9.6417403206263685E-3	-5.1142248971991931E-3	7.6238488299509302E-4	-3.9312779201736703E-3	1.9389132643550511E-2	5.9003076107728702E-2	3.7239367812617274E-2	8.7679232650771155E-2	Jan-18	1	3	10	30	100	300	1000	3000	7000	10000	-1.5354018998707253E-2	-6.0224813735239024E-3	-6.6490364271491135E-3	-8.4277850734629563E-3	-2.6641630338247067E-3	-9.0277588283242949E-3	8.7851125980932913E-3	6.1735525867061367E-2	2.6210513635305688E-2	6.554591749918473E-2	Pressure /Pa


(RSG - Standard) /Pa




1E-3	3.0000000000000001E-3	0.01	0.03	0.1	0.3	1	3	7	10	-2.6599999999999999E-2	3.6200000000000003E-2	5.3399999999999996E-2	2.3599999999999999E-2	0.15800000000000003	0.44420000000000004	0.59319999999999995	Pressure /kPa

Change in calibration result /(Pa/100 kPa)


-10 °C	0	2	4	6	8	10	-0.1335611245000001	-8.9150000000870477E-2	-0.15879999999990346	-8.7650000000216721E-2	-0.11939999999910356	4.5800000000539853E-2	6 °C	0	2	4	6	8	10	-0.37081845600000007	-0.24660000000076288	-0.41990000000025063	-0.23624999999949381	-0.28849999999991383	-0.12539999999816587	23 °C	0	2	4	6	8	10	0	0	0	0	0	0	37 °C	0	2	4	6	8	10	9.4586731499999965E-2	6.5949999999759257E-2	-9.1300000000682502E-2	9.9499999981489395E-3	-4.1599999999419879E-2	6.7300000001324634E-2	50 °C	0	2	4	6	8	10	1.8760004449999979E-2	4.0799999999396874E-2	-0.13365000000176153	4.6199999998997043E-2	-3.5650000000941873E-2	6.1949999999200145E-2	Pressure /kPa

Deviation from 23 °C /Pa



Ascend.	0	10	20	30	40	50	60	70	80	90	100	110	120	130	-0.13546666666666665	0.29550000000000004	0.65529999999999999	1.1498666666666668	1.3891666666666669	1.4092333333333336	0.92206666666666681	-4.9033333333333352E-2	-1.7278333333333336	-3.9796999999999998	-6.5319666666666665	-8.5711666666666684	-8.5133333333333336	-3.7217333333333329	Descend.	0	10	20	30	40	50	60	70	80	90	100	110	120	130	-0.29186666666666661	1.0134000000000001	0.29053333333333337	0.62416666666666665	0.98586666666666678	1.0016333333333334	0.58150000000000002	-0.36819999999999992	-2.1133000000000002	-4.3534999999999995	-6.9689000000000005	-8.974000000000002	-8.8973000000000013	-3.9428999999999998	Calib. curve	3.5	3.5	3.5	3.5	3.5	3.6	3.7	3.8	3.9	4	4.2	4.3	4.5	3.5	3.5	3.5	3.5	3.5	3.6	3.7	3.8	3.9	4	4.2	4.3	4.5	0	10	20	30	40	50	60	70	80	90	100	110	120	130	-0.21366666666666662	0.65445000000000009	0.47291666666666665	0.88701666666666679	1.1875166666666668	1.2054333333333336	0.75178333333333347	-0.20861666666666664	-1.9205666666666668	-4.1665999999999999	-6.7504333333333335	-8.7725833333333352	-8.7053166666666684	-3.8323166666666664	Pressure /kPa

(RSG - Standard) /Pa


Ascend.	0	10	20	30	40	50	60	70	80	90	100	110	120	130	7.8000000000000028E-2	-0.12799999999999997	0.12900000000000003	0.37633333333333335	0.30599999999999999	1.0000000000000028E-2	6.2666666666666662E-2	-0.15466666666666665	-8.166666666666661E-2	-6.4666666666666636E-2	-0.26333333333333331	-0.34433333333333332	-0.45566666666666666	-1.1316666666666666	Descend.	0	10	20	30	40	50	60	70	80	90	100	110	120	130	-0.32433333333333331	-0.70533333333333326	-0.3876666666666666	-0.28399999999999997	-0.32233333333333331	-0.53333333333333333	-0.54133333333333322	-0.71299999999999997	-0.65333333333333321	-0.54633333333333323	-0.73466666666666658	-0.81799999999999995	-0.81066666666666654	-1.3516666666666666	Calib. curve	3.5	3.5	3.5	3.5	3.5	3.6	3.7	3.8	3.9	4	4.2	4.3	4.5	3.5	3.5	3.5	3.5	3.5	3.6	3.7	3.8	3.9	4	4.2	4.3	4.5	0	10	20	30	40	50	60	70	80	90	100	110	120	130	-0.12316666666666665	-0.41666666666666663	-0.1293333333333333	4.6166666666666689E-2	-8.1666666666666554E-3	-0.26166666666666666	-0.23933333333333329	-0.43383333333333329	-0.36749999999999994	-0.30549999999999994	-0.49899999999999994	-0.58116666666666661	-0.63316666666666666	-1.2416666666666667	Pressure /kPa

(RSG - Standard) /Pa


昇圧平均	0	300	500	1000	1500	2000	2500	3000	3500	-1.1399999999999999	-11.333333333333334	-10.68	-12.793333333333335	-29.283333333333331	-43.87	-44.686666666666667	-51.553333333333335	-76.713333333333324	降圧平均	0	300	500	1000	1500	2000	2500	3000	3500	-15.366666666666665	-28.39	-28.789999999999996	-31.663333333333338	-47.569999999999993	-62.25	-61.646666666666668	-67.236666666666665	-86.87	校正曲線	0	300	500	1000	1500	2000	2500	3000	3500	-8.2533333333333321	-19.861666666666668	-19.734999999999999	-22.228333333333335	-38.426666666666662	-53.06	-53.166666666666671	-59.394999999999996	-81.791666666666657	昇圧平均	0	300	500	1000	1500	2000	2500	3000	3500	-1.1666666666666667	3.2666666666666671	5.3	1.4666666666666666	-6.6666666666666638E-2	-5.2	-7.8	-11.700000000000001	-18.233333333333331	降圧平均	0	300	500	1000	1500	2000	2500	3000	3500	-15.666666666666666	-12.766666666666667	-12.133333333333333	-15.166666666666666	-16.866666666666667	-21.266666666666669	-23.933333333333334	-26.2	-30.033333333333331	校正曲線	55	55	60	70	80	90	100	110	55	55	60	70	80	90	100	110	0	300	500	1000	1500	2000	2500	3000	3500	-8.4166666666666661	-4.75	-3.4166666666666665	-6.85	-8.4666666666666668	-13.233333333333334	-15.866666666666667	-18.95	-24.133333333333333	Pressure /kPa

(RSG - Standard) /Pa


1cy_昇圧	0	10	20	30	40	50	60	70	80	90	100	110	120	130	0	-0.26799999999999996	1.6000000000000011E-2	0.27500000000000002	0.12300000000000001	-0.12599999999999997	-0.114	-0.28699999999999998	-0.14299999999999996	-0.20599999999999996	-0.373	-0.53199999999999992	-0.60099999999999998	-1.2529999999999999	1cy_降圧	0	10	20	30	40	50	60	70	80	90	100	110	120	130	-0.30299999999999994	-0.82499999999999996	-0.46899999999999997	-0.32999999999999996	-0.33899999999999997	-0.6349999999999999	-0.65799999999999992	-0.72799999999999987	-0.77100000000000002	-0.49799999999999994	-0.79199999999999993	-0.83899999999999986	-0.99399999999999988	-1.411	2cy_昇圧	0	10	20	30	40	50	60	70	80	90	100	110	120	130	0.25200000000000006	5.0000000000000131E-3	0.38300000000000006	0.52700000000000002	0.55900000000000005	0.11200000000000002	0.22800000000000001	-0.11000000000000001	-3.0999999999999941E-2	-4.7000000000000007E-2	-0.21499999999999997	-0.23399999999999999	-0.42099999999999999	-1.0679999999999998	2cy_降圧	0	10	20	30	40	50	60	70	80	90	100	110	120	130	-0.29099999999999998	-0.57899999999999985	-0.41399999999999992	-0.32999999999999996	-0.46799999999999992	-0.59799999999999998	-0.5279999999999998	-0.78499999999999992	-0.66199999999999981	-0.62199999999999989	-0.78699999999999992	-0.86899999999999999	-0.72799999999999987	-1.2569999999999999	3cy_昇圧	0	10	20	30	40	50	60	70	80	90	100	110	120	130	-1.799999999999995E-2	-0.12099999999999995	-1.1999999999999966E-2	0.32700000000000001	0.23600000000000002	4.4000000000000039E-2	7.400000000000001E-2	-6.6999999999999948E-2	-7.0999999999999938E-2	5.9000000000000025E-2	-0.20199999999999999	-0.2669999999999999	-0.34499999999999997	-1.0739999999999998	3cy_降圧	0	10	20	30	40	50	60	70	80	90	100	110	120	130	-0.37899999999999995	-0.71199999999999997	-0.28000000000000003	-0.19199999999999995	-0.15999999999999992	-0.36699999999999999	-0.43799999999999994	-0.62599999999999978	-0.52699999999999991	-0.51899999999999991	-0.62499999999999989	-0.74599999999999989	-0.71	-1.387	Pressure /kPa

(RSG - Standard) /Pa


1cy. Ascend.	0	300	500	1000	1500	2000	2500	3000	3500	0	3.6000000000000005	6.3	3.4	1.2000000000000002	-3.5	-6.4	-10.4	-15.2	1cy. Descend.	0	300	500	1000	1500	2000	2500	3000	3500	-15.600000000000001	-12.5	-12	-15.100000000000001	-16.8	-21.3	-22.7	-26.099999999999998	-29.4	2cy. Ascend.	0	300	500	1000	1500	2000	2500	3000	3500	-1	1.4000000000000001	5.3	-0.10000000000000005	-1.3	-6.5000000000000009	-9.7999999999999989	-13.700000000000001	-21.099999999999998	2cy. Descend.	0	300	500	1000	1500	2000	2500	3000	3500	-16.7	-13.600000000000001	-13.5	-16.8	-18.399999999999999	-24.1	-27	-29.8	-34.300000000000004	3cy. Ascend.	0	300	500	1000	1500	2000	2500	3000	3500	-2.5	4.8	4.3	1.0999999999999999	-0.10000000000000005	-5.6	-7.2000000000000011	-11.000000000000002	-18.399999999999999	3cy. Descend.	0	300	500	1000	1500	2000	2500	3000	3500	-14.7	-12.200000000000001	-10.9	-13.600000000000001	-15.4	-18.399999999999999	-22.099999999999998	-22.7	-26.4	Pressure /kPa

(RSG - Standard) /Pa
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