
MT300 디지털 압력계 개발을 위한 선형성 (Linearity) 개선 및 동시 측정 (Synchronous Measurement) 기술

Yokogawa Technical Report Korea Edition Vol.63 No.2 (2020)

MT300 디지털 압력계 개발을 위한 선형성 
(Linearity) 개선 및 동시 측정 (Synchronous 
Measurement) 기술

쿠리하라 히로노리 (Hironori Kurihara)*1    야마시타 히데아키 (Hideaki Yamashita)*1

실리콘 공진센서 (resonant sensor)가 장착된  Yokogawa의 MT 시리즈 디지털 압력계

(manometers)는 장기적 안정성이 우수하며 제조, 연구개발 및 교정 (calibration)을 위해 다양한 산

업에서 널리 사용됩니다. MT 시리즈 디지털 압력계는 국가 측정 기관에서 국가 압력 표준의 국제 

비교를 위한 전송 표준 (transfer standard)으로 채택했습니다. 그러나 여전히 선형성 (linearity)을 개

선해야 할 여지가 있습니다. Yokogawa는 일본 국립 계측 연구소 (National Metrology Institute of 

Japan), 국립 첨단 산업 과학 및 기술 연구소 (National Institute of Advanced Industrial Science and 

Technology: NMIJ/AIST)와의 공동 연구를 통해 새로운 조정 방법을 개발하여 새로운 MT300 디

지털 압력계에 반영했습니다. 본 문서에서는 새로운 조정 방법과 NMIJ/AIST에서 얻은 평가 결과 

및 이 방법에 사용된 동시 측정 기술 (synchronous measurement technology)에 대해 설명합니다.

도입

디지털 압력계는 가볍고 휴대가 간편하며 사용하기 쉽기 때문

에 일반적으로 압력 표준으로 사용되는 분동식 압력계 (dead-

weight piston gauges)보다 편리합니다. 디지털 압력계는 점점 더 정

밀함이 요구되는 대상기기 (target instruments)를 처리하기 위해 그 

정확도가 계속 향상되어 왔습니다.

현재 다양한 산업에서 디지털 압력계는 압력 표준으로 사용됩니

다(1). 대상 기기(target instruments)가 더욱 정밀해지고 시스템 자동

화가 진행됨에 따라 디지털 압력계가 더 널리 사용될 것으로 예상되

고 있어 정확성과 유용성은 더욱 향상되어야 합니다.

2019년 9월, Yokogawa 계측기(Yokogawa Test  & 

Measurement Corporation)는 MT210/220의 후속 제품으로 MT300 

시리즈 디지털 압력계 (게이지 압력 모델: 4 종, 절대 압력 모델: 1 

종, 차압 모델: 4 종)를 출시했습니다. 2020년 4월, 회사는 게이지 압

력 모델과 절대 압력 모델에 각각 두 개의 고압 레인지를 추가했습니

다. 그림1은 MT300의 외관을 보여줍니다. 실리콘 공진센서(2)는 이전 

모델과 동일한 뛰어난 안정성을 제공하는 동시에 더 높은 정확도와 

기능을 제공합니다.

*1 ‌�Yokogawa계측기 (Yokogawa Test & Measurement Corporation) 기술 개발 부

문 엔지니어링 3부
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Yokogawa’s MT series digital manometers equipped with a silicon resonant 
sensor have excellent long-term stability and are widely used in various industries for 
manufacturing, research and development, and calibration. An MT series digital manometer 
was selected by national metrology institutes as a transfer standard for the international 
comparison of national pressure standards. However, there is still room for improving 
linearity. Yokogawa thus developed a new adjustment method through collaborative research 
with the National Metrology Institute of Japan, National Institute of Advanced Industrial 
Science and Technology (NMIJ/AIST) and incorporated it into the new MT300 digital 
manometer. This paper describes this adjustment method, evaluation results obtained from 
NMIJ/AIST, and a synchronous measurement technology used in this method.

INTRODUCTION

Digital manometers are lightweight, portable, and easy to 
use, and thus more convenient than pressure balances 

(dead-weight piston gauges) that are conventionally used as 
pressure standards. The accuracy of digital manometers has 
been improving to handle increasingly sophisticated target 
instruments, and they are now used as pressure standards in a 
wide range of industries(1). As target instruments become more 
sophisticated and automation of systems progresses, digital 
manometers are expected to be used more widely and so their 
accuracy and usability need to be improved.

In September 2019, Yokogawa Test & Measurement 
Corporation released the MT300 series digital manometers 
(gauge pressure model: 4 ranges, absolute pressure model: 

1 range, differential pressure model: 4 ranges) as successors to 
the MT210/220. In April 2020, the company added two high-
pressure ranges to the gauge pressure model and absolute 
pressure model, respectively. Figure 1 shows the external 
view of the MT300. Its silicon resonant sensor (2) has the same 
excellent long-term stability as the previous models while 
offering higher accuracy and functionality.

Figure 1 MT300 digital manometer 
Left: 1 kPa range differential pressure model 

Right: 200 kPa range gauge pressure model (24 V DC 
output, with DCV/DCA measurement option) 

*1  Engineering Department III, Technology Development Division, 
Yokogawa Test & Measurement Corporation
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그림1 MT300 디지털 압력계

왼쪽: 1kPa 범위 차압 모델

오른쪽: 200kPa 범위 게이지 압력 모델 (24V DC 출력, DCV/

DCA 측정 옵션 포함)
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MT300의 개발 정책

MT 시리즈의 주요 사용자는 교정기관 (calibration institutions), 

압력기기 제조업체 (압력 센서, 압력계, 압력 컨트롤러 등) 및 가전제

품 제조업체입니다. 실험실의 주요 용도 외에도 MT300은 배터리 구

동 및 루프 전류 측정 기능으로 인해 IA 유지보수 시장에서 수요가 많

습니다. 이러한 응용 분야를 충족하기 위해 디지털 압력계의 사양은 

높은 정확도를 보증하며 기능은 더욱 확장되고 있습니다.

• 다양한 측정레인지 (높은 압력 측정)

• 넓은 운용범위 (대상 기기의 정격을 초과하는 압력 측정)

• 최신 통신 인터페이스 (시스템 자동화에 대응)

• 긴 교정주기 (운영 비용 절감)

• 높은 디스플레이 해상도 

• 대기압 변동과 같은 변동성에 덜 민감함

이러한 요구 사항을 충족하기 위해 게이지 압력 모델 (gauge 

pressure model)에 16MPa 및 70MPa의 두 가지 레인지를 추가하

였으며, 절대 압력 모델 (absolute pressure model)에는 700kPa 및 

3500kPa를 추가했습니다. 게이지 압력 모델에서 130, 700, 3000 kPa

의 레인지는 각각 200, 1000, 3500 kPa로 확장되었습니다.

PC를 포함한 시스템의 자동화에 대응하기 위하여 MT300의 통

신 인터페이스에는 GPIB, USB 및 이더넷이 표준으로 포함되어 있습

니다.

일본 국립 계측 연구소, 국립 첨단 산업 과학 및 기술 연구소 

(NMIJ/AIST)와 공동 연구로 기존 모델의 장기 안정성을 계승하면

서 MT300의 정확도 보증 기간은 6개월에서 12개월로 늘어났습니다. 

JCSS (Japan Calibration Service System)와 같은 ISO/IEC17025 기반 

교정에 대한 시장 수요 증가에 대응하여 높은 디스플레이 해상도 옵

션을 추가했습니다.

또한 다점 및 저압 측정에 효과적인 동시 측정 기능 

(synchronous measurement function)(3)이 추가되었습니다. 이 기능

은 조정 기술에도 사용되며 제조 공정 자동화에 없어서는 안 될 기능

입니다.

다음 섹션에서는 더 높은 정확도를 위한 선형성 향상과 동시 측

정 기능의 세부내용을 설명합니다.

선형성 (LINEARITY) 향상

기존 모델의 특징

그림2는 2014년 10월부터 2016년 11월까지 2년 동안 MT210 

(차압 범위: 10kPa)의 교정 결과를 보여줍니다. 최대 변동은 0.06Pa

로 우수한 장기 안정성을 보여줍니다. 그러나 비선형성은 4kPa 이

상에서 확연히 나타나며 표준 편차는 8kPa에서 -0.8Pa였습니다. 

NMIJ/AIST가 보유한 MT210에서도 동일한 특성이 보고되었습니

다(4).

그림2와 같은 교정 곡선이 있는 디지털 압력계를 가정합니다. 

교정 값으로 저차 보간 공식 (low-order interpolation formula)을 

계산하고 압력계 표시를 수정하는데 사용하면 실제 값과 계산된 값

의 차이가 너무 커서 불확실성은 개선되지 않습니다. 고차 보간 공식 

(high-order interpolation formula)의 경우 보정 포인트와 보정 포인

트 수를 최적화하려면 반복 측정을 해야 합니다. 선형성의 향상은 이

러한 문제를 해결하므로 사용자에게 유익합니다.

실리콘 공진센서의 구조는 압력 센서의 장기 안정성과 자기이력

현상 (hysteresis)에 큰 영향을 주지만 보정 계수를 최적화하여 선형성

을 조정할 수 있습니다. 따라서 전달 표준 (transfer standards) 개발을 

위한 NMIJ/AIST와의 공동 연구에서 보정 계수를 계산하는 방법을 

수정하여 압력 센서의 프로토타입 (prototype: 시제품 모형)을 제작

했습니다.

NMIJ/AIST에서 수행한 보정은 좋은 특성을 보여주었습니다. 

이 공동 연구의 내용과 압력 센서의 특성은 다음과 같습니다.

NMIJ /AIST와의 공동 연구

디스플레이 및 작동 키가 없는 압력 측정에 특화된 소형 디지털 

압력계가 있습니다. 우리는 이러한 압력계를 “압력 센서”라고 부르

며 MT300과 같은 디지털 압력계와 구별합니다. 이전 모델 265381/

Z는 NIST (National Institute of Standards and Technology: 국립 표

준기술연구소)와 같은 국립 계측 기관을 위해 제조된 일종의 압력 센

서입니다. 265381/Z는 국가 압력 표준(5)(6)의 국제 비교를 위한 표준

으로 사용되었으며, 지속적으로 재발매 요청을 받아오고 있었습니다. 

이에 우리는 2016년 NMIJ/AIST와 공동 연구 프로젝트를 시작하여 

국제 비교를 위한 전달 표준 (transfer standard)으로 지속적으로 공급

할 수 있는 압력 센서를 개발했습니다. 우리는 압력 센서를 조정했고 

NMIJ/AIST는 자체 압력 표준에 대해 평가했습니다(7).

그림3은 공동 연구를 위해 개발된 프로토 타입의 외관입니다. 

265381/Z를 기반으로 설계된 이 압력 센서는 PC와의 통신 및 전원 

공급을 위해 전면에 입력 포트와 후면에 USB 포트가 장착되어 있습

니다. 다양한 설정 및 압력 값 취득은 PC에서 수행됩니다. 이전 모델

과 마찬가지로 센서에는 두 개의 주요 부품이 있습니다. 하나는 센서 

캡슐과 두 개의 플랜지의 어셈블리이고 다른 하나는 신호 처리 및 통

신용 보드입니다. 실리콘 공진센서가 센서 캡슐에 장착되어 있습니

다. 특성을 개선하기 위해 센서 캡슐은 레인지별로 크기가 다른 다이

어프램과 함께 제공됩니다.
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DEVELOPMENT POLICY OF MT300

The main users of the MT ser ies are cal ibrat ion 
institutions, manufacturers of pressure instruments (pressure 
sensors, manometers, pressure controllers, and so on), and 
consumer electronics manufacturers. In addition to the main 
usage for laboratories, the MT300 is in demand in the IA 
maintenance market because of its battery operation and loop 
current measurement capability. To satisfy these applications, 
the specifications and functions of digital manometers are 
becoming more demanding in addition to higher accuracy.

 • More ranges (to measure higher pressures)
 • Wider range (to measure pressures exceeding the rating of 

target instruments)
 • Newer communication interface (to respond to automation 

of systems)
 • Longer calibration cycle (to reduce running costs)
 • Higher display resolution (to reduce uncer tainty in 

calibration)
 • Less susceptible to disturbances such as f luctuations of 

atmospheric pressure (for multi-point and low-pressure 
measurements)

To meet these requirements, two ranges of 16 MPa and 70 
MPa were added to the gauge pressure model and 700 kPa and 
3500 kPa to the absolute pressure model. In the gauge pressure 
model, the ranges of 130, 700, and 3000 kPa were extended to 
200, 1000, and 3500 kPa, respectively.

In response to the increasing automation of systems 
including PCs, the communication interfaces of the MT300 
include GPIB, USB, and Ethernet as standard, enabling add-
on applications to systems.

While inheriting the long-term stability of the previous 
models, the accuracy guarantee period of the MT300 has been 
doubled from 6 months to 12 months based on the accumulated 
data of the previous models, the performance evaluation 
during the development process, and the aging evaluation in 
collaborative research with the National Metrology Institute of 
Japan, National Institute of Advanced Industrial Science and 
Technology (NMIJ/AIST).

In response to the increasing market demand for 
calibration based on ISO/IEC17025 such as Japan Calibration 
Service System (JCSS), we added the option of high display 
resolution to reduce uncertainty.

In addition, the synchronous measurement function(3), 
which is ef fect ive for mult i-point and low-pressu re 
measurements, has been added. This function is also used in 
adjustment technology and is indispensable for automating 
manufacturing processes.

The following sections introduce the improvement 
of linearity for higher accuracy and the details of the 
synchronous measurement function.

IMPROVEMENT OF LINEARITY

Characteristics of Previous Models
Figure 2 shows the calibration results of the MT210 

(differential pressure range: 10 kPa) over the two years from 

October 2014 to November 2016. The maximum variation 
was 0.06 Pa, showing excellent long-term stability. However, 
nonlinearity became apparent above 4 kPa, and the deviation 
from the standard was −0.8 Pa at 8 kPa. The same characteristics 
were reported with the MT210 owned by NMIJ/AIST(4).

Suppose a digital manometer with a calibration curve as 
shown in Figure 2. When a low-order interpolation formula 
is calculated from the calibration values and is used to correct 
the indications of the manometer, the difference between the 
actual and calculated values is so large that the uncertainty 
is not improved. For a high-order interpolation formula, 
measurements must be repeated to optimize the calibration 
points and the number of calibration points. The improvement 
of linearity solves these problems and thus is beneficial to 
users.

Figure 2 Calibration results and long-term stability of the 
MT210 (differential pressure range: 10 kPa) 

Although the structure of the silicon resonant sensor 
greatly affects the long-term stability and hysteresis of 
pressure sensors, the linearity can be adjusted by optimizing 
the correction coefficient. Therefore, in collaborative research 
with NMIJ/AIST for developing transfer standards, we 
revised a method for calculating correction coefficients in 
the adjustment process and prototyped a pressure sensor. 
The calibration performed by NMIJ/AIST showed good 
characteristics. The contents of this collaborative research and 
the characteristics of the pressure sensor are described below.

Collaborative Research with NMIJ/AIST
There are compact digital manometers without a display and 

operation keys, specialized for pressure measurement. We call 
such manometers “pressure sensors” and distinguish them from 
other digital manometers such as the MT300. Our previous model, 
the 265381/Z, is a kind of such pressure sensors, manufactured 
for national metrology institutes such as the National Institute 
of Standards and Technology (NIST). The 265381/Z was used 
as a transfer standard for international comparisons of national 
pressure standards(5)(6), and we still receive requests for its re-
release. Thus, we started a collaborative research project with 
NMIJ/AIST in 2016, to develop a pressure sensor that can be 
supplied continuously as a transfer standard for international 
comparisons. We adjusted the pressure sensors and NMIJ/AIST 
evaluated them against its own pressure standards(7).
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압력센서 조정 방법

조정 방법에 대한 두 가지 요구 사항을 적용하였습니다. 여러 압

력 센서의 자동 및 동시 조정과 MT300에 대한 적용 가능성입니다.

압력 값을 결정하기 위해 압력 센서는 실리콘 공진센서의 오실

레이터 주파수 함수 수식 (expression)을 사용합니다. 보정 계수는 이 

수식에 적용되어 압력 센서의 특성을 반영합니다. 조정 과정에서 대

상 압력 센서에 압력을 가하여, 오실레이터 주파수의 값을 수식으로 

대체하여 보정 계수는 수식의 결과 값이 적용된 압력의 값과 일치하

도록 결정됩니다. 이전 조정 방법에서는 비선형 특성이 있는 표준을 

사용하여 보정 계수를 계산하여 대상 센서의 비선형 특성을 얻었습

니다. 공동 연구에서는 NMIJ/AIST 또는 Yokogawa에서 보정한 표

준을 사용하고 보정 값으로 측정 값을 수정하여 보정 계수를 결정했

습니다.

우리는 이 방법이 NMIJ/AIST 압력 표준에서 더 적은 편차로 우

수한 선형성을 제공할 것으로 기대했습니다.

조정 과정에서 여러 개의 압력 센서를 자동 온도 조절 챔버에 배

치하고 온도를 변경하면서 압력 컨트롤러에서 동시에 다른 압력을 

가하고 압력 센서의 진동 주파수를 측정했습니다. 적용된 압력은 자

동 온도 조절 챔버 외부에 배치된 표준에 의해 측정되었습니다. 표준

의 보정 값으로 보정 된 측정 값은 압력 센서의 보정 계수를 결정하는

데 사용되었습니다.

적용된 압력의 미세한 변동은 불가피하지만 표준, 센서1, 센서2 

등에서 데이터를 순차적으로 수집할 때 (즉, 동시에 수집하는 것이 아

님) 센서 조정에는 큰 영향을 미칩니다. 이 문제를 해결하기 위해 나

중에 설명할 동시 측정(synchronous measurement)을 채택했습니다.

선형성은 보정 계수를 결정하는 데 사용되는 압력 포인트의 조

합에 의한 영향을 받습니다. 따라서 우리는 다양한 압력 포인트 조합, 

계산된 보정 계수 및 압력 값, 각 사례에 대한 반복 시뮬레이션으로 

여러 조건을 설정하고 최상의 선형성을 가진 조합을 결정했습니다.

결과는 MT300의 센서 조정에도 사용되었습니다.

프로토타입 압력 센서의 특성

이 섹션에서는 압력 센서에 대해 NMIJ/AIST가 수행한 교정 결

과를 설명합니다. 그림4~6은 압력 센서를 NMIJ/AIST의 압력 표준

과 비교한 결과를 보여줍니다. 그래프의 오차는 보정의 불확실성을 

나타냅니다 (k = 2).

그림4는 2개의 압력센서 (차압 범위: 10kPa)의 교정 결과를 보

여줍니다. NMIJ/AIST 압력 표준의 최대 편차는 0.07Pa였습니다. 이 

결과를 이 압력 센서의 조정 표준으로 사용한 MT210의 교정 결과

와 비교한 결과 (그림2 참조) 선형성이 크게 향상된 것으로 나타났습

니다. 또한 두 장치의 보정 결과 간의 최대 차이는 0.03Pa였습니다. 

10kPa 범위에서 “압력센서 조정 방법” 섹션에 설명된 조정 방법은 선

형성을 효과적으로 개선하여 개별 장치 간의 차이를 매우 낮은 수준

으로 달성했습니다.

이 조정 방법을 다른 압력 범위에 적용했습니다. 그림5는 

NMIJ/AIST가 두 개의 압력센서(절대 압력 범위: 130kPa)에서 수행

한 교정 결과를 보여주며, 이는 다른 방법으로 조정되었습니다.
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Figure 3 External view of the prototype pressure sensor 
(differential pressure range: 10 kPa) 

Figure 3 shows an external view of the prototype 
developed for the collaborative research. Designed based on 
the 265381/Z, this pressure sensor is equipped with input ports 
on the front and a USB port on the back for communication 
with a PC and for power supply. Various settings and pressure 
value acquisition are performed on the PC. Just like previous 
models, the sensor has two main parts: one is an assembly 
of a sensor capsule and two flanges, and the other is a board 
for signal processing and communication. A silicon resonant 
sensor is mounted in the sensor capsule. To improve the 
characteristics, sensor capsules come with different diaphragm 
sizes for each range, except for some models.

How to Adjust Pressure Sensors
We set two requirements for the adjustment method: 

automatic and simultaneous adjustment of multiple pressure 
sensors and applicability to the MT300.

To determine pressure values, the pressure sensor uses an 
expression that is a function of the oscillator frequency of the 
silicon resonant sensor. The correction coefficient is another 
element of the expression and reflects the characteristics of 
the pressure sensor. In the adjustment process, pressure is 
applied to the target pressure sensor, the value of the oscillator 
frequency is substituted in the expression, and the correction 
coefficient is determined so that the resulting value of the 
expression matches the value of the applied pressure. In the 
previous adjustment method, the correction coefficient was 
calculated using a standard with nonlinear characteristics, 
resulting in nonlinear characteristics of the target sensor. In 
the collaborative research, we used the standard calibrated by 
NMIJ/AIST or Yokogawa, corrected the measurement value by 
its calibration value, and determined the correction coefficient. 
We expected that this method would deliver excellent linearity 
with less deviation from the NMIJ/AIST pressure standard.

In the adjustment process, multiple pressure sensors were 
placed in a thermostatic chamber, different pressures were 
applied simultaneously from the pressure controller while 
changing the temperature, and the oscillator frequencies of 
the pressure sensors were measured. The applied pressure 
was measured by a standard placed outside the thermostatic 
chamber. The measurements corrected with the calibration 
value of the standard were used to determine the correction 
coefficient of the pressure sensors.

Minor fluctuations of the applied pressure are inevitable, 
but greatly affect the adjustment of sensors when the data 
are acquired sequentially (i.e., not simultaneously) from the 
standard, sensor 1, sensor 2, and so on. To solve this problem, 
we adopted synchronous measurement, which is explained later.

The linearity is also affected by the combination of 
pressure points used to determine the correction coefficient. 
Therefore, we set mult iple condit ions with dif ferent 
combinations of pressure points, calculated correction 
coefficients and pressure values, repeated simulations for each 
case, and determined the combination with the best linearity. 
The result was also used to adjust the sensor of the MT300.

Characteristics of the Prototype Pressure Sensor
This section describes the results of calibration performed 

by NMIJ/AIST on pressure sensors. Figures 4 to 6 show 
the results of comparing pressure sensors with the pressure 
standards owned by NMIJ/AIST. The error bars in the graphs 
indicate the expanded uncertainty of the calibration (k = 2).

Figure 4 shows the calibration results of two pressure 
sensors (differential pressure range: 10 kPa). The maximum 
deviation from the NMIJ/AIST pressure standard was 0.07 Pa. A 
comparison of this result with the calibration result of the MT210, 
which was used as the adjustment standard for this pressure 
sensor (see Figure 2), showed that the linearity was greatly 
improved. Furthermore, the maximum difference between the 
calibration results of the two units was 0.03 Pa. In the 10 kPa 
range, the adjustment method described in the section “How 
to Adjust Pressure Sensors” effectively improved the linearity, 
achieving very low differences among individual units.

We applied this adjustment method to other pressure 
ranges. Figure 5 shows the results of calibration performed 
by NMIJ/AIST on two pressure sensors (absolute pressure 
range: 130 kPa), which had been adjusted by different methods. 
Pressure sensor A had been adjusted using the MT210 (absolute 
pressure range: 130 kPa) owned by Yokogawa as a reference 
(with no correction). Pressure sensor B was adjusted using 
pressure sensor A as a reference after sensor A was corrected 
with the calibration results shown in Figure 5. Comparing the 
calibration curves of both sensors showed that the linearity of 
sensor B improved just like the pressure sensor (differential 
pressure range: 10 kPa), confirming that this adjustment method 
is effective for improving the linearity in other ranges.

Improved linearity allows a larger margin for the 
accuracy specification, and the accuracy guarantee period can 
be extended when changes over time are small. To confirm the 
long-term stability of a pressure sensor (differential pressure 
range: 10 kPa), we compared the calibration results in March 
2017 and January 2018. Figure 6 shows the results. Even 
after 10 months, the difference remained within 0.04 Pa. This 
satisfies the accuracy specification of the MT300, which has 
the same sensor capsule as the prototype pressure sensor. The 
excellent long-term stability of the silicon resonant sensor 
can also be confirmed from the calibration results of the 
conventional MT210 described in the section “Characteristics 
of Previous Models.” Based on these results, the accuracy 

115 mm

45 103

그림3 프로토타입 압력 센서의 외관 (차압 범위: 10kPa)
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guarantee period of the MT300 was extended to one year.

Figure 4 Calibration results of pressure sensors 
(differential pressure range: 10 kPa) 

Figure 5 Calibration results of pressure sensors 
(absolute pressure range: 130 kPa) 

Figure 6 Long-term stability of a pressure sensor 
(differential pressure range: 10 kPa) 

Characteristics of the MT300
We manufactured nine pressure sensors with different 

pressure ranges as standards for adjusting and inspecting 
the MT300. These sensors cover all the pressure ranges of 
the MT300 series. All sensors were adjusted by the method 
described above, and their characteristics were confirmed 
by calibration at NMIJ/AIST. We manufactured MT300 
prototypes using a facility equipped with these pressure 
sensors. The following are the results of evaluating the 
accuracy of the prototype MT300.

Figures 7 and 8 show the evaluation results of the 
MT300s (differential pressure range: 10 kPa and absolute 

pressure range: 130 kPa). Pressure was applied from the 
pressure controller simultaneously to the MT300 and the 
standard. Pressure was increased and then decreased three 
times, and the difference between the indications of the 
MT300 and the standard was determined. The standard for 
this evaluation was the pressure sensor adjusted by the method 
described in the section “How to Adjust Pressure Sensors.”

Figure 7 Evaluation results of the accuracy of the MT300  
(differential pressure range: 10 kPa) 

Figure 8 Evaluation results of the accuracy of the MT300  
(absolute pressure range: 130 kPa) 

The MT300 (Figures 7 and 8) did not show nonlinearity 
like the MT210 (Figure 2) and pressure sensor A (Figure 5) 
show. Its characteristics were similar to those of the prototype 
pressure sensor introduced in the section “Characteristics of the 
Prototype Pressure Sensor,” indicating that the linearity of the 
MT300 has been improved compared to previous models. The 
adjustment and inspection process of the MT300 is automated 
with an instrument that combines a pressure controller and 
a standard (in this case, a pressure sensor). This instrument 
can adjust four sensor capsules simultaneously, making 
it possible to efficiently manufacture digital manometers 
having excellent linearity. The next section explains the 
synchronous measurement function, which is incorporated 
in the adjustment and inspection process of the MT300 and 
contributes greatly to automating the process, especially for 
the low-pressure range.

SYNCHRONOUS MEASUREMENT FUNCTION

Pressure measurement applications include multi-point 
measurement, low pressure measurement, and calibration using 

-0.15
-0.10
-0.05
0.00
0.05
0.10
0.15
0.20
0.25

1 10 100 1000 10000

Pressure sensor #1
Pressure sensor #2

(S
en

so
r -

 S
ta

nd
ar

d)
 /P

a

Pressure /Pa

-10

-5

0

5

10

0 20 40 60 80 100 120 140

(S
en

so
r -

 S
ta

nd
ar

d)
 /P

a

Pressure /kPa

Pressure sensor A
Pressure sensor B

-0.06
-0.04
-0.02
0.00
0.02
0.04
0.06
0.08
0.10

1 10 100 1000 10000

Mar 17
Jan 18

(S
en

so
r -

 S
ta

nd
ar

d)
 /P

a

Pressure /Pa

-0.20
-0.15
-0.10
-0.05
0.00
0.05
0.10
0.15
0.20

0 2 4 6 8 10

Average difference during pressure rise
Average difference during pressure fall
Average difference during pressure rise/fall

(M
T3

00
 - 

St
an

da
rd

) /
Pa

 

Pressure /kPa

-10

-5

0

5

10

0 20 40 60 80 100 120 140

(M
T3

00
 - 

St
an

da
rd

) /
Pa

 

Pressure /kPa

Average difference during pressure rise
Average difference during pressure fall
Average difference during pressure rise/fall

46104

그림4 압력 센서의 교정 결과 (차압 범위: 10kPa)

Linearity Improvement and Synchronous Measurement Technology for Developing the MT300 Digital Manometer

Yokogawa Technical Report English Edition Vol.63 No.2 (2020)

guarantee period of the MT300 was extended to one year.

Figure 4 Calibration results of pressure sensors 
(differential pressure range: 10 kPa) 

Figure 5 Calibration results of pressure sensors 
(absolute pressure range: 130 kPa) 

Figure 6 Long-term stability of a pressure sensor 
(differential pressure range: 10 kPa) 

Characteristics of the MT300
We manufactured nine pressure sensors with different 

pressure ranges as standards for adjusting and inspecting 
the MT300. These sensors cover all the pressure ranges of 
the MT300 series. All sensors were adjusted by the method 
described above, and their characteristics were confirmed 
by calibration at NMIJ/AIST. We manufactured MT300 
prototypes using a facility equipped with these pressure 
sensors. The following are the results of evaluating the 
accuracy of the prototype MT300.

Figures 7 and 8 show the evaluation results of the 
MT300s (differential pressure range: 10 kPa and absolute 

pressure range: 130 kPa). Pressure was applied from the 
pressure controller simultaneously to the MT300 and the 
standard. Pressure was increased and then decreased three 
times, and the difference between the indications of the 
MT300 and the standard was determined. The standard for 
this evaluation was the pressure sensor adjusted by the method 
described in the section “How to Adjust Pressure Sensors.”

Figure 7 Evaluation results of the accuracy of the MT300  
(differential pressure range: 10 kPa) 

Figure 8 Evaluation results of the accuracy of the MT300  
(absolute pressure range: 130 kPa) 

The MT300 (Figures 7 and 8) did not show nonlinearity 
like the MT210 (Figure 2) and pressure sensor A (Figure 5) 
show. Its characteristics were similar to those of the prototype 
pressure sensor introduced in the section “Characteristics of the 
Prototype Pressure Sensor,” indicating that the linearity of the 
MT300 has been improved compared to previous models. The 
adjustment and inspection process of the MT300 is automated 
with an instrument that combines a pressure controller and 
a standard (in this case, a pressure sensor). This instrument 
can adjust four sensor capsules simultaneously, making 
it possible to efficiently manufacture digital manometers 
having excellent linearity. The next section explains the 
synchronous measurement function, which is incorporated 
in the adjustment and inspection process of the MT300 and 
contributes greatly to automating the process, especially for 
the low-pressure range.

SYNCHRONOUS MEASUREMENT FUNCTION

Pressure measurement applications include multi-point 
measurement, low pressure measurement, and calibration using 
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guarantee period of the MT300 was extended to one year.

Figure 4 Calibration results of pressure sensors 
(differential pressure range: 10 kPa) 

Figure 5 Calibration results of pressure sensors 
(absolute pressure range: 130 kPa) 

Figure 6 Long-term stability of a pressure sensor 
(differential pressure range: 10 kPa) 

Characteristics of the MT300
We manufactured nine pressure sensors with different 

pressure ranges as standards for adjusting and inspecting 
the MT300. These sensors cover all the pressure ranges of 
the MT300 series. All sensors were adjusted by the method 
described above, and their characteristics were confirmed 
by calibration at NMIJ/AIST. We manufactured MT300 
prototypes using a facility equipped with these pressure 
sensors. The following are the results of evaluating the 
accuracy of the prototype MT300.

Figures 7 and 8 show the evaluation results of the 
MT300s (differential pressure range: 10 kPa and absolute 

pressure range: 130 kPa). Pressure was applied from the 
pressure controller simultaneously to the MT300 and the 
standard. Pressure was increased and then decreased three 
times, and the difference between the indications of the 
MT300 and the standard was determined. The standard for 
this evaluation was the pressure sensor adjusted by the method 
described in the section “How to Adjust Pressure Sensors.”

Figure 7 Evaluation results of the accuracy of the MT300  
(differential pressure range: 10 kPa) 

Figure 8 Evaluation results of the accuracy of the MT300  
(absolute pressure range: 130 kPa) 

The MT300 (Figures 7 and 8) did not show nonlinearity 
like the MT210 (Figure 2) and pressure sensor A (Figure 5) 
show. Its characteristics were similar to those of the prototype 
pressure sensor introduced in the section “Characteristics of the 
Prototype Pressure Sensor,” indicating that the linearity of the 
MT300 has been improved compared to previous models. The 
adjustment and inspection process of the MT300 is automated 
with an instrument that combines a pressure controller and 
a standard (in this case, a pressure sensor). This instrument 
can adjust four sensor capsules simultaneously, making 
it possible to efficiently manufacture digital manometers 
having excellent linearity. The next section explains the 
synchronous measurement function, which is incorporated 
in the adjustment and inspection process of the MT300 and 
contributes greatly to automating the process, especially for 
the low-pressure range.

SYNCHRONOUS MEASUREMENT FUNCTION

Pressure measurement applications include multi-point 
measurement, low pressure measurement, and calibration using 
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그림6 압력 센서의 장기 안정성 (차압 범위: 10kPa)
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압력센서A는 Yokogawa의 MT210 (절대 압력 범위: 130kPa)

을 기준으로 사용하여 조정되었습니다 (보정 없음). 압력센서B는 센

서A가 그림5에 표시된 보정 결과로 보정된 후 압력센서A를 사용하

여 조정되었습니다. 두 센서의 보정 곡선을 비교해 보면 센서B의 선

형성이 개선되어 나타났습니다 (차압 범위: 10kPa), 이 조정 방법이 

다른 범위의 선형성을 향상시키는데 효과적임을 확인할 수 있습니다.

개선된 선형성은 정확도 사양에 대해 더 큰 마진을 허용하며 시

간 경과에 따른 변화가 적을 때 정확도 보증 기간을 연장할 수 있습니

다. 압력센서 (차압 범위: 10kPa)의 장기적인 안정성을 확인하기 위

해 2017년 3월과 2018년 1월의 교정 결과를 비교했습니다. 그림6은 

그 결과를 보여줍니다. 10개월 후에도 차이는 0.04 Pa 이내였습니다. 

이는 프로토타입 압력센서와 동일한 센서 캡슐을 가진 MT300의 정

확도 사양을 충족합니다. 실리콘 공진센서의 우수한 장기 안정성은 

“이전 모델의 특성” 섹션에 설명된 기존 MT210의 보정 결과에서도 

확인할 수 있습니다. 이러한 결과를 바탕으로 MT300의 정확도 보증 

기간이 1년으로 연장되었습니다.

MT300의 특징

우리는 MT300을 조정하고 검사하기 위한 표준으로 압력 범위

가 다른 9개의 압력 센서를 제조했습니다. 이 센서는 MT300 시리즈

의 모든 압력 범위를 포괄합니다. 모든 센서는 위에서 설명한 방법으

로 조정되었으며 NMIJ/AIST에서 보정하여 특성을 확인했습니다. 

이러한 압력 센서가 장착된 MT300 프로토타입을 제조했습니다.

다음은 MT300 프로토타입의 정확도를 평가한 결과입니다.

그림7과 8은 MT300의 평가 결과를 보여줍니다 (차압 범위: 

10kPa 및 절대 압력 범위: 130kPa). 압력 컨트롤러에서 MT300과 표

준에 동시에 압력을 가했습니다. 압력이 3배 증가했다가 감소한 후 

MT300과 표준의 차이가 결정되었습니다. 이 평가에서 표준은 “압력

센서 조정 방법” 섹션에 설명된 방법으로 조정된 압력 센서를 사용하

였습니다.

MT300 (그림7 및 8)은 MT210 (그림2) 및 압력센서A (그림5)

와 같은 비선형성을 나타내지 않았습니다. 그 특성은 “시제품 압력 센

서의 특성” 섹션에서 소개한 프로토타입 압력센서의 특성과 유사하

여 MT300의 선형성이 이전 모델에 비해 향상되었음을 나타냅니다. 

MT300의 조정 및 검사 프로세스는 압력 컨트롤러와 표준을 결합한 

기기로 자동으로 진행됩니다. 본 기기는 4 개의 센서 캡슐을 동시에 조

정할 수 있어 선형성이 우수한 디지털 압력계를 효율적으로 제조할 수 

있습니다. 다음 섹션에서는 MT300의 조정 및 검사 프로세스에 통합

되고 특히 저압 범위에서 프로세스 자동화에 크게 기여하는 동시 측정 

기능 (synchronous measurement function)에 대해 설명합니다.

동시 측정 기능 (synchronous measurement function)

압력 측정 애플리케이션에는 다점 측정, 저압 측정 및 표준을 사

용한 교정이 포함됩니다. 이러한 측정에서는 편리한 압력 컨트롤러를 

사용하여 압력을 가하는 경우가 많지만 변동성(fluctuations)으로 인

해 고 정밀 측정 (high-precision measurements)에 어려움이 있습니

다. 특히 저압 측정에서는 제어 압력의 안정화가 어렵습니다.

또한 신호 대 잡음비가 매우 작습니다. 따라서 제어 압력과 대기

압의 변동이 측정 결과에 더 큰 영향을 미칩니다.

그림9는 압력 측정 기기를 검사 또는 보정하기 위한 시스템입니

다. 그림10은 표시 (indications)의 차이점을 보여줍니다. 기준 압력계

와 테스트 대상 장치 (devices under test: DUT)가 서로 다른 타이밍

에서 변동하는 입력 압력을 측정할 때 결과 측정 값은 서로 다릅니다.

MT210/220 시리즈에는 저압 측정을 위한 1kPa 범위 모델이 있

습니다. 조정 및 검사 과정에서 1kPa의 압력을 안정적으로 생성할 수 

있는 압력 컨트롤러를 확보할 수 없어서 압력 컨트롤러 대신 차압을 

생성하기 위해 두 개의 압력 저울(pressure balances)을 사용했습니

다. 그러나 수동으로 압력 저울(pressure balances)을 작동하여 저압

을 생성하는 것은 쉽지 않았습니다. 따라서 이 프로세스는 시간이 많

이 소요되었습니다.

반면 MT300은 1kPa 범위에서 조정 및 검사를 위한 압력 소스

로 압력 컨트롤러를 사용하고, 제어 압력 및 대기압의 변동을 취소하

는 동시 측정 기능도 사용합니다. 이러한 기능을 통해 조정 및 검사 

프로세스를 자동화할 수 있습니다. 그림11은 MT300을 조정하기 위

한 시스템의 연결 다이어그램을 보여줍니다.

동시 측정 기능은 압력 측정 기기에 소스 트리거 및 트리거 입력

기능을 제공하고 여러 항목의 측정 타이밍을 동기화하며 입력된 압

력의 변동으로 인한 측정 값의 차이를 제거합니다. 기준 압력계에서 

생성된 트리거 신호는 기준 압력계가 측정을 수행할 때 DUT1로 전

송됩니다. 이는 DUT1이 기준 압력계와 동기화하여 압력을 측정한다

는 것을 의미합니다. DUT1은 또한 트리거 신호를 DUT2로 전송하여 

DUT1과 동일한 타이밍에 측정을 수행하여 기준 압력계와 DUT 간

의 동시 측정을 수행합니다.
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guarantee period of the MT300 was extended to one year.

Figure 4 Calibration results of pressure sensors 
(differential pressure range: 10 kPa) 

Figure 5 Calibration results of pressure sensors 
(absolute pressure range: 130 kPa) 

Figure 6 Long-term stability of a pressure sensor 
(differential pressure range: 10 kPa) 

Characteristics of the MT300
We manufactured nine pressure sensors with different 

pressure ranges as standards for adjusting and inspecting 
the MT300. These sensors cover all the pressure ranges of 
the MT300 series. All sensors were adjusted by the method 
described above, and their characteristics were confirmed 
by calibration at NMIJ/AIST. We manufactured MT300 
prototypes using a facility equipped with these pressure 
sensors. The following are the results of evaluating the 
accuracy of the prototype MT300.

Figures 7 and 8 show the evaluation results of the 
MT300s (differential pressure range: 10 kPa and absolute 

pressure range: 130 kPa). Pressure was applied from the 
pressure controller simultaneously to the MT300 and the 
standard. Pressure was increased and then decreased three 
times, and the difference between the indications of the 
MT300 and the standard was determined. The standard for 
this evaluation was the pressure sensor adjusted by the method 
described in the section “How to Adjust Pressure Sensors.”

Figure 7 Evaluation results of the accuracy of the MT300  
(differential pressure range: 10 kPa) 

Figure 8 Evaluation results of the accuracy of the MT300  
(absolute pressure range: 130 kPa) 

The MT300 (Figures 7 and 8) did not show nonlinearity 
like the MT210 (Figure 2) and pressure sensor A (Figure 5) 
show. Its characteristics were similar to those of the prototype 
pressure sensor introduced in the section “Characteristics of the 
Prototype Pressure Sensor,” indicating that the linearity of the 
MT300 has been improved compared to previous models. The 
adjustment and inspection process of the MT300 is automated 
with an instrument that combines a pressure controller and 
a standard (in this case, a pressure sensor). This instrument 
can adjust four sensor capsules simultaneously, making 
it possible to efficiently manufacture digital manometers 
having excellent linearity. The next section explains the 
synchronous measurement function, which is incorporated 
in the adjustment and inspection process of the MT300 and 
contributes greatly to automating the process, especially for 
the low-pressure range.

SYNCHRONOUS MEASUREMENT FUNCTION

Pressure measurement applications include multi-point 
measurement, low pressure measurement, and calibration using 
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그림7 MT300 정확도 평가 결과 (차압 범위: 10kPa)
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guarantee period of the MT300 was extended to one year.

Figure 4 Calibration results of pressure sensors 
(differential pressure range: 10 kPa) 

Figure 5 Calibration results of pressure sensors 
(absolute pressure range: 130 kPa) 

Figure 6 Long-term stability of a pressure sensor 
(differential pressure range: 10 kPa) 

Characteristics of the MT300
We manufactured nine pressure sensors with different 

pressure ranges as standards for adjusting and inspecting 
the MT300. These sensors cover all the pressure ranges of 
the MT300 series. All sensors were adjusted by the method 
described above, and their characteristics were confirmed 
by calibration at NMIJ/AIST. We manufactured MT300 
prototypes using a facility equipped with these pressure 
sensors. The following are the results of evaluating the 
accuracy of the prototype MT300.

Figures 7 and 8 show the evaluation results of the 
MT300s (differential pressure range: 10 kPa and absolute 

pressure range: 130 kPa). Pressure was applied from the 
pressure controller simultaneously to the MT300 and the 
standard. Pressure was increased and then decreased three 
times, and the difference between the indications of the 
MT300 and the standard was determined. The standard for 
this evaluation was the pressure sensor adjusted by the method 
described in the section “How to Adjust Pressure Sensors.”

Figure 7 Evaluation results of the accuracy of the MT300  
(differential pressure range: 10 kPa) 

Figure 8 Evaluation results of the accuracy of the MT300  
(absolute pressure range: 130 kPa) 

The MT300 (Figures 7 and 8) did not show nonlinearity 
like the MT210 (Figure 2) and pressure sensor A (Figure 5) 
show. Its characteristics were similar to those of the prototype 
pressure sensor introduced in the section “Characteristics of the 
Prototype Pressure Sensor,” indicating that the linearity of the 
MT300 has been improved compared to previous models. The 
adjustment and inspection process of the MT300 is automated 
with an instrument that combines a pressure controller and 
a standard (in this case, a pressure sensor). This instrument 
can adjust four sensor capsules simultaneously, making 
it possible to efficiently manufacture digital manometers 
having excellent linearity. The next section explains the 
synchronous measurement function, which is incorporated 
in the adjustment and inspection process of the MT300 and 
contributes greatly to automating the process, especially for 
the low-pressure range.

SYNCHRONOUS MEASUREMENT FUNCTION

Pressure measurement applications include multi-point 
measurement, low pressure measurement, and calibration using 
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그림8 MT300 정확도 평가 결과 (절대 압력 범위: 130kPa)
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이 기능을 확인하기 위해 MT300 3대 (그림12의 MT1~MT3)

를 연결하고 동기 및 비 동시 측정을 각각 20회 수행하고 데이터를 비

교했습니다. 그림13은 압력 컨트롤러에서 1kPa의 압력이 입력되었

을 때의 변동을 보여주고, 그림14는 비 동시 측정 중 기준 압력계와 

DUT의 차이를 보여주며, 그림15는 동시 측정 동안의 차이를 보여줍

니다. 이 결과는 그림13과 같이 제어 압력이 변동하는 조건에서 비 동

시 측정에 의한 최대 3.63Pa (P-P)의 차이가 발생함을 보여줍니다. 

동시 측정의 경우 차이는 거의 일정하고 같은 기간에 매우 낮았습니

다 (최대 0.17 Pa). 이러한 결과는 MT300의 측정 값이 기준 압력계의 

측정 값과 거의 동일하다는 것을 확인시켜줍니다.
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a standard. In these measurements, a handy pressure controller 
is often used to apply pressure, but its fluctuations can spoil 
high-precision measurements. Particularly in low pressure 
measurement, it is difficult to stabilize the control pressure. 
In addition, the signal-to-noise ratio is very small. Therefore, 
fluctuations in the control pressure as well as in the atmospheric 
pressure affect the measurement results more greatly.

Figure 9 shows a system for inspecting (or calibrating) 
pressure measuring instruments. Figure 10 shows differences 
in indications. When the reference manometer and devices 
under test (DUT) measure the f luctuating input pressure at 
different timings (indicated by arrows), the resulting measured 
values differ from each other.

Figure 9 A system for inspecting or calibrating  
pressure measuring instruments

Figure 10 Differences caused by different 
measurement timings

The MT210/220 series had a 1 kPa range model for 
low pressure measurement. In its adjustment and inspection 
process, two pressure balances were used to generate 
differential pressure instead of a pressure controller because 
it was diff icult to obtain a pressure controller that can 
stably generate 1 kPa of pressure. However, it was not easy 
to generate low pressure by manually operating pressure 
balances. Therefore, this process was extremely time-
consuming.

The MT300, on the other hand, uses a pressure controller 
as the pressure source for adjustment and inspection in the 
1 kPa range, and also uses a synchronous measurement 
function to cancel f luctuations in control pressure and 
atmospheric pressure. These features enable the adjustment 
and inspection process to be automated. Figure 11 shows the 

connection diagram of a system for adjusting the MT300.

Figure 11 Connection diagram of a system for adjusting 
the MT300

The synchronous measurement function gives a source 
trigger and a trigger input function to pressure measuring 
instruments, synchronizes the measurement timings of multiple 
items, and eliminates differences in measurement values 
caused by fluctuations in the input pressure. The trigger signal 
generated by the reference manometer is transmitted to DUT1 
when the reference manometer performs measurement. This 
means that DUT1 measures the pressure in synchronization 
with the reference manometer. DUT1 also transmits the trigger 
signal to DUT2, which thus performs measurements at the same 
timing as DUT1, achieving synchronous measurement between 
the reference manometer and DUTs.

To  ve r i f y  t h i s  f u n c t i o n ,  we  c o n n e c t e d  t h r e e 
MT300s (MT1 to MT3 in Figure 12), performed synchronous 
and asynchronous measurements 20 times each, and compared 
the data. Figure 13 shows fluctuations when 1 kPa of pressure 
was input from the pressure controller, Figure 14 shows the 
difference between the reference manometer and the DUT 
during asynchronous measurement, and Figure 15 shows the 
difference during synchronous measurement. These results 
show that under the condition where the control pressure 
fluctuates as shown in Figure 13, differences of up to 3.63 
Pa are caused by asynchronous measurements in P-P. In the 
case of synchronous measurement, differences were almost 
constant and very low (up to 0.17 Pa) in the same period. These 
results confirm that the measurement value of the MT300 was 
almost the same as that of the reference manometer.

Figure 12 Connection diagram of a system for verifying 
the synchronous measurement function
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그림9 압력 측정 기기를 검사하거나 교정하기 위한 시스템
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a standard. In these measurements, a handy pressure controller 
is often used to apply pressure, but its fluctuations can spoil 
high-precision measurements. Particularly in low pressure 
measurement, it is difficult to stabilize the control pressure. 
In addition, the signal-to-noise ratio is very small. Therefore, 
fluctuations in the control pressure as well as in the atmospheric 
pressure affect the measurement results more greatly.

Figure 9 shows a system for inspecting (or calibrating) 
pressure measuring instruments. Figure 10 shows differences 
in indications. When the reference manometer and devices 
under test (DUT) measure the f luctuating input pressure at 
different timings (indicated by arrows), the resulting measured 
values differ from each other.

Figure 9 A system for inspecting or calibrating  
pressure measuring instruments

Figure 10 Differences caused by different 
measurement timings

The MT210/220 series had a 1 kPa range model for 
low pressure measurement. In its adjustment and inspection 
process, two pressure balances were used to generate 
differential pressure instead of a pressure controller because 
it was diff icult to obtain a pressure controller that can 
stably generate 1 kPa of pressure. However, it was not easy 
to generate low pressure by manually operating pressure 
balances. Therefore, this process was extremely time-
consuming.

The MT300, on the other hand, uses a pressure controller 
as the pressure source for adjustment and inspection in the 
1 kPa range, and also uses a synchronous measurement 
function to cancel f luctuations in control pressure and 
atmospheric pressure. These features enable the adjustment 
and inspection process to be automated. Figure 11 shows the 

connection diagram of a system for adjusting the MT300.

Figure 11 Connection diagram of a system for adjusting 
the MT300

The synchronous measurement function gives a source 
trigger and a trigger input function to pressure measuring 
instruments, synchronizes the measurement timings of multiple 
items, and eliminates differences in measurement values 
caused by fluctuations in the input pressure. The trigger signal 
generated by the reference manometer is transmitted to DUT1 
when the reference manometer performs measurement. This 
means that DUT1 measures the pressure in synchronization 
with the reference manometer. DUT1 also transmits the trigger 
signal to DUT2, which thus performs measurements at the same 
timing as DUT1, achieving synchronous measurement between 
the reference manometer and DUTs.

To  ve r i f y  t h i s  f u n c t i o n ,  we  c o n n e c t e d  t h r e e 
MT300s (MT1 to MT3 in Figure 12), performed synchronous 
and asynchronous measurements 20 times each, and compared 
the data. Figure 13 shows fluctuations when 1 kPa of pressure 
was input from the pressure controller, Figure 14 shows the 
difference between the reference manometer and the DUT 
during asynchronous measurement, and Figure 15 shows the 
difference during synchronous measurement. These results 
show that under the condition where the control pressure 
fluctuates as shown in Figure 13, differences of up to 3.63 
Pa are caused by asynchronous measurements in P-P. In the 
case of synchronous measurement, differences were almost 
constant and very low (up to 0.17 Pa) in the same period. These 
results confirm that the measurement value of the MT300 was 
almost the same as that of the reference manometer.

Figure 12 Connection diagram of a system for verifying 
the synchronous measurement function
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그림11 MT300 조정 시스템의 연결 다이어그램
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a standard. In these measurements, a handy pressure controller 
is often used to apply pressure, but its fluctuations can spoil 
high-precision measurements. Particularly in low pressure 
measurement, it is difficult to stabilize the control pressure. 
In addition, the signal-to-noise ratio is very small. Therefore, 
fluctuations in the control pressure as well as in the atmospheric 
pressure affect the measurement results more greatly.

Figure 9 shows a system for inspecting (or calibrating) 
pressure measuring instruments. Figure 10 shows differences 
in indications. When the reference manometer and devices 
under test (DUT) measure the f luctuating input pressure at 
different timings (indicated by arrows), the resulting measured 
values differ from each other.

Figure 9 A system for inspecting or calibrating  
pressure measuring instruments

Figure 10 Differences caused by different 
measurement timings

The MT210/220 series had a 1 kPa range model for 
low pressure measurement. In its adjustment and inspection 
process, two pressure balances were used to generate 
differential pressure instead of a pressure controller because 
it was diff icult to obtain a pressure controller that can 
stably generate 1 kPa of pressure. However, it was not easy 
to generate low pressure by manually operating pressure 
balances. Therefore, this process was extremely time-
consuming.

The MT300, on the other hand, uses a pressure controller 
as the pressure source for adjustment and inspection in the 
1 kPa range, and also uses a synchronous measurement 
function to cancel f luctuations in control pressure and 
atmospheric pressure. These features enable the adjustment 
and inspection process to be automated. Figure 11 shows the 

connection diagram of a system for adjusting the MT300.

Figure 11 Connection diagram of a system for adjusting 
the MT300

The synchronous measurement function gives a source 
trigger and a trigger input function to pressure measuring 
instruments, synchronizes the measurement timings of multiple 
items, and eliminates differences in measurement values 
caused by fluctuations in the input pressure. The trigger signal 
generated by the reference manometer is transmitted to DUT1 
when the reference manometer performs measurement. This 
means that DUT1 measures the pressure in synchronization 
with the reference manometer. DUT1 also transmits the trigger 
signal to DUT2, which thus performs measurements at the same 
timing as DUT1, achieving synchronous measurement between 
the reference manometer and DUTs.

To  ve r i f y  t h i s  f u n c t i o n ,  we  c o n n e c t e d  t h r e e 
MT300s (MT1 to MT3 in Figure 12), performed synchronous 
and asynchronous measurements 20 times each, and compared 
the data. Figure 13 shows fluctuations when 1 kPa of pressure 
was input from the pressure controller, Figure 14 shows the 
difference between the reference manometer and the DUT 
during asynchronous measurement, and Figure 15 shows the 
difference during synchronous measurement. These results 
show that under the condition where the control pressure 
fluctuates as shown in Figure 13, differences of up to 3.63 
Pa are caused by asynchronous measurements in P-P. In the 
case of synchronous measurement, differences were almost 
constant and very low (up to 0.17 Pa) in the same period. These 
results confirm that the measurement value of the MT300 was 
almost the same as that of the reference manometer.

Figure 12 Connection diagram of a system for verifying 
the synchronous measurement function
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a standard. In these measurements, a handy pressure controller 
is often used to apply pressure, but its fluctuations can spoil 
high-precision measurements. Particularly in low pressure 
measurement, it is difficult to stabilize the control pressure. 
In addition, the signal-to-noise ratio is very small. Therefore, 
fluctuations in the control pressure as well as in the atmospheric 
pressure affect the measurement results more greatly.

Figure 9 shows a system for inspecting (or calibrating) 
pressure measuring instruments. Figure 10 shows differences 
in indications. When the reference manometer and devices 
under test (DUT) measure the f luctuating input pressure at 
different timings (indicated by arrows), the resulting measured 
values differ from each other.

Figure 9 A system for inspecting or calibrating  
pressure measuring instruments

Figure 10 Differences caused by different 
measurement timings

The MT210/220 series had a 1 kPa range model for 
low pressure measurement. In its adjustment and inspection 
process, two pressure balances were used to generate 
differential pressure instead of a pressure controller because 
it was diff icult to obtain a pressure controller that can 
stably generate 1 kPa of pressure. However, it was not easy 
to generate low pressure by manually operating pressure 
balances. Therefore, this process was extremely time-
consuming.

The MT300, on the other hand, uses a pressure controller 
as the pressure source for adjustment and inspection in the 
1 kPa range, and also uses a synchronous measurement 
function to cancel f luctuations in control pressure and 
atmospheric pressure. These features enable the adjustment 
and inspection process to be automated. Figure 11 shows the 

connection diagram of a system for adjusting the MT300.

Figure 11 Connection diagram of a system for adjusting 
the MT300

The synchronous measurement function gives a source 
trigger and a trigger input function to pressure measuring 
instruments, synchronizes the measurement timings of multiple 
items, and eliminates differences in measurement values 
caused by fluctuations in the input pressure. The trigger signal 
generated by the reference manometer is transmitted to DUT1 
when the reference manometer performs measurement. This 
means that DUT1 measures the pressure in synchronization 
with the reference manometer. DUT1 also transmits the trigger 
signal to DUT2, which thus performs measurements at the same 
timing as DUT1, achieving synchronous measurement between 
the reference manometer and DUTs.

To  ve r i f y  t h i s  f u n c t i o n ,  we  c o n n e c t e d  t h r e e 
MT300s (MT1 to MT3 in Figure 12), performed synchronous 
and asynchronous measurements 20 times each, and compared 
the data. Figure 13 shows fluctuations when 1 kPa of pressure 
was input from the pressure controller, Figure 14 shows the 
difference between the reference manometer and the DUT 
during asynchronous measurement, and Figure 15 shows the 
difference during synchronous measurement. These results 
show that under the condition where the control pressure 
fluctuates as shown in Figure 13, differences of up to 3.63 
Pa are caused by asynchronous measurements in P-P. In the 
case of synchronous measurement, differences were almost 
constant and very low (up to 0.17 Pa) in the same period. These 
results confirm that the measurement value of the MT300 was 
almost the same as that of the reference manometer.

Figure 12 Connection diagram of a system for verifying 
the synchronous measurement function
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Figure 13 Fluctuations of input pressure (1 kPa) 

Figure 14 Differences during asynchronous 
measurement

Figure 15 Differences during synchronous measurement

The synchronous measurement function implemented in 
the MT300 can be used in various applications. To determine 
the suction power of a vacuum cleaner, for example, it is 
necessary to measure negative pressure in a pressure equalizing 
chamber and air flow in a pitot tube as shown in Figure 16. 
Although the target pressure keeps fluctuating, the synchronous 
measurement function can eliminate the effect of differences in 
the measurement timing and thus the negative pressure and air 
volume can be determined with high accuracy.

Figure 16 Measurement of suction power of  
a vacuum cleaner

CONCLUSION

This paper int roduced an adjustment method for 
improving the linearity of digital manometers and the 
synchronous measurement function of the MT300. In addition 
to the standard models, custom-made models are to be released 
for medical equipment manufacturers and laboratories. In 
accordance with the Measurement Act, these models can be 
used with units specific for medical and healthcare fields, 
such as mmHg and cmH2O, for in vivo pressure measurement 
applications. Regarding pressure measurement in these 
fields, there is high demand for improving medical devices 
(ventilators, blood pressure monitors, etc.) and increasing their 
production, due to COVID-19 and many other factors. The 
MT300 custom-made models are expected to satisfy these 
needs.

We will continue to develop a variety of pressure 
measuring instruments including pressure controllers to boost 
Yokogawa’s pressure business and contribute to society.
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Figure 13 Fluctuations of input pressure (1 kPa) 

Figure 14 Differences during asynchronous 
measurement

Figure 15 Differences during synchronous measurement

The synchronous measurement function implemented in 
the MT300 can be used in various applications. To determine 
the suction power of a vacuum cleaner, for example, it is 
necessary to measure negative pressure in a pressure equalizing 
chamber and air flow in a pitot tube as shown in Figure 16. 
Although the target pressure keeps fluctuating, the synchronous 
measurement function can eliminate the effect of differences in 
the measurement timing and thus the negative pressure and air 
volume can be determined with high accuracy.

Figure 16 Measurement of suction power of  
a vacuum cleaner

CONCLUSION

This paper int roduced an adjustment method for 
improving the linearity of digital manometers and the 
synchronous measurement function of the MT300. In addition 
to the standard models, custom-made models are to be released 
for medical equipment manufacturers and laboratories. In 
accordance with the Measurement Act, these models can be 
used with units specific for medical and healthcare fields, 
such as mmHg and cmH2O, for in vivo pressure measurement 
applications. Regarding pressure measurement in these 
fields, there is high demand for improving medical devices 
(ventilators, blood pressure monitors, etc.) and increasing their 
production, due to COVID-19 and many other factors. The 
MT300 custom-made models are expected to satisfy these 
needs.

We will continue to develop a variety of pressure 
measuring instruments including pressure controllers to boost 
Yokogawa’s pressure business and contribute to society.
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Figure 13 Fluctuations of input pressure (1 kPa) 

Figure 14 Differences during asynchronous 
measurement

Figure 15 Differences during synchronous measurement

The synchronous measurement function implemented in 
the MT300 can be used in various applications. To determine 
the suction power of a vacuum cleaner, for example, it is 
necessary to measure negative pressure in a pressure equalizing 
chamber and air flow in a pitot tube as shown in Figure 16. 
Although the target pressure keeps fluctuating, the synchronous 
measurement function can eliminate the effect of differences in 
the measurement timing and thus the negative pressure and air 
volume can be determined with high accuracy.

Figure 16 Measurement of suction power of  
a vacuum cleaner

CONCLUSION

This paper int roduced an adjustment method for 
improving the linearity of digital manometers and the 
synchronous measurement function of the MT300. In addition 
to the standard models, custom-made models are to be released 
for medical equipment manufacturers and laboratories. In 
accordance with the Measurement Act, these models can be 
used with units specific for medical and healthcare fields, 
such as mmHg and cmH2O, for in vivo pressure measurement 
applications. Regarding pressure measurement in these 
fields, there is high demand for improving medical devices 
(ventilators, blood pressure monitors, etc.) and increasing their 
production, due to COVID-19 and many other factors. The 
MT300 custom-made models are expected to satisfy these 
needs.

We will continue to develop a variety of pressure 
measuring instruments including pressure controllers to boost 
Yokogawa’s pressure business and contribute to society.
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Figure 13 Fluctuations of input pressure (1 kPa) 

Figure 14 Differences during asynchronous 
measurement

Figure 15 Differences during synchronous measurement

The synchronous measurement function implemented in 
the MT300 can be used in various applications. To determine 
the suction power of a vacuum cleaner, for example, it is 
necessary to measure negative pressure in a pressure equalizing 
chamber and air flow in a pitot tube as shown in Figure 16. 
Although the target pressure keeps fluctuating, the synchronous 
measurement function can eliminate the effect of differences in 
the measurement timing and thus the negative pressure and air 
volume can be determined with high accuracy.

Figure 16 Measurement of suction power of  
a vacuum cleaner

CONCLUSION

This paper int roduced an adjustment method for 
improving the linearity of digital manometers and the 
synchronous measurement function of the MT300. In addition 
to the standard models, custom-made models are to be released 
for medical equipment manufacturers and laboratories. In 
accordance with the Measurement Act, these models can be 
used with units specific for medical and healthcare fields, 
such as mmHg and cmH2O, for in vivo pressure measurement 
applications. Regarding pressure measurement in these 
fields, there is high demand for improving medical devices 
(ventilators, blood pressure monitors, etc.) and increasing their 
production, due to COVID-19 and many other factors. The 
MT300 custom-made models are expected to satisfy these 
needs.

We will continue to develop a variety of pressure 
measuring instruments including pressure controllers to boost 
Yokogawa’s pressure business and contribute to society.
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MT300에 구현된 동시 측정 기능은 다양한 애플리케이션에서 

사용할 수 있습니다. 예를 들어 진공 청소기의 흡입력을 결정하려면 

그림16과 같이 압력 균등화 챔버(pressure equalizing chamber)의 음

압(negative pressure)과 피토튜브(pitot tube)의 공기 흐름을 측정해

야 합니다.

목표 압력은 계속 변동하지만, 동시 측정 기능은 측정 타이밍 차

이의 영향을 제거할 수 있으므로 음압(negative pressure)과 풍량(air 

volume)을 높은 정밀도로 측정할 수 있습니다.

결론

본 백서에서는 디지털 압력계의 선형성(linearity)을 개선하기 

위한 조정 방법(adjustment method)과 MT300의 동시 측정 기능

(synchronous measurement function)을 설명하였습니다. 표준 모델 

외에도 의료 장비 제조업체 및 실험실을 위한 커스터마이즈 모델이 

출시됩니다. 측정법에 따라 이러한 모델은 생체 내 압력 측정 애플리

케이션을 위해 mmHg 및 cmH2O와 같은 의료 분야에 특화된 장치

와 함께 사용할 수 있습니다. 특히, 최근 발생한 COVID-19의 요인

으로 인해 의료기기(호흡기, 혈압계 등) 개선 및 생산 증가에 대한 요

구가 높아지고 있습니다. MT300 커스터마이즈 모델은 이러한 요구

를 충족시킬 것으로 예상됩니다.

압력 컨트롤러를 포함한 다양한 압력 측정 기기를 지속적으로 

개발하여 Yokogawa의 압력 사업을 활성화하고 사회에 공헌할 것입

니다.

그림16 진공 청소기의 흡입력 측정




