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MEASURING THE PRESSURE IN DYNAMIC MODE

Abstract. The subject study of the article is to measure the pressure in the dynamic mode used in parts of the regional
center of standardization and metrology during the verification and calibration of measuring equipment and during their
operation. The article is research process of measuring the pressure in the dynamic mode and the principles of perspective
on device verification and calibration of pressure. The problem to be solved is justification of technical solutions and their
implementation in practice. It will improve measurement accuracy pressure measurement used for verification and
calibration of the device on checking and calibration of pressure by applying a generalized block diagram of pressure
offered. The article shows the Dynamic mode of pressure; dependence of dynamic properties of measurement tools on the
nature of changes in the value measured; research of dynamic characteristics of pressure; the input error measuring pressure
in dynamic mode; block diagram and principle of the prospective device on checking and calibration of pressure which are
being developed. Conclusion: The proposed technical solutions should be used as the modernization of existing pressure
meters, and in the creation of promising samples of pressure meters.
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Introduction

Formulation of the problem. Recently, need to
control the technical parameters of samples of industrial
machinery and control their metrological characteristics
have raised due to increased of useful life by the State
Center specialists of Standardization and Metrology
State. Existing measuring instruments are constantly in
need of improvement of metrological characteristics
undertaken to improve the reliability of the control
parameters of industrial equipment designs. One of the
parameters is the pressure. One of the requirements for
verification and calibration of measuring pressure is to
increase the quality of verification and calibration of
measuring pressure. For this purpose, methods for
analog-digital conversion, which to describe the control
scheme of the device for pressure measuring, work both
in statistical and dynamic modes.

During verification and calibration of pressure
measurement it is necessary to measure in a rather
precise way and get more rational measure of this
parameter. Thus the relevance of the scientific and
applied problems is caused with the constant increase in
requirements as a means of pressure measuring in
metrological agencies.

Analysis of the literature. Principles and
organizational framework of metrological software
and the role and place metrological support in Ukraine,
are set out in the Law of Ukraine “About metrology and
metrological activity” [1] “ISO 2681-94. Metrology,
Terms and Definitions” [2], the ISO [3, 4] in [5, 6], in
the literature [7 - 19].

Mathematical models determine the number of
orders for the guaranteed metrological service of
armament and military equipment taking into
consideration their importance described in [5]. The
process of forecasting capabilities of Metrology repair
of damaged units of measurement devices, military
described in [6]. Operating Basics of measuring
instruments are outlined in the literature [7].

Survey questions concerning measuring pressure
are thoroughly discussed in [8] It also discusses

theoretical information on means of measuring pressure.
At the same time questions related to the measurement
of the pressure in the dynamic mode remain open.

The goal of article is an analysis of pressure
measuring in the dynamic mode and the principles of
perspective on device of verification and calibration of
pressure.

Main material

The change in time of the measured value X (7)

results in a dynamic mode of operation of pressure. In
this mode, the measurement accuracy much depends on
the dynamic characteristics of measuring instruments
and the nature of the change in the value measured.

In order to get an accurate value X (¢) of output

signal over time which is measured regardless of the
nature of the changes it is necessary to comply:

Y(t)=k X(t), (1)

where k - nominal rate conversion.
HOM

To simplify the analysis of dynamic mode assume
that the pressure meter is not static error, so the actual
conversion rate k =k is the entire range of

p HOM

measurement input X (7).

Actual measurement tools have a dynamic quality
due to the presence of elements which have a mass of
elastic elements in electrical appliances, capacitance and
inductance in measuring circuits, etc., which leads to

greater relationship between X (¢) and Y (7).

There is different ways to describe the dynamic
characteristics of measuring instruments and assessment
of errors that occur in dynamic mode, the most complete
of these qualities can be described by differential
equations, transient and shifting pulse characteristics,
frequency response and transfer function.

Dynamic mode among a broad class of pressure
can be described by the differential expression of linear
inhomogeneous with constant coefficients:
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where k —nominal conversion factor.
HOM

Accuracy of the input measuring pressure in the
dynamic mode is given by:

Y (t)= Y(t)—Yu (1), 3)

where Y (¢) — real input signal; Y () — ideal output
signal.

Definition of error JY(r) and fundamentally
possible, but in practice there are difficulties, because
the analytical expression for Y(r) Unknown and
determination Y (t) registered in the output signal from

a graph (Fig. 1) can be carried out with the necessary
accuracy.

Y(1)4

Fig. 1. Meter error in input pressure in dynamic mode

To study the dynamic properties of pressure
commonly used dynamic range of first and second
order. So often use some dynamic error estimation,
describing the result of measurement values Y (t)

which changes over time.
Dynamic range is described by second-order
equations:

AZY” (r)+AIY'(t)+Y(r)=kmx(z), (4)
or LZY" (t)+2—6Y' (O)+Y()=k X(1), (5
WO WO HOM

where uf, ~ the frequency of oscillation personal circle;

6 — damping factor, the degree of sedation.

The degree of calm — characteristic value range
which significantly affects the parameters of the
dynamic processes that take place in that circle.

Using (2) and inequality:

. 5

max(Y (t))Swm(Ym) (6)

You can write the expression for dynamic range of
input error by second order:

X ()= - Y"(t) ~ 26Y,(l) ™

(L%kaw ) (WO kmw )

Factor of 4 corresponding to maximum
m

deviation Y is also not known. Moreover circle for
m

the second order in general, kw” can be both less and

more than nominal.

If accepted assumptions on the maximum
frequency range of input signals for frequency response
possible to determine the maximum value kHOM in a

given frequency range.

This device, developed, to be used both in static
and in dynamic mode. Occurs during measurement
dynamic error to determine which to use the expression
(6). When choosing a block diagram that stipulates
compensation scheme should be used type. In this
scheme the result of the measurement is independent of
errors, made each block separately, which improves
accuracy pressure measurement. The device, developed
appropriate to accomplish by combining all the blocks
in the general case. Generalized block diagram pressure
measuring device on checking and calibration of
pressure, which is being developed is shown in Fig. 2.

Ef

{}__ PZT

DP

<—>{BIFP

DB

Fig. 2. Generalized block diagram of pressure
on unit testing and calibration of pressure

Appointment blocks:

"P-C" - collection "piston-cylinder" is used as a
working standard pressure;

DC - intended to reflect the position of the piston
relative to the original;

PZT - designed to create excessive pressure;

ADC - used to convert DC to instantaneous;

K - designed for the distribution of information
coming from the sensors;

D - is designed to convert the value of t ¢; cp% y
in electricity value;

MK - is a special class computer technology and is
designed to receive, process values coming from the
ADC;

BU - keyboard controller display device input-
output information;

BIFN - designed to connect ADC BU from the
microprocessor has access to CPT and communication
interface with computers;

BVI - designed to display information in a form
suitable for the operator;
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DB- designed for printing.

Principles of installation are as follows. When
creating pressure with PZT, he also acts on the gear that
calibrated and a collection of "P-C." At the core of
differential pressure depending on the applied force and
the cross-sectional area:

= (8)

where P — pressure; F' — applied force; S — cross-
sectional area.

The piston assembly "P-C" is to remove the
provision that meets the value created pressure. This
situation is controlled by the SE, which is used as a
guidance converter. DP signal from entering the ADC,
and then are converted into the appropriate form, enters
the MC. This information is processed and the pressure
appears on the display that allows the operator to
monitor the value of the set pressure. At the same time,
MK compares the pressure values set by the CP and
pressure values, which are calculated in the MC.

A computer calculation error compared with the
allowable values of error that are inherent in the
program for this type of gauge calibration.

Select the type of gauge and calibration values of
its properties must be entered by the operator before
calibration, using BU. Installation is also temperature
sensors, humidity and  atmospheric  pressure
environment. Information from these sensors comes
through K ADC, and then in a modified form in the MC,
which is processed and taken into account when

calculating the calibration error. MK fixes all errors
throughout the calibration cycle, gives value to the BVI,
as well as the database, where printed report and
certificate of calibration. The unit operates in two
modes: Mode "pressure" mode and "mass".

In the "pressure" setting is used for measuring the
pressure generated in the pressure line and measurement
result appears on the BVI and database.

In the "weight" setting is used for calibration
manometers, pressure working standards.

Selecting the work carried out on the BU selecting
the appropriate button.

In course of measurement on BVI installation is
displayed as the position of the piston in the book "P-C"
rate dipping piston temperature, atmospheric pressure
and humidity. Also provides for the possibility of
introducing amendments to reduce the local
gravitational acceleration, if it is not provided loads
used. Principles of installation are explained in the
description of the block.

Conclusions

1. In the article the block diagrams and
properties of pressure in the dynamic mode were
examined.

2. In the article the block diagram and principle
of the prospective device on checking and calibration of
pressure were examined.

3. These technical solutions should be used as the
modernization of existing pressure meters, and in the
creation of promising samples of pressure meters.
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BumiproBanHs THCKY B JHHAMIYHOMY pPe:KHMI
B. b. Kononos, A. O. Yopna, M. A. AzizoBa

AHoranis. [IpexMeTomM BUBYEHHS B CTATTi € BUMIPIOBAaHHA TUCKY B JMHAMIYHOMY PEXHMI, 110 BUKOPUCTOBYETHCS B
BiZIiTaX perioHaJbHUX LEHTPIB CTaHIApTH3alii Ta MeTpOoJNOrii INpH IpPOBEICHHI IOBIpKM Ta KalniOpyBaHHS 3aco0iB
BUMIPIOBAJIBHOI TEXHIKM Ta B Mpoleci iX ekciuryartauii. Merow cTaTrTi € JOCTI/DKeHHS IpOLECy BHUMIPIOBAaHHS THUCKY B
JIMHAMIYHOMY PEXUMI Ta IMPUHLMIIB Jil IepCHEeKTHBHOIO NPUCTPOIO IIOJIO NMOBIPKU Ta KaniOpyBaHHS NPUIIaiB TUCKY. 3aaayda, 1o
BUPIILYETbCSl, — OOIPYHTYBAHHS TE€XHIYHUX DIllleHb, BIIPOBA/DKCHHS SKMX B IPAKTHKY BUMIPIOBaHHSA JIO3BOJIMTH IiJBUIIUTH
TOYHICTh BUMIPIOBAaHHS THCKY, 10 BUKOPHUCTOBYETHCS IPH IMOBIPIi Ta KaliOpyBaHHI NMPHUCTPOIO IIOJO IOBIPKU Ta KaIiOpyBaHHS
NPUIAJB THCKY IUIAXOM 3aCTOCYBAaHHS Y3arallbHEHOI CTPYKTYpHOI CXeMM BHMIpIOBaua THCKY, IO IPONOHYETbcA. B crarri
PO3IIISIIAETHCA: TMHAMIUYHUN PEXXUM pOOOTH BUMIpIOBAdiB THCKY; 3aJIeXHICTh AMHAMIYHUX SKOCTEH 3ac00iB BUMIpIOBAaHHS Bif|
XapakTepy 3MiHH BEJIMYWHH, sIKA BUMIPIOETBCS; NOCHTIPKEHHS IMHAMIYHUX SKOCTEH BHMIpDIOBadiB THCKY; ITOXHOKa IO BXOALY
BUMIpIOBa4ya TUCKY B AMHAMIYHOMY PEXHMIi; CTPYKTypHa CXeMa Ta NpPUHLMI il NepCHeKTUBHOIO IPHCTPOIO MIONO TOBIPKH Ta
KaJTliOpyBaHHs MIPHIIAJIB TUCKY, IO PO3pOOIISEThCsl. BUCHOBKH: 3ampoIIOHOBaHI TEXHIYHI PIIICHHS JTOLLIEHO BUKOPHUCTOBYBATH SIK
IIpY MOJIEpHIi3allil iCHYFOUMX BUMIPIOBAUiB THCKY, TaK i IPH CTBOPEHHI NEPCHEKTHBHUX 3Pa3KiB BUMIPIOBaUiB TUCKY.

Kar4doBi caoBa: THCK; BUMIPIOBaY THCKY; AMHAMIYHHN PEXKUM.

H3mepenne naBjieHus B ITMHAMHYECKOM PesKHMe
B. b. Kononos, A. A. Uepnasi, M. A. AzuzoBa

Annoranusi. Ilpeamerom wu3ydeHHs CTaTbM SABJIACTCA HU3MEPEHHE JaBICHHUS B JUHAMHYECKOM pEXHME, 4YTO
UCHOJIB3YETCS B OTJIENAX PErHOHAJbHBIX LEHTPOB CTaHAAPTU3aLMU U MeTpoioruu. Llejblo cTaThl sABISETCS HCCIICIOBaHHE
npolecca U3MEpeHUs JaBJICHUs. B JAMHAMUYECKOM PEXHUME M IPHUHLUIOB JICHCTBHS IEPCIEKTUBHOTO YCTPOICTBA MOBEPKH U
KaJIMOPOBKU NPHOOPOB HaBleHUs. 3ajadveii sBIsIeTCsl 000CHOBAHME TEXHMYECKHMX pELICHMH, BHEIPEHHE KOTOPBIX B NPAKTUKY
U3MEPEHUH MO3BOJIMT IOBBICUTH TOYHOCTb H3MEPEHUs NABJICHUs, WCIOJIB3YEMbIX HPH IOBEPKE M KAJIHMOPOBKE HPHOOPOB
JIABJICHUS TIPU HOMOIIM HCIIONB30BaHUA OOOOIICHHONH CTPYKTYPHOIH CXEMbl IpeUIaraeMoro M3MepuTens HaBleHus. B crarse
paccMaTpuBaeTcsl JUHAMMYECKHH DEXMM palGoThl M3MEpHUTENs AABJICHHUS; 3aBUCUMOCTb JMHAMHYECKOTO KayecTBa CPE/ICTB
U3MEPEeHHUsI OT XapaKTepa U3MEHEHHs M3MepsAeMOll BEIMUMHBI; HCCIIEIOBAHUE IMHAMUYECKUX Ka4eCTB M3MEpUTENeH NaBIICHUS;
MOTPEIIHOCTh 110 BXOIY M3MEpHUTENs [aBleHHUS B [MHAMHYECKOM pPEXHME; CTPYKTYpHas CXeMa U IPUHLMI JeHCTBUA
MEPCIEKTUBHOIO YCTPOICTBa IO IOBEpKE M KaunOpOBKE pa3padarbIBacMbIX YCTPOWHCTB JaBlCHUA. BBIBOABI: Ipe/IoXKEHHbIE
TEXHUYECKHE PEIICHHs 11e1eco00pa3HO MCIIONB30BATh KAK MPH MOJICPHU3ALMU CYIISCTBYIOIIMX M3MEpUTENIeH JIaBlIeHus, TaK U
HpH pazpaboTKe NEPCIEKTUBHBIX 00pa3L0B U3MEPHTENIEN TaBICHNUS.

Kamo4ueBblie cioBa: JaBJICHUC, Z[I/IHaMI/I‘-IeCKI/Iﬁ PEXKUM; UBMEPUTCIIb AaBJICHUS.
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