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Abstract

This paper considers various aspects of application of the most common types of level gauges — magnetostrictive, servo-
driven, radar and reflex. Much attention is paid to accuracy of level gauges, expressed in error and uncertainty, including
those referred to the legally regulated measuring instruments. Due to the fact that the most of the level gauges are installed
on tanks, the requirements for them, given in the standards, and possible ways to improve the accuracy of level gauges
installed on tanks have been analyzed. Methods of verification and calibration of level gauges are considered, including both
verification on standard units using water, and carried out by the simulation method.

The requirements for the metrological control of level gauges with moving parts are stated. It is shown that for verifi-
cation of such level gauges, it is necessary to carry out measurements when the water moves both up and down. However,
there is no need to take measurements, as in determining the variation, at the same points when the water moves up and

when the water moves down.

Some known caution is needed when using the results of the verification of level gauges by the simulation method.
Especially big differences in the results of verification on the standard unit with water and the simulation method are ob-

served for magnetostrictive level gauges.

This difference is due to the fact that in these level gauges, the float slides along the pipe with a certain friction, and
in the simulation method, the float moves by hand and its movement does not depend on friction.

Keywords: variation; range; test; error; level gauge.

Received: 02.06.2021

Edited: 30.08.2021

Approved for publication: 06.09.2021

Introduction

Level gauges are measuring instruments with a very
wide range of applications. This requires a careful analy-
sis of all the features of their work and, first of all, the
influence of the conditions of level measurement in tanks
should be analyzed, where high measurement accuracy is
very important. It is equally important to correctly take
into account the change in the ambient temperature and
to give an additional error due to the influence of tem-
peratures in the operating documents. In addition, the
requirements for the stability of the position of the level
gauge on the tank should be formulated.

Research results

Level gauges are measuring instruments for level
measurement — the distance from bottom to top from
any base (surface of the earth, bottom of a water,
etc.) vertically to the boundaries between two environ-
ments, for example, water and air, free flowing me-
dium and air. In many cases, level gauges do not mea-
sure from bottom to top, but from top to bottom. The
level gauge apparatus easily converts distances to level if
necessary.
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Level gauges are divided into non-contact and
contact, in contact level gauges, the sensor (probe) tou-
ches the medium, the distance to which is measured;
in non-contact level gauges, it does not touch. Example
of contact level gauges — magnetostrictive, servo-driven,
example of non-contact level gauges: radar (microwave),
reflex.

Let’s dwell in more detail on the characteristics of
level gauges. In the first place among them is the accu-
racy, expressed in error or uncertainty. As a rule, the error
or uncertainty (hereinafter — error) of level gauges is from
*+ 1 to £ 10 mm. Due to the fact that for government
accounting and commercial operations level gauges are
mainly used, installed on tanks, it is these level gauges
that are classified in Ukraine as legally regulated measu-
ring instruments (MIs) in accordance with the Technical
Regulations on legally regulated MIs [1]. The correspon-
ding standard for this Resolution of the said Regulations
is DSTU OIML R 85 [2]. This standard specifies that
the accuracy of level gauges intended for installation on
tanks should be £ 1 mm in laboratory conditions. Le-
vel gauges not installed on tanks are not subject to this
limitation. A very essential characteristic of level gauges
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Table 1
Error when lowering the water level
Level,
1780.1 1572.8 | 1374.2 1172.8 | 9744 | 824.6 | 6833 515.7 367.6 220.2
mm
Error,
0.2 0.3 -0.1 0.3 0.3 0.1 -0.2 -0.2 -0.3 -0.4
mm
Table 2
Error when increasing the water level
Level,
465.2 | 6714 | 863.6 1063.5 1211.7 | 1364.7 | 1511.8 1665.0 | 1810.9 | 1960.9
mm
Error,
-0.6 -0.4 -0.6 -0.2 -0.4 0 -0.1 0.2 0.7 0.8
mm

is the component of their error caused by the ambient
temperature, or the range of ambient temperature in
which the error does not exceed the standardized value.
The uncertainty of level gauges in operating conditions
is a very important and thoroughly verified characteristic.
Usually, such a check is carried out not on a standard
unit, designed to verify metrological characteristics, but
in heat chambers with parallel fixation of the change
in the level gauge readings in a simulation mode (with
a reflector, a bridge or other devices). In this case, the
level gauge error A equals:

A=A +A2,

where A — absolute error of the level gauge under
normal conditions, mm; A, — maximum change in
level gauge readings when exposed to high and low
temperatures, mm.

This result is somewhat different from that which
would be obtained if the temperature change was car-
ried out directly during the verification of the metro-
logical characteristics on the standard unit. In such
a difficult-to-implement approach, the result must cor-
respond to [2].

In those cases where level gauges contain mo-
ving parts (such as a float), level gauges must be tested
with upward and downward movement of water, often
referred to as variation tests [3—35] (hysteresis).

These are widely used level gauges servo-driven,
magnetostrictive and some others. The purpose of
these tests — identify the difference in readings during
the movement of liquid up and down and also find
the maximum error for these two modes of water
movement. As a rule, when assessing the conformity
of level gauges with moving part to the requirements
of Technical Regulations on legally regulated MIs [1],
module F, in accordance with [2], the error of level
gauges is checked at 10 points when the water moves
up and at 10 points when the water moves down.
Tables 1 and 2 and Figures 1 and 2 show examples
of the results of such measurements for level gauges
with maximum permissible error £1 mm carried out
on the national primary standard of the unit of length
for the liquid level DETU 03-02-15 with measure-
ment range from 0 to 20 m and expanded uncertainty
0.3 mm [6]. Since the level gauges are legally regulated
MiIs, they are characterized by an error, and as a result
of such tests, the maximum error is found from the

Ay, mmq

N
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H, mm

Fig. 1. Absolute error (A) when lowering the water level (H)
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Ay, mmy
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Fig. 2. Absolute error (A) when increasing the water level (H)

data array when water moves in the tank of standard
unit both up and down. In this case, the 10 points
at which measurements are taken are approximately
evenly spaced over the range.

In cases where level gauges are not used in a le-
gally regulated area, they are calibrated, in which the
standard uncertainties of types A and B [7] are experi-
mentally found separately for the same field of points
as during verification, the maximum values of standard
uncertainties are found and the expanded uncertainty
is calculated — one value for the movement of water
up and down. Separate measurements of variation are
needed when calibrating of level gauges are not used
in legislatively regulated metrology, if the type B stan-
dard uncertainty is not found experimentally, but by
calculation and the variation is taken into account in
the uncertainty budget.

However, to determine the variation, it is neces-
sary not only to find the error or uncertainty when the
water moves both up and down, but also to measure
exactly at one point when the water moves up and
down. Only in this case can not only the maximum
error and uncertainty be found, but also the variation.
In connection with this, in [2] a separate paragraph
provides tests to determine the variation. And, al-
though, with the understanding of the great difficulties
in ensuring measurements strictly at one point, in [2]
it is recommended to carry out these measurements
not in the entire range (at 10 points), but at 3 points,
these measurements are quite laborious. But the most
important thing, apart from research purposes, these
tests do not give anything new for determining the
metrological characteristics of level gauges and it is
advisable for the manufacturer to carry out them in
order to find reserves for increasing the accuracy of
level gauges based on reducing one of the components
of errors — the magnitude of variation.

The instability of the position of the installation
site can make a significant contribution to the level
gauge error, in particular, when the level gauge is in-
stalled on a swinging roof of a vertical tank. In [2] it
is recommended to take the level gauge error equal to
+ 4 mm after installing the level gauge on the tank.
Note that we are not talking about the level gauge

error during operation (the effect of temperature, pres-
sure, humidity), but only about the effect of a swinging
roof. To significantly reduce this component of the
level gauge error, according to the recommendations
in [8], the level gauge should be installed not on the
roof, but on a rigid crossbar fixed at the ends of the
tank walls. However, the error of the level gauges in-
stalled on the tank shouldn’t be taken equal to £ 4 mm
without taking measures for correct installation, be-
cause a level gauge error of = 4 mm leads, for typi-
cal operating conditions, to an error in measuring the
volume of liquid in a tank of about = 10% [8].

As a rule, in level gauges installed in tanks, a tank
calibration table is entered to calculate the volume of
liquid in the tank, and if the level gauge has a density
measurement channel, then calculate the mass of liquid
or the volume of liquid reduced to a temperature of
15 °C (for petroleum products — according to [9]).

Gauges that have been verified or calibrated by
a simulation method should be used with great care.
Some types of level gauges show fairly close verification
results on water and with the use of imitation reflectors
(for example, radar). Slightly more difficult to carry
out a verification by a simulation method of reflex
level gauges. Much greater differences in the results
of verification on water and by the simulation method
of magnetostrictive level gauges. This is apparently due
to the fact that in these level gauges the float slides
along the pipe and it is very important that the friction
of the float in water is minimal. At the same time, in
the simulation method, the float is moved by hand
and is set at a certain distance, regardless of friction.

Conclusion

The features of the application of the most com-
mon types of level gauges are considered. Main focus
is placed on level gauges installed on tanks. The errors
of level gauges containing moving parts are analyzed
in detail. Such level gauges must be tested with water
movement up and down. In cases where level gauges
are not used in a legislatively regulated area, in the
process of calibrating such level gauges, it is advisable
to find one, the largest, value of expanded uncertainty
for the movement of water up and down.
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PiBHemipn. Oco0JMBOCTI 3aCTOCYBAHHS

[1O. HapogHuubkun, €.0. CyxomniHos, C.1O. Tiona, O.1H0. Map4yeHko

HauioHanbHul Haykosul ueHmp “lHcmumym mempornogii”, 8yn. MupoHocuybka, 42, 61002, Xapkis, YkpaiHa
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AHoTauis

Po3risiHyTo pi3HOMaHITHI acrieKTu 3acTOCYBaHHSI HaWOLIbII PO3IMOBCIOMKEHUX THUIIB PiBHEMIpPiB — MarHiTOCTpUK-
LiAHUX, CEPBOMPUBIIHUX, pamapHUX Ta peduekcHux. Benuky yBary TNpuIiJIeHO TOYHOCTI piBHEMIpiB, siKa BUPaKAETHCS
MOXMOKOIO Ta HEBU3HAUYEHICTIO, Y TOMY YMCJi BiTHECEHMX J0 3aKOHOIABUYO PEryJbOBaHUX 3aCO0iB BUMipIOBaJIbHOI TEXHIKHU.
V 3B’513Ky 3 TUM, 110 OiJibllIa YacTMHA PiBHEMipiB BCTAHOBJIIOETHCS Ha pe3epByapax, MpoaHasli3oBaHO BUMOTHU JIO0 HUX, Ha-
BElIeHI y CcTaHAapTax, Ta MOXJIMBI IUISIXW MiABUILIEHHSI TOYHOCTI PiBHEMIpiB, SIKi BCTAHOBJIOIOTbCS Ha pe3epByapax. Pos-
MISIHYTO METOIM TOBIPKM Ta KajliopyBaHHSI piBHEMIpiB, sIKi BKJIIOYAIOTh SIK TOBIpKY Ha €TajloHaX i3 3aCTOCYBaHHSIM BOJIU,
TaK i Ti, IO MPOBOAATHCS IMIiTALIHHUM METOIIOM.

BuxnaneHo BUMOrM 10 METPOJIOTIYHOTO KOHTPOJIIO PiBHEMIpiB, SKi MaloTh pyxoMi yacTuHu. [loka3zaHo, 1110 Mpu MoO-
BipLli TaKMX PiBHEMipiB HEOOXiZHO MPOBOAMTH BUMIpIOBaHHSI MpPU pyci BoaAu K yropy, Tak i BHM3. IlpoTre Hemae HeoO-
XiTHOCTi MPOBOAUTH BUMIPIOBAHHS, K MPU BU3HAUYEHHI Bapiallii, B OMHUX i TMX € TOYKaX MPU PyCi BOAM Bropy Ta mpu
pyci Boau BHU3.

HeoGxinHa meBHa 00epeXHICTh MMPU BUKOPUCTAHHI Pe3yJIbTaTiB MOBIPKM piBHEMIpiB iMiTaliitHUM MeTomoM. OcoOImMBO
BEJIMKI BiAMIHHOCTI Y pe3yJjibTaTax IMOBipKM Ha €TaJioOHi 3 BOAOIO Ta iMiTALliiHUM METOJIOM CIOCTEPiraloThCsl IS MarHiTo-
CTPUKUIMHUX PiBHEMIpiB.

Taka BiAMiHHICTb BUKJIMKaHa THM, 110 y LIMX PiBHEMipiB MOIUIAaBOK KOB3a€ IO TpyOi 3 MEBHUM TEpTSIM, a MpPU iMiTa-
LiAHOMY METOi MOIJIAaBOK TMEepPeMIlllyeEThCSl PYKOIO i MOro pyX He 3aJIeXXUTh Bill TEPTS.

KiouoBi ciioBa: Bapiallisi; niana3oH; BUMPOOYBaHHS; MOXUOKA; piBHEMIp.

YpoBHemepbl. OCO0EHHOCTH TIPUMEHEHMS
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AHHOTaIMS

PaccMoTpeHBI pasiuWuyHBIC AacIMeKThl TMPUMEHEHMSI Haubojiee pachHpoCTPpaHEHHBIX TUIIOB YPOBHEMEPOB —
MarHUTOCTPUKIIMOHHbBIX, CEPBONPUBOIHBIX, PAadapHbIX U pedieKCHbIX. Bojbllloe BHUMaHUE YaeJIeHO TOYHOCTH YpOBHEME-
pPOB, BBIpAa)kacMOI IMOTPELIHOCTBI0O M HEOIPEeAeJEHHOCThIO, B TOM YHCJE OTHECEHHBIX K 3aKOHOIATEIbHO PETYIUPYEMbIM
CpeICTBAM U3MEPUTEIbHOI TeXHUKU. B CBsI3u ¢ Tem, 4TO OoJblIasi YacTh YPOBHEMEPOB YCTAHABIMBAETCS Ha pe3epByapax,
IIPOAHAIM3MPOBAaHbl TPEOOBAHMS K HUM, IPUBEICHHBIE B CTaHIAPTaX, M BO3MOXHbBIE ITyTH IOBBIIIEHUS TOYHOCTH YPOB-
HEeMepoOB, yCTaHaBJIMBAaeMbIX Ha pe3epByapax. PaccMOTpeHbI MeTOIbI IMOBEPKU M KaJuOPOBKY YPOBHEMEPOB, BKIIIOYAIOIIIME
Kak ITOBEPKY Ha JTaJOHAX C IPMMEHEHMEM BOIbI, TAK U IPOBOAMMbBIE MMUTALIMOHHBIM METOIOM.

H3noxeHbl TpeGOBaHUSI K METPOJOTMIECKOMY KOHTPOJIIO YPOBHEMEPOB, MMEIOIIMX ITONBMXKHBIE 4YacTh. IlokazaHo,
YTO MPU MOBEPKE TAKMX YPOBHEMEPOB HEOOXOMMMO IIPOBOMUTL M3MEPEHMs IPU ABVIKEHUU BOABI KAK BBEPX, TaK U BHU3.
OnHakKo HET HEOOXOOWMOCTH MPOBOAUTL M3MEPEHMsI, KaK IMPW OINpeAe/icCHUM BapuallMy, B OTHUX U TEX XK€ TOUYKaX MpU
IBVDKEHUM BOIbI BBEPX U IIPU ABUXKEHUU BOIbI BHU3.

KiroueBble ciioBa: Bapualys; AMANa30H; UCIBITAHKE; MOTPEIIHOCTL; YPOBHEMED.
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