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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of nptional standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through I1SO
technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented that committee. International organizations, govern-
mental and nop-governmental, in liaison with ISO, also take part in the
work. ISO colllaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Draft Internatignal Standards adopted by the technical commiltees are
circufated to the member bodies for voting. Publication as an Inter-
national Standard requires approval by at least 75% of the member
bodies casting|a vote.

International Standard ISO 8309 was prepared by Technical Committee
ISO/TC 28, Pdtroleum products and lubricants, Sub-Committee” SC 5,
Measurement of light hydrocarbon fluids.

Annexes A and B of this International Standard are for information only.
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Refrigerated light hydrocarbon fluids — Measurement of liquid
levels in tanks containing liquefied gases — Electrical

capac

1 Scopp

This Inter]

jtance gauges

hational Standard specifies the essential

requiremgnts and verification procedures for
capacitange-type liquid level gauges to be used for
ship and |shore tanks containing refrigerated light
hydrocarbion fluids.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions

of this Int

brnational Standard. At the time“ef publi-

cation, the editions indicated were valid.” All stan-

dards ar

b subject to revision, and parties to

agreements based on this Interpational Standard
are encoyraged to investigate the. possibility of ap-

plying the
dicated b
registers

IMO (Inte
ution A3
equipmen

IEC 78-0:1

most recent editiofns,of the standards in-
blow. Members ¢fNEC and ISO maintain
pf currently validjnternational Standards.

rnational~-Maritime Organization) Resol-
P8(1X), . Code for the conslruclion and
of ships carrying liquefied gases in bulk."

P83/ Electrical apparatus for explosive gas

IEC 78-2:1983, Electrical) apparatus for

explosive gas

atmospheres — Paft"2: Electrical appgratus — Type

of protection “p”’¥®

IEC 79-3:1972Eleclrical apparatus for
atmospheres” — Part 3: Spark test
intrinsically-safe circuits.?

IECC79-4:1975, Electrical apparatus for
atmospheres — Part 4. Method of te
temperature.®

IEC 79-5:1967, Electrical apparatus for
almospheres — Part 5: Sand-filled app

IEC 79-6:1968, Electrical apparatus for
atmospheres — Part 6: Oil-immersed 4

IEC 79-7:1969, Electrical apparatus for
atmospheres — Part 7: Construction
electrical apparalus, type of protection

IEC 79-10:1986, Electrical apparatus for
atmospheres — Part 10: Classification
areas.”

IEC 79-11:1984, Electrical apparatus for
atmospheres — Part 11: Constructio
intrinsically-safe and associated appar

explosive gas
papparatus for

explosive gas
5t for ignition

explosive gas
aratus.?

explosive gas
pparatus.?

explosive gas
and test of
“gm 2

explosive gas
of hazardous

explosive gas
p and test of
htus.?

atmospheres — Part 0: General requirements.?

IEC 79-1:1871, Electrical apparatus for explosive gas
atmospheres — Part 1: Construction and test of
flameproof enclosures of electrical apparatus.?

1) Reference for level gauges in ship’s tanks.

2) Reference for level gauges in shore tanks.

IEC 79-12:1978, Electrical apparatus for explosive gas

atmospheres — Part 12: Classification
gases or vapours with air according

of mixtures of
to their maxi-

mum experimental safe gaps and minimum igniting

currents.?
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IEC 92-504:1974, Electrical installations in ships —
Part 504: Special features — Control and instrumen-
tation.”

IEC 533:1977, Electromagnetic compatibility of elec-
trical and electronic installations in ships."

IEC 654-1:1979, Operating conditions for industrial-
process measurement and control equipment —
Part 1: Temperature, humidity and barometric press-
ure.?

3.9 standard scale: A measure used for testing the
accuracy of the level gauge.

4 Gauge design

A capacitance-type liquid level gauge is composed
of the components as shown in figure 1.

The materials and the construction of a liquid level
gauge shall be such that the gauge will withstand,
without damage, exposure to the environmental

IEC 654-2:1979, rOperating—corditions—for—industriat
process measbrement and control equipment —
Part 2: Power.?

3 Definitions

For the purposps of this International Standard, the
following definitions apply.

3.1 accuracy test: A test for determining the extent
of errors.

3.2 gas-dangerous space: A space where gas or
vapour may form flammable mixtures when mixed
with air. This ig equivalent to the “hazardous area”
described in IEC 79-10 for shore tanks, and to the
“gas-dangeroul space or zone" described in IMO
Resolution A.328(IX) for ship’s tanks.

3.3 gauge reference point: A point fixed as a refer-
ence for measyring the liquid level.

3.4 intrinsically safe construction: A construction

which is proy
IEC 79-11 to be
spark in norm
vapours for wh

ed by testing in accordance .with
incapable of producing an ificendiary
al or fault condition in the_gases or
fch it is certified.

3.5 liquid levgl: The distance bétween the surface
of the liquid in p tank and the gauge reference point,
measured alonjg the centreline-of the level gauge.

3.6 offset constant: The _height of the lower end of
the main senspr from-the tank bottom after instal-
lation in the tapk.

3.7 maximum permissi
of the error permitted by specn"catvon as a system.

3.8 Sensors

3.8.1 main sensor; That part of the level gauge that
responds to changes in liquid level.

3.8.2 reference sensor: That part of the level gauge
that measures the dielectric constant of the liquid.

conditions specified in tables 1 and 2.

4.1 Sensors

The sensors shall consist ofa~-main senspr and a
reference sensor.

4.1.1 Main sensor

The main sepsoy, consisting of two electrodes
formed by dual coaxial tubes or similar s(%uctures,

measures.theliquid level through differences in the
electrostatic capacity of the sensor dug¢ to the
changing” liquid level. The main sensor [shall be
constructed taking into consideration the following
requirements:

a) In order to obtain the measurement Rccuracy
required for each measurement range, fthe elec-
trodes shall be divided into sections of appropri-
ate length to provide the accuracy specified in
clause 6.

b) The non-sensing parts, at the joints of thp divided
electrodes, shall be made as small as|possible
to reduce interruptions in the continuofis meas-
urement.

c) To maintain linearily of all the electro
coaxial-type tubular electrodes, for
shall be manufactured with sufficient
the dimensional variation of the inner

tween the eleclrodes shall be restricted as far
as possible.

d) Provision shall be made for free circulation of the
liquid between the outside and inside of the
electrodes so that the composition of the liquid
inside the electrodes is identical to that on the
outside. Provision of flow holes at regular inter-
vals is recommended.
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Figure 1 — Example of capacitance-type level gauge

Table 1 — Environmental conditions for the various parts of capacitance-type level gauges (for shore tanks)

Out of tank
Inside tank
Exposed area Otfrer areas
Temperafure LNG: —165 °C to +55 °C ~25°Cto +70°C* 0°¢ to 55 °C”
LPG: —50 °C to 455 °C

5 % to 70 % above 40 °C

Relative Tumidity 5 % to 100 % at 0 °C to 40 °C*

*  Quoted from IEC 654-1.
NOTES

1 In the case of liquids other than liquefied natural gas or liquefied petroleum gas, lower temperature limits inside the
tank may be specified on the basis of the boiling point of the liquid.

2 Every part of the equipment installed inside the tank shall possess sufficient strength to withstand static pressure
and wave motion or other action of the liquid.
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Table 2 — Environmental conditions for the various parts of capacitance-type level gauges (for ship’s tanks)

Inside tank

Out of tank

Exposed area

Other areas

Maximum acceleration: 0,7 G

Amplitude: 4+ 1,0 mm within 2,0 Hz to 13,2 Hz
Acceleration: 0,7 G within 13,2 Hz to 80 Hz

Temperature LNG: —165 °C to + 80 °C —-25°Cto 470 °C* 0°Cto55°C
LPG: —50 °C to + 80 °C
Vibration No natural frequencies of equipment within 0 Hz to 80 Hz* -

Relative humidity

0% to 100 % at 0 °C to 40 °C*

0 % to 70 % above 40 °C

Inclination Inclination angle (in all directions): 22,5°*
Roll angle (10 s period}: 22,5°
Pitching Acceleration: + 1,0 G in vertical direction®

bility

Electromagnetic compati-

To IEC 533

* Quoted from IE

NOTES
1 All values in

2 Wiring to the
the liquid.

3 Al equipmer
mersion in sea

4 In the case o
tank may be spe

C 92-504.

vater.

the above table indicate conditions when in operation.

sensors and inside the tank shall possess ample strength to.withstand wave motion or other agtion of

t installed on the weather deck of a ship shall have adequate protection against exposure tg or im-

f liquids other than liquefied natural gas or liguefied petroleum gas, lower temperature limits indide the
cified on the basis of the boiling point of the\liquid.

4.1.2 Reference sensor

The reference §
the liquid in or
constant. It is ug
main sensor

ensor shall always be immersed in
der to sense changes in)dielectric
ed to provide a means)by which the
s compensated «for changes in

dielectric constant of the liquid.‘A)reference sensor

is necessary w
ment is require

herever highiy.accurate measure-
. The reference sensor may be ei-

ther a dedicated piece of equipment or a section of

the main sensot

A sensor that is

that iscfully immersed in liquid.

used exclusively as a reference and

set directly on

structed in such a way so as not to accumulate for-

eign substance

s and also so that cleaning and

maintenance are as simple as possible.

4.2 Receiver

The receiver shall be composed of the following

units:

a) a power supply unit for generating power to drive

the sensors;

b) a measurement unit for impedance trgnsform-
ation, and amplification and conversion of the
signals from the sensors;

c)

a control unit for switching, calculation apd logic
operations, controlling all functions of the equip-

ment;

d) an indicator unit.

The receiver indicates the measurement resplts and

shall satisfy the following conditions:

easily validated:

the’bottom of a tank shall be con 1) the functions of the controller unit $hall be

2) the design shall be such that numerical val-
ues, like the zero points of the sensors, etc,
which are of importance for the measurements,
shall be unaffected by power failures, vibrations,
etc., and easy to validate for each measurement.

4.3 Wiring

The wiring passing through a feedthrough flange on
the tank to connect the sensors with the receiver
shall satisfy the following conditions:
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a) the wiring shall not be affected by electrical in-
terference;

ISO 8309:1991(E)

a) Class A: 7.5+ 0,05/. mm

b) the wiring inside the tank shall be able to with-
stand cryogenic temperatures and also any
shocks caused by vibration or by flowing liquid;

c) the feedthrough flange on the tank shall be of
hermetic construction, securely sealing off the
inside of the tank from the outside.

5 Environmental conditions and allowable

where [. is the liquid level in metres.

b) Class B: as required

6.3 Level indication

The indication of the liquid level shall be on an in-

strument with a resolution of:

a) 1 mm for class A

power su;[ply fluctuations

Environmenftal conditions for the various parts of

capacitance

-type level gauges shall be as shown in

b) as required for class B

6.4 Class of gauge

table 1 for shore tanks and in table 2 for ship’s tanks.

Fluctuationd in the power supply shall not exceed The class of gauge (clags "A”or class(B) shall be

the values phown in table 3. Note that these limits selected according to the application.

are imposefl to prevent damage to the system, not

to maintain the accuracy thereof. 7 Installation

6 Performance 7.1 Main sensor

6.1 Combhbined error of main sensor and 7.1.1 In-principle, the main sensor shall be fixed at

receiver its lowest point to the tank bottom direqtly or with a
fitting“attached thereto. The position of the lowest

The combined error of main sensor and receiver (as

defined in 8
a) Class A:

b) Class B:

6.2 Maxin

2.3) shall not exceed the following limits:
5mm

as required

hum permissible error

The maximym permissible errors (as defined in 3.7)

of the level
following lin

gauge as a system shall-not exceed the
nits:

point of the sensor shall not be significantly altered

by variations in temperature.

supporting column having sufficient s{rength, and

7.1.2 The main sensor shall be instajled along a

shall be secured to it at regular interv
sor structure shall be flexible, allow
movement along the supporting column
expansion and contraction.

7.4.3 The main sensor shall be installg
cal direction from the tank bottom.

Table 3 — Fluctuations in the power supplies

Is. The sen-
ing vertical
for thermal

d in a verti-

Variation
Permanent Transient
Power dource Variant item
Variant value Variant value RecoVery time
o 0 S
Alternating current Voltage frequency +10° +20° 3*
+5 + 10 3
Battery Voltage +30°* —
-25

* Quoted from IEC 654-2 and IEC 92-504.

NOTE — When the equipment is not connected to the battery during charging, or when voltage-stabilizing equipment is
used, the values of voltage variation of a battery could be reduced to 420 %.
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7.2 Reference sensor

The applicable sections of the main sensor and the
reference sensor shall be located as closely to-
gether as possible in order to minimize differences
in dielectric constants caused by stratification of the
liquid in composition or temperature. Therefore,
when a reference sensor is installed in addition to
the main sensor, the distance between the two shall
be minimized and the section of the reference sen-
sor closest to the liquid surface shall be used.

Where a secti
reference senspr, a section filled with liquid closest
to the liquid su

7.3 Wiring

7.3.1 Any wiri
tank stiffeners
tervals so that
terminals, etc.,

7.3.2 The tery
and tightly sec
cannot loosen
ations.

7.3.3 In order
arising from ¢

ng within the tank shall be secured to
or to other structures at frequent in-
no undue force will be applied to the
by wave motion in the liquid.

hinals shall be of solid construction
ired with locking devices so that they
due to vibration or temperature vari-

to prevent deterioration in insulation
ondensation of moisture, measures

such as sealing the feedthrough flange with a non-

conducting nor

8 Ensuring

8.1 General

When measuri
rections, prefe

8.2 Accurac

Accuracy tests
in accordance

-permeable material shall be taken.

accuracy

requirements

ng the liquid leyel ~practicable cor-
ably automatic~shall be made.

y tests

after ‘manufacture shall be conducted

in 8.2.1 and th

with*the main-sensor test described
H ot e docoribad

The level as calculated from the measured capaci-
tance is then compared with the actual level as
measured with a standard scale.

8.2.2 Accuracy test of receiver

A receiver accuracy test shall be performed on the
measurement circuit for each section of the main
sensor. This test consists of prescribing test values
at five or more points equally dividing the length of
each section of the main sensor and connecting ap-
propriate standard capacitors corresponding to the

Then the levels indicated by the receiver gre read
and compared with those simulated by the|test val-
ues.

When the cable used in a field)installation |js longer
than 300 m, the above test shall be coupled with a
simitar test in which a.cable as long as the actual
one is used to connect the standard capqcitors to
the receiver circuit.

8.2.3 Combined error

The combinéd error shall be taken as the rpot of the
sum of-the squares of the maximum instryment er-
rors.given by the tests specified in 8.2.1 ang 8.2.2.

8.3 Measurement of sensor length

The length of each section of the main sensor shall
be measured with an accuracy of better tha[v 0,1 mm
and recorded together with the temperatuye at the
time of measurement.

8.4 Checks and tests after installation

The following checks and tests shall be cpnducted
when the level gauge has been installed infthe field:

a) Checks to confirm that each component has been
assembled, installed or connected in acgordance
with the design drawings. These checkq shall be
conducted with special attention being paid to
the inside of the tank.

in 8.2.2.

S HE P -V PN T TP V)
reterTveT attoraty oo oo oo oo ot

8.2.1 Accuracy test of main sensor

The main-sensor accuracy test is performed section
by section to test sensor linearity. On each section
of the main sensor, five or more points equally
spaced are marked as test points.

The capacitance is measured at each of these test
points with the sensor immersed in liquid nitrogen,
liquid fluorinated-hydrocarbon refrigerant or any
other liguid having a similar dielectric constant.

b) After installation in the tank, the offset constant
shall be measured and recorded together with
the temperature inside the tank at the time of
measurement.

c) It shall be confirmed that all assembled parts
operate normally and in an integrated manner.

8.5 Checks and tests after operation start-up

It is advisable that the following checks and tests be
conducted as regularly as possible:
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a) checks to confirm the normal conditions of the
sensors, cables, etc., inside the tank (o be con-
ducted when the tank has been opened);

b) cross-checks of level gauges (when two or more
gauges are installed in one tank);

c) tests of the receivers as specified in 8.2.2.

1SO 8309:1991(E)

9 Instrumentation requirements for
gas-dangerous spaces

The level measurement system shall be in accord-
ance with relevant national or international stan-
dards, such as |IEC 79-0 to 79-12, |EC 92-504, IMO
Resolution A.328, 10.2.
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Annex A
(informative)

General principles

The capacitance C, of two parallel metal plates in a The capacitance C when a liquid of dielectric con-
vacuum (dielectric constant ¢,) is given by stant ¢, reaches a height /& between the plates (see
L aH 1. figure A 1) 15 given by
o7 d ° _all=h ah
L= *-—d—" X fel —d—' X e
where the meanings of a, /1 and d are as given in
figure A.1. all ah
'9 =TX£G+7(CL—CG)
. . h &)
=(,G+(,GX—II—('EG——1)
Now, since the ratip ¢5/z, is very close to 1
| i: (e /E9)
fe  (eafeo)
x e [eo
=0 (the retative dielectric constant of the liqui
=

. . . h
S C=Co+ (/Gxﬁ(ﬂw— 1

C
Letting —=-(e,0 — 1) = b
Figure A.1 — Basic diagram I

C—Cg=0bh

The capacitanice C; of the plates_'in’ a gas of

dielectric consfant s is given by Thus the change in capacitance is propoftional to

the liquid height A.

Co=—"Kzg
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