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This ¢ommented version (CMV) of the official standard IEC 60475:2022 edition 3.0

INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHOD OF SAMPLING INSULATING LIQUIDS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international

Puljlicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publicatien(s)”)
preparation is entrusted to technical committees; any IEC National Committee interested in the subject de
may participate in this preparatory work. International, governmental and non-governmental organizations
withh the IEC also participate in this preparation. IEC collaborates closely with the International*Organiza
Stapdardization (ISO) in accordance with conditions determined by agreement between the two organiza

Thqg formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
conjsensus of opinion on the relevant subjects since each technical committee ‘has”representation f
intgrested IEC National Committees.

IEQ Publications have the form of recommendations for international use and)are accepted by IEC N
Committees in that sense. While all reasonable efforts are made to ensurejthat the technical content
PuRhlications is accurate, IEC cannot be held responsible for the way/in which they are used or
misjnterpretation by any end user.

In ¢rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi
trarjsparently to the maximum extent possible in their national and.regional publications. Any divergence b
any] IEC Publication and the corresponding national or regionahkpublication shall be clearly indicated in thg

IEQ itself does not provide any attestation of conformityslndependent certification bodies provide con
asspssment services and, in some areas, access to |IEC ‘marks of conformity. IEC is not responsible
seryices carried out by independent certification bodies,

All bsers should ensure that they have the latest edition of this publication.

No [liability shall attach to IEC or its directors, €employees, servants or agents including individual expe
members of its technical committees and IEC ‘National Committees for any personal injury, property dan
other damage of any nature whatsoever, “whether direct or indirect, or for costs (including legal feq
expenses arising out of the publicatien,)use of, or reliance upon, this IEC Publication or any oth
Puljlications.

Attention is drawn to the Normativereferences cited in this publication. Use of the referenced publica
indispensable for the correct appli¢ation of this publication.

Atténtion is drawn to the possibility that some of the elements of this IEC Publication may be the subject o
rights. IEC shall not be heldfesponsible for identifying any or all such patent rights.
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the user to identify the changes made to the previous IEC 60475:2011 editi01| 2.0.

Futhgrmore, comments from IEC TC 10 experts are provided to explain the reasons
most|relevant-changes, or to clarify any part of the content.

A vertical’bar appears in the margin wherever a change has been made. Additions

bf the

are in

green text, deletions are iIn strikethrough red text. Experts' comments are identifie
blue-background number. Mouse over a number to display a pop-up note with the
comment.

by a

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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2022

IEC 60475 has been prepared by IEC technical committee 10: Fluids for electrotechnical
applications. It is an International Standard.

This third edition cancels and replaces the second edition published in 2011. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) addition of a new Annex C on sampling of oil from bushings, at the request of IEC
bcommittee 36A, in order to transfer to IEC 60475 the corresponding contents of

Su

xt of this International Standard is based on the following documents:

Draft Report on voting

10/1163/FDIS 10/1173/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.
The Ignguage used for the development of this International Standard is English.
This document was drafted in accordance with ISQ/IEC Directives, Part 2, and developed in
accorflance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avgilable
at www.iec.ch/members_experts/refdocs. TheGmain document types developed by IEC are
descr|bed in greater detail at www.iec.ch/publications.
The cpmmittee has decided that the contents of this document will remain unchanged until the
stabiIJ(y date indicated on the IEC_ website under webstore.iec.ch in the data related fo the
specific document. At this date, the document will be
e refonfirmed,
e withdrawn,
e replaced by a revised edition, or
e amended.
IMPORTANT - The ‘colour inside’ logo on the cover page of this publication indicates that it
contpin§’/colours which are considered to be useful for the correct understanding of its
contgwmhmmmmmmW -
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INTRODUCTION

General caution, health, safety and environmental protection

WARNING — This document does not purport to address all the safety problems associated with
its use. It is the responsibility of the user of this document to establish appropriate health and
safety practices and determine the applicability of regulatory limitations prior to use.

The insulating oils which are the subject of this document should be handled with due regard
to personal hygiene. Direct contact with the eyes-may can cause irritation. In the case of eye
contact irrigation with copious quantities of clean running water should be carried oyt and
medidal advice sought. Some of the tests specified in this document involve the\yse of
procepses that could lead to a hazardous situation. Attention is drawn to the relevant\standard
for gujidance.

Envirpnment

This document is applicable to mineral oils and non-mineral oils, chemicals and used sample
conta|ners.

Attenfion is drawn to the fact that some mineral oils in service-may’can still be contaminated to
some|degree by PCBs. If this is the case, safety countermgasdres should be taken to|avoid
risks fo workers, the public and the environment during the life of the equipment, by strictly
contrglling spills and emissions. The disposal or decontamination of these oils-should-be-carried
oeut-stricthyaccording-tolocalregulations can be subjedt fo regulatory requirements with regard
to thdir impact on the environment. Every precaution should be taken to prevent release of
minerpl oil and non-mineral oil into the environment:
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METHOD OF SAMPLING INSULATING LIQUIDS

1 Scope

This document is applicable to the sampling procedure-to-be used for insulating liquids in
delivery containers and in electrical equipment such as power and instrument transformers,
reactors, bushings, oil-filled cables, oil-filled tank-type capacitors, switchgear and load tap
changers (I T(“Q)

This document applies to liquids the viscosity of which at the sampling temperature-is-lesg than
1 500[{mm?2/s (or cSt). It applies to mineral oils and non-mineral oils (such as synthetic gsters,
natural esters, vegetable oils or silicones).

2 Nlormative references

The following documents are referred to in the text in such a way that.some or all of their content
constitutes requirements of this document. For dated references,-only the edition cited applies.
For yndated references, the latest edition of the referencéd document (including any
amenfiments) applies.

IEC 6DP567:2011, Oil-filled electrical equipment — Sampling of gases and analysis of free and
dissolved gases — Guidance

IEC 6P970, Insulating liquids — Methods for counting and sizing particles

3 Tprms and definitions
For the purposes of this document;-the following terms and definitions apply.

ISO 3nd IEC maintain terminiology databases for use in standardization at the following
addrepses:

e |E[LC Electropedial_available at https://www.electropedia.org/

e ISP Online bsdwsing platform: available at https://www.iso.org/obp
3.1

delivery container
conta|nér used to store, transport and deliver batches of oil

EXAMPLE Drum, rail tanker, road tanker, flexible plastic bag.

3.2
electrical equipment
equipment filled with insulating oil

EXAMPLE Power and instrument transformers, reactors, bushings, oil-filled cables, oil-filled tank-type capacitors,
switchgear and load tap changers (LTCs).

3.3

sampling equipment

equipment used for sampling oil from delivery containers (e.g. sampling probes, such as dippers
or siphons) and from electrical equipment (e.g. connecting tubing and drain valve adapters)

Note 1 to entry: Sampling equipment also includes sample containers, waste oil containers and other accessories.
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3.4
sample container
container or other device used to store and transport samples of oil for analysis

EXAMPLE Syringe, bottle, ampoule.

Note 1 to entry: Sample containers include accessories such as valves, tubing or caps attached to the container.
4 General principles for the sampling of insulating liquids

4.1 New insulating liquids in delivery containers

411 Place of sampling

The spmple shall be taken from the part of the delivery container where the insulating liquid is
likely to be most heavily contaminated. To evaluate the quality of a consignmegnt, two types of
samples may be normally taken:

a) cogmposite sample: mixture of samples taken at the same level in sevéral containers;

b) individual sample: sample or mixture of samples taken at the same“level in one contaliner.

From ja delivery, individual samples of 1 | may be taken from différent containers for the electric
strength test. Further tests may be carried out on these samplés and a complete examipation
on the mixture of these (composite sample).

In cerfain cases, it-may can be useful to constitute an-average sample within the containgr. An
averapge sample is a mixture of samples taken at different levels in one container.

1) tapkers: samples should be taken from each,tanker as described in 4.1.4.2 below;
2) drpms: samples should be taken as descrkibed in 4.1.4.3 below.

In the|case of a single drum, this shall be“sampled.

In cage there is more than one druny of a lot of oil, sampling procedures should be negqgtiated
betwegen supplier and user. For.éxample, samples can be taken from 10 % of drums or af least
two dfums, whichever the largest.

4.1.2 Quantity of sample to be taken

This depends on the tésts to be performed and the procedures used.
Typically, 2 Lare taken.

4.1.3 Sampling equipment

4.1.3.1 General

Since the results of the tests included in IEC requirements for insulating liquids can greatly
depend on the impurities in the sample, it is essential to observe the following precautions:

— separate sampling equipment shall be reserved exclusively for each type of liquid. All seals
and tubing used should be compatible with the insulating liquid to be sampled;

— the equipment shall be clean and dry, following the cleaning procedures described in
4.2.1.6. Particular care should be taken to ensure the absence of any traces of solid
impurities, such as dust, fibres;—ete. The use of rags for cleaning is not permitted.
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4.1.3.2 Sampling probes

As examples, four types of sampling probes are described below. Other probes may also be
used, provided they do not introduce any contamination. Stainless steel and aluminium are
suitable.

a) Sampling from tankers

The thief dipper shown in Figure 1 is suitable for taking samples at the bottom of the
container. This is a dipper constructed of stainless steel or aluminium tubes and castings,
machine-finished all over. It shall be sufficiently heavy to sink in the liquid. It should always
be suspended by means of a metal wire or chain. String or other fibrous materials shall not

be_used
THe cream dipper is used for taking top samples of insulating liquids. This probe shall be
constructed as shown in Figure 2 and shall be of stainless steel.
Dimensions in millimetres
‘ Loop for chain
o
e
|
L o
N
Y 1
N
\Thread
~
] 8
N
A Y
3]
©
© ©
|
i Y Y !
A 4 lugs 6 (high)
320
- IEC

Figure 1 — Thief dipper
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Dimensions in millimetres

51

J1

VI

)]

406

ST

127

9,5

Valve

51

Y

IEC

Figure2- Cream dipper

b) Sgmpling from drums

THe pipette shown in Figure 3.enables samples to be taken at the bottom of drumsg. This
pipette has a capacity of abeut 500 ml.

Another probe to take samples at the bottom is shown in Figure 4; it is a siphon with a pglass,
stainless steel or aluminium tube having an internal diameter of about 13 mm for taking off
the sample liquid, @nd a metal tube (internal diameter 5 mm) for applying pressure| Both
tubes are set in anoil-resistant bung whose dimensions correspond to the diameter of the
buyng hole in the.drum. Commercial versions of this equipment are available. When pogsible,
glass is preferable for probes illustrated in Figure 3 and Figure 4.

THe cream dipper (Figure 2) may be used for taking top samples.
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Dimensions in millimetres

235

965

~~__ Glass tubing
tapered at
both ends

40

210

IEC

Figure 3 — Pipette

Dimensions in millimetres

Air bulb

Metal tube

LN

Drum

Glass tube 213

IEC

Figure 4 — Siphon
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4.1.3.3 Sample containers

For storing and transporting samples, depending on the oil test to be performed, sample
containers of appropriate volume shall be used. Different types of sample containers are
indicated in 4.2.1.5.

For the mixing of different samples, a special sample container made of glass with a capacity
of at least 6 | shall be used. These special sample containers shall be closed in a manner that
allows them to be sealed, by means of oil-resistant plastic or compatible rubber tubing or screw
caps equipped with a polytetrafluoroethylene (PTFE) lining. Natural rubber tubing and/or seals
are not permitted. PTFE and polypropylene (PP) seals are acceptable.

Each pample container shall have a label on which are marked all the indications necesJary to
identify the contents, i.e. the markings of the drums or tanks, date of sampling and.the hgme of
the reccipient.

4.1.3.4 Cleaning of sampling equipment

Sampling equipment shall be cleaned following the procedures described in 4.2.1.6.

4.1.4 Sampling procedure
4.1.41 General remarks

According to general principles for sampling (see 4.1.1),“samples of new insulating liquid shall
be taken from the bottom of the delivery container, where the contamination is likely to be the
greatgst. But in certain cases, an average sample is_also of interest.

NOTE [ To obtain an average sample, samples are taken at intermediate levels in tanks or drums. Exanlples of
procedfires are given in Annex A. A procedure is indicated in the NOTE in 4.1.4.2 a) for obtaining the equivalent of
an avefage sample.

In Table 1 different cases are consideréd:

Table 1 — Types of samples of new insulating liquids

Type of delivery Recommended Equipment to be used Procedure Recommended
sampling quantity
Caomposite Pipette (Figure 3) 4.1.4.2 3x21
Drumg or
Individual Siphon (Figure 4) 4.1.4.2 1lor2l
Thief dipper (Figure 1) 4.1.4.1b) 3x2]1
Tankgrs Individual or
None (valve) 4.1.4.1 a)
l Pipette l ]
Drum A or Annex A
> AYETagE J siphon ( Figure 3 and
Figure 4) 3x2]|
Thief dipper (Figure 1)
Tankers Average or
None (valve) 4.1.4.1 a)

NOTE 2 Before sampling from tankers, sufficient oil-sheuld-be is pumped from the end of the delivery pipe, as
required-by indicated in 4.1.4.2.

Every precaution shall be taken during sampling in order to avoid contamination of the insulating
liquids. Outdoor sampling of insulating liquids in rain, fog or high wind is only permitted if all
precautions have been taken to avoid contamination of the liquid. In this special case, the use
of a cover is necessary.
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Condensation shall be avoided by warming the sampling equipment so as to be above the
ambient air temperature. Before use, the equipment shall be rinsed with the liquid being
sampled. The operator shall be warned not to-permit-his let their hands-te come into contact
with the surfaces of sampling equipment subsequently in contact with the oil. The insulating
liquids shall be protected against light irradiation during transportation and storage.

On arrival at the laboratory, the sampling container shall not be opened immediately. It is
necessary to wait until the temperature of the sample is the same as the room temperature.

4.1.4.2 Sampling from tankers

Insul
creani
a) Ss
By
af

N(
do

In

TH
af

1)

iillg iiquiu'b nray be bdlllpicd eithret iilluugil the—tamkouttetor Iuy athief dippm O
dipper.
mpling through the tank outlet

this procedure, it is possible to obtain a sample representative of the bottom of the
er the tank has been allowed to stand for at least 1 h after the vehicle)has arrived.

TE It may be possible, by this procedure, to obtain the equivalent of an average sample, if the sampl
he directly after the vehicle has arrived.

this case, the sampling procedure shall be as follows:
remove the outlet valve shield, if fitted;

by a

tank

ing is

remove all visible dirt and dust from the valve by means of lint-free clean cloths pr oil-

resistant synthetic sponges;

the outlet system (pump, delivery pipe), if incorporated, shall be started or opened as

appropriate in order to get a sample;

open the valve and allow to flow, slowly, atleast 10 | of insulating liquid into a wakte oil
container. In any case, discard at least"an amount of oil equivalent to the volume |of the

pipe;

rinse sampling bottles with the instlating liquid;

fill sampling bottles at constaqt flow to avoid turbulence.
mpling with a thief dipper erca cream dipper

is sampling should be ¢arried out after the tank has been allowed to stand for atlegst 1 h

er the vehicle has arrived.
Procedure withthe thief dipper (Figure 1) (bottom samples)

For taking bottom samples (i.e. within 1 cm to 2 cm from the bottom of the tank) the
dipper is Iowered until the projecting stem of the valve rod strikes the bottom of thqg tank.

The dippeér then fills. Filling is complete when no more air bubbles escape. The di

pper

is then*withdrawn and its contents poured into the sample container (in the case|of an
individual sample) or into the special glass sample container for collecting and mixing

2)

the - various samples taken (in the case of a composite sample). In this latter cas|
mmemmﬁ—vmﬁmmwmd—w f i f i i : i f f the

liquid, avoid forming air bubbles by pouring too quickly.
Procedure with the cream dipper (Figure 2) (top samples)

, the

With the valve closed, fill the cream dipper by slowly immersing it in the liquid to be
sampled until the rim is just below the surface of the liquid so that it will flow slowly into
the dipper. Discard the first filling. Refill the dipper as above and transfer the sample to
the sample container by allowing it to flow from the bottom orifice against the side of the
sample container and not in a stream into the bottom of the sample container. Repeat
the operation until sufficient liquid is obtained to fill the sample container (individual
sample) or the special glass sample container used for mixing samples depending on

the type of sample to be obtained.
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4.1.4.3 Sampling from drums

Samples should be taken after the drums have been allowed to stand for at least 8 h with the
bung uppermost, protected against rain and rainwater. For sampling the bottom (i.e. 3 mm up),
the pipette (Figure 3) or the siphon pressure thief (Figure 4) may be used.

For taking a sample from the surface layer of the liquid, the cream dipper (Figure 2) may be
used.

Examples of procedures:

$tomn ool
O SaTTPTe ST

a) Uge-efpipette{Hgure
— | block the upper orifice of the pipette with the thumb, and then immerse the pipgtte|in the
liquid to the bottom of the drum;

— | remove the thumb to allow liquid to enter the pipette;
— | again close the upper end of the pipette with the thumb and withdraw,the pipette;

— | the first filling is used for rinsing the pipette; transfer the next fillingSlinto either a sample
container (individual sample) or the special glass sample container for mixing samples
(composite sample) (see 4.1.4.2 b)) taking care not to formgair bubbles during pouring
the liquid.

b) Usge of siphon (Figure 4) (bottom samples)

— | fit the bung in which are set the riser and pressure tubes into the bung hole of theg drum
and ensure that this seal is airtight;

— | dip the lower end of the riser tube to about 3 mm from the bottom of the drum;
— | raise the pressure inside the drum by means of the air bulb;

— | run off enough liquid to rinse the tube.afrd then run off the required quantity direct|y into
the sample container (individual sample) or the special glass sample container for mixing
samples (composite sample) (see4:1.4.2 b)) taking care not to form air bubbles ¢uring
pouring of the liquid.

c) Uge of cream dipper device (Figure 2) (top samples)

See 41.4.2 b).

4.1.4.4 Sampling report

The spmpling reportishall give all the information necessary for identifying the sample ajs well
as any details or«special information likely to be of help to those entrusted with the tests. The
type qf sample {i-e. composite, individual or average sample) shall be specified. A copy lof the
repor{ shall accompany each sample. The distribution of samples shall be in accordancg with
the agreed-procedure, for example as given in the sales contract.

4.2 Wﬂ'ﬁmﬂ'ﬁ%quipnlcnt
4.21 General remarks
4211 Safety and quality of sampling

The manufacturer's instructions for taking oil samples from the electrical equipment shall be
followed. Particular attention shall be paid to the safety precautions to be taken.

Ensure that the oil in the energized electrical equipment is not under a negative pressure when
taking an oil sample, since this could introduce air bubbles in the oil, induce electrical short-
circuits in the equipment and put the sampling personnel at risk.

During sampling of oil, precautions should be taken to deal with any sudden release of oil and
avoid oil spillage.
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It is important to bear in mind that receiving a qualitative and a representative sample is crucial
for obtaining a reliable assessment of the electrical equipment. Even the most sophisticated
analytical and diagnosis methods cannot overcome faulty samples.

In all cases, oil sampling should be performed by properly and specifically trained personnel,
especially for low volume equipment (e.g. instrument transformers).

4.2.1.2 Place of sampling

The selection of points from which samples are drawn should be made with care. Normally, the
sample should be taken from a point where it is representative of the bulk of the oil in the
equip TeTTt (fUI c)\dmpic, fromthe—bottomroit—drammvatveorthe—oit bdlllpiillg Vdivc). It will
somelimes be necessary, however, to draw samples deliberately where they are notexgected
to be [representative (for example, in trying to locate the site of a fault, such as fram the tap
chander, selector switch or gas relay).

The methods described are suitable for large oil-volume equipment such as power transformers.
With gmall oil-volume equipment, it is essential to ensure that the total yolume of oil drajvn off
does not endanger the operation of the equipment.

NoTFE}-For transformers with two sampling valves, the following procedure should be |used:
open fhe outer valve first, followed by the second one. This i§/particularly important to|avoid
entramce of air into the transformers.
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4.21. Cleaning-of-sampling point

Cleanjing of the sampling equipment and flushing of the sampling point shall be done to ptevent
contamination-ef.oil samples.

The blank-flange or cover (11) of the sampling valve in Figure 5, Figure 6 and Figure T a) is
remoyedand the outlet cleaned with a lint-free cloth or oil-resistant synthetic sponge to rgmove
all visible dirt.

The drain valve is flushed with a sufficient quantity of oil (typically, 2 1 to 5 1), under a turbulent
flow, to eliminate any contaminants (water and particles) that might have accumulated in the
drain valve and at its orifice.

Use protection gloves, preferably made of nitrile rubber, and a bucket for waste oil. The
sampling point shall be cleaned each time a new sample of oil is taken.

For measuring water content in oil, sampling shall be carried out-preferably during days when
the humidity of the air is as low as possible, to prevent moisture condensation on sampling
equipment and contamination of the oil sample.
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The temperature of oil at sampling point shall be measured with a thermometer placed in the
flow of oil and indicated on the sample, to ensure the calculation of the relative humidity of oil,
also recording whether or not the fans and pumps are running. In both cases, the method used
to measure the temperature shall be indicated.

4 tﬁﬂ} A

Position

ofstopcock@ %: B
C

e)
IEC

Key
a flughing pesition 1 syringe
b wefting,and flushing of syringe 2 stopcock
c embiHrg-ofsyring 3—Hexible-connresting-tubing
d taking of sample 4 three-way valve
e disconnecting of syringe 5 equipment sampling valve

7 waste vessel

11 blank flange

Figure 5 — Sampling of oil by syringe
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Jo
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)
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IEC

Key

2 stopcock 7 waste vessel

3 flejible connecting tubing 11 blank flange

5 eqyipment sampling valve 28 sampling tube

Figure 6 — Sampling of oil by ampoule
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o)

N, —
e UL

IEC

a) Example of sampling by bottle

IEC

b) Example of seal cap for bottle

Key

3 flejible connecting tubing 29 bottle

5 eqdipment sampling valve 30 hard plastic screw cap

7 wapte vessel 31 conical soft polyethylene seal

11 b

o

hk flange

Figure 7 — Sampling of oil by bottle

4.2.1.4 Connection between sampling point and sampling device

The ¢onnection between the tubing and the electrical equipment will depend upon the
equipment: i 'a sampling valve suitable for fitting onto tubing has not been provided, it-mgy can
be ngcessary to use a drilled flange or a bored oil-proof rubber bung on a drain orf{filling
conngction. Special drain valve adapters may be used if available

Attach a piece of oil-compatible plastic or rubber tubing to connect the sampling point to the
sampling device. This tubing should be as short as possible. To avoid contamination by the
previous oil sample, use a new piece of tubing, or flush the tube well and wash its outer surface
with the next oil to be sampled.

Suitable tubing should be made for example of perfluorinated material (e.g. Viton®1, Tygon®),
PTFE or metal, not PVC.

1" Viton® and Tygon® are examples of suitable products available commercially. This information is given for the

convenience of users of this document and does not constitute an endorsement by IEC of these products.
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4.2.1.5 Choice of sample container

2022

Table 2 indicates the different types of sample containers that can be used depending on the
oil analysis to be made.

Table 2 — Sample containers for oil tests

Sample container Syringe Flexible Bottle Flexible | Ampoule | Ampoule Qil volume
bottle bottle

Material Glass Metal Glass Plastic Glass Metal ml

Oil test

Disso|ved gases Y Y Y Y Y 25.t0 100

Wate 20

Dielegtric dissipation Y Y Y Y 200

factor

Partides Y Y Y Y 100

Breakidown voltage Y Y 500 to 1 000

Other|chemical and Y Y Y 25(

physig¢al tests

All tegts 1 000 to |2 000

Volume (ml) 25 to 250 125 to 2 500 125 25 to 250

Key

Y =Yps

Metal|or plastic containers may be preferred.where adequate protection of glass contairfers is
not ayailable for the transportation of oil samples.

For dissolved gas analysis (DGA), to_minimize losses of the low solubility gases (H, anfl CO)
and p|ck-up of air at low total gas contents, it is critical to strictly follow the sampling procgdures
of 4.2.2 to 4.2.5, particularly. with bottles and ampoules. In addition, only the materials
recomimended for caps, gaskets, valves and tubing of sample containers should be used by
well-trained and experienced personnel familiar with those containers.
When| using bottles for.DGA, water and breakdown voltage, care should be taken to minimize
air coptact with the oi¥'sample during sampling and analysis.
The upge of plastic bottles is not permitted for DGA, water and dielectric strength, since ambient
air cohtamination and gas losses-may can occur by diffusion through the plastic. For the|other
tests, |plastic bottles should be made of a compatible plastic (such as high-density polyethylene
(HDPE),.polypropylene or polycarbonate), which does not contaminate the oil with additives
contained in the plastic. Each new type of plastic (and glass) bottle should be tested for

compatibility with oil.

The recommendations of 4.2.1.3 and 4.2.1.6 (cleaning of sampling point and sampling
equipment) should be followed strictly for water content, dielectric strength, dielectric

dissip

ation factor, interfacial tension and particles content.

The other physical and chemical tests (viscosity, density, acidity, DBPC, furans and PCB
contents, etc.) are less affected by the sample containers and sampling procedures used.
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4.2.1.6 Cleaning of sampling equipment

4.2.1.6.1 Use of disposable sample containers

Use of disposable, pre-cleaned metal, plastic and glass bottles having a known level of
cleanliness for dust and humidity has been found by several users more convenient than
cleaning them. Such sampling devices are relatively inexpensive and available from several
vendors of labware or veterinarian equipment. To verify that the cleanliness of disposable
bottles is acceptable, a few un-cleaned and cleaned bottles can be tested in parallel.

4.2.1.6.2 Cleaning procedures

Non-g
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isposable sampling devices may be cleaned in a dishwasher using a detergent, and
ap water (without detergent in the rinse aid compartment of the dishwasher). A
al rinse with de-ionized water may be used.

ing equipment and containers may also be cleaned with normal heptane,

cleaning, the sampling devices are dried in an oven at typically,100 °C until fully
llowed to cool in the oven or a dry box.

drying, they shall be immediately closed to protect from/contamination and not o
st before use.

priate cleaning of sample containers is critical forDDF and interfacial tension, whi
Lilarly sensitive to contamination. They should not be cleaned with solvents.

iring particles content in oil.

Sampling of oil by syringe
L Sampling equipment
llowing sample equipment.shall be used:

aduated gas-tight syringes of a size suitable for containing adequate oil sample v
D ml to 250 ml), and* equipped preferably with a three-way plastic valve made of

ringes with maiched piston and barrel is preferred when sampling for DGA in or
ow the piston‘to flow freely with oil volume variations, and to avoid pressure and v3
ild-up in"the syringe and breakage during handling. Plastic syringes should not be

r plastic three-way valves, a new valve should be used each time an oil sample is

insed
last,

dried,

bened

th are

pted sampling containers shall be cleaned according to IEC 60970-are+recommended for

blume
nylon

dy and polypropytene (PP) barrel, or with a three-way stainless steel valve. The Qise of

Her to
cuum
sed.

taken
d lose

dgottecycled, because it-may can be contaminated with the previous oil sample an

its

aas tiahtness when used several times. For added protection during transpnortat
~J ~J Ll ~J L

on, a

stainless steel Luer-Lock cap may be placed on top of the three-way valve. This cap may
be recycled after use.

NOTE Priming the piston with clean, degassed oil has been found useful to avoid the formation of bubbles
along the piston when introducing the oil sample for DGA analysis. The use of a low viscosity water-soluble
lubricant has also been found useful for DGA.

The size of sample required depends on the likely concentration of gas in the sample, the
analytical techniques and the sensitivity required. For DGA after factory tests, a 250 ml

sy

ringe has been found convenient.

See Annex B.
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Transport containers, designed to hold the syringe firmly in place during transport but which
allow the syringe plunger freedom to move and prevent its tip from contacting the container
whatever its position during transportation. Cardboard boxes with removable inner
cardboard flaps that hold the barrel in place have been found convenient for that purpose.
Metal or plastic cylinders with inside foam packing have also been found appropriate for
transportation. When sampling for DGA, the syringe should preferably be transported in the
vertical position, piston upwards, to avoid the formation of bubbles in oil.

4.2.2.2 Sampling procedure

See Figure 5.

a)

Labeliearefully the sample{see4:4} in accordance with 4.4.

THe efectrical equipment IS connecied as shown in Figure 5 a), and its sampling valye (5)
opened.

THe three-way valve (4) is adjusted (position A) to allow 1 1to 2 | of oil to flow toywasie (7).

THe three-way valve (4) is then turned (position B) to allow oil to enter the syringe $lowly
(Fjgure 5 b)). The plunger should not be withdrawn but allowed to move)back under the
pressure of the oil.

THe three-way valve (4) is then turned (position C) to allow the oillin‘the syringe to flow to
waste (7) and the plunger pushed to empty the syringe. To ensure that all air is expelled
frgm the syringe, it should be approximately vertical, nozzle upwards, as shown in
Figure 5 c). Confirm that the inner surfaces of the syringe and plunger are completely|oiled.

THe procedure described in steps ¢) and d) is then repeated until no gas bubble is prg¢sent.
THen the three-way valve (4) is turned to positioh B and the syringe filled with oil
(Fjgure 5 d).

THe three-way valve (24) on the syringe and the.sampling valve (5) are then closed.
THe three-way valve (4) is turned to position € and the syringe disconnected (Figure p).

When sampling for DGA, if the oil taken{from the electrical equipment is hot, plage the
syfringe in its protective box in the vestical position, standing on the piston and with the
syringe tip upwards, until the oil has @lowly cooled down, then install the syringe badk into
the holding flaps of the protective box for transportation. This will prevent the formation of
bubbles in oil.

NOTE It is good practice to avoid contamination of the outer surface of the plunger and inner surfaceq of the
syringg by dust or sand. Such _particles can affect the sealing properties of the syringe. This kind of contanjination

can come from wind-swept dustor from the handling of the syringe.

NOTE 2 In the case (of“sealed transformers, if a bubble appears in the syringe directly after sampling,—itis

recommpended-toresampte the sampling procedure is repeated.
4.2.3 Sampling of oil by ampoule

4.2.3( Sampling equipment

The following sample equipment shall be used:

a)

2

Glass or metal ampoule, typically of volume 125 ml to 11. It may be closed either by
stopcocks or pinchcocks on oil-compatible plastic tubing or by valves. Glass ampoules are
usually made of Pyrex®? glass. Metal ampoules are made of stainless steel and-may can
use spring-loaded valves instead of plastic tubing as expansion devices.

The oil-compatible plastic tubing used for ampoules should be used only once, not recycled,
since it has a memory effect and-may can contaminate the oil sample when sampling for
DGA. The types of compatible plastic tubing are indicated in 4.2.1.4.

Pyrex® is the trademark of a product supplied by Corelle Brands. This information is given for the convenience
of users of this document and does not constitute an endorsement by IEC of the product named. Equivalent
products may be used if they can be shown to lead to the same results.
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b)

A sampling tube and its seal design is acceptable if the loss of hydrogen of the sample
contained is less than 2,5 % each week.

The size of sample required depends on the tests to be carried out and, for DGA, the likely
concentration of gas in the sample, the analytical technique and the sensitivity required. For
DGA after factory tests, a 250 ml ampoule has been found convenient.

Transport containers, designed to hold the sampling tubes firmly in place during transport.

4.2.3.2 Sampling procedure

See Figure 6.
a) Thedevicetsconmectedasstowm i Figure6-
b) THe cocks (2) on the plastic tubing of the sampling ampoule (28) and the _eguipment

sampling valve (5) are carefully opened so that oil flows through the sampling ampoaule to
waste (7). When sampling for DGA, oil should flow under a non-turbulent flow (until|there
arg no air bubbles in the oil), to avoid the formation of bubbles in oil and the strippjing of
digsolved gases out of oil.

After the sampling ampoule (28) has been completely filled with 6il,“about 11 to 41 are
allowed to flow to waste (7).

THe oil flow is then closed by shutting off firstly the outer coek(2), then the inner ope (2)
and finally the sampling valve (5).

THe sampling-tube ampoule (28) is then disconnected and<the sample-carefully labellef{see
4-4} in accordance with 4.4,

NOTE | If a glass sampling ampoule with integral glass cocks is used; it is preferable to drain 1 ml or 2 ml of ¢il from
it prior fo transporting it back to the laboratory in order to avoid.breaking the ampoule in the event of it being ekposed
to a rige in ambient temperature.-Record-on-the-label-thatdthis*has-been-done- Once completed, this proceldure is

also regorded on the label.
4.2.4| Sampling of oil by flexible metal bottles
4.2.4/1 Sampling equipment

The following sample equipment shall’ be used:

a)

Flexible metal bottles capable of being sealed gas-tight, typically of volume 250 ml tg 2,5 I.

Metal bottles should not be soldered, as materials used for soldering-may can contaminate
the oil. Adsorption ogtaluminium surfaces of water contained in oil is possible. Metal Qottles
made of drawn algminium or of welded tin are flexible and do not need oil expansion deyices.
THey should be.fited completely with oil by pressing on the bottle sides before closipg the
bgttle.

Metal bottles should be closed with a screw cap lined with a non-porous, leak-free dasket
compatible with oil. Gaskets should be used only once, not recycled, except if they arg lined
with@luminium foil on the oil side.

ForBGA=andwater dlldiybib, thre pUIUDity of gaa'm:tb used-shoutdbemeasured 'uy ta'r\ing at
least six samples of oil from a transformer into identical bottles. The hydrogen content of
the oil used for testing of the sampling equipment should be at least 100 pl/l. Analyse
samples for hydrogen content at intervals over a month, the first being as soon as possible
after taking the samples. A bottle and seal design is acceptable if it permits losses of
hydrogen of less than 2,5 % per week. Suitable bottles have, for example, screwed plastic
caps holding a conical polyethylene (PE) seal or flexible gasket (see Figure 7).

For analytical tests other than DGA and water, the above requirement for gas tightness does
not apply.

For mineral oils, gaskets should be made of polyethylene (PE), PTFE or nitrile-butadiene
rubber (NBR) (containing more than 30 % of nitrile component).

For non mineral oils (e.g. natural and synthetic esters), gaskets should be made of PTFE
(not NBR or silicone rubber).

b) Transport containers, designed to protect the bottle during transport.
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4.2.4.2 Sampling procedure

See F

igure 7 a).

2022

a) The sampling valve (5) is carefully opened and about 1 | to 2 | of oil allowed to flow under a
laminar flow to waste (7) through the tubing (3) ensuring that all gas bubbles are eliminated
before the oil sample is collected and gases are not stripped out of the oil by the oil flow.

b) Place the end of the tubing (3), with the oil still flowing, at the bottom of the sampling bottle
and allow the bottle to fill from bottom up. Rinse the bottle with one-third of oil then send
the oil to waste.

When sampling for DGA, introduce the oil under a continuous, non-turbulent flow, until no
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The following sample equipment shall be used:

a) Gl
21
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during transport and storage.

4.2.5.

See H

Samp
rigid n

did metal bottles.

5s-may can occur). Filling the bottle should be slow enough to allow laminar flow:of g
fast as possible to avoid gas loss to (and contamination from) the atmosphere? If th
fill the bottle exceeds a few minutes, a new sample should be taken.

hen sampling for water, strictly follow the recommendations of 4.2.1.3.

ow about two bottle volumes to overflow to waste (7), then withdraw the tubing (3)
h the oil still flowing. Gently squeeze the sides of the bottle so(it'is entirely filled w
bn securely close with the cap.

bse the sampling valve (5) and disconnect the tubing. Label-the sample (see 4.4).
jhten the cap again after the oil has cooled to ambienttemperature.

Sampling of oil by glass and rigid metal boftles

1 Sampling equipment

ass or rigid metal bottles capable of being sealed gas-tight, typically of volume 125
b |. Clear glass bottles shall be praotected from sunlight, so the use of dark bottles is
commended. Even so, for samples'for DGA, extra protection from light should be prd

ps and gaskets described\for flexible metal bottles in 4.2.4.1 are suitable for glas

ansport containers, designed to protect the bottle during transportation.
/] Sampling procedure

igure 7 a)

ing pracedures are the same as for flexible metal bottles in 4.2.4.2, except that glas
netalbottles should not be filled entirely with oil.

S bubbles are observed in oil when it Tows out of the bottle in order to avoid the formation
bubbles in oil and the stripping of dissolved gases out of oil (otherwise significant gas

il and
b time

Slowly
th oil,

ml to

highly
vided

s and

s and

Instead, allow the oil level to fall a few centimetres from the rim so as to leave a small expansion
volume of air (typically, 3,5 mlto 7 ml, or 1,5 cm to 3 cm of airspace), to allow for oil expansion
with increasing temperatures. Fill with no less than 90 % of oil to allow for air expansion when
temperatures decrease and avoid implosion of the glass bottle. Place the bottle cap securely in
position and label the sample (see 4.4). Indicate the approximate expansion volume of air on
the label. Correction for gas loss to the small headspace volume of air in the bottle-will shall be

calcul

ated by the laboratory as indicated in Annex D of IEC 60567:2011.


https://iecnorm.com/api/?name=5fb0cca755604d1c1dc3d5d0d450757c

IEC 6

0475:2022 CMV © IEC 2022 - 23 -

Where transport and storage conditions are not particularly demanding, some companies prefer
to have the bottles filled completely and closed lightly, finger-tight, with a screwed plastic cap
having a conical polyethylene seal. In the event of expansion of the oil by heat, these caps act
as a non-return valve, allowing a small amount of oil to escape. Where contraction by cooling
occurs, the seal will prevent ingress of air. In the latter case, it is necessary for the bottle-wil
need to be warmed up to the sampling temperature to re-dissolve the gases prior to analysing
for dissolved gases.

For other analytical tests, an airspace can be left above the oil.

4.2.6

Sampling of oil by plastic bottles

4.2.6.

The following sample equipment shall be used:

Plasti
the oi
for ¢
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4.2.6.
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1 Sampling equipment

C bottles should be made of a compatible plastic (see 4.2.1.5), which degs’not contan
with additives contained in the plastic. Each new type of plastic boéitle should be
bmpatibility with oil. Use of virgin plastic without fillers or_'‘pigments is st
mended.

C bottles should not be used for DGA, water content and dielectric breakdown.
and gaskets described for metal bottles in 4.2.4.1 are“suitable for plastic bottles.
ed all-plastic caps, of suitable composition as _above, are suitable.

2 Sampling procedure

igure 7 a).
ing procedures are the same_as for flexible metal bottles in 4.2.4.2.

Storage and transportation of samples

of the dissolved 0oxygen present in the oil sample—may can be consumed
carbons and carbonoxides formed by oxidation. This reaction is accelerated by exp
t, therefore sampling devices made of transparent materials (syringes, glass bottle
Liles) should be protected (for example, by wrapping them in an opaque material or p
n a box for transportation).

casé,the analysis should be carried out as soon as possible after sampling to
ion, reactions and gas losses or pick-ups from the sampling devices.

hinate
ested

ongly

, and
osure
s and
acing

avoid

Qil syringes (and other oil sampling devices) may be placed in sealed boxes to fully eliminate
the risk of formation of bubbles in important DGA oil samples during transportation in planes,
due to reduced pressure and over-saturation of gases in the oil. The syringe plunger should be
allowed to move in order to prevent air ingress in case of oil volume variations.

4.4
Oil sa

Labelling of samples

mples should be properly labelled before dispatch to the laboratory.

The following information, as shown in Table 3, is necessary (whenever it is known).
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Table 3 — Information required on oil sample labels

Transformer or other equipment

Sampling

Customer

Sampling date

Location

Sampling point

Identification number

Sampling person

Manufacturer

Reason for analysis (routine or other)

General type (transformer (generation or transmission,
instrument, industrial), reactor, cable, switchgear, etc.)

Transformer non-energized, off-load energized or on-
load

Rated MVA

Qil temperature when sampling

Voltade ratio

Humidity: dry — wet — fog — indoors

Type gnd location of OLTC

Date qf commissioning

Oil

Type ¢f oil (mineral or non-mineral)

Weight (or volume) of oil

Produgt name

Date of last oil treatment

The following additional information is desirable:

— ambient temperature, reading of winding

temperatufe indicator, reading of MVA of load

current or percentage load, operation of pumps, méde of communication of its tap-chlanger
with the main tank, oil preservation system (conservator, nitrogen blanket, etc.) and any

chfanges in operational conditions or any maintenance carried out since last sampling;
— for water in oil analysis, temperature of oil,

the method used for measuring the temperpature,

anld whether or not the fans and pumps«are running (to be able to calculate the rglative

hymidity of oil);

— time of sampling where more than ane sample is taken.
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Annex A
(informative)

Procedure for sampling at intermediate levels
(making up of the average sample)

A.1  Use of the thief dipper

See Figure 1 and 4.1.4.2 b). The thief dipper is immersed to the required depth. The chain
attachedto-thecentralrod-is-then rr\llllnri’ care. hning taken that vertical Hieplar\amnnf ofthe rod
does hot exceed 50 mm. The dipper then fills; filling is complete when no more air.bybbles
escape. The dipper is then withdrawn and its contents poured into the mixing container.

A.2 | Use of the pipette

See Higure 3 and 4.1.4.3. The pipette is immersed to the required depth!

A.3 | Use of the siphon

See Higure 4 and 4.1.4.3. The siphon is immersed to the required depth.

A.4 | General remark

The spmples taken at intermediate levels for making up the average sample are transferred in
the mjxing container for collecting the sampléstas soon as they are taken. The mixture i$ then
used fo fill sampling bottles.
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Annex B
(informative)

Procedure for testing the integrity of the syringes

The procedure is as follows:

a) Connect the syringe to be tested to a three-way valve (4.2.2.1).
b) Move the valve to the open position (position B or C as shown in Figure 5).
c) Press the piston fully into the syringe.

d) Clpse the valve by adjusting in position A.
e) Trly to pull the piston from the syringe and hold it under tension for about 30 s.
f) Affer releasing the piston, it should return in the original position.

g) If Bny amount of air was locked between the piston and the syringe body;-then the syringe
or[the valve is not hermetically sealed, and it is recommended that-it+4s'the syringe pr the
valve be replaced by a new one.
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Annex C
(informative)

Procedure for sampling oil from bushings |1

The general procedures for sampling oil from electrical equipment are described in 4.2.1.1, 4.3
and 4.4.

The specific procedures for sampling oil from bushings are the following:

The ofl sampling should be carried out on de-energized bushings in their normal positign. This
is important in assessing bushing condition. @
and p

When[sampling, precautions should be taken to deal with any sudden release qfl/ event

any mloisture and dust entry in the bushing and the sample. (19

With $mall oil volume bushings it is essential to ensure that the total @%fne of oil drayn off
does hot endanger the operation of the bushing. See NOTE 2 belowgb‘

The njethod of sampling by syringe is the preferred method of%/@ampling from bushing$ (see
4.2.2) and is suitable irrespective of the mode of transpott ¥ samples, but other sampling
devicgs are also applicable if compliant with the manufactuggr's instructions.

L

WARNING — The manufacturer's instructions should QQonsulted before any sampling. Hailure
to follpw the instructions from the manufacturer ca&ad to serious damage and bushing failure.
Normaglly the amount of oil in bushings is limited\therefore it is not usual to carry out rputine
sampling. Where sampling is carried out, the @ffect on the oil level and pressure sho{ld be
takenlinto consideration. Oil sampling from gillimpregnated paper (OIP) bushings without|an oil
level gauge is not recommended. 3

N
a) Byshings fitted with a sampling psﬁ at the mounting flange

1)] Remove the protective coxg.[\éf the sampling point. Clean the outlet with a lint-fred¢ cloth
to remove all visible dirt(s&e also 4.2.1.3).

Ensure that all parts‘the sampling component are clean and dry.

2)

3)] Connect the tubi o the sample point.

4)| Flush the tub@s described in 4.2.2.2 b) to e) and in Figure 5.
5)

Obtain t@’r’nple for analysis as described in 4.2.2.2 e) to h) and in Figure 5.
b) Byshing @ tted with a sampling point at the mounting flange

In thid c &Jlt may be possible to take a sample from the top of the bushing. The manufagturing
instru :t%(s should be consulted to determine a suitable position. Insert one end of the sarpling
tube into the bushing, from the top, and connect to the other end to the three-way stopcock on
the syringe, using a plastic connector. Follow the same procedure as above.

In the case of bushings pressurized at ambient temperature, the procedure described in a) and
b) above is not applicable. Reference should be made to the instructions of the equipment
manufacturer. Oil-SF6 or oil-oil bushings, in particular, in which internal oil is in a close volume,
with a bellow for oil dilatation, shall always keep a positive oil pressure to prevent air and
moisture ingress when sampling. On those bushings the sampling point is always at the
mounting flange.

Qil replacement: The oil removed from the bushing shall be replaced if the volume of oil
extracted is more than 1 % of the total oil volume in the bushing.



Addition of a new Annex C on oil sampling from bushings, in close collaboration with IEC Subcommittee 36A on bushings.
Oil sampling from bushings requires much more attention than from power transformers, because of the small volume of oil in bushings and of possible ingress of air bubbles.
In new Annex C have been put together procedures for sampling oil from bushing previously dispersed in various parts of IEC 60475 and in IEC TR 61464 of IEC SC 36A (now withdrawn). This will allow to more efficiently and reliably sample oil from bushings, without affecting their integrity and DGA results.
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The removed oil is replaced with an appropriate volume of clean, dry and degassed oil
compatible with the original oil. Consultation of the manufacturer is highly recommended.

In the case of large bushings, if the oil is not to be replaced immediately, the volume removed
shall be noted for replacement during subsequent sampling or maintenance.

Labelling of samples should be made in accordance with Table 3, and include the following
additional information on the bushing:

volume of oil in bushing;

— time out of service;

— storage;
— raged kV; C)®
— rajed current; q/"],

— manufacturer; Q

— bushing type; /\63(1/
— phase. Q)Qb‘
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Addition of a new Annex C on oil sampling from bushings, in close collaboration with IEC
Subcommittee 36A on bushings.

Oil sampling from bushings requires much more attention than from power transformers,
because of the small volume of oil in bushings and of possible ingress of air bubbles.

In new Annex C have been put together procedures for sampling oil from bushing
previously dispersed in various parts of IEC 60475 and in IEC TR 61464 of IEC SC 36A
(now withdrawn). This will allow to more efficiently and reliably sample oil from bushings,
without affecting their integrity and DGA results.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHOD OF SAMPLING INSULATING LIQUIDS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical commlttees (IEC Natlonal Commlttees) The object of IEC is to promote mternatlonal

2) Th
co
intg

3) IEQ

Co
Pul]

misjnterpretation by any end user.

4) In

trarlsparently to the maximum extent possible in their national and.regional publications. Any divergence b
any| IEC Publication and the corresponding national or regionahpublication shall be clearly indicated in thg

5) IEQ itself does not provide any attestation of conformitysindependent certification bodies provide con

ass
ser
6) Al

7) No
me
oth

expenses arising out of the publication,)use of, or reliance upon, this IEC Publication or any oth
PuRlications.

8) Attgntion is drawn to the Normative~references cited in this publication. Use of the referenced publica

indi

9) Attgntion is drawn to the possibility that some of the elements of this IEC Publication may be the subject o
rights. IEC shall not be heldresponsible for identifying any or all such patent rights.

IEC 6

applidations. It isan’International Standard.

This

constitute's_a technical revision.

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
sensus of opinion on the relevant subjects since each technical committee ‘has”representation f
rested IEC National Committees.

Publications have the form of recommendations for international use and)are accepted by IEC N
hmittees in that sense. While all reasonable efforts are made to ensurejthat the technical content
lications is accurate, IEC cannot be held responsible for the way/in” which they are used or

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi

essment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

isers should ensure that they have the latest edition of this publication.

liability shall attach to IEC or its directors,-€mployees, servants or agents including individual expe
nbers of its technical committees and IEC \National Committees for any personal injury, property dan
br damage of any nature whatsoever, “whether direct or indirect, or for costs (including legal feqg

[spensable for the correct application of this publication.

D475 has been-prepared by IEC technical committee 10: Fluids for electrotec

hird edition cancels and replaces the second edition published in 2011. This 4
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This edition includes the following significant technical changes with respect to the previous
edition:

a) addition of a new Annex C on sampling of oil from bushings, at the request of IEC
subcommittee 36A, in order to transfer to IEC 60475 the corresponding contents of

IE

C TR 61464 relating to oil sampling from bushings;

b) deletion of NOTE 2 in 4.2.1.2.
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The text of this International Standard is based on the following documents:

Draft Report on voting

10/1163/FDIS 10/1173/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and develoﬂned in
accorflance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avgilable
at www.iec.ch/members_experts/refdocs. The main document types developed\by IEC are
described in greater detail at www.iec.ch/publications.

The cpmmittee has decided that the contents of this document will remain.unchanged until the
stabil1ilty date indicated on the IEC website under webstore.iec.ch in ,the”data related o the
specific document. At this date, the document will be

e regonfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
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INTRODUCTION

General caution, health, safety and environmental protection

WARNING - This document does not purport to address all the safety problems associated with
its use. It is the responsibility of the user of this document to establish appropriate health and
safety practices and determine the applicability of regulatory limitations prior to use.

The insulating oils which are the subject of this document should be handled with due regard
to personal hygiene. Direct contact with the eyes can cause irritation. In the case of eye contact,
irrigat] i i iti ' i edical
sought. Some of the tests specified in this document involve the use of processes that
could|lead to a hazardous situation. Attention is drawn to the relevant standard for guidapce.

This qocument is applicable to mineral oils and non-mineral oils, chemicals and-used sample
contalners.

Attenfion is drawn to the fact that some mineral oils in service can still be 'contaminated to|some
degree by PCBs. If this is the case, safety countermeasures should‘be taken to avoid rigks to
workers, the public and the environment during the life of the equipment, by strictly contfolling
spills pnd emissions. The disposal or decontamination of these oils’can be subject to regulatory
requirements with regard to their impact on the environment. Every precaution should be|taken
to prejvent release of mineral oil and non-mineral oil into the environment.
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METHOD OF SAMPLING INSULATING LIQUIDS

1 Scope

This document is applicable to the sampling procedure used for insulating liquids in delivery
containers and in electrical equipment such as power and instrument transformers, reactors,
bushings, oil-filled cables, oil-filled tank-type capacitors, switchgear and load tap changers
(LTCs)

This document applies to liquids the viscosity of which at the sampling temperature-is-les$ than

1 500{mm?2/s (or cSt). It applies to mineral oils and non-mineral oils (such as synthetic gsters,
natural esters, vegetable oils or silicones).

2 Normative references

The fqllowing documents are referred to in the text in such a way that.some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For Jndated references, the latest edition of the referencéd document (including any
amenf@ments) applies.

IEC 6Dp567:2011, Oil-filled electrical equipment — Sampling of gases and analysis of free and
dissolved gases — Guidance

IEC 6D970, Insulating liquids — Methods for ceunting and sizing particles

3 Tprms and definitions
For the purposes of this document;-the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the follpwing
addrepses:

e |ELC Electropediat available at https://www.electropedia.org/

e ISP Online browsing platform: available at https://www.iso.org/obp
3.1

delivery container
contalnér used to store, transport and deliver batches of oil

EXAMPLE Drum, rail tanker, road tanker, flexible plastic bag.

3.2
electrical equipment
equipment filled with insulating oil

EXAMPLE Power and instrument transformers, reactors, bushings, oil-filled cables, oil-filled tank-type capacitors,
switchgear and load tap changers (LTCs).

3.3

sampling equipment

equipment used for sampling oil from delivery containers (e.g. sampling probes, such as dippers
or siphons) and from electrical equipment (e.g. connecting tubing and drain valve adapters)

Note 1 to entry: Sampling equipment also includes sample containers, waste oil containers and other accessories.


https://www.electropedia.org/
https://www.iso.org/obp
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3.4
samp
contai

le container
ner or other device used to store and transport samples of oil for analysis

EXAMPLE Syringe, bottle, ampoule.

Note 1

to entry: Sample containers include accessories such as valves, tubing or caps attached to the container.

4 General principles for the sampling of insulating liquids

4.1

New insulating liquids in delivery containers

411

The s
likely

Place of sampling

bmple shall be taken from the part of the delivery container where the insulating lid
to be most heavily contaminated. To evaluate the quality of a consignment, two ty

samples may be normally taken:

a) co

mposite sample: mixture of samples taken at the same level in sev€ral containers;

uid is
bes of

b) individual sample: sample or mixture of samples taken at the same"level in one contdliner.

From
streng
on thg

In ceq
avera

1) ta
2) dr

In the

In cas

a delivery, individual samples of 1 | may be taken from different containers for the e
th test. Further tests may be carried out on these samplés and a complete exami
mixture of these (composite sample).

je sample is a mixture of samples taken at different levels in one container.

nkers: samples should be taken from each,tanker as described in 4.1.4.2 below;
ims: samples should be taken as described in 4.1.4.3 below.

case of a single drum, this shall be“sampled.

e there is more than one druny of a lot of oil, sampling procedures should be negg

between supplier and user. For.é&xample, samples can be taken from 10 % of drums or a

two d

4.1.2

This g

ums, whichever the largest.

Quantity of sample to be taken

epends on the tésts to be performed and the procedures used.

Typically, 2 l.are taken.

41.3

Sampling equipment

ectric
nation

tain cases, it can be useful to constitute an average sample within the containgr. An

tiated
least

4.1.3.

1 General

Since the results of the tests included in IEC requirements for insulating liquids can greatly
depend on the impurities in the sample, it is essential to observe the following precautions:

— separate sampling equipment shall be reserved exclusively for each type of liquid. All seals
and tubing used should be compatible with the insulating liquid to be sampled,;

— the equipment shall be clean and dry, following the cleaning procedures described in
4.2.1.6. Particular care should be taken to ensure the absence of any traces of solid

im

purities, such as dust, fibres. The use of rags for cleaning is not permitted.
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4.1.3.2 Sampling probes

As examples, four types of sampling probes are described below. Other probes may also be
used, provided they do not introduce any contamination. Stainless steel and aluminium are
suitable.

a) Sampling from tankers

The thief dipper shown in Figure 1 is suitable for taking samples at the bottom of the
container. This is a dipper constructed of stainless steel or aluminium tubes and castings,
machine-finished all over. It shall be sufficiently heavy to sink in the liquid. It should always
be suspended by means of a metal wire or chain. String or other fibrous materials shall not

be_used
THe cream dipper is used for taking top samples of insulating liquids. This probe shall be
constructed as shown in Figure 2 and shall be of stainless steel.
Dimenpsions in millimetres
‘ Loop for chain
o
=
|
.
N
Y 1
N
\Thread
~
< 2
N
A Y
3]
©
© ©
|
| Y Y !
A 4 lugs 6 (high)
320
- IEC

Figure 1 — Thief dipper
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Dimensions in millimetres

51

J1

VI

)]

406

ST

127

9,5

Valve

51

Y

IEC

Figure 2~ Cream dipper

b) Sgmpling from drums

THe pipette shown in Figure 3Lenables samples to be taken at the bottom of drums| This
pipette has a capacity of about 500 ml.

Another probe to take samples at the bottom is shown in Figure 4; it is a siphon with a glass,
stainless steel or aluminium tube having an internal diameter of about 13 mm for taking off
the sample liquid, @and a metal tube (internal diameter 5 mm) for applying pressure| Both
tubes are set in anjoil-resistant bung whose dimensions correspond to the diameter pf the
bung hole in the/drum. Commercial versions of this equipment are available. When posgsible,
glass is preferable for probes illustrated in Figure 3 and Figure 4.

THe creamdipper (Figure 2) may be used for taking top samples.
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Dimensions in millimetres

965

~~__ Glass tubing
tapered at
| both ends

40

210

IEC

Figure 3 — Pipette

Dimensions in millimetres

Air bulb

Metal tube

b

Drum

Glass tube 213

IEC

Figure 4 — Siphon
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4.1.3.3 Sample containers

For storing and transporting samples, depending on the oil test to be performed, sample
containers of appropriate volume shall be used. Different types of sample containers are
indicated in 4.2.1.5.

For the mixing of different samples, a special sample container made of glass with a capacity
of at least 6 | shall be used. These special sample containers shall be closed in a manner that
allows them to be sealed, by means of oil-resistant plastic or compatible rubber tubing or screw
caps equipped with a polytetrafluoroethylene (PTFE) lining. Natural rubber tubing and/or seals
are not permitted. PTFE and polypropylene (PP) seals are acceptable.

Each pample container shall have a label on which are marked all the indications necesslary to
identify the contents, i.e. the markings of the drums or tanks, date of sampling and,the hgme of
the regipient.

4.1.3.4 Cleaning of sampling equipment

Sampling equipment shall be cleaned following the procedures described in 4.2.1.6.

4.1.4 Sampling procedure
4.1.4.4 General remarks

According to general principles for sampling (see 4.1.1),samples of new insulating liquid shall
be taKen from the bottom of the delivery container, where the contamination is likely to be the
greatgst. But in certain cases, an average sample is_also of interest.

NOTE || To obtain an average sample, samples are taken at intermediate levels in tanks or drums. Examples of
procedpires are given in Annex A. A procedure is indicated in the NOTE in 4.1.4.2 a) for obtaining the equivalent of
an avefage sample.

In Talple 1 different cases are consideréd:

Table 1 — Types of samples of new insulating liquids

Tyge of delivery Recommended Equipment to be used Procedure Recommended
sampling quantity
Caomposite Pipette (Figure 3) 4.1.4.2 3x21
Drump or
Individual Siphon (Figure 4) 4.1.4.2 Tlor2l
Thief dipper (Figure 1) 4.1.4.1b) 3x2]|
Tankgrs Individual or
None (valve) 4.1.4.1 a)
l Pipette l ]
Drum$ Average or Annex A
J J Siphon ( Figure 3 and
Figure 4) 3x2]|
Thief dipper (Figure 1)
Tankers Average or
None (valve) 4.1.4.1 a)

NOTE 2 Before sampling from tankers, sufficient oil is pumped from the end of the delivery pipe, as indicated in
4.1.4.2.

Every precaution shall be taken during sampling in order to avoid contamination of the insulating
liquids. Outdoor sampling of insulating liquids in rain, fog or high wind is only permitted if all
precautions have been taken to avoid contamination of the liquid. In this special case, the use
of a cover is necessary.
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Condensation shall be avoided by warming the sampling equipment so as to be above the
ambient air temperature. Before use, the equipment shall be rinsed with the liquid being

sampl

ed. The operator shall be warned not to let their hands come into contact with the surfaces

of sampling equipment subsequently in contact with the oil. The insulating liquids shall be
protected against light irradiation during transportation and storage.

On arrival at the laboratory, the sampling container shall not be opened immediately. It is

neces

sary to wait until the temperature of the sample is the same as the room temperature.

4.1.4.2 Sampling from tankers

Insul
crean
a) Sg
By
af

Nd
do

In

b) Sa

TH
af

1)

tilly ilqwda Illdy IUU balll}.}icuI Uitilcl tilluuyil tilc tdlllr\ Uutict Ul IUy d tillcf UII}JPUI U by a
dipper.

mpling through the tank outlet
this procedure, it is possible to obtain a sample representative of the bottom of the tank
er the tank has been allowed to stand for at least 1 h after the vehicle)has arrived.

TE It may be possible, by this procedure, to obtain the equivalent of an average Sample, if the sampling is

he directly after the vehicle has arrived.

this case, the sampling procedure shall be as follows:
remove the outlet valve shield, if fitted;

remove all visible dirt and dust from the valve by means of lint-free clean cloths pr oil-
resistant synthetic sponges;

the outlet system (pump, delivery pipe), if ingorporated, shall be started or opened as
appropriate in order to get a sample;

open the valve and allow to flow, slowly, atleast 10 | of insulating liquid into a wagte oil
container. In any case, discard at least*an amount of oil equivalent to the volume [of the
pipe;

rinse sampling bottles with the instlating liquid;

fill sampling bottles at constant flow to avoid turbulence.
mpling with a thief dipper erca cream dipper

is sampling should be carried out after the tank has been allowed to stand for at legst 1 h
er the vehicle has arrived.

Procedure withthe thief dipper (Figure 1) (bottom samples)

For taking bottom samples (i.e. within 1 cm to 2 cm from the bottom of the tank) the
dipper is Iowered until the projecting stem of the valve rod strikes the bottom of thg tank.
The dipper then fills. Filling is complete when no more air bubbles escape. The dipper
is then*withdrawn and its contents poured into the sample container (in the case|of an
individual sample) or into the special glass sample container for collecting and rixing
the various samples taken (in the case of a composite sample). In this latter casg, the

2)

1 s Lo L AN T ! ibledle e o bt (I Y H H fh
<odITTyIc CUTTLAITITT (o) 1o (alT ) THITU WILIT T TTHALUTT oU UULAlITITU. UUlilnyg puuriityyg O t e

liquid, avoid forming air bubbles by pouring too quickly.
Procedure with the cream dipper (Figure 2) (top samples)

With the valve closed, fill the cream dipper by slowly immersing it in the liquid to be
sampled until the rim is just below the surface of the liquid so that it will flow slowly into
the dipper. Discard the first filling. Refill the dipper as above and transfer the sample to
the sample container by allowing it to flow from the bottom orifice against the side of the
sample container and not in a stream into the bottom of the sample container. Repeat
the operation until sufficient liquid is obtained to fill the sample container (individual
sample) or the special glass sample container used for mixing samples depending on
the type of sample to be obtained.
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4.1.4.3 Sampling from drums
Samples should be taken after the drums have been allowed to stand for at least 8 h with the

bung uppermost, protected against rain and rainwater. For sampling the bottom (i.e. 3 mm up),
the pipette (Figure 3) or the siphon pressure thief (Figure 4) may be used.

For taking a sample from the surface layer of the liquid, the cream dipper (Figure 2) may be
used.

Examples of procedures:

Urr\ ofoinattao (Eioaera 2\ (hattais ol e
a) Use-efpipette(Figure3r{bottemsamples)

— | block the upper orifice of the pipette with the thumb, and then immerse the pipéttelin the
liquid to the bottom of the drum;

— | remove the thumb to allow liquid to enter the pipette;
— | again close the upper end of the pipette with the thumb and withdraw,the pipette;

— | thefirst filling is used for rinsing the pipette; transfer the next fillingSlinto either a sample
container (individual sample) or the special glass sample container for mixing samples
(composite sample) (see 4.1.4.2 b)) taking care not to formgair bubbles during pouring
the liquid.

b) Uge of siphon (Figure 4) (bottom samples)

— | fit the bung in which are set the riser and pressure tubes into the bung hole of thel drum
and ensure that this seal is airtight;

— | dip the lower end of the riser tube to about 3 mim from the bottom of the drum;
— | raise the pressure inside the drum by means of the air bulb;

— | run off enough liquid to rinse the tube.and then run off the required quantity direct|y into
the sample container (individual sample) or the special glass sample container for mixing
samples (composite sample) (see-4:1.4.2 b)) taking care not to form air bubbles during
pouring of the liquid.

c) Uge of cream dipper device (Figure 2) (top samples)

See 4.1.4.2 b).

4.1.4.4 Sampling report

The spmpling reportishall give all the information necessary for identifying the sample as well
as any details or«special information likely to be of help to those entrusted with the testg. The
type qf sample {i-e. composite, individual or average sample) shall be specified. A copy jof the
reporf shall accompany each sample. The distribution of samples shall be in accordancge with
the agreed-procedure, for example as given in the sales contract.

42 Ls ’ ot fitted : |

4.21 General remarks
4.2.1.1 Safety and quality of sampling

The manufacturer's instructions for taking oil samples from the electrical equipment shall be
followed. Particular attention shall be paid to the safety precautions to be taken.

Ensure that the oil in the energized electrical equipment is not under a negative pressure when
taking an oil sample, since this could introduce air bubbles in the oil, induce electrical short-
circuits in the equipment and put the sampling personnel at risk.

During sampling of oil, precautions should be taken to deal with any sudden release of oil and
avoid oil spillage.
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It is important to bear in mind that receiving a qualitative and a representative sample is crucial
for obtaining a reliable assessment of the electrical equipment. Even the most sophisticated
analytical and diagnosis methods cannot overcome faulty samples.

In all cases, oil sampling should be performed by properly and specifically trained personnel,
especially for low volume equipment (e.g. instrument transformers).

4.2.1.2 Place of sampling

The selection of points from which samples are drawn should be made with care. Normally, the
sample should be taken from a point where it is representative of the bulk of the oil in the
equip erTt (fUI c)\alllpiu, from—thre—bottomoit—draimvatve—or—the—oit balllpiillg vaivc). It will
somefimes be necessary, however, to draw samples deliberately where they are notsexgected
to be [representative (for example, in trying to locate the site of a fault, such as frem the tap
chander, selector switch or gas relay).

The methods described are suitable for large oil-volume equipment such as power transfofmers.
With gmall oil-volume equipment, it is essential to ensure that the total yotume of oil drawn off
does pot endanger the operation of the equipment.

For transformers with two sampling valves, the following proceddre should be used: opgn the
outer yalve first, followed by the second one. This is particularly’ important to avoid entranpce of
air intp the transformers.

4218 Cleaning of sampling point

Cleanjing of the sampling equipment and flushing ofithe sampling point shall be done to prevent
contamination of oil samples.

4

The bllank flange or cover (11) of the sampling valve in Figure 5, Figure 6 and Figure T a) is
removed and the outlet cleaned with a linf*free cloth or oil-resistant synthetic sponge to rgmove
all visjble dirt.

The drain valve is flushed with acsufficient quantity of oil (typically, 2 | to 5 I), under a turbulent
flow, fo eliminate any contaminants (water and particles) that might have accumulated |in the
drain jalve and at its orifice.

Use protection glovesy—preferably made of nitrile rubber, and a bucket for waste oil. The
sampling point shall be cleaned each time a new sample of oil is taken.

For measuring water content in oil, sampling shall be carried out during days when the humidity
of the| air is<as low as possible, to prevent moisture condensation on sampling equipment and
contamination of the oil sample.

The temperature of oil at sampling point shall be measured with a thermometer placed in the
flow of oil and indicated on the sample, to ensure the calculation of the relative humidity of oil,
also recording whether or not the fans and pumps are running. In both cases, the method used
to measure the temperature shall be indicated.
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Figure 5 — Sampling of oil by syringe
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Figure 6 — Sampling of oil by ampoule
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4.2.1.

The

Speci

IEC

a) Example of sampling by bottle

IEC
b) Example of seal cap for bottle
29 bottle

30 hard plastic screw cap

31 conical soft polyethylene seal

Figure 7 — Sampling of oil by bottle

Connection between sampling point and sampling device

onnection between the tubing and the electrical equipment will depend upo
equipment:1f-a sampling valve suitable for fitting onto tubing has not been provided, it g
necegsary'to use a drilled flange or a bored oil-proof rubber bung on a drain or filling connsg

n the
an be
ction.

Attach a piece of oil-compatible plastic or rubber tubing to connect the sampling point to the
sampling device. This tubing should be as short as possible. To avoid contamination by the
previous oil sample, use a new piece of tubing, or flush the tube well and wash its outer surface

with the next oil to be sampled.

Suitable tubing should be made for example of perfluorinated material (e.g. Viton®1, Tygon®),

PTFE or metal, not PVC.

1

Viton® and Tygon® are examples of suitable products available commercially. This information is given for the

convenience of users of this document and does not constitute an endorsement by IEC of these products.
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4.2.1.5 Choice of sample container

2022

Table 2 indicates the different types of sample containers that can be used depending on the
oil analysis to be made.

Table 2 — Sample containers for oil tests

Sample container Syringe Flexible Bottle Flexible | Ampoule | Ampoule Oil volume
bottle bottle
Material Glass Metal Glass Plastic Glass Metal ml
Oil test
Disso|ved gases Y Y Y Y Y 25 to 100
Wate 20
Dielegtric dissipation Y Y Y Y 20d
factor]
Partides Y Y Y Y 104
Breakldown voltage Y Y 500 to 1 000
Other|chemical and Y Y Y 25(
physigal tests
All tegts 1 000 to 2 000
Volunje (ml) 25 to 250 125 to 2 500 125 25 to 250
Key
Y =Yps
Metal|or plastic containers may be preferred.whéere adequate protection of glass containers is

not a\

For d
and p
of 4.2
recont
well-t

When
air co

The u
air co
plasti
(HDP

ailable for the transportation of oil samples.

ssolved gas analysis (DGA), to minimize losses of the low solubility gases (H, an
ck-up of air at low total gas contents, it is critical to strictly follow the sampling proce
.2 to 4.2.5, particularly. with bottles and ampoules. In addition, only the ma
mended for caps, gaskets, valves and tubing of sample containers should be us
ained and experienced personnel familiar with those containers.

using bottles forn.DGA, water and breakdown voltage, care should be taken to mir
htact with the,oi'sample during sampling and analysis.

se of plastic bottles is not permitted for DGA, water and dielectric strength, since an
htamination and gas losses can occur by diffusion through the plastic. For the other
t bottles should be made of a compatible plastic (such as high-density polyeth

i CO)

dures
erials
ed by

imize

hbient
tests,
ylene
itives

E )y polypropylene or polycarbonate), which does not contaminate the oil with add

conta

compatibility with oil.

ned in the plastic. Each new type of plastic (and glass) bottle should be tested for

The recommendations of 4.2.1.3 and 4.2.1.6 (cleaning of sampling point and sampling
equipment) should be followed strictly for water content, dielectric strength, dielectric

dissip

ation factor, interfacial tension and particles content.

The other physical and chemical tests (viscosity, density, acidity, DBPC, furans and PCB
contents, etc.) are less affected by the sample containers and sampling procedures used.
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4.2.1.6 Cleaning of sampling equipment

4.2.1.6.1 Use of disposable sample containers

Use of disposable, pre-cleaned metal, plastic and glass bottles having a known level of
cleanliness for dust and humidity has been found by several users more convenient than
cleaning them. Such sampling devices are relatively inexpensive and available from several
vendors of labware or veterinarian equipment. To verify that the cleanliness of disposable
bottles is acceptable, a few un-cleaned and cleaned bottles can be tested in parallel.

4.2.1.6.2 Cleaning procedures

Non-g
with |
option

Samp|

After
then §

After
until j

Appro
partic

Dedic]
conte

4.2.2
4.2.2.
The fdq

a) Gt
(2
ba
SY|
all

isposable sampling devices may be cleaned in a dishwasher using a detergent, and
ap water (without detergent in the rinse aid compartment of the dishwashgr). A
al rinse with de-ionized water may be used.

ing equipment and containers may also be cleaned with normal heptange,

Cleaning, the sampling devices are dried in an oven at typically,100 °C until fully
llowed to cool in the oven or a dry box.

drying, they shall be immediately closed to protect from/contamination and not o
st before use.

priate cleaning of sample containers is critical forDDF and interfacial tension, whi
Llarly sensitive to contamination. They should not be cleaned with solvents.

pted sampling containers shall be cleaned.according to IEC 60970 for measuring pa
nt in oil.

Sampling of oil by syringe
1 Sampling equipment
llowing sample equipment.shall be used:

aduated gas-tight syringes of a size suitable for containing adequate oil sample v
D ml to 250 ml), and* equipped preferably with a three-way plastic valve made of

ringes with matched piston and barrel is preferred when sampling for DGA in or
ow the piston'to flow freely with oil volume variations, and to avoid pressure and vg

build-up in"the syringe and breakage during handling. Plastic syringes should not be

Fd
an

r plastic three-way valves, a new valve should be used each time an oil sample is

g

dootrecycled, because it can be contaminated with the previous oil sample and Ig

insed

last,

dried,

bened

h are

rticles

blume
nylon

dy and polypropylene (PP) barrel, or with a three-way stainless steel valve. The (ise of

Her to
cuum
sed.

taken
se its

on, a

stainless steel Luer-Lock cap may be placed on top of the three-way valve. This cap may
be recycled after use.

NOTE Priming the piston with clean, degassed oil has been found useful to avoid the formation of bubbles
along the piston when introducing the oil sample for DGA analysis. The use of a low viscosity water-soluble
lubricant has also been found useful for DGA.

The size of sample required depends on the likely concentration of gas in the sample, the
analytical techniques and the sensitivity required. For DGA after factory tests, a 250 ml

sy

ringe has been found convenient.

See Annex B.
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Transport containers, designed to hold the syringe firmly in place during transport but which
allow the syringe plunger freedom to move and prevent its tip from contacting the container
whatever its position during transportation. Cardboard boxes with removable inner
cardboard flaps that hold the barrel in place have been found convenient for that purpose.
Metal or plastic cylinders with inside foam packing have also been found appropriate for
transportation. When sampling for DGA, the syringe should preferably be transported in the
vertical position, piston upwards, to avoid the formation of bubbles in oil.

4.2.2.2 Sampling procedure

See Figure 5.

a)

b)
c)

d)

e)

Label|the sample in accordance with 4.4.

THe efectrical equipment IS connected as shown N FIgure 5 a), and 1ts sampling vaiye (5)
opened.

THe three-way valve (4) is adjusted (position A) to allow 1 | to 2 | of oil to flow toywasie (7).

THe three-way valve (4) is then turned (position B) to allow oil to enter the syringe $lowly
(Fjgure 5 b)). The plunger should not be withdrawn but allowed to move)back under the
pressure of the oil.

THe three-way valve (4) is then turned (position C) to allow the oillin‘the syringe to flow to
waste (7) and the plunger pushed to empty the syringe. To ensure that all air is expelled
frgqm the syringe, it should be approximately vertical, nozzle upwards, as shown in
Figure 5 c). Confirm that the inner surfaces of the syringe and plunger are completely|oiled.

THe procedure described in steps ¢) and d) is then repeated until no gas bubble is pregsent.
THen the three-way valve (4) is turned to positioh B and the syringe filled with oil
(Fljgure 5 d).

THe three-way valve (4) on the syringe and the.sampling valve (5) are then closed.
THe three-way valve (4) is turned to position C'and the syringe disconnected (Figure p).

When sampling for DGA, if the oil taken{from the electrical equipment is hot, plage the
syringe in its protective box in the vertical position, standing on the piston and with the
syringe tip upwards, until the oil has @lowly cooled down, then install the syringe badk into
the holding flaps of the protective box for transportation. This will prevent the formafion of
bubbles in oil.

NOTE It is good practice to\avoid contamination of the outer surface of the plunger and inner surfaceq of the
syringg by dust or sand. Such particles can affect the sealing properties of the syringe. This kind of contanfination

can come from wind-swept dust or from the handling of the syringe.

NOTE 2 In the caseg‘ofisealed transformers, if a bubble appears in the syringe directly after sampling, the sgmpling

procedire is repeated:
4.2.3 Sampling of oil by ampoule

4.2.3.( Sampling equipment

The following sample equipment shall be used:

a)

2

Glass or metal ampoule, typically of volume 125 ml to 1 1. It may be closed either by
stopcocks or pinchcocks on oil-compatible plastic tubing or by valves. Glass ampoules are
usually made of Pyrex®2 glass. Metal ampoules are made of stainless steel and can use
spring-loaded valves instead of plastic tubing as expansion devices.

The oil-compatible plastic tubing used for ampoules should be used only once, not recycled,
since it has a memory effect and can contaminate the oil sample when sampling for DGA.
The types of compatible plastic tubing are indicated in 4.2.1.4.

Pyrex® is the trademark of a product supplied by Corelle Brands. This information is given for the convenience
of users of this document and does not constitute an endorsement by IEC of the product named. Equivalent
products may be used if they can be shown to lead to the same results.
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b)

A sampling tube and its seal design is acceptable if the loss of hydrogen of the sample
contained is less than 2,5 % each week.

The size of sample required depends on the tests to be carried out and, for DGA, the likely
concentration of gas in the sample, the analytical technique and the sensitivity required. For
DGA after factory tests, a 250 ml ampoule has been found convenient.

Transport containers, designed to hold the sampling tubes firmly in place during transport.

4.2.3.2 Sampling procedure

See Figure 6.
a) TI[ C dcvibc ib LaUIIIIULatCuI asS D;IUWII ;II Figwc 6
b) THe cocks (2) on the plastic tubing of the sampling ampoule (28) and the _eguipment

sampling valve (5) are carefully opened so that oil flows through the sampling ampdule to
w3gste (7). When sampling for DGA, oil should flow under a non-turbulent flow (until|there
arg no air bubbles in the oil), to avoid the formation of bubbles in oil and the strippjing of
di$solved gases out of oil.

After the sampling ampoule (28) has been completely filled with 6il,“about 11 to 41 are
allowed to flow to waste (7).

THe oil flow is then closed by shutting off firstly the outer coek™(2), then the inner ope (2)
and finally the sampling valve (5).

THe sampling ampoule (28) is then disconnected and the 'sample labelled in accorfdance
with 4.4.

NOTE | If a glass sampling ampoule with integral glass cocks is ysed it is preferable to drain 1 ml or 2 ml of pil from
it prior fo transporting it back to the laboratory in order to avoid.breaking the ampoule in the event of it being ekposed

to a risp in ambient temperature. Once completed, this procedure is also recorded on the label.
4.2.4 Sampling of oil by flexible metal bottles
4.2.4.1 Sampling equipment

The f¢llowing sample equipment shalhbe used:

a)

Flexible metal bottles capable;of being sealed gas-tight, typically of volume 250 ml tg 2,5 I.

Metal bottles should not be’ soldered, as materials used for soldering can contaminajte the
oil. Adsorption on aluminium surfaces of water contained in oil is possible. Metal Hottles
made of drawn alumifium or of welded tin are flexible and do not need oil expansion de)ices.
THey should be filled completely with oil by pressing on the bottle sides before closing the
battle.

Metal bottles/should be closed with a screw cap lined with a non-porous, leak-free gasket
compatible.with oil. Gaskets should be used only once, not recycled, except if they arg lined
with alaminium foil on the oil side.

FQriDGA and water analysis, the porosity of gaskets used should be measured by taking at
least siX samples of ol ydrogen content of
the oil used for testing of the sampling equipment should be at least 100 pl/l. Analyse
samples for hydrogen content at intervals over a month, the first being as soon as possible
after taking the samples. A bottle and seal design is acceptable if it permits losses of
hydrogen of less than 2,5 % per week. Suitable bottles have, for example, screwed plastic
caps holding a conical polyethylene (PE) seal or flexible gasket (see Figure 7).

For analytical tests other than DGA and water, the above requirement for gas tightness does
not apply.

For mineral oils, gaskets should be made of polyethylene (PE), PTFE or nitrile-butadiene
rubber (NBR) (containing more than 30 % of nitrile component).

For non mineral oils (e.g. natural and synthetic esters), gaskets should be made of PTFE
(not NBR or silicone rubber).

b) Transport containers, designed to protect the bottle during transport.
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2 Sampling procedure

See Figure 7 a).

a) The sampling valve (5) is carefully opened and about 1 | to 2 | of oil allowed to flow under a
laminar flow to waste (7) through the tubing (3) ensuring that all gas bubbles are eliminated
before the oil sample is collected and gases are not stripped out of the oil by the oil flow.

b) Place the end of the tubing (3), with the oil still flowing, at the bottom of the sampling bottle
and allow the bottle to fill from bottom up. Rinse the bottle with one-third of oil then send
the oil to waste.

When samplmg for DGA mtroduce the oil under a contlnuous non- turbulent flow untll no

c) Al
Wi
th

d) CI
Ti

4.2.5

4.2.5

The following sample equipment shall be used:

a) Gl
2,
re
du

C{

3.
©

b) Tr
4.2.5.

See H

Samp
rigid n

ighten the cap again after the oil has cooled to ambientitemperature.

(| Sampling equipment

bubbles in 0|I and the stripping of dissolved gases out of oil (otherW|se S|gn|f|ca
5s can occur). Filling the bottle should be slow enough to allow laminar flow of il g
5t as possible to avoid gas loss to (and contamination from) the atmosphere~If th¢
fill the bottle exceeds a few minutes, a new sample should be taken.

hen sampling for water, strictly follow the recommendations of 4.2.1,3.

ow about two bottle volumes to overflow to waste (7), then withdrawthe tubing (3)
h the oil still flowing. Gently squeeze the sides of the bottle socit'is entirely filled w
bn securely close with the cap.

bse the sampling valve (5) and disconnect the tubing. Labelthe sample (see 4.4).

Sampling of oil by glass and rigid metal bottles

lass or rigid metal bottles capable of.being sealed gas-tight, typically of volume 125
b |. Clear glass bottles shall be protected from sunlight, so the use of dark bottles is
commended. Even so, for samples'for DGA, extra protection from light should be prd
ring transport and storage.

ps and gaskets described\for flexible metal bottles in 4.2.4.1 are suitable for glas
id metal bottles.

bnsport containers, _designed to protect the bottle during transportation.
" Sampling procedure

igure 7 a)

ing precedures are the same as for flexible metal bottles in 4.2.4.2, except that glas
hefal-bottles should not be filled entirely with oil.

t gas
nd as
e time

slowly
th oil,

ml to
highly
vided

s and

s and

Instead, allow the oil level to fall a few centimetres from the rim so as to leave a small expansion
volume of air (typically, 3,5 ml to 7 ml, or 1,5 cm to 3 cm of airspace), to allow for oil expansion
with increasing temperatures. Fill with no less than 90 % of oil to allow for air expansion when
temperatures decrease and avoid implosion of the glass bottle. Place the bottle cap securely in
position and label the sample (see 4.4). Indicate the approximate expansion volume of air on
the label. Correction for gas loss to the small headspace volume of air in the bottle shall be

calcul

ated by the laboratory as indicated in Annex D of IEC 60567:2011.
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Where transport and storage conditions are not particularly demanding, some companies prefer
to have the bottles filled completely and closed lightly, finger-tight, with a screwed plastic cap
having a conical polyethylene seal. In the event of expansion of the oil by heat, these caps act
as a non-return valve, allowing a small amount of oil to escape. Where contraction by cooling
occurs, the seal will prevent ingress of air. In the latter case, it is necessary for the bottle to be
warmed up to the sampling temperature to re-dissolve the gases prior to analysing for dissolved

gases.
For other analytical tests, an airspace can be left above the oil.

4.2.6 Sampling of oil by plastic bottles

4.2.6.1 Sampling equipment

The fgllowing sample equipment shall be used:

Plastif bottles should be made of a compatible plastic (see 4.2.1.5), which dees’not contaminate
the oi| with additives contained in the plastic. Each new type of plastic bottle should be {ested
for cpmpatibility with oil. Use of virgin plastic without fillers or_ ‘pigments is stfongly
reconimended.

Plastif bottles should not be used for DGA, water content and dietectric breakdown.

Caps jand gaskets described for metal bottles in 4.2.4.1 aresuitable for plastic bottles.
Moulded all-plastic caps, of suitable composition as _above, are suitable.

4.2.6.p Sampling procedure

See Higure 7 a).

Sampling procedures are the same_as, for flexible metal bottles in 4.2.4.2.

4.3 |Storage and transportation of samples

Some| of the dissolved oxygen present in the oil sample can be consumed, and hydrocdrbons
and garbon oxides formied by oxidation. This reaction is accelerated by exposure to| light,
therefore sampling devices made of transparent materials (syringes, glass bottles and
ampoliles) should be protected (for example, by wrapping them in an opaque material or pjacing
them |n a box fortransportation).

In any casé; the analysis should be carried out as soon as possible after sampling to|avoid

oxidalion reactions and gas losses or pick-ups from the sampling devices.

Oil syringes (and other oil sampling devices) may be placed in sealed boxes to fully eliminate
the risk of formation of bubbles in important DGA oil samples during transportation in planes,
due to reduced pressure and over-saturation of gases in the oil. The syringe plunger should be
allowed to move in order to prevent air ingress in case of oil volume variations.

4.4

Oil sa

Labelling of samples

mples should be properly labelled before dispatch to the laboratory.

The following information, as shown in Table 3, is necessary (whenever it is known).
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Table 3 — Information required on oil sample labels

Transformer or other equipment

Sampling

Customer

Sampling date

Location

Sampling point

Identification number

Sampling person

Manufacturer

Reason for analysis (routine or other)

General type (transformer (generation or transmission,
instrument, industrial), reactor, cable, switchgear, etc.)

Transformer non-energized, off-load energized or on-
load

Rated MVA

Oil temperature when sampling

Voltage ratio

Humidity: dry — wet — fog — indoors

Type @nd location of OLTC
Date qf commissioning
Oil
Type ¢f oil (mineral or non-mineral) Weight (or volume) of oil
Produft name Date of last oil treatment
The f¢llowing additional information is desirable:

ambient temperature, reading of winding
cu
wi

fo
an
h

ti

water in oil analysis, temperature of oil,

idity of oil);

d whether or not the fans and pumps<are running (to be able to calculate the reg

m
:]\e of sampling where more than ane sample is taken.

temperatufe indicator, reading of MVA of load

rrent or percentage load, operation of pumps, méde’ of communication of its tap-chlanger
th the main tank, oil preservation system (canservator, nitrogen blanket, etc.) and any
chlanges in operational conditions or any maintenance carried out since last samplind;

the method used for measuring the temperpture,
lative
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A1

Annex A
(informative)

Procedure for sampling at intermediate levels
(making up of the average sample)

Use of the thief dipper

See Figure 1 and 4.1.4.2 b). The thief dipper is immersed to the required depth. The chain

attached-to-the central rod-is-then pnllnd, care hx:ung taken that vertical Hmplghnmnnf ofthe rod

does

escaple. The dipper is then withdrawn and its contents poured into the mixing container.

A.2

Use of the pipette

See Higure 3 and 4.1.4.3. The pipette is immersed to the required depth!

A3

Use of the siphon

See Higure 4 and 4.1.4.3. The siphon is immersed to the required depth.

A.4

The s
the m
used

General remark

xing container for collecting the samplégstas soon as they are taken. The mixture i
o fill sampling bottles.

hot exceed 50 mm. The dipper then fills; filling is complete when no more air.bybbles

bmples taken at intermediate levels for making up the average sample are transferred in

5 then
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Annex B
(informative)

Procedure for testing the integrity of the syringes

The procedure is as follows:

a) Connect the syringe to be tested to a three-way valve (4.2.2.1).
b) Move the valve to the open position (position B or C as shown in Figure 5).
c) Press the piston fully into the syringe.

d) Clpse the valve by adjusting in position A.
e) Trly to pull the piston from the syringe and hold it under tension for about 30 s.
f) Affer releasing the piston, it should return in the original position.

g) If any amount of air was locked between the piston and the syringe body;-then the syringe
or|the valve is not hermetically sealed, and it is recommended that thé-syringe or the|valve
bg replaced by a new one.
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Annex C
(informative)

Procedure for sampling oil from bushings

The general procedures for sampling oil from electrical equipment are described in 4.2.1.1, 4.3
and 4.4.

The specific procedures for sampling oil from bushings are the following:

The ojl sampling should be carried out on de-energized bushings in their normal position. This
is implortant in assessing bushing condition.

When|[sampling, precautions should be taken to deal with any sudden release of‘ail and prevent
any moisture and dust entry in the bushing and the sample.

With $mall oil volume bushings it is essential to ensure that the total ¥olume of oil draywn off
does pot endanger the operation of the bushing. See NOTE 2 below;

The method of sampling by syringe is the preferred method of siksampling from bushings (see
4.2.2) and is suitable irrespective of the mode of transport ‘of ' samples, but other sampling
devicgs are also applicable if compliant with the manufacturet's instructions.

WARNING — The manufacturer's instructions should He ‘consulted before any sampling. Failure
to follpw the instructions from the manufacturer canlead to serious damage and bushing failure.
Normally the amount of oil in bushings is limiteds:therefore it is not usual to carry out rputine
sampling. Where sampling is carried out, the €ffect on the oil level and pressure shoyld be
takenlinto consideration. Oil sampling from oillimpregnated paper (OIP) bushings without|an oil
level gauge is not recommended.

a) Byshings fitted with a sampling peint at the mounting flange

1)] Remove the protective cover of the sampling point. Clean the outlet with a lint-freq cloth
to remove all visible dirt(see also 4.2.1.3).

2)| Ensure that all parts.of-the sampling component are clean and dry.

3)| Connect the tubing:to the sample point.

4)| Flush the tubé as described in 4.2.2.2 b) to e€) and in Figure 5.

5)| Obtain thetsample for analysis as described in 4.2.2.2 €) to h) and in Figure 5.
b) Byshing not)fitted with a sampling point at the mounting flange
In thig case, it may be possible to take a sample from the top of the bushing. The manufacturing
instrugtion's should be consulted to determine a suitable position. Insert one end of the sampling

tube into the bushing, from the top, and connect to the other end to the three-way stopcock on
the syringe, using a plastic connector. Follow the same procedure as above.

In the case of bushings pressurized at ambient temperature, the procedure described in a) and
b) above is not applicable. Reference should be made to the instructions of the equipment
manufacturer. Oil-SF6 or oil-oil bushings, in particular, in which internal oil is in a close volume,
with a bellow for oil dilatation, shall always keep a positive oil pressure to prevent air and
moisture ingress when sampling. On those bushings the sampling point is always at the
mounting flange.

Qil replacement: The oil removed from the bushing shall be replaced if the volume of oil
extracted is more than 1 % of the total oil volume in the bushing.
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The removed oil is replaced with an appropriate volume of clean, dry and degassed oil
compatible with the original oil. Consultation of the manufacturer is highly recommended.

In the case of large bushings, if the oil is not to be replaced immediately, the volume removed
shall be noted for replacement during subsequent sampling or maintenance.

Labelling of samples should be made in accordance with Table 3, and include the following
additional information on the bushing:

— volume of oil in bushing;

— time out of service;

— storage;

— rajed kV;

— rated current;
— manufacturer;
— bdshing type;
— phase.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

METHODE D’ECHANTILLONNAGE DES LIQUIDES ISOLANTS

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée
de I'ensemble des comités electrotechnlques natlonaux (Comités natlonaux de 'lIEC). L'IEC a pour objet de
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aux. L’'IEC collabore étroitement avec I'Organisation Internationale de Normalisatioh” (ISO), sel
ditions fixées par accord entre les deux organisations.

décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la me
sible, un accord international sur les sujets étudiés, étant donné que les Comités\wationaux de I'lEC int¢
t représentés dans chaque comité d’études.

Publications de I'lEC se présentent sous la forme de recommandations internationales et sont
me telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin qu
sure de I'exactitude du contenu technique de ses publications; I'lEC mé peut pas étre tenue respons
Entuelle mauvaise utilisation ou interprétation qui en est faite par@n*quelconque utilisateur final.

s le but d'encourager I'uniformité internationale, les Comitéshationaux de I'lEC s'engagent, dans {
ure possible, a appliquer de fagon transparente les Publieations de I'lEC dans leurs publications nat
égionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationa
onales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.
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formité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certi
bpendants.
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rencées est obligatoire pour une application correcte de la présente publication.
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tention est attireée.sur le fait que certains des éléments de la présente Publication de I'lEC peuvent fairg
fdroits de breyet. L’'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de
ets.

60475 a été établie par le comité d'études 10 de I'lEC: Fluides pour applic
btechniques. Il s'agit d'une Norme internationale.

ations

Cette troisieme édition annule et remplace la deuxieme édition parue en 2011. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) ajout de la nouvelle Annexe C sur I'échantillonnage de I'huile dans les traversées, a la
demande du sous-comité de I'lEC 36A, afin de transférer vers I'lEC 60475 le contenu
correspondant de I'lEC TR 61464 relatif a '’échantillonnage de I'huile dans les traversées;

b) suppression de la NOTE 2 du 4.2.1.2.
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Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
10/1163/FDIS 10/1173/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.

La langue employée pour I’élaboration de cette Norme internationale est 'anglais.

Directives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles| sous
www.lec.ch/members_experts/refdocs. Les principaux types de documents développds par
I'lEC $ont décrits plus en détail sous www.iec.ch/publications.

Ce dt1cument a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selpn les

Le coinité a décidé que le contenu de ce document ne sera pas modifié avant'fa date de stpbilité
indigyée sur le site web de I'lEC sous webstore.iec.ch dans les données relatives au dociment
rechefché. A cette date, le document sera
e regonduit,

e supprimé,

e remplacé par une édition révisée, ou

e amendé.
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Préca

INTRODUCTION

utions générales, protection de la santé, de la sécurité et de I'environnement

AVERTISSEMENT - Le présent document ne vise pas a répondre a tous les probléemes de
sécurité liés a son utilisation. L'’utilisateur du présent document a la responsabilité de mettre
en place les pratiques d’hygiene et de sécurité adéquates et de vérifier avant utilisation si des
contraintes réglementaires s’appliquent.

Il convient de manipuler les huiles isolantes dont traite le présent document en respectant
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METHODE D’ECHANTILLONNAGE DES LIQUIDES ISOLANTS

omaine d’application

Le présent document s’applique a la procédure d'échantillonnage utilisée pour les liquides

isolan

ts dans les récipients de livraison et les matériels électriques tels que les transformateurs

de puissance et de mesure, les réactances, les traversées, les cables a huile fluide, les
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en charge (LTC - load tap changer).

ésent document s'applique aux liquides dont la viscosité, a la, ‘température
ntillonnage, est inférieure & 1 500 mm2/s (ou cSt). Il concerne les huiles’minérales et
inérales (les esters synthétiques, les esters naturels ou les huiles végétales et les liquides
es, par exemple).

éférences normatives

bcuments suivants sont cités dans le texte de sorte quiils.constituent, pour tout ou [partie
ir contenu, des exigences du présent document. Paour les références datées, |seule
bn citée s’applique. Pour les références non datées; la derniére édition du document de

D567:2011, Matériels électriques immergés<JEchantillonnage de gaz et analyse dgs gaz
et dissous — Lignes directrices

D970, Isolants liquides — Méthodes* de détermination du nombre et de la taille des

iles

D

prmes et définitions
es besoins du présent document, les termes et définitions suivants s'appliquent.

et I'lEC tienneht)a jour des bases de données terminologiques destinées a étre utilisées
rmalisation,«consultables aux adresses suivantes:

C Electropedia: disponible a I'adresse https://www.electropedia.org/
O Ohline browsing platform: disponible a I'adresse https://www.iso.org/obp

3.1

récipient de livraison
récipient utilisé pour stocker, transporter ou livrer des lots d’huile

EXEMPLE Fats, wagons-citernes, camions-citernes, sacs en plastique flexible.

3.2

matériels électriques

matér

iels remplis d’huile isolante

EXEMPLE Transformateurs de puissance et de mesure, réactances, traversées, cables a huile fluide,
condensateurs de puissance en huile, appareillage de connexion et changeurs de prises en charge (LTC).


https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=5fb0cca755604d1c1dc3d5d0d450757c

IEC 60475:2022 © |IEC 2022 - 35—

3.3

matériel de prélévement

matériels qui permettent d’échantillonner I'’huile dans des récipients de livraison (sondes
d’échantillonnage, écrémoirs ou siphons, par exemple) et des matériels électriques (tuyaux de
raccordement et adaptateurs de vanne de vidange, par exemple)

Note 1 a I'article: Le matériel de prélévement comprend également les récipients d’échantillonnage, les récipients
d’huile usagée et les autres accessoires.

3.4
récipient d’échantillonnage
récipient ou autre dispositif de stockage et de transport des échantillons d’huile pour analyse

EXEMRLE Seringues, flacons, ampoules.

Note 1|a I'article: Le récipient d’échantillonnage comprend les accessoires tels que les vannesles-tuyauy ou les
bouchgns associés au récipient.

4 Principes généraux pour I'échantillonnage des liquides isolants

4.1 Nouveaux liquides isolants dans les récipients de livraison
4.1.1 Lieu d’échantillonnage

L’échantillon doit étre prélevé dans la partie du récipient dé livraison dans laquelle le l|quide
isolant est susceptible d’étre le plus contaminé. Pour évaluer la qualité d'une livraison, deux
types|d'échantillons peuvent généralement étre préleves:

a) édhantillon composite: mélange d'échantillons prélevés a un méme niveau dans plugieurs
régipients;
b) édghantillon individuel: échantillon ou mélange d'échantillons prélevés a un méme rjiveau
dgans un méme récipient.

Pour une livraison, des échantillons~individuels de 1| peuvent étre prélevés dans diff¢rents
récipients pour l'essai de rigidité électrique. D’autres essais peuvent étre effectués syr ces
échantillons et un examen complet de leur mélange peut étre réalisé (échantillon composite).

Dans [certains cas, il peut.s’avérer utile de constituer un échantillon moyen dans le récipient.
Un éghantillon moyen_est un mélange d'échantillons prélevés a différents niveaux dahs un
mémg récipient.

1) cifernes: il convient de prélever les échantillons dans chaque citerne comme cela est|décrit
en 4.1.4.2cci*dessous;

2) fats: il eonvient de prélever les échantillons comme cela est décrit en 4.1.4.3 ci-dessous.

Dans [e\cas d'un seul fat, un échantillon doit étre préleve.

En présence de plusieurs fats d’un lot d’huile, il convient que le fournisseur et I'utilisateur
conviennent de la procédure d’échantillonnage. Par exemple, les échantillons peuvent étre
prélevés de 10 % des flts ou d’au moins deux fats, selon celui qui est le plus important.

4.1.2 Quantité d'échantillons a prélever

Cela dépend des essais a réaliser et des procédures utilisées.

En regle générale, 2 | sont prélevés.
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Matériel de préléevement

1 Généralités

2022

Comme les résultats des essais mentionnés dans les exigences de I'l[EC pour les liquides
isolants peuvent, en grande partie, dépendre des impuretés présentes dans I'échantillon, il est

essen

tiel d'observer les précautions suivantes:

— un matériel de prélévement séparé doit étre réservé exclusivement pour chaque type
d’huile. Il convient que tous les joints et tuyaux utilisés soient compatibles avec le liquide
isolant échantillonné;

4.1.3.

A titrg
sondsg
conta

a) Ed

L4
la
en

42 1.6. 1l conwent de veiller avec un soin partlculler a ce qu'il n'y ait pas
puretés solides, comme la poussiére ou les fibres. L'utilisation de chiffons.p
ttoyage n'est pas permise.

" Sondes d’échantillonnage
s peuvent également étre utilisées, a condition qu'ellesynintroduisent a
mination. Le matériel en acier inoxydable et en aluminium convient.

hantillonnage dans des citernes

sonde représentée a la Figure 1 est adaptée pour prélever des échantillons au fo
citerne. Il s'agit d'une sonde constituée de tubes et de’moulages en acier inoxyda

lig
ch

aluminium entiérement usinés. Elle doit étre suffiSamment lourde pour plonger d
uide. Il convient qu’elle soit toujours suspenddge ‘au moyen d’un fil métallique ou
aine. Ni corde ni autre matériau fibreux ne doivent étre utilisés.

L'ecrémoir est utilisé pour prélever des échantillons en surface de liquides isolants.

SO
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nde doit étre construite suivant le schéfa représenté a la Figure 2 et doit étre en
bxydable.

jécrites
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Dimensions en millimétres
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Figure 1 — Sonde
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Dimensions en millimétres

51

J1

W)

))

406

S

127

9,5

Vanne

51

Y

IEC

Figure'2 — Ecrémoir

b) Eghantillonnage dans des flts

Ly pipette représentée a la Figure 3 est prévue pour prélever des échantillons au ford des
fais. Cette pipette a une capacité d'environ 500 ml.

Une autre sonde pour préfever des échantillons au fond est représentée a la Figune 4: il
s'ggit d'un siphon qui.comprend un tube en verre, en acier inoxydable ou en aluminiurh d'un
digmeétre intérieur d'environ 13 mm pour le prélévement du liquide, et un tube métgllique
(dlamétre intérieur)de 5 mm) pour I'application de la pression. Les deux tubes sont|sertis
dans un bouchan' résistant a I'huile dont les dimensions correspondent au diameétre|de la
bande du fit.~ll existe des versions commerciales de ces matériels. Dans la mesyre du
pdssible .il.est préférable de choisir le verre pour les sondes représentées a la Figurne 3 et
a la Figure 4.

L'esréemoir (Figure 2) peut étre utilisé pour prélever des échantillons en surface.
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Dimensions en millimétres
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Figure 3 — Pipette

Dimensions en millimétres
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Figure 4 — Siphon
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4.1.3.3 Récipients d’échantillonnage

2022

Pour le stockage et le transport des échantillons, selon I'essai a réaliser sur I'huile, des
récipients d’échantillonnage de volume approprié doivent étre utilisés. Différents types de
récipients d’échantillonnage sont présentés en 4.2.1.5.

Pour le mélange de différents échantillons, un récipient d’échantillonnage spécial en verre
d’une capacité d’au moins 6 | doit étre utilisé. Ces récipients d’échantillonnage spéciaux doivent
étre fermés de maniére a pouvoir les sceller, au moyen d’un tuyau en plastique ou en
caoutchouc compatible résistant a I'huile ou de bouchons a vis en polytétrafluoroéthyléne
(PTFE). Les tuyaux et/ou joints en caoutchouc naturel ne sont pas permis. Les joints en PTFE

et pol /Inrnlnylénp (PP) sont acceptables
Chaquie récipient d’échantillonnage doit porter une étiquette sur laquelle sont mentiophnées
touteq les indications nécessaires pour identifier le contenu, notamment le marquage dgs flts
ou citernes, la date de prélévement et le nom du réceptionnaire.
4.1.3.4 Nettoyage du matériel de préléevement
Le mgtériel de prélevement doit étre nettoyé conformément aux procédures décrites en 4/2.1.6.
4.1.4 Procédure de prélévement
4.1.4.( Remarques générales
Confgrmément aux principes généraux d'échantillonnage/(voir 4.1.1), les échantillons de I{quide
isolant neuf doivent étre prélevés au fond du récipient de livraison, ou la contamination est
vraisgmblablement la plus importante. Cependant;” dans certains cas, il est intéressgnt de
préleyer un échantillon moyen.
NOTE Pour constituer un échantillon moyen, des-échantillons sont prélevés a des niveaux intermédiairds dans
les citgrnes et les fats. Des exemples de procédures sont donnés a I'Annexe A. Une procédure est donnée flans la
NOTE ¢n 4.1.4.2 a) pour obtenir I'équivalent d'un échantillon moyen.
Difféergnts cas sont examinés dans_|le Tableau 1:
Tableau 1 — Types d’échantillon de liquides isolants neufs
Type de livraison Echantillonnage | Matériel de prélevement Procédure Quantité
recommandé a utiliser recommandée
Echantillon Pipette (Figure 3) 4.1.4.2 3x2]1
composite ou
Fats Siphon (Figure 4) 4.1.4.2 1lou?2l
Echantillon
individuel
_ Echantillan ] Sonde (Figure 1) 4.1.4.1Db) 3x2]|
Citernes individuel ou
j Néant (vanne) 4.1.4.1 a)
Pipette
Fats Echantillon ou Annexe A
moyen Siphon (Figure 3 et
Figure 4) 3x21
. Sonde (Figure 1)
Citernes izhaerrl]tlllon ou
y Néant (vanne) 4.1.4.1 a)

NOTE 2 Avant d'échantillonner des citernes, une quantité suffisante d’huile est pompée a travers la tuyauterie de
vidange, comme cela est indiqué en 4.1.4.2.
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Toutes les précautions doivent étre prises durant I’échantillonnage afin d’éviter toute
contamination des liquides isolants. L'échantillonnage a I'extérieur sous pluie, brouillard ou vent
fort est toléré seulement si toutes les précautions ont été prises pour éviter la contamination du
liquide. Dans ces cas spéciaux, l'utilisation d'une bache est nécessaire.

La condensation doit étre évitée en chauffant le matériel de préléevement de fagon qu'il soit a
une température supérieure a la température ambiante. Avant utilisation, le matériel doit étre
rincé avec le liquide a échantillonner. L'opérateur doit veiller a ne pas toucher avec les mains
les surfaces du matériel de prélevement en contact avec I'huile. Les liquides isolants doivent

étre protégés de la lumiére durant le transport et le stockage.

A l'ard ; ar

Il est pécessaire d'attendre que la température de I'échantillon soit la méme que la temipé

ambignte.

4.1.4.p Echantillonnage dans des citernes

Les liquides isolants peuvent étre prélevés soit par la vanne de vidangeide la citerne, s

moyeh d'une sonde ou d'un écrémoir.

a) Eghantillonnage par la vanne de vidange
P3ar cette procédure, il est possible d'obtenir un échantilen représentatif du fond
ciferne aprés immobilisation de la citerne pendant au moins'1 h aprés l'arrivée du véh
NQTE Il est également possible, par cette procédure, d'obtenir I'équivalent d'un échantillon moye
prglevement est fait directement aprés I'arrivée du véhicule.

D4

b) E
I

pgndantsat moins 1 h aprés I'arrivée du véhicule.

1

ns ce cas, la procédure de prélevement doit:étre la suivante:
enlever la protection de la vanne de vidange, le cas échéant;

éliminer toutes les saletés et poussiéres de la vanne a I'aide d'un chiffon non pelu
et propre ou d'éponges synthétiquesirésistantes a I'huile;

le dispositif de vidange (pompe\et tuyauterie), s'il est incorporé, doit étre soit n
fonctionnement, soit ouvert afin de pouvoir prélever I'échantillon;

récipient d’huile usagée. Dans tous les cas, éliminer au moins une quantité ¢
équivalente au volume-du tuyau;

rincer les flaconstd‘échantillonnage avec le liquide isolant;

remplir les flacons d’échantillonnage a débit constant afin d’éviter les turbulences|

chantillonnage a I'aide de la sonde ou de I'écrémoir

convient de procéder a ce type d’échantillonnage aprés immobilisation de la ¢

Procédure avec la sonde (Figure 1) (échantillons prélevés au fond du récipien

rature

oit au

de la
icule.

, si le

cheux

is en

ouvrir la vanne et laisser~écouler, lentement, au moins 10 | de liquide isolant dans un

"huile

iterne

)

Pour prelever des echantillons dans le fond (c'est-a-dire a 1 cm ou 2 cm du fond

de la

citerne), la sonde est immergée jusqu'a ce que la partie en saillie de I'axe de la vanne
atteigne le fond de la citerne. La sonde se remplit. L’'opération est terminée lorsque les
bulles d'air ne s'échappent plus. La sonde est ensuite retirée et son contenu versé dans
le récipient d'échantillonnage (cas d'un échantillon individuel) ou dans le récipient
d’échantillonnage en verre spécial prévu pour la collecte et le mélange des différents
échantillons prélevés (cas d'un échantillon composite). Dans ce dernier cas, le ou les

récipients d'échantillonnage sont remplis avec le mélange ainsi obtenu. Lo
I'opération, éviter de former des bulles par un déversement trop rapide.

2) Procédure avec I'écrémoir (Figure 2) (échantillons prélevés en surface)

rs de

La vanne étant fermée, remplir I'écrémoir en I'immergeant doucement dans le liquide a

échantillonner jusqu'a ce que le bord supérieur soit juste en dessous de la surfa
liquide, de sorte que le liquide remplisse lentement la sonde.

ce du
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Eliminer le premier remplissage. Remplir de nouveau la sonde comme cela est décrit
ci-dessus et transvaser I'échantillon dans le récipient d’échantillonnage en le laissant
s'écouler, par l'orifice du bas, contre la paroi du récipient et non par jet direct dans le
fond du récipient. Répéter cette opération de maniére a obtenir suffisamment de liquide
pour remplir le récipient d’échantillonnage (échantillon individuel) ou le récipient
d’échantillonnage en verre spécial utilisé pour mélanger les échantillons, suivant le type
d'échantillon souhaité.

4.1.4.3 Echantillonnage dans des fits

Il convient de prélever les échantillons aprés que les flts aient été stockés a I'abri de I'eau et
de la pluie, bonde au-dessus, durant au moins 8 h. Pour prélever les échantillons dans le fond
des flifs (c'est-a-dire a 3 mm), Ta pipetie (Figure 3) ou le disposilif avec siphon (Figlre 4)
peuvgnt étre utilisés.

Pour prélever un échantillon sur la couche de surface du liquide, I'écrémoir (Figare 2) pelt étre
utilisé].

Exemples de procédures:

a) Utjlisation de la pipette (Figure 3) (échantillons prélevés au fond-du récipient)

— | fermer l'orifice supérieur de la pipette avec le pouce et ensuite immerger la pipettqg dans
le liquide jusqu'au fond du fat;

— | enlever le pouce pour permettre au liquide de remplirila pipette;

— | boucher a nouveau la pipette avec le pouce et enlever la pipette; le premier remplissage
permet de rincer la pipette;

— | transférer les remplissages suivants, “soit dans un récipient d'échantillopnnage
(échantillon individuel), soit dans le récipient d’échantillonnage en verre spécial destiné
au mélange des échantillons (échantilon composite) (voir 4.1.4.2 b)) en prenant spin de
ne pas former de bulles d'air lors détoute opération de transvasement.

b) Utilisation du siphon (Figure 4) (éehantillons prélevés au fond du récipient)

— | fixer, dans la bonde du fat, le*'bouchon dans lequel sont insérés les tubes de prélévément
et d'amenée de pression efttassurer que le systéme est hermétique;

— | plonger I'extrémité inférieure du tube de prélévement jusqu'a environ 3 mm du fond du
fot;
— | mettre le fat sodsypression par la poire soufflante;

— | laisser s'écauler suffisamment de liquide pour rincer le tube, et ensuite verser la quantité
exigée directement dans le récipient d'échantillonnage (échantillon individuel) [ou le
récipient\d’échantillonnage en verre spécial destiné au mélange des échantillons
(échantitflon composite) (voir 4.1.4.2 b)) en prenant soin de ne pas entrainer de pulles
d'dir jors de toute opération de transvasement.

c) Utilisation de I’écrémoir (Figure 2) (échantillons prélevés en surface)

Voir 4.1.4.2 b).

4.1.4.4 Rapport d’échantillonnage

Le rapport d'échantillonnage doit donner toutes les informations nécessaires pour
I'identification de I'échantillon, ainsi que les informations détaillées ou spécifiques qui sont
susceptibles d’aider ceux qui sont chargés d'exécuter les essais. Le type d'échantillon
(composite, individuel ou moyen) doit étre indiqué. Une copie du rapport doit accompagner
chaque échantillon. La distribution d’échantillons doit étre faite conformément a la procédure
établie, par exemple dans le contrat de vente.
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4.2 Echantillonnage de I’huile dans les matériels remplis d’huile
4.2.1 Remarques générales
4.21.1 Sécurité et qualité de I’échantillonnage

Les instructions du fabricant en matiére de préléevement des échantillons d’huile dans les
matériels électriques doivent étre suivies. Une attention particuliére doit étre accordée aux
précautions de sécurité a prendre.

Vérifier que I'huile présente dans le matériel électrique sous tension n’est pas en dépression
au moment du prélévement d’'un échantillon d’huile, des bulles d’air pouvant s’introduire dans
I’huilel, provoquer des courts-circuits électriques dans le matériel et mettre en danger le
persohnel chargé de I’échantillonnage.

Au coprs d'un prélévement d'huile, il convient de prendre toutes les précautions' pour fairg¢ face
a un écoulement soudain d'huile et empécher un déversement accidentel d’huile.

Il est jmportant de garder a I'esprit qu’il est essentiel de recevoir un gchantillon de qualité et
représentatif pour effectuer une évaluation fiable du matériel électrique. Méme les méthodes
d’analyses et de diagnostic les plus sophistiquées ne peuvent pas rattraper un échantillopnnage
défecfueux.

Dans fous les cas, il convient que I’échantillonnage de I'huilgs0it réalisé par un personnel formé
de mgniere correcte et spécifique, particulierement pourles matériels contenant un petit vplume
d’huil¢ (les transformateurs de mesure, par exemple):

4.21.p Lieu d’échantillonnage

Il conyient de choisir avec soin les zones de prélévement. Généralement, il convient de prglever
I’éch}ntillon en un point représentatif de laitotalité de I'huile de I'appareil (la vanne de viglange
I

d’huile ou la vanne d’échantillonnage~de I'huile, par exemple). Cependant, il est parfois
nécegsaire de prélever délibérément.des échantillons la ou il est évident qu'ils ne sont pas
représentatifs (lors d’une tentative™~de localisation d’'un défaut du changeur de prisgs, de
I'interfupteur sélecteur ou d’un-r€lais a gaz, par exemple).

Toutep les méthodes dégrites conviennent pour des matériels contenant un grand vplume
d'huil¢, comme les transformateurs de puissance. Pour des matériels a faible volume d'hlile, il
est egsentiel d'assurer-que le volume total de I'huile prélevée ne mette pas en danger le
fonctipnnement duwmatériel.

Pour |es transformateurs équipés de deux vannes d’échantillonnage, il convient d’utiliser la
procéfdure~suivante: ouvrir d’abord la vanne de sortie, puis la deuxiéme vanne. Ce|a est
particulierement important afin d’éviter I'entrée d’air dans les transformateurs.

4.2.1.3 Nettoyage du point d’échantillonnage

Le nettoyage du matériel d’échantillonnage et le ringage du point d’échantillonnage doivent étre
effectués afin d’empécher toute contamination des échantillons d’huile.

Enlever la bride ou le couvercle (11) de la vanne d’échantillonnage a la Figure 5, la Figure 6 et
a la Figure 7 a), nettoyer l'orifice de sortie avec un chiffon non pelucheux ou une éponge
synthétique résistante a I’huile pour éliminer les saletés visibles.

La vanne de vidange est rincée avec une quantité d’huile suffisante (en général, de 21 a 5 1),
sous un écoulement turbulent, afin d’éliminer tous les contaminants (eau et particules)
susceptibles de s’étre accumulés dans la vanne de vidange et au niveau de son orifice.
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