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Abstract: Recommendations regarding mineral oil tests and evaluation procedures are made
in this guide; references are made to methods of reconditioning and reclaiming conventional
petroleum (mineral) dielectric insulating liquids; the levels at which these methods become
necessary; and the routines for restoring oxidation resistance, where required, by the addition of
oxidation inhibitors. The intent is to assist the power equipment operator in evaluating the
serviceability of mineral oil received in equipment, oil as received from the supplier for filling new
equipment at the installation site, and oil as processed into such equipment; and to assist the
operator in maintaining mineral oil in serviceable condition. The mineral oil covered is used in
transformers, reactors, load tap changers, and voltage regulators.

Keywords: IEEE C57.106™, insulation testing, load tap changers, mineral oil insulation, power
distribution maintenance, power transformer insulation, reactors, transformers, voltage regulators
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute and participate without compensation from IEEE.
While IEEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is [IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and
Standards Coordinating Committees are not able to provide an instant response to comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.
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Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-SA Website at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.icee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std C57.106™-2015, IEEE Guide for Acceptance and Maintenance of Insulating
Mineral Oil in Electrical Equipment.

IEEE Std C57.106™ was last revised in 2006. There were several noteworthy changes to this guide in the
2015 revision. The overall outline common to many guides, including this one, was not altered; but
subclauses were arranged to improve the flow of information. An example is the movement of the in-
service oil subclause to just after the new oil subclause.

In this revision, discussions addressing moisture in the solid insulation/paper insulation were removed. In
addition, information on oil circuit breakers was removed and accepted by the switchgear C37.20 series.

In general, terms were aligned to recommended nomenclature. The guide was made responsive to
consistent terms for the oils, e.g., using the name “mineral oil” as opposed to several others. When
necessary or practical, the references to a specific agency, title, era, or geographic specific rule were
substituted with wording such as “the local, state, and national regulations.”
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IEEE Guide for Acceptance and Maintenance of Insulating Mineral Oil

in Electrical Equipment

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security,

health, or environmental protection, or ensure against interference with or from other devices or

networks. Implementers of IEEE Standards documents are responsible for determining and

complying with all appropriate safety, security, environmental, health, and interference protection

practices and all applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal disclaimers.

These notices and disclaimers appear in all publications containing this document and may be

found under the heading “Important Notice” or “Important Notices and Disclaimers Concerning

IEEE Documents.” They can also be obtained on request from IEEE or viewed at

http://standards.ieee.org/IPR/disclaimers.html.

1. Overview

The reliable performance of oil in insulation systems depends on the basic characteristics of the oil
that can affect overall apparatus characteristics. These oil characteristics are integral parts of the
equipment design of the manufacturer. Certain properties of mineral insulating oil have been
determined as important for proper electrical equipment performance. A description of these
properties and their recommended value ranges for new oil and for continued use of in-service-ageé

oils are included in this guide.
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Mineral insulating oil that is received in electrical equipment will could exhibit different

characteristics from new oil received in bulk, which has not been in contact with apparatus

construction materials.

Oil in service may contain dissolved gases that are useful in assessing the continued serviceability of
certain types of transformers. It is not the intent of this guide to cover this subject, as that

information is available in IEEE Std C57. 104™,

Should instructions or product standards given by the manufacturer differ from recommendations

made in this guide, the instructions of the manufacturer are to be given preference.

1.1 Scope

This guide applies to mineral oil used in transformers, load tap changers, voltage regulators, and

reactors eireuitbreakers. The guide discusses the following;:

a) Analytical tests and their significance for the evaluation of mineral insulating oil.

b) The evaluation of new, unused mineral insulating oil before and after filling into equipment.
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c) The evaluation of in-service-aged mineral insulating oil.

d) Health and environmental care procedures for mineral insulating oil.

e) Methods of handling and storage of mineral insulating oil.

The characteristics of the mineral oils discussed in this guide do not include eil-thatis-infactoryfill
linesnor-deoes—thisguide—cover reclaimed or reconditioned oil installed in new equipment. The

qualities of such oil, if used, should be agreed upon by the manufacturer and the user of the

equipment.

1.2 Purpose

The purpose of this guide is to assist the user of the equipment in evaluating the serviceability of
new, unused mineral oil being received in equipment; mineral oil as received for filling new

equipment at the installation site; mineral oil as processed into equipment; and in-service mineral oil

in equipment. It also assists the operator in maintaining the mineral oil in serviceable condition.

2. Normative references

The following referenced documents are indispensable for the application of this document-_(i.e.,

they must be understood and used, so each referenced document is cited in text and its relationship

to this document is explained). For dated references, only the edition cited applies. For undated

references, the latest edition of the referenced document (including any amendments or corrigenda)

applies.
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ASTM D3487, Standard Specification for Mineral Insulating Oil Used in Electrical Apparatus.

IEEE Std C57.93™, IEEE Guide for Installation of Liquid-Immersed Power Transformers.

IEEE Std C57.131™, IEEE Standard Requirements for Load Tap Changers.

IEEE Std C57.12.90™, IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and

Regulating Transformers.

1 The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers,

Inc.

2 IEEE publications Electronies are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway,
NJ 08854, USA (http://standards.ieee.org/).
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3. Definitions

For the purposes of this guide document, the following terms and definitions apply. The

Autheritative of IEEE Stundards—T@%,éeveﬂ%h—Ed%ﬁeﬁ—EBS%Z Dictionary Online should be referenced

consulted for terms not defined in this Clause.3

electrical equipment: For purposes of this guide, electrical equipment refers to transformers, load

tap changers (LTCs), voltage regulators, and reactors.

mineral oil: A specially refined oil of petroleum origin for use as an insulating liquid and coolant in

transformers and other electrical equipment. Generally conforms to ASTM D3487 when new.

NOTE —This guide uses several different terms to identify insulating oil of a petroleum origin. The

terms oil, insulating oil, liquid, mineral insulating oil, conventional mineral oil, and dielectric liquid

are all equivalent to mineral oil in the context of this guide.4

3 IEEE Standards Dictionary Online subscription is available at:

http://www.ieee.org/portal/innovate/products/standard/standards dictionary.html.

4 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to

implement this guide standard.
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percent relative saturation (%RS): The ratio, expressed as a percentage, between the actual moisture

in oil concentration and the saturation value (also called the solubility limit) of moisture in oil at a

given temperature.

reclamation of mineral oil: The restoration ef to usefulness by the removal of contaminants and
products of degradation such as polar, acidic, or colloidal materials from used electrical insulating

fluids by chemical or adsorbent means sueh—as—Fuler’s—earth. Reclaiming typically includes

treatment with clay or other adsorbents. See also: reconditioning.

NOTE—The methods listed under reconditioning are usually performed in conjunction with

reclaiming.

reconditioning of mineral oil: The removal of insoluble contaminants, moisture, and dissolved

gases from used electrical insulating keuids fluids by mechanical means.

NOTE—The typical means employed are settling, filtering, centrifuging, and vacuum drying or

degassing.

solubility limit: A quantity expressing the maximum concentration of water that can exist in

insulating liquid at specified temperature. Syn: saturation value.

vacuum filling: The process whereby the liquid-impregnated insulation is filled or re-filled with

dielectric liquid under vacuum.

NOTE—This process involves the exposure of the core and coil to vacuum prior to filling for time
periods based on either manufacturer standards or IEEE Std C57.93™,
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4. Evaluation of mineral insulating oil

4.1 New mineral oil properties

431 General

New mineral insulating oils as delivered must conform to the property requirements listed in ASTM

D3487.0 Newly supplied oils have many characteristics related to their chemical and molecular
structure that are directly measured by test methods such as viscosity, flash and fire points, pour
point, aniline point, relative density (specific gravity), oxidation stability, gassing tendency, and

dielectric strength breakdown voltage.

Many characteristics not necessarily related to the functional performance of mineral insulating oils
are evaluated because of their sensitivity to the presence of harmful contaminants. Some of the
following characteristics are sensitive to contamination in the oil: interfacial tension, dissipation

factor (power factor), dielectric breakdown voltage, color, watereontent-and neutralization number

(acidity).

5 Information on references can be found in Clause 2.
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4.1.1 New mineral oil properties—as supplied

122  Tostlimite: ’ : ved fromil i

New mineral insulating oils as supplied must have properties so that new oils meet the standard
specification of ASTM D3487 and Table 1 of this guide when received, prior to any processing.
When mineral insulating oil specified to conform to ASTM D3487 is received, it should be tested to
verify conformance with ASTM D3487. Testing of the oil for full conformance of all property
requirements of ASTM D3487 is only justified under circumstances determined by the purchaser. As
a-minimum; It is recommended that the purchaser require the supplier to provide a certified set of
tests for the oil that demonstrate that the oil, as shipped, met or exceeded the property requirements
of ASTM D3487. For those circumstances where a full set of tests according to ASTM D3487 are not
justified, it is recommended that, at a minimum, the tests shown in Table 1 of this guide be
considered. The purchaser of the oil should conduct tests sufficient to satisfy concerns regarding
conditions of shipment that might result in nonconformance to ASTM D3487 property requirements.
Table 1 lists several of the more important tests with values that should help in the decision

regarding acceptance of the new mineral insulating oil.

Insulating liquid is ordinarily shipped in three four types of containers: drums-ex, totes, tank trailers,
and rail cars. Rail cars are usually under the control of the supplier and dedicated to insulating oil
shipment;—se—they—tend-to-be-theeleanest. Highway trailers are used to transport many different
chemical products as well as insulating oil; these trailers are therefore subject to chemical
contamination. Special cleaning and drying procedures may be necessary. If problems are
encountered, check the history of the shipping containers to see that they have been cared for
properly. It is recommended that the purchaser require the delivery of mineral oil in containers that

are properly cleaned to guarantee delivery of oil conforming to ASTM D3487.
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For large guantity shipments, bulk shipment is preferred. For smaller shipments, drums and totes

often used. Drums and totes should be stored under cover to prevent contamination by moisture.

Before processing, it is necessary to check the quality of the o0il in each drum or tote or after blending
the oil in a large tank. Each tank load or each shipping unit of oil as received at the customer’s site
should undergo a check test to determine that the electrical characteristics have not been impaired
during transit or storage. Table 1 contains a list of recommended acceptance tests for shipments of
mineral insulating oil as received from the supplier. Some users may not wish to perform all these

tests; however, as at a minimum, dielectric strength breakdown voltage and dissipation factor

(power factor) as listed in Table 1 should be performed. It is satisfactory to accept oils that exhibit
characteristics other than those described by the values in Table 1; providing that the users and the

suppliers are in agreement.
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Table 1 —Test limits for shipments of new mineral insulating oil as

received from the oil supplier

Test and method Limit value
Dielectric breakdown voltage
ASTMDIE16
EV numnmum
1 mm gap 20
2 mm gap 35
Dissipation factor (power factor)
ASTM DO24
25 °C. % maxinum 0.05
100 *C, % maximum 0.30
Interfacial tension
ASTM DET71
miN/m mininmm 40
Color
ASTM D1500
ASTM units maximum 0.5

WVisual examination
ASTM D1524

Bright and clear

Neutralization number (acidity)
ASTM D974
Mg KOH'g maxinmm

0.03

Water content
ASTM D1533
Mg/kg maxinmm®

Oxidation inhibitor content when specified
ASTM D2668

Type I oil. % maximum

Type II oil. % maxinmm

0.08
0.3

Corrosive sulfur
ASTM D1275

Noncorrosive

Relative density (specific gravity)
ASTM D1298
15 °C maxinmum

091

New
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Test and method

Limit value

Dissipation factor
ASTM D924

25 °C. % maxinmim
100 °C, % maxinmim

wer factor)

0.05
0.30

Interfacial tension
ASTM DO7T1
mN/m fnimum

Color
ASTM D1500
ASTM units maxinmim

0.5

Visual examination
ASTM D1524

N/
Y

Bright and clear

Neutralization number (acidity)
ASTM D974
mg KOH/g maximmm

AN

0.015°

Water content
ASTMD1333
mg/kg maxinum®

[N\

25°

Oxidation inhibitor content w]
ASTM D2668

Type I oil, %% maxiny
Type I oil. % mini
Type I oil, %
Type II oil, % ppdhimum

specified \

Cofrosive s
ASTM DY275

Not COINE

1D1208

¥e density (specific gravity)

0.91
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@ Equivalent measurement of mg/kg is parts per million (ppm) on a weight-by-weight basis. From a dielectric breakdown voltage

oint of view, the moisture dissolved in oil limits given could be excessive at low temperatures due to higher levels of percent
saturation. See 4.5.

4.1.2 New mineral oil properties—oil received in new equipment rated

less than 230 kV

Mineral insulating-oil that has been shipped in new equipment from the manufacturing plant may

be evaluated by obtaining a sample from the equipment at the job site. Recommended test limits for

mineral oil received in new equipment prior to energization are given in Table 2. Nete-that-thenew

- Properties, such as

interfacial tension (IFT), dielectric strength breakdown voltage, and dissipation factor, which are

sensitive to certain dissolved or particulate contaminants, will reflect the exposure to normal

equipment construction materials. Recommended—testlimitsfor-mineral-insulating-oilreceivedin
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Table 2 —Test limits for new mineral insulating-oil received in new

equipment;-below-2301V or after filling, prior to energization

Value for voltage class
Test and method
269 KV =69 — <230 KV =230 kV

IDielectric breakdown voltage
ASTM D1816
V' minimum
1 mm gap 25 30 35
2 mm gap 45 55 60
IDissipation factor (power factor)
IASTM D924
25 °C, %% maxinmum 0.05 0.05 0.05
100 =C. % maxinmm 040 0.40 0.30
Interfacial tension
ASTM DO71 38 38 38
mN/m munmnum
Color -~
ASTM D1500 1.0 1.0 0.5
LA STM units maximum
[Wisual nati . ) .
Ag.};;{enxi{glzn;'{ 1on Bright and clear Bright and clear Bright and clear
INeutralization number {(acidity)
ASTM D274 0.03 0.03 0.03
mg KOH/g maximum
IWater content
ASTM D1533 20 10 10
mg/'kg maximum?®
Oxidation inhibitor content when specified
A STM D2668
Tvpe I mineral oil, % maximum 0.08 0.08 0.08
Tvpe II mineral oil. % maximum 0.3 03 0.3
Total dissolved gas NiA N/A 0.5% or per
IASTM D3612 manufacturer’s

requirements>*
Corrosive sulfur Noncorrosive Noncorrosive Noncorrosive
ASTM D1275
New
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Value for voltage class

Test and method
<69 kV =60 — ?{/]J.

Dielectric stength,* ASTM D1816, kV minimum

b 30

1 mm gap 52
2 mm gap’
Dissipation factor (power faxfor)
ASTM D924
25°C, % maxinmun 0.05
100 °C. % maximum 0.40
Interfacial tension. ASTM D271

o .. 38
mMN/m mininmm
Color, ASTM D1500, ASTM units maxinmum 1.0 1.0

N

Visual examination, ASTM D1524 / \%ght and clear Bright and clear
Neutralization number (acidity), 25TM D974, mg KOH/g 00N¢ 0.015¢

MAXITN

Water content, AE%H. mg/kg maximum® 20 \\ 10
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@ Equivalent measurement of mg/kg is parts per million (ppm) on a weight-by-weight basis. From a dielectric stzength breakdown

voltage point of view, the moisture i dissolved in mineral oil limits given could be excessive at low temperatures due to higher

moisture inoil levels of percent saturationdevels. See 4.5.

b

= This value should be obtained from a sample collected 24 h to 48 h after the transformer is filled and applies only to transformers

with diaphragm conservator systems.

€ One-half percent (0.5%) is used for total dissolved gases, which is the sum of the ppms of the individual gasses which include any

atmospheric gasses. 0.5% = 5000 ppm

4.1.3 New mineral oil properties—after filling into new equipment

rated at 230 kV or higher

Prior to filling equipment rated 230 kV and above with mineral insulating-oil at the installation site,
manufacturers generally require rigorous processing of the oil to remove-all moisture, particulate
matter, and gas that dissolved during shipment. The object is to fill high-voltage equipment with oil
that contains the very least amount of particulate (see also IEEE Std C57.152™) material and water,
recognizing that a slight reduction in quality due to contact with the equipment insulation and other
materials will occur. In this procedure, oil samples are taken after the oil enters into the electrical

equipment.

When mineral insulating-oil is received in bulk shipping containers, it is processed according to the
instructions of the manufacturer and then introduced into the equipment. Table 2 contains test limits
that ensure that the insulating oil, in equipment after the processing and standing time before
energization, is dry, contains no excess particulate matter, and contains a minimum amount of

dissolved gas.
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4.2 In-Classifieation-of service-aged-insulating mineral oil properties

731 General

This subject is treated in greater detail in IEEE Std C57.637™. It is not practical to indicate the value
of specific tests and recommended test limits for all possible existing applications of in-service
insulating eil-in-serviee liquid. It should be recognized that, with the current state of knowledge, no
single test can be used as the sole criterion to estimate the condition of in-service aged mineral oil.
However, it is possible to summarize the value and importance of the current tests and to suggest

methods of treatment for the mineral oil being examined. Any significant changes from previous test

data should be investigated. In-service mineral oil may be placed in the classifications described in

4.2.1 threueh-723; based on the composite evaluation of significant characteristics.

Transformer mineral oil is subject to oxidation. Oxidation occurs when sufficient levels of oxygen,

moisture, and heat are present. Not all three of these factors are easy to eliminate in a liquid-

immersed transformer. For these reasons, providers offer mineral oil with oxidation inhibitor at the

levels shown in Table 1 and Table 2.

4,21 In-service mineral oil classification

4211 Classl

This group contains mineral oils that are in satisfactory condition for continued use as shown in

Table 3. It is not intended that oil be removed from service when a single property limit is exceeded

or that the oil be left in service until all property values are outside the stated limits.
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