TECHNICAL ISO/TS
SPECIFICATION 11366

First edition
2011-03-15

Petroleum and related products —
Guidance for in-servicing of lubricating
oils for steam, gas and combined-cycle
turbines

Pétrole et produits connexes — Lignes directrices pour le suivi en
service des huiles lubrifiantes pour turbines a vapeur, a gaz et a cycle
combiné

s Reference number
= — ISO/TS 11366:2011(E)

EIso: Documents

=X Y — Document Sharing? Hub

Full document details: ISO TS 11366-2011


http://avadocuments2026.com/doc/iso-ts-11366-2011
http://avadocuments2026.com/doc/iso-ts-11366-2011

ISOITS 11366:2011(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2011

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20
Tel. +412274901 11

Fax +41 2274909 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

Documents

. Document Sharing Hub
1l © 1SO 2011 — All rights reserved

Full document details: ISO TS 11366-2011


http://avadocuments2026.com/doc/iso-ts-11366-2011
http://avadocuments2026.com/doc/iso-ts-11366-2011

ISO/TS 11366:2011(E)

Contents Page
L oL =7 o o v
L T 11T T o Vi
1 £ oo o - SR 1
2 NOIrMative refereNCEeS...... ... s s ssmn e e s e s s s mnne e e e s e s s s s n e e e e e e snnsnnnns 1
3 Description of turbing OilS.........oo s 1
4 Factors affecting the service life ... ————— 2
4.1 L7 4 =T o 2
4.2 Oil SYSEEM ESIGN ....eiiiiiiiiiiitr i ————————— 3
4.3 Conditions of the oil system at start-up........ccccoccciminriin i ——————— 3
4.4 L0 1T 114 = TIRo T I ¥ -1 11 3
4.5 System operating temPerature ... e e 3
4.6 Contamination rates and provisions for purification ..........cccccrri i, 4
4.7 Ol MAKE-UP FALES .....eeeiiiiiiiiiicceiiiririiis s sssssre s rs s ss s sssssssr s e e e s ss s s s sms s e e e e e saassssmnnneeeeseasssssmnnneeeassssnnnnnnenssnnnsn 4
5 Deterioration of turbine 0ils in SErvice.........ccocoiiiiiiiiir e ———— 4
5.1 7= o 1= - | 4
5.2 Y= o= 1 4
5.3 Oxidation stability .......ccccciiiiiiiii e ———————————————— 4
5.4 SOlid PArtiCIES ... ———————— 5
5.5 8] ¥ o = 5
5.6 g N 4T W= A o1 o =1 o = 5
5.7 Water separability........c.ccociiiiiiiniiir i ————————— 6
5.8 Foaming and air-release characteristiCs..........ccccciiiiiciimmncc e 6
5.9 Total aCid NUMDET ... . s s 7
6 Recommended tests and interpretation.............. 7
6.1 Y o] e T==T = Lo == 1 o I Yo [T U | S 7
6.2 L0 oo 1 1 7
6.3 Total aCid NUMDBET ... e s e e e 7
6.4 Sludge and dePOSILS ........ccoiiiiiiiiiiiirii e —————————————————— 7
6.5 Particle COUNtING ... 8
6.6 Kinematic VISCOSItY .....c.ciiiiiiiiiiiii i 8
6.7 Remaining oxidation stability .........cccccciiniiiiinin e —————— 8
6.8 L AT = L= e 41 = 4L 9
6.9 Rust prevention characteristiCs.........cco s 9
6.10  Water separability..........ccccuiiiiiiiiii 9
6.11  Foaming characteristiCs ... —————_——— 9
6.12  AIr-rele@se VAlUE....... ... a R R e nmn e 10
00 o T o = T3 5 e Yo 1 SR 10
7 £ T 1 o T ' SR 10
71 7= o 1= - | 10
7.2 SaMPIiNG POINL......ii i —————————— 10
7.3 SAMPIING HIN@ . 1
7.4 [0 417 11 0T 1
7.5 SaMPIES MAIKING ....ceeiiiiiiiiirr i —————————— 1
8 Examination of NEW Oil..........ee e 12
8.1 7= 4 =T - 12
8.2 Sampling of NEW Oil elIVEIIeS ......ccoicceciiircrerrc e e 12
8.3 Examination of New Oil deliVeries.........cccccciriiecirrrnnsrr e e e s 13
8.4 Testing SCREAUIES ... s s e 13

Documents

Document Sharing Hub
© 1SO 2011 — All rights reserved 11l

Full document details: ISO TS 11366-2011


http://avadocuments2026.com/doc/iso-ts-11366-2011
http://avadocuments2026.com/doc/iso-ts-11366-2011

ISOITS 11366:2011(E)

9 Examination of 0ilS iN SEIVICE ... s e e 15
9.1 JLICET3 T T oL oo =Y o 1T N 15
9.2 Frequency of the testing ... —————— 18
=1 o oY =T o] 1 37/ 20
Documents
) Document Sharing Hub
v © 1SO 2011 — All rights reserved

Full document details: ISO TS 11366-2011


http://avadocuments2026.com/doc/iso-ts-11366-2011
http://avadocuments2026.com/doc/iso-ts-11366-2011

ISO/TS 11366:2011(E)

Foreword

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

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

In other circumstances, particularly when there is an urgent market requirement for such documents, a
technical committee may decide to publish other types of normative document:

— an ISO Publicly Available Specification (ISO/PAS) represents an agreement between technical experts in
an ISO working group and is accepted for publication if it is approved by more than 50 % of the members
of the parent committee casting a vote;

— an ISO Technical Specification (ISO/TS) represents an agreement between the members of a technical
committee and is accepted for publication if it is approved by 2/3 of the members of the committee casting
a vote.

An ISO/PAS or ISO/TS is reviewed after three years in order to decide whether it will be confirmed for a
further three years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS is
confirmed, it is reviewed again after a further three years, at which time it must either be transformed into an
International Standard or be withdrawn.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO/TS 11366 was prepared by Technical Committee ISO/TC 28, Petroleum products and lubricants,
Subcommittee SC 4, Classifications and specifications.

This first edition of ISO/TS 11366 is derived from the IEC 60962. ISO/TC 28 was asked by IEC/TC 10, Fluids
for electrotechnical applications, to adopt a technically revised version of IEC 60962, to which a consideration
of gas and combined-cycle turbines has been added.
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Introduction

The in-service monitoring of turbine oils is largely recognized by the power generation industry as necessary
to ensure long and trouble-free operation of turbines.

There are three main types of stationary turbines used in power generation plants:

a) steam turbines,

b) gas turbines, and

c) combined cycle turbines.

The combined cycle turbines are of two types:

— the first type, in which a gas turbine is associated with a steam turbine, with separated lubricating circuits;

— the second type, called single shaft combined cycle turbines, in which the steam and the gas turbines are
on the same shaft and are lubricated with the same oil.

The lubrication requirements of gasturbines and steam turbines are quite similar, but there are some major
differences. Gas-turbine oils are submitted to localized hot spots, and water contamination is less likely.

Gas-turbine oils have a shorter service life than steam-turbine oils. Steam-turbine oils have a much longer
lifetime and experience is available with lifetimes from 10 to 20 years depending on the top-up level. The
lifetime of gas-turbine oils generally does not exceed two years.

The values of the various characteristics mentioned in this Technical Specification are purely indicative. For
proper interpretation of the results, account is taken of many factors, e.g. the type of equipment, the design of
the lubricating oil circuit and the top-up level.

In all cases, the manufacturer's instructions are followed.
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TECHNICAL SPECIFICATION ISO/TS 11366:2011(E)

Petroleum and related products — Guidance for in-servicing of
lubricating oils for steam, gas and combined-cycle turbines

1 Scope

This Technical Specification applies to mineral oils used as lubricating oils and to control fluids used to
lubricate steam, gas and combined cycle turbines in service. The lubricants considered in this Technical
Specification are those classified in ISO 6743-5 and specified in ISO 8068.

This Technical Specification is intended to

— help power equipment operators evaluate the conditions of the oil in their equipment and maintain the oils
in serviceable conditions;

— help users understand how the oils deteriorate and carry out a meaningful programme of sampling and
testing of oils in use.

This Technical Specification also gives instructions with respect to the corrective actions that are taken to
maximize service life.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 3170:2004, Petroleum liquids — Manual sampling

ISO 3722:1976, Hydraulic fluid power — Fluid sample containers — Qualifying and controlling cleaning
methods

ISO 4021:1992, Hydraulic fluid power — Particulate contamination analysis — Extraction of fluid samples from
lines of an operating system

ISO 8068:2006, Lubricants, industrial oils and related products (class L)— Family T (Turbines)—
Specification for lubricating oils for turbines

3 Description of turbine oils

Steam- and gas-turbines oils consist of highly refined petroleum base stocks in which additives are added to
provide or to improve oxidation stability, as well as rust-protection properties, corrosion-protection properties
(mainly for copper and copper containing materials). Additional foam suppressants may be added to limit the
foaming tendency. However, care should be taken to avoid adding too much foam suppressant, which may
have detrimental effects on air-release properties. Demulsifiers may also be used to improve the water-
shedding properties, but this should not be a common practice. Turbine oils should be formulated to have
naturally good water-shedding properties, without the help of demulsifiers.
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To formulate turbine oils, base stocks of APl groups | and Il are used with success; for special applications,
e.g. high-temperature gas turbines, APl groups Ill and lll+ base stocks can also be used. But in most
instances, API group | and group Il base stocks are largely sufficient for most applications. The refining
degree of group| and group Il base stocks vary from one producer to another. Hydrogen treatment is
essential to get a good response to the antioxidants and to obtain good water-shedding and air-release
properties.

Numerous technologies are available to provide the necessary performance in terms of oxidation stability, and
rust and corrosion protection. Combinations of phenol- and amine-type antioxidants, associated with proper
rust inhibitors and copper corrosion inhibitors, are commonly used.

For some applications, mainly when the turbine is coupled to gears, extreme-pressure additives are required.
These extreme-pressure additives shall be chosen so as to not impair the oxidation stability.

All new oils shall comply with ISO 8068, which includes requirements with respect to the most important
properties, as follows:

— oxidation stability;

— low tendency to sludge forming;

— rust-protection properties;

— copper corrosion-protection properties;

— foaming tendency;

— air-release ability;

— water-shedding characteristics.

However, all these properties cannot be expected to remain unchanged for the life of the oil.

The oil unavoidably undergoes deterioration; some deterioration can be tolerated without prejudice to the
safety and efficiency of the system. Good monitoring procedures are necessary to determine when the oil

characteristics have reached the condemning limits, i.e. critical values for the most important characteristics
that could be deleterious to the function of the installation.

4 Factors affecting the service life

41 General

The following factors can affect the service life of turbine lubricating oils:
— oil system design;

— condition of the oil system at start-up;

— original oil quality;

— system operating temperature;

— contamination rates and oil purification provisions;

— oil make-up rates.
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4.2 Oil system design

Most modern turbine-lubricating systems are very similar in design, especially for the larger units. The usual
practice is to pressurize feed oil directly from main pump oil. To maintain reliability, after start-up of the turbine,
the main pump is directly actuated by the turbine rotor. The oil is pumped from a reservoir of sufficient
capacity to ensure a residence time of about 10 min for the turbine oil, so as to allow complete air release by
the oil. The rest of the circulating system consists of an oil cooler, a strainer, a purification and filtration system,
an oil tank vapour extractor and hydrogen removing units. The purification equipment is of utmost importance
for achieving satisfactory oil lives.

For the larger turbines, high-pressure hydraulic pumps (up to 50 MPa outlet pressure) are used to lift the
turbine shaft to allow for turning.

4.3 Conditions of the oil system at start-up

The individual components of a turbine lubrication system are usually delivered on-site before the system is
installed. These components are generally pre-cleaned and delivered with a protection system to prevent
corrosion or contamination ingress. The length of on-site storage and the means taken to preserve the
integrity of the protection of the internal surfaces of the lubricating system will affect the amount of
contamination introduced prior to use. During the installation of the lubricating-oil system components,
attention should be paid to minimizing openings in the system and to maintaining cleanliness. Guidance on
contamination control, flushing and purification may be sought from the equipment supplier or other industry
experts.

Turbine-oil system contamination before start-up may consist of preservatives, paint, rust particles and various
types of solid matter which range from dust, weld and metal chips, to rags, bottles and cans. Minute amounts
of remaining preservatives may largely impair the water shedding and air release properties; the remaining
particles may induce filter clogging and abrasive wear.

4.4 Original oil quality

Use of a high-quality oil is the best assurance for achieving long service life. The turbine oil shall meet the
generally available recognized standards, e.g. ISO 8068 and the requirements of the turbine manufacturer.

It is advisable to obtain typical test data from the oil supplier. Upon receipt of the first oil charge, a sample of
oil should be taken and tests should be conducted to confirm the typical test data; the analytical data obtained
will be used as a base line for future comparison with information on used oil. Recommended tests for new oil
are given in 8.4.

When new turbine oil is to be mixed with a charge of a different composition, preliminary tests should be made
to ensure that there will be no loss of expected properties due to incompatibility. The preliminary tests should
include functional tests, like water-shedding properties, foaming and air-release properties and checks for
formation of insoluble matter.

4.5 System operating temperature

The most important factors affecting the anticipated service life of a given oil in a turbine system are the
operating conditions within the system. Air (oxygen), elevated temperatures, metals and water are always
present to some extent in the oil systems. All these conditions promote oil degradation.

Many turbine-oil systems are provided with oil coolers to control the temperature. In many cases, oil bulk
temperature is maintained below 60 °C, which promotes moisture condensation. However, even with low bulk
temperatures, hot spots can be localized in bearings, at gas seals or in throttle-control mechanisms. This can
cause significant oil degradation and will eventually cause the oil in the system to show signs of deterioration.

Under the higher-temperature conditions found in gas and steam turbines, oxidation of the oil can be
accelerated by thermal-oxidative cracking, giving rise to the production of viscous resins and deposits,
particularly at the point of initiation.
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