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INTERNATIONAL ELECTROTECHNICAL COMMISSION 88 
____________ 89 

 90 
COMPOSITE HOLLOW INSULATORS – 91 

 92 
PRESSURIZED AND UNPRESSURIZED INSULATORS  93 

FOR USE IN ELECTRICAL EQUIPMENT WITH AC RATED VOLTAGE 94 
GREATER THAN 1 000 V AC AND D.C. VOLTAGE GREATER THAN 1 500 V 95 

– 96 
DEFINITIONS, TEST METHODS, ACCEPTANCE CRITERIA AND 97 

DESIGN RECOMMENDATIONS 98 
 99 
 100 

FOREWORD 101 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 102 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 103 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 104 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 105 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 106 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 107 
in the subject dealt with may participate in this preparatory work. International, governmental and non-108 
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 109 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 110 
agreement between the two organizations. 111 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 112 
consensus of opinion on the relevant subjects since each technical committee has representation from all 113 
interested IEC National Committees.  114 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 115 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 116 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 117 
misinterpretation by any end user. 118 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 119 
transparently to the maximum extent possible in their national and regional publications. Any divergence 120 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 121 
the latter. 122 

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any 123 
equipment declared to be in conformity with an IEC Publication. 124 

6) All users should ensure that they have the latest edition of this publication. 125 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 126 
members of its technical committees and IEC National Committees for any personal injury, property damage or 127 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 128 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 129 
Publications.  130 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 131 
indispensable for the correct application of this publication. 132 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 133 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 134 

This new edition cancels and replaces the previous edition. It constitutes a technical revision 135 
and has the status of an International Standard since 2007. 136 

 137 
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The text of this standard is based on the following documents: 139 

FDIS Report on voting 

To be completed/FDIS To be completed/RVD 

 140 
Full information on the voting for the approval of this standard can be found in the report on 141 
voting indicated in the above table. 142 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 143 

The committee has decided that the contents of this publication will remain unchanged until 144 
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in the 145 
data related to the specific publication. At this date, the publication will be  146 

• reconfirmed, 147 

• withdrawn, 148 

• replaced by a revised edition, or 149 

• amended. 150 

 151 
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INTRODUCTION 153 

Composite hollow insulators consist of an insulating tube bearing the mechanical load 154 
protected by an elastomeric housing, the loads being transmitted to the tube by metal fittings. 155 
Despite these common features, the materials used and the construction details employed by 156 
different manufacturers may vary. 157 

Some tests have been grouped together as "Design tests" to be performed only once for 158 
insulators of the same design and material. The design tests are performed in order to eliminate 159 
designs and materials not suitable for high-voltage applications. 160 

The relevant design tests defined in IEC 62217 are applied for composite hollow insulators; 161 
additional specific mechanical tests are given in this standard. The influence of time on the 162 
electrical and mechanical properties of the complete composite hollow insulator and its 163 
components (tube material, housing material, interfaces, etc.) has been considered in specifying 164 
the design tests in order to ensure a satisfactory lifetime under normal service conditions. These 165 
conditions may also depend on the equipment inside or outside the composite hollow insulators; 166 
however, this matter has not been covered in this standard. Test methods not specified in this 167 
standard may be considered for specific combinations of materials and specific applications, 168 
and are a matter of agreement between manufacturers and users. In this standard, the term 169 
“user” in general means the equipment manufacturer using composite hollow insulators. 170 

Composite hollow insulators are used in both a.c. and d.c. applications. Before the 171 
appropriate standard for d.c. applications will be issued, the majority of tests listed in this 172 
standard can also be applied to d.c. insulators. In spite of this, a specific tracking and erosion 173 
test procedure for d.c. applications as a design test is still being considered to be developed. 174 
Some information about the difference of a.c. and d.c. material erosion test can be found in 175 
the CIGRE Technical Brochure 611.  For the time being, the 1 000 h a.c. tracking and erosion 176 
test of IEC 62217 is used to establish a minimum requirement for the tracking and erosion 177 
resistance, for both a.c. and d.c. 178 

This standard distinguishes between design tests and type tests because several general 179 
characteristics of a specific design and specific combinations of materials do not vary for 180 
different insulator types. In these cases results from design tests can be adopted for different 181 
insulator types. 182 

Pollution tests according to IEC 60507 or IEC 61245 are not included in this standard since 183 
they are designed for non-polymeric items. Specific pollution tests for polymeric insulators are 184 
still under consideration.  185 

The mechanical characteristics of composite hollow insulators are quite different compared to 186 
those of hollow insulators made of ceramics. In order to determine the onset of mechanical 187 
deterioration of composite hollow insulators under the influence of mechanical stress, strain 188 
gauge measurements are used. 189 

This standard refers to different characteristic pressures which are used for design and testing 190 
of composite hollow insulators. The term "maximum service pressure" (MSP) is equivalent to 191 
the term "design pressure" which is used in other standards for ceramic hollow insulators; 192 
however, this latter term is not used in this standard in order to avoid confusion with "design" 193 
as used in "design tests".  194 

General recommendations for the design and construction of composite hollow insulators are 195 
presented in Annex B. 196 

197 
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COMPOSITE HOLLOW INSULATORS – 198 
 199 

PRESSURIZED AND UNPRESSURIZED INSULATORS  200 
FOR USE IN ELECTRICAL EQUIPMENT WITH A.C. RATED VOLTAGE 201 

GREATER THAN 1 000 V AND D.C. VOLTAGE GREATER THAN 1 500 V – 202 
DEFINITIONS, TEST METHODS, ACCEPTANCE CRITERIA AND 203 

DESIGN RECOMMENDATIONS 204 
 205 
 206 
 207 

1 Scope  208 

This International Standard applies to composite hollow insulators consisting of a load-bearing 209 
insulating tube made of resin impregnated fibres, a housing (outside the insulating tube) made 210 
of elastomeric material (for example silicone or ethylene-propylene) and metal fixing devices 211 
at the ends of the insulating tube. Composite hollow insulators as defined in this standard are 212 
intended for general use (unpressurized) or for use with a permanent gas pressure 213 
(pressurized). They are intended for use in both outdoor and indoor electrical equipment 214 
operating on alternating current with a rated voltage greater than 1 000 V a.c. and a frequency 215 
not greater than 100 Hz or for use in direct current equipment with a rated voltage greater 216 
than 1 500 V d.c. 217 

The object of this standard is: 218 

 – to define the terms used; 219 

 – to prescribe test methods; 220 

 – to prescribe acceptance criteria. 221 

Hollow insulators are integrated into electrical equipment which is electrically type tested as 222 
required by the applicable equipment standard. So, it is not the object of this standard to 223 
prescribe dielectric type tests because the withstand voltages and flashover behaviour are not 224 
characteristics of the hollow insulator itself but of the apparatus of which it ultimately forms a 225 
part. 226 

All the tests in this standard, apart from the thermal-mechanical test, are performed at normal 227 
ambient temperature. This standard does not prescribe tests that may be characteristic of the 228 
apparatus of which the hollow insulator ultimately forms a part.  229 
 230 

Composite hollow insulators are intended for use in electrical equipment, such as, but not 231 
limited to: 232 

  HV circuit-breakers, 233 

  switch-disconnectors, 234 

  disconnectors, 235 

  station posts, 236 

  disconnecting circuit breakers, 237 

  earthing switches, 238 

  instrument- and power transformers, 239 

  bushings, 240 

  cable terminations. 241 

 242 
Additional testing defined by the relevant IEC equipment standard may be required. 243 

244 
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2  Normative references 245 

The following referenced documents are indispensable for the application of this document. 246 
For dated references, only the edition cited applies. For undated references, the latest edition 247 
of the referenced document (including any amendments) applies. 248 

IEC 60060-1: High-voltage test techniques – Part 1: General definitions and test requirements 249 

IEC 62155: Hollow pressurized and unpressurized ceramic and glass insulators for use in 250 
electrical equipment with rated voltages greater than 1 000 V 251 

IEC 62217: Polymeric insulators for indoor and outdoor use with a nominal voltage >1 000 V- 252 
General definitions, test methods and acceptance criteria 253 

3 Terms and definitions 254 

For the purposes of this document, the following terms and definitions apply. 255 

3.1  256 
composite hollow insulator 257 
insulator consisting of at least two insulating parts, namely a tube and a housing  258 

Note 1 to entry - The housing may consist either of individual sheds mounted on the tube, with or without an 259 
intermediate sheath, or directly applied in one or several pieces onto the tube. A composite hollow insulator unit is 260 
permanently equipped with fixing devices or end fittings  261 

[IEV 471-01-08, modified] 262 

3.2  263 
tube (core) 264 
central internal insulating part of a composite hollow insulator which provides the mechanical 265 
characteristics 266 

Note  1 to entry – The housing and sheds are not part of the core. 267 

Note 2 to entry – The tube is generally cylindrical or conical, but may have other shapes (for example barrel). The 268 
tube is made of resin impregnated fibres. 269 

Note 3 to entry – Resin impregnated fibres are structured in such a manner as to achieve sufficient mechanical 270 
strength. Layers of different fibres may be used to fulfil special requirements. 271 

[IEV 471-01-03, modified by the addition of a synonym] 272 

3.3  273 
fixing device  274 
end fitting 275 
integral component or formed part of an insulator, intended to connect it to a supporting 276 
structure, or to a conductor, or to an item of equipment, or to another insulator 277 

Note 1 to entry – Where the end fitting is metallic, the term “metal fitting” is normally used. 278 

[IEV 471-01-06, modified by the addition of a synonym] 279 

3.4  280 
coupling 281 
part of the fixing device which transmits load to the hardware external to the insulator 282 

 [IEC 62217, section 3] 283 
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3.5  284 
connection zone 285 
zone where the mechanical load is transmitted between the insulating body and the end fitting  286 

[IEC 62217, section 3] 287 

3.6  288 
housing  289 
external insulating part of composite hollow insulator providing necessary creepage distance 290 
and protecting tube from environment 291 

Note 1 to entry – If an intermediate sheath is used it forms a part of the housing  292 

[IEC 62217, section 3] 293 

[SOURCE: IEV 471-01-09, modified] 294 

3.7  295 
shed (of an insulator) 296 
insulating part, projecting from the insulator trunk, intended to increase the creepage distance 297 

Note 1 to entry – The shed can be with or without ribs. 298 

[IEV 471-01-15] 299 

3.8  300 
insulator trunk 301 
central insulating part of an insulator from which the sheds project 302 

Note 1 to entry – Also known as shank on smaller insulators. 303 

[IEV 471-01-11] 304 

3.9  305 
creepage distance 306 
shortest distance or the sum of the shortest distances along the surface on an insulator 307 
between two conductive parts which normally have the operating voltage between them  308 

Note 1 to entry – The surface of any non-insulating jointing material is not considered as forming part of the 309 
creepage distance.  310 

[IEV 471-01-04, modified] 311 

3.10  312 
arcing distance 313 
shortest distance in the air external to the insulator between the metallic parts which normally 314 
have the operating voltage between them 315 
 316 

Note 1 to entry – The term “dry arcing distance” is also used. 317 

[IEV 471-01-01] 318 

3.11  319 
tracking 320 
process which forms irreversible degradation by formation of conductive paths (tracks) 321 
starting and developing on the surface of an insulating material 322 

Note 1 to entry – These paths are conductive even under dry conditions. 323 

[IEC 62217, section 3] 324 
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3.12  325 
erosion 326 
irreversible and non-conducting degradation of the surface of the insulator that occurs by loss 327 
of material which can be uniform, localised or tree-shaped 328 

Note 1 to entry – Light surface traces, commonly tree-shaped, can occur on composite insulators as on ceramic 329 
insulators, after partial flashover. These traces are not considered to be objectionable as long as they are non-330 
conductive. When they are conductive, they are classified as tracking. 331 

[IEC 62217, section 3] 332 

3.13  333 
crack 334 
any fracture or surface fissure of depth greater than 0,1 mm 335 

 336 
[IEC 62217, section 3] 337 

3.14  338 
interface 339 
contact surface between the different materials  340 

Note 1 to entry –  Various interfaces occur in most composite insulators, e.g. 341 

 between housing and end fittings, 342 

 between various parts of the housing; e.g. between sheds, or between sheath and sheds, 343 

 between core and housing. 344 

[IEC 62217, section 3] 345 

3.15  346 
damage limit of the tube under mechanical stress 347 
limit below which mechanical loads (pressure, bending load) can be applied, at normal 348 
ambient temperature, without micro damage to the composite tube 349 

Note 1 to entry –  Applying such loads means that the tube is in a reversible elastic phase. If the damage limit of 350 
the tube is exceeded, the tube is in an irreversible plastic phase, which means permanent damage to the tube 351 
which may not be visible at a macroscopic level (for a quantitative definition see Annex C). 352 

3.16  353 
maximum mechanical load (MML) 354 
highest cantilever bending load which is expected to be applied to the hollow insulator in 355 
service and in the equipment in which it is used 356 

Note 1 to entry –  This load is specified by the equipment manufacturer. 357 

3.17  358 
specified mechanical load (SML) 359 
cantilever bending load specified by the manufacturer that is used in the mechanical tests and 360 
which is verified during a type test at normal ambient temperature 361 

Note 1 to entry – The SML forms the basis of the selection of composite hollow insulators with regard to external 362 
loads. 363 

3.18  364 
deflection under bending load 365 
displacement of a point on an insulator, measured perpendicularly to its axis, under the effect 366 
of a load applied perpendicularly to this axis 367 
[IEV 471-01-05] 368 

Note 1 to entry – Deflection/load relationships are determined by the manufacturer. 369 
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3.19  370 
failing load 371 
load at ultimate failure of the insulator, maximum load that can be reached when the insulator 372 
is tested under the prescribed conditions (valid for bending or pressure tests) 373 

Note 1 to entry – damage of the tube may occur at loads lower than the insulator failing load. 374 

3.20  375 
residual deflection 376 
difference between the initial deflection of a hollow insulator prior to bending load application, 377 
and the final deflection after release of the load 378 

3.21  379 
overpressure 380 
pressure above ambient pressure within a pressurized enclosure 381 

[IEV 426-09-16]  382 

3.22  383 

maximum service pressure (MSP) 384 
maximum internal overpressure in service which is specified by the equipment manufacturer 385 

3.23  386 
specified internal pressure (SIP) 387 
internal overpressure specified by the equipment manufacturer which is verified during a type 388 
test at normal ambient temperature  389 

Note 1 to entry – The SIP is specified as the short-time withstand design limit, under which the insulator structure 390 
stays intact, but damages may already occur. It can be higher than 4 x MSP. 391 

 392 

3.24  393 
Pressurized insulator 394 
A pressurized insulator is an insulator permanently filled with gas or liquid whose maximum 395 
service pressure is greater than 0,05 MPa overpressure. 396 

3.25  397 
Unpressurized insulator 398 
An unpressurized insulator is an insulator permanently filled with gas or liquid whose 399 
maximum service pressure is smaller than or equal to 0,05 MPa overpressure. 400 

3.26  401 
specified temperature 402 
highest and/or lowest temperature permissible for the composite hollow insulator 403 

Note 1 to entry – The specified temperature is specified by the manufacturer. 404 

3.27  405 
manufacturer 406 
individual or organization producing the composite hollow insulators 407 

3.28  408 
equipment manufacturer  409 
individual or organization producing the electrical equipment utilizing the composite hollow 410 
insulators 411 

3.29  412 
lot 413 
group of insulators offered for acceptance from the same manufacturer, of the same design 414 
and manufactured under similar conditions of production. 415 
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