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Dimensioning of insulation

� Principles of dimensioning
� Input 1: environment
� Input 2: flashover strength
� Outcome
� Verification and application
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Optimized dimensioning of insulation
Overview: Pollution dimensioning

Pollution Severity
Estimation

Pollution Flashover
Strength Estimation

Insulation 
design

Verification

Required 
performance
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Statistical approach: IEC 60815-1 (2008)

• Pollution stress at site: 
probability density function 
f(g)

• Probability for flashover at 
maximum operating 
voltage: cumulative 
distribution function P(g)

• Multiplication of the f and 
P and the area under this 
curve defines the risk for 
flashover
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Dimensioning of insulation

� Principles of dimensioning
� Input 1: environment
� Input 2: flashover strength
� Outcome
� Verification and application
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Optimized dimensioning of insulation 
Pollution Severity estimation

Pollution Severity
Estimation

ESDD/NSDD

Conversion to ESDD

Topography and 
nature of area � Maximum ESDD

� Distribution on insulator
� Number of “pollution events”
� Type of contaminants 

Dust deposit 
gauges

Leakage 
currents
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Pollution Severity estimation
-Examples-

ESDD

Surface conductivity
DDDG
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Input data from ESKOM: test stations
• Input 1: Statistical pollution 

data from test stations 
(ESDD, NSDD and DDDG)

• Input 2: Leakage current data 
converted in pollution 
performance curves 
(flashover voltage plotted 
against ESDD)
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Input data from NamPower: test towers
• Input 1: Statistical pollution 

data from service 
measurements (DDDG)

• Input 2: Leakage current data 
converted in pollution 
performance curves 
(flashover voltage plotted 
against ESDD)
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Dimensioning of insulation

� Principles of dimensioning
� Input 1: environment
� Input 2: flashover strength
� Outcome
� Verification and application
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Optimized dimensioning of insulation 
-Pollution Flashover Strength Estimation-

Pollution Flashover
Strength Estimation 

of line insulators
(in service environment)

STRI Generic 
curves

Service/station 
experience

Conversion

CIGRE Curve

Laboratory test 
results

� Dielectric strength of the 
insulators as function of 
pollution severity
(U50 &Standard deviation) 

IEC creepage 
recommendation

Additional tests
(if necessary)

“Laboratory” 
Strength

Conversion from lab to service
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Tests in the field
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Pollution Flashover strength estimation
-Use of Available Field Experience-
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Pollution Flashover Strength estimation
-Use of laboratory data-

1. Service adapted methods:
• Solid Layer (Inland with NSDD)
• Solid Layer for composite insulators
• Solid Layer with recovery
• Salt fog (Coastal, no NSDD)
• Dry Salt Layer (Coastal, no NSDD)
• Dust Cycle Method (Desert, Industrial with 

NSDD)

2. U50% is preferable than withstand
3. Directly applicable for statistical 

dimensioning
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Pollution Flashover Strength estimation
Laboratory method based on field experience-1
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Pollution Flashover Strength estimation
Laboratory method based on field experience-2

• Relatively high  currents (sometimes 
hundreds of mA)
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Pollution Flashover Strength estimation
Laboratory method based on field experience-3

• Hydrophobicity is reduced, but not to 
hydrophilic state
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Salt Fog test is not representative

Before test

After test
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Modified Solid Layer test
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Pollution Round Robin Test within 
CIGRE WG C4.03.03

1. STRI in Sweden: performed
2. ERSE SpA (former CESIRICERCA) in 

Italy
3. Chubu University in Japan
4. Tsinghua University in China 
5. EGU in Czech Republic
6. Arizona State University in USA
7. SEVES (Sediver) in France
8. CEPRI in China
9. China Southern Grid in China
10. NGK in Japan
11. Manchester University in UK
12. CRIEPI in Japan
13. CEPEL in Brazil
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Testing of insulators up to 800 kV 
DC or 1000 kV AC
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Rapid Flashover tests

• With rapid flashover clean 
fog test, flashover voltage 
in obtained in 1 hour

• Test results (U50% and � ) 
can be used for statistical 
dimensioning

�
NGK, SDD=0,085 mg/cm2
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Dimensioning of insulation

� Principles of dimensioning
� Input 1: environment
� Input 2: flashover strength
� Outcome
� Verification and application
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Optimized dimensioning of insulation 
Verification of design

Obtain preliminary optimal line design for 
different sections

Utilize:
• Collected data
• STRI Software
Based on:
• Required performance

Pollution Severity
Estimation

Pollution Flashover
Strength Estimation

Insulation 
design

Required 
performance

STRI Software 
Based on 
Statistical Principles

Verification
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Insulator Selection Tool (IST)
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Benefits of IST program
• Guides and educates user in insulator 

selection process
• Can be used as marketing tool
• Provides detailed performance analysis
• Is expandable and can be customized
• Allows selection of most cost effective 

insulation solution
• Is an excellent tool for education
• Enables technical comparison of different 

line insulators based on availability 
requirements
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Dimensioning of insulation

� Principles of dimensioning
� Input 1: environment
� Input 2: flashover strength
� Outcome
� Verification and application
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Verification of IST results

30

Example 1: Scandinavian Fenno-Skan-2 
project (500 kV DC)

• Detailed service and 
laboratory investigations 

• Rather clean area
• High demand on MTBF: 

20-40 years
• Specific creepage 

distance 27-29 mm/kV
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Example 2-1: Refurbishment of 
Western Cape OHL (400 kV AC)

• Pollution event in the 
Western Cape during 
February 2006

• Service data
• High pollution severity
• Koeberg Insulator 

Pollution Test Station 
data

• Russian findings: relation 
between ESDD and 
surface conductivity
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Example 2-2: Refurbishment of 
Western Cape OHL (400 kV AC)

Type of 
insulator

Specific 
creepage 

calculated by 
IST, mm/kV

Actual 
specific 

creepage, 
mm/kV

Performance 
during the 

pollution event

Porcelain 
support

48 33
Flashed during 
pollution event

RTV-coated 
porcelain 
support

25 27
No flashovers 

during pollution 
event

Glass cap-
and-pin

40 16

Many 
flashovers 

during pollution 
event

Silicone 
rubber 
longrod

22 24

Withstood 
pollution event 
with discharge 

activity 
observed
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IST and LPE: references
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recent references 2007-2010

1. C.S. Engelbrecht, I. Gutman, R. Hartings: “A Practical Implementation of Statistical Principles to Dimension  A.C. Line 
Insulators with Respect to Contaminated Conditions”, IEEE Transactions on Power Delivery, Vol. 22, N.1, January 
2007, p.p. 667-673

2. I. Gutman, W.L. Vosloo: “The three approaches to insulation selection according revised IEC 60815: case study for 
silicone rubber arresters”, 15th ISH-2007, Ljubljana, Slovenia, 27-31 August, 2007, T4-12 

3. I. Gutman, T. Kiiveri, L. Carlshem: “Statistical approach for the insulation dimensioning of the 500 kV HVDC line in 
Scandinavia”, 15th ISH-2007, Ljubljana, Slovenia, 27-31 August, 2007, T4-13

4. I. Gutman, H. Wieck, D. Windmar, L. Stenström, D. Gustavsson: “Pollution Measurements to Access the Performance 
of Naturally Exposed Silicone Rubber Composite Insulators”, IEEJ Transactions on Fundamentals and Materials, Vol. 
127, No. 9, 2007, p.p. 513-518

5. I. Gutman, T. Ohnstad, L. Wallin, D. Windmar, U. Åkesson: “Field experience and test verification of HV composite 
apparatus insulators”, CIGRE-2008, A3-302 

6. I. Gutman, X.D. Liang, B. Luo, Z.Y. Su, E. Solomonik, W.L. Vosloo: “Evaluation of OHL performance based on 
environmental stresses and pollution laboratory testing of composite insulators”, CIGRE-2008, C4-112 

7. K. Halsan, D. Loudon, I. Gutman, J. Lundquist: “Feasibility of upgrading 300 kV AC lines to DC for increased power 
transmission capability“, CIGRE-2008, B2-110

8. I. Gutman, W.L. Vosloo, F. Engelbrecht: “Practical Applications of an Insulator Selection Tool Program for Insulation 
Dimensioning Using Test Station & Test Tower Data”, World Congress & Exhibition on Insulators, Arresters & 
Bushings, Crete, 11-13 May 2009

9. J. Lundquist, I. Gutman, K. Halsan: “Insulation Aspects for AC to DC Conversion of Transmission Lines“, World 
Congress & Exhibition on Insulators, Arresters & Bushings, Crete, 11-13 May 2009

10. S. Berlijn, K. Halsan, I. Gutman,  A. Dernfalk: “Assessing Ten Years of Service Experience with Composite Line 
Insulators at HVDC“, World Congress & Exhibition on Insulators, Arresters & Bushings, Crete, 11-13 May 2009

11. I. Gutman, A. Dernfalk, A. Nefedov, J. Seifert: “Pollution test methods for composite insulators: simulation of coastal 
environment and recovery of hydrophobicity“, 16th ISH-2009, Cape Town, South Africa, 24-28 August, 2009, E-4

12. I. Gutman, A. Dernfalk: “Pollution tests for polymeric insulators made of hydrophobicity transfer materials”, IEEE 
Transactions on  Dielectrics and Electrical Insulation, Special Edition 2010 (accepted for the publication in March 
2010)


