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WG C4.303

Cigré WG C4.303
IEC TC 36 WG 11

Dimensioning based on 
Laboratory Test results

Chris Engelbrecht: Convener WG C4.303

WG C4.303

Process of Insulation Coordination

• Define acceptable performance

• Characterization of stresses

• Choice of insulation levels

• Acceptable performance?

• Verification of characteristics
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Overview of Process

Site severity measurements 
to determine pollution level

Selection of the insulation strength 
meeting the set performance criterion

Application of factors to account for 
differences between test conditions 

and actual service conditions

Perform qualification test

Coordination factor: [Kcs]

Safety factor: [Ks]

Performed Actions:

Statistical Severity  [gs2]

Coordination withstand Severity  [gCW]

Required withstand Severity  [gRW]

Pass/fail

Outcome:

WG C4.303

Site Assessment:
Estimate the Pollution Site Severity

Assessment methods
1. Environment description
2. ESDD and NSDD
3. Dust deposit gauges
4. Surface conductance
5. Leakage current
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Site Assessment Method:

(1) Environment
Description

Example Description of Typical Environment
> 50 km from any sea, desert, or open dry land

> 10 km from man-made pollution sources or within a shorter distance, but:

• the prevailing wind is not directly from these pollution sources

• and/or subjected to regular monthly rain washing

10-50 km from the sea, a desert, or open dry land

5-10 km from man-made pollution sources or within a shorter distance, but:

• the prevailing wind is not directly from these pollution sources

• and/or subjected to regular monthly rain washing

3-10 km from the sea, a desert, or open dry land

1-5 km from man-made pollution sources or within a shorter distance, but:

• the prevailing wind is not directly from these pollution sources

• and/or subjected to regular monthly rain washing

or further away, but:

• a dense fog (or drizzle) often occurs after a long dry pollution accumulation season 
(several weeks or months)
• and/or heavy rains with a high conductivity occurs

• and/or there is a high NSDD level, typically between 5 and 10 times the ESDD level

Within 3 km of the sea, a desert, or open dry land

Within 1 km of man-made pollution sources or with a greater distance, but:

• a dense fog (or drizzle) often occurs after a long dry pollution accumulation season
 (several weeks or months) 
• and/or there is a high NSDD level, typically between 5 and 10 times the ESDD

Within the same distance of pollution sources as specified for “Heavy” areas and:

• directly subjected to sea-spray or dense saline fog

• or directly subjected to contaminants with high conductivity, or cement type dust with high density, and with
frequent wetting by fog or drizzle
•Desert areas with fast accumulation of sand and salt, and regular condensation

•Areas with extreme levels of NSDD, more than 10 times the level of ESDD

Very heavy

Very Light

Light

Medium

Heavy

WG C4.303

Site Assessment Method:
(2) EEquivalent SSalt DDeposit DDensity/

NNon-SSoluble DDeposit DDensity

Top

Bottom

Equivalent Salt Deposit Density 
ESDD

Non-Soluble Deposit Density
NSDD
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Site Assessment Method:
(3) Directional Dust Deposit Gauges

Dust Deposit Gauge Index - Soluble
DDGIS

Dust Deposit Gauge Index – Non-Soluble
DDGIN

WG C4.303

Site Assessment Method:
(4) Conductance Measurement

– Expose insulator to the environment
– Energize a short while
– Measure stable current
– Calculate resistance
– Convert to layer conductivity
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Site Assessment Method:
(5) Leakage Current

I

Ipeak

I

S kg/m 3

Salt-Fog Test

Site Equivalent Salinity

WG C4.303

Site Assessment: 
Types of Pollution

• Pre-deposited (Inland, Industrial, Desert)
– Where solid pollution with a non-soluble component 

is deposited onto the insulator surface. This deposit 
becomes conductive when wetted. 

– This type of pollution can be best characterized by 
ESDD/NSDD and DDGIS/DDGIN measurements.  

• Instantaneous (Coastal, Crop Spray) 
– Where liquid electrolytes are deposited on the insulator 

with very little or no non-soluble components. 
– This type of pollution can be best characterized 

by on-line conductance or leakage current 
measurements. 
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Site Assessment: Case Study

• Inland 
– Some distance from coast

• Type Pre-deposited

• Site severity measurement
– ESDD/NSDD

WG C4.303

Site Assessment: Case Study
(Measurements)
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Site Assessment: Case Study
(Analysis of Measurements)
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WG C4.303

Identify Candidate Insulators
Selection of Profile and Material

Frequency and
type of wetting

Type of
pollution

Mechanism of
pollution deposit

Precipitation
Wind borne
Electrostatic

Frequency and
type of wetting

Type of
pollution

Mechanism of
pollution deposit

Precipitation
Wind borne
Electrostatic

Active type
Conductive
Dissolving

Inert (effect of)

Amount
Density
Particle size

Active type
Conductive
Dissolving

Inert (effect of)

Amount
Density
Particle size

Prediction of
critical wetting
conditions

Prediction of
critical wetting
conditions

Estimation of
pollution distribution
on the insulator

Estimation of
pollution distribution
on the insulator

Identify possibility of self- cleaning
and required insulator properties
or need for maintenance

Identify possibility of self- cleaning
and required insulator properties
or need for maintenance

Identify optimal 
profile & material
for insulator

Profile criteria from
experience and
supplier’s data

Test and 
service
experience

Creepage
Estimation

Insulator 
Characteristics

Identify optimal 
profile & material
for insulator

Profile criteria from
experience and
supplier’s data

Test and 
service
experience

Creepage
Estimation

Insulator 
Characteristics
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Cigré approach
(researchers view)

• Two options
– By laboratory testing
– Service experience

• The use of specific 
creepage distance not 
mentioned

• Encourage to quantify 
severity by 
measurement

Material

Performance 
monitoring

Inspections

Research
detailed data

Approved Insulator

Site severity
measurements

Laboratory tests
Test certificates

Select:
- Laboratory test method
- Laboratory test severity

Insulator specification
(Functions)

Qualification

Evaluate
Cost and Risk

Evaluate submitted
Insulator (dimensions)

Insulator specification
(Dimensions)

Perform field trials:
- at a selected site
- for a chosen duration

Service
experience

Evaluate
the cost and duration 
of the dimensioning

process

Consideration of solutions

Service Experience Insulator characteristics

Obtain detailed data

Task
Definition

Application System parameters Constraints

Obtain Basic data

Project
Objective

Candidate 
insulator 

types

Acceptable 
insulators

Asset management

Document

Information

Preparation

Decision

Parallel
process

Termination

Key

Insulator user

Both user and supplier

Insulator supplier

Activity indicator

Want to specify
insulator dimensions

Want to specify
a pollution test

Unacceptable

Acceptable

Yes

No

Environment

Process
Profile Maintenance Lifet imeMaterial

Performance 
monitoring

Inspections

Research
detailed data

Approved Insulator

Site severity
measurements
Site severity

measurements

Laboratory tests
Test certificates
Laboratory tests
Test certificates

Select:
- Laboratory test method
- Laboratory test severity

Select:
- Laboratory test method
- Laboratory test severity

Insulator specification
(Functions)

Insulator specification
(Functions)

QualificationQualification

Evaluate
Cost and Risk

Evaluate
Cost and Risk

Evaluate submitted
Insulator (dimensions)
Evaluate submitted
Insulator (dimensions)

Insulator specification
(Dimensions)

Insulator specification
(Dimensions)

Perform field trials:
- at a selected site
- for a chosen duration

Perform field trials:
- at a selected site
- for a chosen duration

Service
experience

Service
experience

Evaluate
the cost and duration 
of the dimensioning

process

Consideration of solutions

Service Experience Insulator characteristics

Obtain detailed data

Task
Definition

Task
Definition

Application System parameters Constraints

Obtain Basic data

Project
Objective
Project

Objective

Candidate 
insulator 

types

Candidate 
insulator 

types

Acceptable 
insulators

Acceptable 
insulators

Asset management

Document

Information

Preparation

Decision

Parallel
process

Termination

Key

Insulator user

Both user and supplier

Insulator supplier

Activity indicator

Insulator user

Both user and supplier

Insulator supplier

Insulator user

Both user and supplier

Insulator supplier

Activity indicatorActivity indicator

Want to specify
insulator dimensions

Want to specify
a pollution test

Unacceptable

Acceptable

Yes

No

EnvironmentEnvironment

Process
Profile Maintenance Lifet ime

WG C4.303

Based on Service Experience:

Note insulation levels and service experience of 
other lines and substations in the same/similar 
geographical location

– If experience is good:
Use same insulators and dimensions

– If experience is poor or if regular insulator 
maintenance is required:
Increase dimensions or consider other insulator 
materials
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Dimensioning process
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WG C4.303

Overview of process

Contamination Severity( gggg)
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Overview of Process

Site severity measurements 
to determine pollution level

Selection of the insulation strength 
meeting the set performance criterion

Application of factors to account for 
differences between test conditions 

and actual service conditions

Perform qualification test

Coordination factor: [Kcs]

Safety factor: [Ks]

Performed Actions:

Statistical Severity  [gs2]

Coordination withstand Severity  [gCW]

Required withstand Severity  [gRW]

Pass/fail

Outcome:

WG C4.303

Statistical coordination factor

• Kr: Performance multiplier
• Ks: Insulator pollution accumulation

– Effectiveness of profile shape

• Ki: Insulator material 
– Hydrophobicity
– Stickiness

• Kp: Energization effect
– Drying effect of leakage current in salt-fog
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Statistical coordination factor: cont.

• Kd: Diameter effect
– Thicker insulators collect less

• Km: Correction if only few measurements are taken

2SCSCW K gg ×=

WG C4.303

Testing Insulators –
Which Withstand Level?

Many utilities use K CS=1.4
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Deterministic Method: Example
• AC overhead line

• Max system voltage:
– 345 kV

• Statistical severity
– 0.56 mg/cm2

• Standard shape cap and 
pin insulators

• 300 insulator strings

WG C4.303

Deterministic Method: 
Service Stress on the Insulator
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Deterministic Method: 
Flashover Characteristic of the Insulator

WG C4.303

Deterministic Method: 
Insulator Flashover Characteristic
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Deterministic Method: 
Insulator Flashover Characteristic
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WG C4.303

Overview of Process

Site severity measurements 
to determine pollution level

Selection of the insulation strength 
meeting the set performance criterion

Application of factors to account for 
differences between test conditions 

and actual service conditions

Perform qualification test

Coordination factor: [Kcs]

Safety factor: [Ks]

Performed Actions:

Statistical Severity  [gs2]

Coordination withstand Severity  [gCW]

Required withstand Severity  [gRW]

Pass/fail

Outcome:
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Why perform laboratory tests? 
Effect of Different Insulator Designs

IEC

Need to obtain laboratory results to verify perform ance

WG C4.303

Testing: Salt-Fog Method
Severity in Salinity (kg/m3)

3m 3m

Energized Test Object

Atomized 
Salt Water

1 Hour Test Time
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1. Dipping in Slurry 2. Drying 3. Wetting (Steam Fog)
and Voltage

1-3 Hours
Salt Water + Kaolin

Testing: Solid Layer Method
Severity in SDD/NSDD on Test Insulator (mg/cm2)

WG C4.303

Testing the Insulator
Different test methods represent different 

environments
• Salt fog

– Instantaneous (also called liquid)

• Solid layer method
– Pre-deposited (also called dry)

Salt-Fog

Solid-Layer
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Laboratory vs Field results
AC Energization

Can be applied directly

WG C4.303

Testing:
Procedures

• Withstand test
– 10% flashover voltage 

(U10)

• Flashover test
– 50% flashover voltage 

(U50)

• U10=U50*(1-1,28c)
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Testing Insulators –
Which Withstand Level?

Zoom in Area

WG C4.303
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Testing Insulators –
Which Withstand Level?

Service 
Stress

Test at Higher 
Voltage

Kcs

Test at Higher 
Pollution



10/03/2010

19

WG C4.303

Old insulators


