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Wind hazard distribution in 
China：

(1) Sandstorm (Northwest);
(2) Alpine wind (Northeast);
(3) Typhoon (Coast);
(4) Gorge wind (Coteau).

The most serious area is
Xinjiang, where sandstorm is
frequent and annual average of
fresh gale is above 200d/y.Coastal 

typhoon area

Alpine wind areaDesert wind 
area

Wind hazard distribution in China

1 INTRODUCTION
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In last five years, 58% of the failures are
caused by sandstorm in Xinjiang, the main
failures are the fault of insulator and
hardware.

Sand abrasion of insulator skirt

Shed crack of insulators 

Wind damage on spacers

Wear failure of U-rings

1 INTRODUCTION

Failure distribution in last five years
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SandSand blowing

Motion trail of the conductor 

1 INTRODUCTION

Wind characteristics

(1) Extreme wind speed  >  30 m/s;

(2) Wind speed variation > 16m/s; 

(3) Sand-blown wind speed: 3~5m/s;

(4) Sand sizes , d< 1.0 mm; 

(5) Motion trail period of conductor

is about 5 s 

Sandstorm characteristics



Hardware failure：
(1) Wear failure of U-rings;
(2) Corrosion;
(3) Wind damage of spacers.

Insulator failure：
(1) Shed crack of insulators;
(2) Sand abrasion of insulator skirt;
(3) Brittle fracture of rods;
(4) Faulty insulator.

Abrasive wear microanalysisAdhesive wear
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1 INTRODUCTION



2 SIMULATION TEST AND FIELD

OBSERVATION

2.1  Simulation test

Brittle fracture 
test on  insulator 

rods

Wear test on U-
rings、end-fittings
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1、Shed crack test 
on  insulator skirt；
2、Wind damage 
test on spacers

Sand abrasion test 
on insulator skirt、
hardware

Simulation test
Wind tunnel 

Dusty conditionsWear test 

Fatigue test



2 SIMULATION TEST AND FIELD

OBSERVATION

2.2  Field observation

Wind speed data 

Conductor trace

Site photograph

Sampling analysis

Field measurement - 17 -



3 FAULT ANALYSIS

3.1  Sand wear

(1)The load and sand flow promote the process of sand erosion, and the sand erosion has 

the more damage than the erosion without sand.;

(2)The surplus ratio least value of erosion cross section appears with the sand diameters 

of about 0.09 mm~0.1 mm.



3 FAULT ANALYSIS
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3.1  Sand wear
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Abrasive wear 
microanalysis

100μm
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Sand scraps

The micro characteristics of adhesion wear and abrasion wear are observed by site and test 
appearances, and the characteristics of the site and test are similar.
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Simulated analysis

Site application
Structure

3 FAULT ANALYSIS

3.1  Sand wear
(1) The contact stress of the new structure in the

750kV lines is about 235 MPa, which is only ¼
of that of the U-ring;

(2) The new structure is treated by hot dip
galvanizing, which has improved the abrasive
resistance.
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3.2  Corrosion

3 FAULT ANALYSIS

Micro analysisMacro image
Soluble salt ions (Ca2+, Na+, K+) in sandstorm:
67.17 μg/m3 in PM2.5
202.72 μg/m3 in TSP

Na+



3 FAULT ANALYSIS

3.2  Corrosion

(1) The zincs encasement of defect hardware is broken with loose iron oxide forming on 

the surface of the hardware, and stress load is under 200 kN;

(2) the stress rupture area of composite insulators is at the end fittings, and stress loads 

of the insulators with working time above 8 years is under 180 kN. - 22 -



3 FAULT ANALYSIS

Needle crack point Hairline crack Endurance crack

Reference: ZHU Z, JIA Z, MA G, et al. IEEE Transactions on Dielectrics and Electrical Insulation, 2015, 22(3): 1636-1643.

First stage Second stage Third stage

3.3  Shed crack of insulators 



3 FAULT ANALYSIS

3.3  Shed crack of insulators 

(1) With the suspension type V string, various inclination angles were tested and the 

critical angle that leads to lowest inception wind velocity is 50°; 

(2) The extinction wind velocity is normally lower than inception wind velocity and 

the gap can reach 17.6% - 24 -



3 FAULT ANALYSIS

HC1 HC2 HC3 HC4 HC5 HC6 HC7

3.4  Sand abrasion of insulator skirt
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After 1 year operation in

sandstorm areas, the

hydrophobicity of skirt has

declined from HC1 to HC3.



3 FAULT ANALYSIS

3.5  Corona
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Corona discharges are easily captured around the hardware，where are 

damaged by the sand storm. The effect factors include:

(1) wind damage;

(2) sand storm  surroundings;

(3) sand abrasion and corrosion.



3 FAULT ANALYSIS

3.5  Corona

(1) The sizes of corona spots have the saturation positive correlation with the sand

erosion time and stress, respectively;

(2) The sizes of corona spots rise with the sand diameters quickly to peak value, and

decline gradually, and peak value appears with the sand diameters of about 0.09

mm~0.1 mm. - 27 -



3 FAULT ANALYSIS

3.6  Wind damage on spacers

The mechanical testing and structural analysis
reveals the negative correlation between the failure
and the running time of wind damage.
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3 FAULT ANALYSIS

Connection type of bundle-conductors:
adopting spring and pin way to prevent the 

loosening of spacers.

3.6  Wind damage on spacers
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The selection suggestion of bundle-

conductor spacers:

(1) The contact areas of the restriction 

sites are relatively large;

(2) The contact areas are under static 

friction state.



4 CONCLUSION
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In sandstorm area, the fault of insulator and hardware is the main failures of

transmission lines.

Hardware failures include wear failure of U-rings, corrosion, wind damage of spacers,

and insulator failures include shed crack of insulators, sand abrasion of insulator skirt,

brittle fracture of rods and faulty insulator.

The main effect factors on failures are:

(1) Extreme speed wind;

(2) Sand-blown wind;

(3) Soluble salt ions (Ca2+, Na+, K+) in sandstorm
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