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A Study on Temperature and Tensile Load Analysis of Invar by Flame Exposure
on Overhead Transmission Lines
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(Koo-Yong Shin - Chae-Kyun Jung * Sang-Yun Lee - Ji-Won Kang - Dong-1l Lee)

Abstract — This paper describes the conductor temperature and tensile load analysis of invar by flame exposure on
STACIR(Super Thermal-resistance Aluminium-alloy Conductors Reinforced) overhead transmission line based on real
fault phenomena. Firstly, short-circuit fault by flame exposure is analysed by EMTP/ATP simulation, then the cutting
causes of Al layer are also discussed. And then, the conductor temperature is calculated based on IEC 60949 according to
3 kinds of materials including invar, Al conductor and ACSR when same load current respectively flows in 3 kinds of
material, they are compared each other. Finally, the tensile load tests are performed with various samples including new

invar, used invar for a long time and invar exposed flame.
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Fig. 1 Fault current in case of short-circuit fault by flame
exposure
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Fig. 2 Magnitude of N-phase current
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Fig. 3 Magnitude of C-phase current
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Fig. 4 High magnification(x 200) analysis results of new Al
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Fig. 7 High magnification(x 200) photography of Al layer
which is directly exposed by flame

image 1 -
a® 8 alx olut HAHE9 EDS &AM Za}

Fig. 8 EDS analysis results of new invar boundary layer
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Table 1 Component analysis results of new invar boundary

layer
Element O Ca Zn Total
Weight % 1.61 0.55 97.84 100
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Fig. 9 EDS analysis results of new invar
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Table 2 Component analysis results of new invar

Element Cr Fe Ni Total

Weight % 0.82 60.96 38.22 100
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Fig. 10 Sample of invar exposed by flame
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Fig. 11 EDS analysis result of invar(Case 1)
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Fig. 12 EDS analysis result of invar(Case 2)
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Fig. 13 EDS analysis result of invar(Case 3)
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Table 3 Component analysis results of invar exposed by
flame(Case 1)
Element Fe Ni Zn Total
Weight % 4.08 1.56 94.35 100
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Table 4 Component analysis results of invar exposed by
flame(Case 3)

Element 0 Al Cl K Ca Zn | Total
Weight %| 1.62 | 02 | 1.0 | 0.32 | 0.35 {96.51| 100
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Table 5 Calculation conditions by conductor materials
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Material axm | @ | Ao (om | [v) | ] | Tsecl| [A]

Aluminium | 25x10° | 228 | 148 |28264x10°| 40 | 3268 | 69 | 487

ACSR 7441 | 38x10° {202 | 78 | 138x10° | 40 | 5284 | 69 | 487

Ivar | 368x10° | 889 | 63.17 | 82x107 | 40 | 5284 | 69 | 487
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Table 6 Electrical and material general properties of invar

Material Resistivity | Temperature | Melting Point Material

fhatena [Q.cm] Coefficient [l Components

Invar 0.0000820 0.0011 1,427 Fe 63%Ni 36%

Values taken from MatWeb Material Property Data
(Invar 36 general properties)
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Table 7 Properties of STACIR 330 mr
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Table 8 Calculation results of conductor temperature(initial
temperature : 40 C)

FadH A4 DHsecldl b EE[TC]
Material

10 20 30 40 50 | 60 | 100 | 120

Aluminium | 4027 | 4054 | 4082 | 41.09 | 41.36 | 41.63 | 4272 | 433

ACSR 724 | 7608 | 11753 | 165.16 | 21989 | 282.79 1 335 | 76916 | 1,080

Invar JEESAOE) @.89 346.04 1 12477 ) 1742.3 1 2,351 L6’563‘9 10,413
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Table 9 Caiculation results of conductor temperature(initial
temperature : 0 C)

BalAH A HA)Hseclol W EE[T]
Material

[
10 20 30 40 50 | 60 | 100 | 120

Aluminium | (.2 046 | 069 | 092 | LI> | LB 232 | 27

ACSR 724 | 3011 | 6471 | 1044 | 1300 | 2026 | 2629 | 6086 | 8683

Invar | 20579 | 45923 | 7713 | 1155 | 1629 | 2211 Jj243 9921
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Fig. 14 Change of conductor temperature according to
duration time of load current(Al}
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Fig. 15 Change of conductor temperature according to
duration time of load current(ACSR)
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Fig. 16 Change of conductor temperature according to
duration time of load current(invar)
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Fig. 17 Comparison of conductor temperature according to
duration time of load current in 3 kinds of materials
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Fig. 18 Comparison of conductor resistivity according to
duration time of load current in 3 kinds of materials
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Table 10 Samples for tensile load test
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Fig. 19 Results of tensile load test according to materials
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