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Motivation
* Comparative continuous current and overload lemperaiu e rise | -

performance assessment of C,FN/O,/CO, in gas-
insulated GIS bus and dead-tank circuit breakers.

* Test the validity of coefficients in the empirical
equation used by IEC standards for the estimation of
temperature rise at various current levels.

¢ Study the effects of electrical wear in the main
current path resistance of a live tank circuit breaker.
Implications for joule losses.

L
Method/Approach ¥1ua
* Theoretical calculation of thermal performance of Giias = OG5, Pl = 8 B i | =250 &
SFg, CO, and technical air in a GIS busbar. Comparison Mg 2 Ve st dled CRT w200 novmpntation

with experimental results with these gases.

¢ Experimental tests on dead-tank circuit breakers at
currents in the range of 3000 to 4000 A. Comparison

between temperature rise results obtained with SF, Experimental setup & test results
and C,FN/0O,/CO, gas insulation.
*  GIS bus with SF,, CO, and technical air gas insulation
* Calculation of coefficients for IEC temperature rise test cases
empirical equation.

* Measurement and comparison of resistance before
and after breaking tests for live-tank circuit breakers.

Objects of investigation
* Gas-insulated GIS busbar
¢ Dead-tank circuit breaker

¢ Live-tank circuit breaker.

Simulations

* 2D simulation of a coaxial line.

* Considering effusivity of SF¢, CO, and technical air.
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Experimental setup & test results

* Results from GIS busbar testing. * Overload current equation and coefficients based on
GIS bus test results.
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* Dead-tank circuit breaker test results at 3000, 3300,
3500 and 4000 A.
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Experimental setup & test results

* Dead-tank circuit breaker test results for the bushing.
Calculated overload coefficient (a.).
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¢ Live-tank circuit breaker main circuit resistance
measurement results after breaking tests

Main contact resistance variation after type-test from brand-new condition

Wain contact resistance variation in %
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Figure 9 - Mair contact resisiance variation affer type-test from brand new-condition
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Conclusions

Effusivity is similar between CO, and technical air for
pressures in the range of 0.1 to 0.9 MPa. Both are
60% of SF, effusivity.

From test results C4FN enhances the effusivity of the
natural origin gas leading to lower temperature rise

In a GIS busbar, identical profiles are obtained with
C,FN/0,/CO, gas mixture at 0.8 MPa and technical air
at 0.9 MPa.

Similar performance can be obtained with SF, and
C,FN/0,/CO, gas mixture with design improvements
of the GIS bus.

Overload coefficients obtained from GIS bus
measurements range from 1.68 to 1.71 for internal
components and from 1.82 to 1.85 for the tank with
full current return.

Comparing SF¢ and C,FN/O,/CO, in a dead-tank circuit
breaker, hottest spot temperature rise is about 12%
higher for the bushings and 15% higher for the
interrupter for the gas mixture. Temperature profiles
are parallel along the interrupter. In bushings the
profiles are parallel for inside elements and
approximate each other near the terminal.

Calculated overload coefficients were 1.82 for a 10%
overload from 3000 A and 1.72 from 3500 to 4000 A.

The resistance of the main circuit in a live-tank circuit
breaker stays within 20% increase from the value in
new condition after various breaking tests.

Allowance for resistance increase after breaking tests
of +100% in IEC and +250% in |EEE seem excessive.

The overload coefficient of 1.8 considered for SF,
insulated switchgear is also found as valid for
C,FN/0,/CO, gas mixture-insulated switchgear.
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