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Preparation and properties of functionally graded arc extinguishing nozzle composites
for high-voltage switches
CHEN Rui, YUAN Duanpeng, WANG Yaxiang, HAO Liucheng, HOU Yafeng, WANG Ning,ZHAO Ye, LU Yinghua
( State Grid Pinggao Group Co., Ltd.,Pingdingshan 467001, China)

Abstract : In order to meet the performance requirements of different parts of the arc extinguishing nozzle during the installa-
tion and operation of the circuit breaker arc extinguishing chamber, and to improve the comprehensive performance of the arc extin-
guishing nozzle, a two-stage functional gradient arc extinguishing nozzle was designed. The manufacturing technology of this func-
tional gradient arc extinguishing nozzle was systematically studied, and its material properties were verified. Firstly, using Ansys
finite element analysis software, a two-stage functional gradient nozzle blank model was established, and the sintering process of the
gradient nozzle blank was simulated and calculated. The sintering process of the functional gradient nozzle blank was theoretically
optimized, and a sintering process that can balance the performance of both formulation systems was obtained. In the molding
process stage, a dedicated leveling fixture was designed to ensure the flatness of the functional gradient nozzle interface. Finally, the
functionally graded nozzle blank was prepared using the optimal pressing process and sintering curve, and mechanical, electrical,
and thermal performance tests were conducted. The test results show that the mechanical, electrical, and thermal properties of the
prepared functionally graded nozzle blank on the BN/PTFE side, MoS,/PTFE side, and interface all meet the technical requirements
of the circuit breaker product for the nozzle. The excellent performance at the interface ensure the basic performance of the nozzle,
while PTFE/BN side has excellent burn resistance, and PTFE/MoS, side has excellent mechanical properties, which are in line with
the design intention. The research results provide ideas and technical support for the development of high-capacity circuit breakers.

Keywords : functional gradient type ; arc extinguishing nozzle ; electrical strength ; interface ; tensile strength
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Fig. 5 Tensile specimens prepared at interface
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Tab. 1 Test results of tensile properties at interface positions under

different compaction coefficients

Compaction coefficient o/MPa 6/%
0.23 17.06+0.4 263.55+44.4
0.35 17.98+0.25 322.76+68.89
0.43 16.24+1.19 311.94459.71

Notes: o is tensile strength ;6 is elongation at break.
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Tab. 2 List of material characteristics of nozzles with different

formulation systems

Item PTFE/BN PTFE/MoS,
pl(kg-m™) 2240 2240
MW-+(m-C)] 0.25 0.255
NI (kg O)" 1 400 1400
MW+ (m*K)™'] 25 25.5

Notes: p is density; A is thermal conductivity; C is specific heat;

h is heat transfer coefficient.
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Fig. 6 Two stage gradient blank model
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Fig. 7 Simulation process parameters for two-stage gradient sintering

of raw materials
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Fig. 8 Simulation results after optimizing sintering process parameters
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Tab.3 Test results of various formula systems and interface

performance
Item PTFE/BN  Interface  PTFEMosS, | cormicdl
requirement
CD 2419825 2651422 289715  >19MPa
OMPL D 108i16 20255136 2548511 >15MPa
g, D 599.995100 633975110 64739100 >250%
MD  360.36+50 427.86£70 563.59+100  >300%
T °C 33245 33245 335£5 327410
E(KV-mm) 453 39433 3929 >30
A /% 4 48 6.15 /

Notes: MD is compression direction for compression molding; CD
is direction perpendicular to MD direction; o is tensile strength; & is
elongation at break; 7 is melting point; £ is electrical strength; A is

erosion weight loss.
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Fig. 9 State of specimen before and after tensile strength test
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Fig. 10 Microscopic morphology of nozzle blank interface
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