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Failure Analysis of Aluminum Alloy Terminal Board in Substation
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Abstract: The causes of terminal board cracking in a substation were analyzed comprehensively from the aspects of
chemical composition, mechanical property, microstructure, fracture morphology and structural design. And
preventive measures were proposed to avoid the recurrence of similar accident. The results show that the content of
iron in the failed aluminum alloy terminal was higher than that in the standard aluminum alloy Z1.108. A lot of brittle
B phases (Al-Fe-Si) and hole defects existed in the microstructure of substrate, which significantly reduced the
mechanical strength of the material. The unreasonable design of the terminal board structure caused stress
concentration at the junction of vertical plate and bottom plate. And stress corrosion cracking was induced with
cooperation of the oxygen and sulfur corrosion medium. The galvanic corrosion between the aluminum alloy and the

capacitive voltage transformer (CVT) steel plate occurred through corrosive medium during service, which further reduced

the strength of the aluminum alloy, accelerated the crack propagation, and finally led to the terminal board fracture.
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Fig. 1 Macrographs of failed terminal boards on site: (a) fracture on both sides;
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(b) fracture on one side; (¢) crack on one side
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Fig. 2 Macrographs of cracked terminal board: (a) front view; (b) side view; (¢) under-surface; (d) fracture
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Tab. 1 Chemical composition of failed terminal board (mass fraction) %
WiH Si Cu Zn Fe Ni Mn Mg Pb Ti A
PR D 12. 39 1.90 0. 30 1.22 0. 09 0.15 0.41 0.21 010 4
ZL108 484 4 mbiEf 11.0~13.0 1.0~2.0 <0.2 <0.7 <0.3 0.3~0.9 0.4~L0 <0.05 <0.2 &
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Fig. 3 Microstructure of failed terminal board:

(a) crack free zone; (b) crack zone
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Fig. 4 Micro-morphology and energy spectrum of
needle-like B phase
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Fig. 5 Fracture morphology of failed terminal board: (a) near A side; (b) near B side; (c¢) at | area; (d) at ]| area
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Fig. 6 XRD pattern of corrosion products
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Fig. 7 The influence of hole edge space on the stress of terminal board
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