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Abstract: With transformers widely used, the bushing clamp has prominent cracking and deformation problems as the pri-
mary component connecting the transformer bushing to other components, which affect the safe operation of the power sys-
tem. The development history of bushing clamp materials was summarized, and the cracking and deformation problems of
brass and pure copper clamps were emphasized. The effects as well as advantages and disadvantages of solutions including
heat treatment, surface treatment, and microalloying were analyzed comparatively. The results indicate that microalloying
can efficiently solve the problem. Nano-scale precipitation strengthened copper alloys exhibit high strength, high conduc-

tivity, and well corrosion resistance, which meet the requirements of conductive bearing and corrosion resistance of

clamps, and gives full play to the advantages of Cu-Cr-Zr and Cu-Ni-Si alloys in the application of sleeve wire clamps.
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Tab.l Performance comparison of 6061 aluminum alloy, H62

brass and T2 copper
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Fig.1 Bushing clamp and the most concentrated stress position
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Tab.2 Chemical composition of T2 copper %
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Tab.3 Mechanical properties of copper before and after cryo-

genic treatment'®’
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Tab.4 Chemical composition of H62 brass %
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Fig.3 Weight loss-corrosion time curves of alloy before and after

heat treatment''”
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Tab.5 Strength loss, elongation loss, fracture time ratio, Isg of

CuZn,Pb, alloy under different heat treatment conditions '’

e SRIEFE/ % MRKCRBIFE/ % W Tge

FE#F 1.2 33 0.67 0.077
Bk 30.7 72 0.28 0.424
iE 2k 6.0 21 0.80 0.096
ok 4.0 43 0.57 0.104
350 “CHF %L 15.0 36 0.62 0.190
450 “CIF 3L 2.0 20 0.80 0.057
550 “CHY %% 12.9 57 0.43 0.228
650 “CHY %L 9.6 47 0.54 0.195
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Fig.4 Cavitation erosion loss of as-cast NAB matrix and Ni60A

cladding layer in distilled water and 3.5% NaCl solution"”’
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Tab.6 SSRT results of NAB alloys before and after shot

peening'"*’
kL i3/ % F() /%
EE-ER 22.2
s 14.86
P25 -NaCl 18.9
155 AL 6 min-28 5, 19.9 055
ol
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15 4L 9 min-%5 11.8
oot 9.32
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Tab.7 Dezincification layer depths of HPb59-1 brass and Si

brasses with different Ni contents'’

a4 SEHE Zn 2GR E /pm B R Zn J2 R E /pm
HPb59-1 524.12 612.10
0.1% Ni fif: #5 4 486.07 598.76
0.3% Ni fif: # 47 398.63 497.49
0.5% Ni fif: # 4 436.31 522.76

3 ERAKRAMALELKR

TE 8 A Hh 42 AR i oo R R RO R ) JE R
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PR iR R M Cu G 4 .
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M9 kA o 3X IR BT AR N R A S ] AR
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AT E B Bl AL IR & AR B T Cu-Cr-Zr & 4 B bl A7
TEE G EIUR Cr Zr WU R A 8 4 Ak B ZeO, Al

871



Frfp il MR (05 &

2025 4E55 45 #4565 6 1

Cr,O, B Fa 8 A7 7, X A RHE 2] T AR G5 i AR, 76 1 1 1B
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Cu-Ni-Si & & e —F 12 B H Ui iE s e A 5 4 .
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AR R AP, AR SRS T B AL IS IR
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VLU FE B TR, AR A R R R A S R R SRR
[, 2 J5 LW AT [l FF, Cu-Ni-Si 4 4 28 800 °C & % M
450 °C X 8 h I i , HoAd B (HV )ik 5] 241, B 55K 3K 5|
24.65 MS/m. 2= % & T 7F 300~ 650 “CHE R A
A B 8] 5 Cu-3.2Ni-0.75S1 A 4 1Y 5 B A5 | 1 g
M Cu-3.2Ni-0.75Si & 4 76 B0 0, b hv o B A
IR B JBE ) 348 K R A M, SRR Y R R AR T 47,
Jeb 8 B T I R 4 h A AT IR B (E . R SR A%
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1.0% WA 4, & B NUFT SI R T i R 40 TR ] X
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L3k W T Cu-3.2Ni-0.7581 fl Cu-2.37Ni-0.58Si-
0.39Cr B F' Cu A 4 B 230 Ak 3B 1 i 19 A2 4k, & BLFE
Cu-Ni-Sid & FZMiEntds Crc R, RG4S
(1) 5 5 FIRE BB I S AR AN S 4 1) F 5% . SHEN
Y Y U Cu-Ni-Si A & AT T i & R HLS #1 ClL
B IR BE T A T 68 o i 56, &% B 76 il 19, Cu-Ni-Si
G ATE RS RSN, T R ) 7R 3R IR R
JE k7= A 2 ok R 5 B B R ok B AT S o
RBWFEAL, BRI RES . R, 6848 RTER T
— R B R, i — 2T A A 0 kB e T LT
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