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Section Selection and Mechanical Behavior of UHV DC I-shaped Composite Post Insulator
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Abstract: Post composite insulators are essential components for supporting insulation in ultra-high voltage power
equipment. However, as voltage levels and core diameters increase, large-diameter cylindrical posts face issues such as
uneven curing and cracking, resulting in low production yields. To address these issues, an I-shaped cross-section design
was proposed to reduce the cross-sectional area and optimize structural performance. A comprehensive evaluation algo-
rithm, integrating network analysis and coefficient of variation methods, was developed to simulate stress and
displacement under compression, bending, and torsion conditions. Four I-shaped cross-sections were evaluated, and the
optimal 320 mmx=250 mm design was selected. Prototype tests demonstrate that the I-shaped post not only meets the rated
bending load requirements but also achieves a bending failure load of approximately 60 kN, which is 2.75 times the value
in China’s relative standard;meanwhile, the deformation is half that of a @=220 mm cylindrical post. Under torsion, the
I-shaped post exhibits 3~4 times greater resistance and excellent elastic recovery, with residual angles ranging from 0.1°
to 0.5°. Finite element simulations confirm that the I-shaped post can replace ®=240 mm cylindrical posts in bending
performance. This research provides theoretical guidance and practical insights for improving the molding quality and
mechanical performance of post composite insulators.
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Fig.2 I-section design basis
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Fig.4 Size diagram of I-shaped upper and lower flanges
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Table 1 ~ Setting of material properties

ZH Ffr HufE
Ey GPa 35
Vo 0.33
Db kg/m? 2100
E, GPa 210
Vz 0.3
pz kg/m? 7 850
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Fig.7 The maximum displacement and maximum stress of
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Fig.8 Von mises stress nephogram of compression condition
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Fig.9 Von mises stress nephogram of bending condition
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Fig.10  Von mises stress nephogram of torsion condition
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Table 2 Subjective weight distribution

Y2 wil EE=5Y wi
We 0.189
C 0.350
[ 0.189
Wb, 00 0.023 6
b, 0° 0.023 6
W, 300 0.023 6
Zb, 30° 0.023 6
B 0.350
Wh, 60° 0.047 25
Zb, 60° 0.047 25
Wh, 90° 0.047 25
Gb, 90° 0.047 25
W; 0.122
T 0.300
Gt 0.122

R R RT B TE O IRIE T 5. A AR T
TREGS5/MEELL, BUEEmEBIERECR, sy
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Fig.11 Stress distribution in the cross-section of the flange

240 - . 55
L2220 mmPARPGFRP_
225_— | —m— R 3 : :
s | s
é L O HE3 : i ‘; )
= 100] ol G S S — — >
S % i <
B 80— — : 3 145 b
W 5 ; =
R ; 3
= 60| ; =
£ F 3 : K &
40 _ .................................. ................................ -141.6
20 A s
0 : i ‘ 35
0 15 30 4}5 60 75 90°

B2 B SR A A

Fig.12 Deformation results of rated load test
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Fig.13 Load-unload curve of rated load test
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Fig.14 Diagram of colloidal part and flange damage scenes
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Table 3 Destructive load test results of true specimens

REAT R Fy/kN Wicm
T3 0° 60.40 39.83
T4 60° 54.76 42.20
T4 90° 51.44 46.09
$220 mm [543 7 53.85 77.40
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Fig.15 Force-displacement curves of bending failure test

scaled specimens
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