52 % 5 HH: 2121-2130 e HL R AR Vol.52, No.5: 2121-2130
2026 %5 A 31 H High Voltage Engineering May 31, 2026

e s RHEEmE TR E M IEHIm It RE

BO#, ks, A OHL aks, HEFL 2 4
(1. L EEHARARELE LR T (EARARFRAIAEFIR), TR 400044;
2. B ER T & A NG KN AEE N E], F K 400000 )

W OE. ARG SR B T W &/ AU % 4 )@ B P11 H 2k 7% (gas insulated switchgear/gas-insulated
transmission line, GIS/GIL)H S 4G A BHI) 124k, 2 BRI AR R, B UK MBI 5l N s 5 45
Fa BT P R BRSO 4%, R H L O AR 0 s A R ARSI S S R T . 1 S TR S 3 P ML R0 e B
MIRENIATE . BTG IE=MATE), FaATn R 5ol & 100 55 5 20450, T J3@5d 3D 4TEnSS &40 5
VEVE L 25D AR B R A IR A IR ) % . BTSSR NUIR S5 (KA B2 rTEE O AR T T 4
REXT R SE M SCHEAE T, THD AL/ A TR 4 AR R B BE 2y e v, 43 D24 2.77 MPa 55 7.51 MPa; SR FH IR LI A0 A i
SRR R B BERDRE AT DLLRAIE BRI 3 28 2 B v (R A Sl A I 551 SR [B) SR 45 R s iR s R 2 5 30
SER S R L AR R B K B KB R 43 A 991 95.5 MPa, AHEL T4k IESIELI A 57.6%. 27.6%, Wi
KRBT T 29.2%. RVIEMMEE ZEH GBI NSRRI R B8R AT, WTITRFA R ERE: BLA,
il 4 PR A IR AW IR R — e 48 2% ST AV RE, D i B )R &R I GIS/GIL IR a2 S 1 AP R
TR B AL TR R 5 T 1A

XHER: FRENAR: OideEA R iR B AL MUMRTERE: GIS/GIL

Enhancement of Mechanical Properties of Electrical Epoxy Resin by
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Abstract: To enhance the mechanical properties of GIS/GIL epoxy insulating materials, we prepared a composite epoxy
resin with a biomimetic honeycomb metamaterial skeleton structure, drawing inspiration from biomimetic metamaterials
in nature and introducing the concept of metamaterials into the preparation of high-voltage insulating epoxy composite
epoxy composites for the first time. Three typical honeycomb cell configurations (regular hexagon, regular quadrilateral,
and regular triangle) were designed and comparatively optimized to identify the optimal scaffold configuration. Subse-
quently, biomimetic honeycomb metamaterial composite epoxy resin was prepared using a combination of 3D printing
and resin infusion technology. The research results indicate that the hexagonal structure of the metamaterial can maintain
its support function for the overall structure under significant deformation, with the highest in-plane/out-of-plane com-
pressive ultimate strengths of approximately 2.77 MPa and 7.51 MPa, respectively. The dual-curing resin matrix and
preparation method are used to ensure good interface bonding between the poured thermosetting resin and the skeleton.
The bending strength and tensile strength of the biomimetic honeycomb metamaterial composite epoxy resin reach max-
imum values of up to 99 MPa and 95.5 MPa, respectively, representing increases of approximately 57.6% and 27.6%
compared to pure resin, with a 29.2% improvement in elongation at break. It is demonstrated that biomimetic skeletons
enable stress transfer and enhance the mechanical performance through optimized load-path design. In addition, the pre-
pared metamaterial composite epoxy resin has a certain insulation and heat resistance properties, providing new ideas and
directions for regulating the performance of high-voltage power equipment, especially GIS/GIL.

Key words: epoxy resin; biomimetic metamaterials; honeycomb; skeleton; mechanical properties; GIS/GIL
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Fig.2 Deformation patterns of honeycomb structure
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Fig.3 Stress-strain curves of metamaterial skeleton

structures with different unit cell types
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