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Aging Layer on the Surface of Silicone Rubber Shed Removal by Pulse Laser Lift-off Tech-
nique and Its Flashover Performance
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Abstract: Organic external insulation, represented by silicone rubber material, has been widely used in power systems.
However, the long-term operation of silicone rubber external insulation material inevitably leads to aging problems, re-
sulting in a decline in hydrophobic properties, which has become a bottleneck restricting the reliable operation of power
systems. Consequetly, we proposed a novel approach to improve the hydrophobic properties of aged silicone rubber mate-
rial using pulsed laser lift-off technique,and investigated the mechanism of laser lift-off for removing the aged surface
layer of silicone rubber shed, as well as the reasons for the improvement in hydrophobic and electrical properties. The re-
search findings indicate that, after 10 consecutive laser ablations, namely, a removal thickness of approximately 0.10 mm,
the contamination, cracks and aged layer on the surface of the shed are essentially eliminated. As a result, the contact an-
gle can reach up to 158.75°, achieving a superhydrophobic state. Although laser ablation does not change the types of
elements, it creates a micro/nano composite structure on the ablated surface, and the height of the absorption peak of hy-
drophilic hydroxyl groups (—OH) decreases, both of which contribute to the improvement of hydrophobic properties.
Therefore, compared with the unablated insulator strings, the average dry flashover voltage and wet flashover voltage of
five insulator strings after ablation increase by 22.69% and 17.39%, respectively. Pulse laser lift-off process is the result
of the combined action of the internal temperature field and thermal stress field of the material.
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Fig.2 Schematic diagram of laser peeling aging layer

R4 LB

wu WP

sih)\

3 NS RIR LK

Fig.3 Diagram of flashover test wiring
2) FEARCHIARITEE N, B 10 k5 20 &

B, &1 CA L2k, HAHE & T 1400,
FIES 10 K, BN RFHEE A 4 000~6 000 mm/s



2532 e B R 2025, 51(5)

B, SRR MR BB EACIRE, R B IR R crtsize

4 0.076~0.100 mm, JERLNHEALE CZEE, & ciigrs

BB AR IR R R B, 5 SCER[ 7158 WA 1) —En

HIZ R —3 ;=%%%
3) fEE 5, RIBSTHT 6 SAGTPAERITIK =§ﬂ§58j§

ﬁﬁmﬂ S PARBIA RN 73 A1, B /K PE N HC6

T GWOERIEIGE, KT EERI S 53 fEA
W, MKPEIRF] HCL 2. 11 H., oGR8
AR GRS R A 2 TR, R B AT
T 1 SEds T, EHOIER R K WA
B TR, RFPOCTESRI RGN K 5 T B A
HIE .

RERFERI B GRS R T H BTEERe ), SRR
SRS A PR TEAE Fh R TH K /K R L
— Ui P BRI 1 em ACZHE T T, EK IR Tt 72
RS R T A S0 AL, 455 6 For. HE 6
AT, BUOKTEIERE SR TR I R 42 11
o3 AR I E - [FIFE IRV SRR 5 IS,
TR BN AR LK A 2B R TR, e RIBS 5 1
FM I AR R (0 BB RO
22 PRHBECERI B EERE MRS

28 Rk R IO ) B I RE ARSI 4 T < 4 3R T Y
KMERERR, ERERTHEKRE. RRAH
FERI BSR4 R OB S 52, SR SEM X} 6
UL B AT S PR TEEAT 7w, 4R mE
T@)—()Fin. HILAFLL iR

D 5Hdasg ML, 6 S4% FRZAHE R
MR T REFERF 4 TR LW 1 ]G,
D, IR — AR TN — 4 KAk (A
Bl 7(c)). HIRPAT LRy WotRI S R i) &
RERK 1SR R T A RS, S0 AL IR 4 R
KL KA R A TS G, (R DAE R T
FRAULR R AR T -

2) BEERIBRE RN, @% PR B
A5 Y5 B E D . 438 10 U547 0.1 mm), R
CloE A, WK 7(e)Fin. XfEHE 7(a) K B
RS IR R I S5 4k 7R CEEA—E, AR
SHERIMENZE O L. HAERRIZAZER T H
B 1SR DRI ST R B R T R R 50

3) EE 7(@)FE 7(e)h, 1 S4% FEEIER
JEFIRIES 10 G 4% TAB R 3 B &F 5 M
YORFTRL, 7050 BHES T /KT IR . BRRh 25 S 4k 9k
TEVRG A R 18], T8 R A <R e 5T

P 4 fioh A I -4 o P2 AN R B AR R

Fig.4 Variation law of CA with scanning speed and

peeling times

o
a2

WO B Z W ERTE

. 96.00°

(a) 6 TENLL T R E AT
LT emEN |

(©1 v?ﬁﬁ%%?iﬂ%‘ﬁﬁ (A 1 SHLEETHE)G
BS  WOLRIB TS 485 T I3 KA KRS
Fig.5 Morphology and hydrophobic performance of

(b) 6 TG TG
» BOCKIEAIRE

the insulator before and after laser ablation

(2) B JERM (b) £ 52Kl

(c) 1 KRR
Bl 6 B E<AR2R 1 R 8ISV Re A

Fig.6  Self-cleaning performance of the shed surface after

(d) 5 KR

laser ablation



KT, BB, MR, S Bkeb ORI BRI R I AL)E S L SR 2533

(d) BOERIES 5 1K

B R

G2

e

() WOLRIE 10 %

K7 BOCRE TS 4% T R I RO
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