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Study on enhancing transformer oil-paper insulation performance based
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Abstract: To improve the oil-paper insulation performance in oil-immersed transformers, this paper utilized
hexamethyldisilazane coupled with dielectric barrier discharge (DBD) plasma to modify cellulose insulation paper. The
physical morphology and chemical composition of the surface and cross-section of the modified insulation paper were
characterized, and the influence of the medium flow rate on the insulation paper properties and oil-paper insulation
performance was investigated. The results show that at a medium flow rate of 15 mL/min, the oil-paper insulation
performance is significantly enhanced. The dielectric constant of the modified insulation paper decreases to 2.5, the
flashover voltage and electric strength increase by 33.8% and 25.0%, respectively, the water contact angle increases by
194.3%, and the water absorption decreases by 44.9%. Silicon-containing thin films are deposited on the surface of the
insulation paper and penetrate into the interior of the fibers, which can introduce deep traps to restrict charge migration and
fill the fiber pores with hydrophobic substances. The introduction of the low-polarity film reduces the dielectric constant of
the insulation paper, mitigates the electric field distortion at the oil-paper interface, and improves the interfacial bonding
ability of the oil-paper interface, thereby enhancing the oil-paper insulation performance.
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Fig.1 Schematic diagram of the experimental system for

insulating paper modified with DBD plasma

o AR 75 mm, JEE N 0.12 mm; b8 57 4K 250
WA G H b E A AL TR A PR A F] L A
WHL N 2.2, T ARIIE DBD R [ B E 1 I 5K
PR A P 2 R 3 o TSR 56, i o HR R PR R
N2 kV, SR 5 kHz. AN T HE 78 AL B AT 5 i - 45
AL PERE A, W A8 AR I TR DL T 2D Rk AT 41 %
TR SR A AR R M M (E 130C FEAE T
FE 48 h, M G AL IR G A R E N 1015 %
UG AR AL LM+, FEE T 40°C H S T 1M
HLAHIR 151 48 ho

o 2 4% 1) T A IR B I8 A g 105°C, i DBD
JCHL 23 77 AR E AT BRI, T B A B O AR HORE R RE
TS, SIS R B, 24k H A A R L 6 min B, RCHE
RN R R (A3 4 2 AR R R I 105°C 5 1%
M AL L AR I A M R B 7K I B R e B B 3
SRR E N B, DR MoK A BRI R) 3% 6 min.

1.3 BUMERRE M 75 5%

K 56 47 A O 1% X (48 [E Novocontrol con-
cept 80 AD MR L L AN N L H . NEREE T
A Kb B 0T i 248 5 1 RE TR RS TR, 43 ) % Ak 3 T S R
st P D) 265 FL s 36 THD P47 Y0 It R AR Pl A P R AT
DU WK TR 285 H S IR it Jn 52 97 v 1 °F S T
“a Z i JRE b, AN 242 20 mm B35 B B AR 2 i
P T RE 5 100 v T eELAR AT L AR A, 1R PR 5 mm. S
B AE 25°C =R B 2SS AT, R LL 0.5 kV/s
THEBCRFFETI R E R NG RAE . AR5 IR
157K, 5% JH X2 % Weibull #5517 Hr 54 .

SR FH 2% T FAup AR R G AT IEAR R B T
0 2R T FEL A B2 FED . TR LR N 3 KV, AR
5 RS 2R T B A FE N 5 mm, 78 78 HE 5 min J5 i
K FE G % 3)) 22 Kelvin # HL 4R 3k (Trek-6000B %Y )
TN EEAT AR, PR Sk BE A 3R TH 2 mm.

SR FH Bk - 2R AR I XA ) R B, BL 0.5
KV/s B BT, B 3R AR o o 8 R 9 U B
DLRE R FE SRS S50 . R AR 15 0k, SR
FH X 2 5 Weibull #5274 7 B %45

OS5 BT JS R R TN K 1 78 A el K ik A
M EA(ZI-CAZ2 BD AT RAL . SLIEI K 1.5 uL 78
TR 7K LE M RE R T, A AN A D 3 I B ME .
N T IR A8 G AR AR B K VERE S DAAR BRI S (1) 44
G A K ZAE N RAE . WK Z M8 FH Cobb =M,
10 SR AREK I R AR A .

K BT B (SEM, Mira 4 ), 5 it %
() X 5 £k it 3% {X (EDS, Oxford Ultim Max 65 #4) £
Ao KI5 B T R Ak BT S A 2 AR 0 3R T A0 R
Mo 3@ B 20 Ah 6 38 A (FTIR , Thermo Scien-
tific Nicolet iS 50 ) 7 #7122 B

2 TREAFMISEIEER

B2 45 T DBD %5 2 A LR PR 12 W 45
HoE 2Rt . NE 2@ LEH,
TE A AP T8 H R S8 A AR T — A B T
W B TR 2 [ R (1 3 A S B I 3 AT TR . IE )
T HE K L A N 3.9 A, HLIE A7 K A 2 I R
FHIIASTRIE . B 2(b) ot =45 45 3, i 2(b)
R AR AT DL i rE 2 ) 2 B AR R SR ARAE
KGR R, S E TR SEFEE N Ar K
ARLT I %R B A BN TAE SR, Ar &
T 5 B i R R s, B O R .
REFHL T R A Ar 5540 1 R AR AR Btk 3, 5]
RS R OR I B, AR ROR B MR T M B
AR P 2(b) ' Bl A ) & SR W 2R, AR R R
N N,(C'TL,—BI,), iX #2& H1 T HMDSN 731 H1 [¥] N-H
FRTE S B b 5 K 4 7 B BRSO AR BRONHG,
1M NH, 75 &= e kL 1 R MRS ER R, 724 T
NH EA f& 300~390 nm 7 [l 4 J& T- N,(C'TI,—B’IL)
MINTCRE L, X5 LRSS S AR E K
U6 1% Al A AL, DR 7R i HMIDSN R e £ R ke
REEESR BN RS Wi N N SN/ L
R E]-OH B B 5, X & =S E MRS 5 kM
BT e,

3 BUMER

3.1 PIIRFRALFER S
3YEH TS B TR AL FE T S 4 2 40K T Y



98 AR

2026,59(5)

i E/RV

4l
, . . )
0 500 1000 1500 2000
I} 8] /ns
(a) LA

10

8 - _
5 ok Ar(4P-4S)
<
8
X
4
l_:l_i_‘{‘

2 -

0 1 T !
200 300 400 500 600 700 800 900
P /mm

(b) etk
2 JRH0HMDSN # DBD % & TR IR 45 14
Fig.2 The discharge characteristics of DBD plasma with the
addition of HMDSN
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Fig.3 SEM images of insulating paper surface before and

after plasma treatment

SEM B8 . H1 1 3(a) il %1, oA b B 1) 4 5 3R THI A7 7
VP2 YT R A EOIRES M, S IR AN IR R 1Y)
14 S5 44 , £ 4k 22 (8] 1B 5 2 T /N R 4 1) A7 AE
S A5 ek 2 T L AT B v (AR RS 2, AT A5 45 408 22 4G
HARERIEN. B 3(b) N HMDSN # i F 5
Y AR RO IE S, 7T LA AL B S IR i 3R
THT HH B K 2 A DR T 3 T 225 440, % Aotk T e &5 g 1) 1)

AZI B A 5 [ IR 8 ot ORE TR N 408 5 4R B0 OB < A
MZAREE K o G553 1 JT7n IO 48 4 4R T EDS #6;
T4 KT H, A B S BORE A B R E) B Si TR
JE 7B 3 L R BRI 5, ST R IR AR
IE FIT 80 pm , A FJF B & AT 1O N TR A B T A
BRI T -NH,.
1 DBDFEF{AAIEEMEREEA
SINFMTREEEN

Table 1 Changes in the content of Si and N elements in the
cross-section of insulating paper after DBD plasma treatment
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Fig.4 FTIR spectra of insulating paper before and after

plasma treatment
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before and after plasma treatment
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Fig.6 Changes in insulation performance of insulating paper

before and after plasma treatment
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Fig.7 Changes in waterproof performance of insulating paper

before and after plasma treatment
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Fig.8 Changes in electrical performance of insulating paper

after impregnation with insulating oil
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