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Abstract: The finite element model of the overhead conductors was established and the modal
analysis was carried out with the ANSYS finite element analysis software. The results showed that
the natural frequencies of various vibration modes of the overhead conductors decreased with the icing
thickness increasing. A method for measuring the natural frequency of overhead conductors based on

the phase-sensitive optical time domain reflectometer (®-OTDR) was proposed, with which the on-
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line monitoring of overhead transmission line icing could be realized. A transmission line icing simula-

tion device was built. The test results of a commercial @-OTDR showed that the small-amplitude vi-

bration frequency of the suspended line was only related to system properties, not external excitation.

The natural frequency of the suspended line decreased with the increasing number of the coating lay-

ers, which showed excellent monotonic relationship. It was testified that this method could provide a

reliable solution for on-line monitoring of overhead transmission line icing.

Key words: phase-sensitive optical time domain reflectometer (®-OTDR) ; transmission line; ic-

ing; natural frequency

5 F

7S i P 2R O P ) A B ) 4 ) B R A A Hﬂ
FTHEHAEZMWMX MWIE M E 2 HEEE, 5

G ENN IR, P L LR TN LR W L E W 4‘5{%‘#{@%
450 2 45 TR B i B vk R i 51 R i SR s I 4
RONHE I fEERK. 2008461 H 10 H ,FeE4#EH |
FETR R 43 Ml DX HE B K s ) R 52 114 R B LR R AIG
AN 7 R R W o~ @ N A WL A NN 7 G
A0 55 Hb A H I R A B AR BB B UKIN 4 SR 2
P de o W R T VTR I S 22 4K L 2R I 1S
S S el A N NN U A i N e
10454275 , 5 J H Wk 52 7 8 R o i A7) 7 13 A 9% 4
3904278, 20214E2 H 27 H , 2 8% 25 S5 W,
R E P TR K R R AR, N R
BN Y 112 5 B 255 5 2% 10 TR B A vk ™
L EIFF 1258535 TIRE S LA IEE K™ E ;24 10
T IR 4R f Hz b, 8 2% 10 T FR £ i Bk ), ¢ 3 2L 3 146
AN G 7430 FUEHL R R DR Ik i i 2k
AT VK W I, B S R A EE I B AR B R R
IRy R e SRR N e 7] I (5 WU S o 1A
TG AR W BRI AR Sk 0 AR W vk A5
2 BT UK I e AR A AR S AL P 2 R TR HE e H
T 1 22 A BEE B VE TS A A e DL R
OB R IR TG ER AR LS M Y O £ 1% Ik
i J0) 0 20 A 2 2 S A TRk Sk, T ik R R R O e B
£ B OPGW ,OPPC ,ADSS %5 45 £k 1 6 £F % 5., I
HH BB 52 B 43 1Y A 0 2 )R B ) A
B, TG FH - W 0 s P i L R B . 4 A O
LT A% IR A5 R FH 42 55O 21 AF R 40 5 2 i 1 I8 T 1
UG SN, A RE & YU pe T ae
SRCTY GBS T H X AT S 2 A, AR AR
g b 5 BA R 2 B O 5 R SRR L e IR AE e T
VKW H AR A 2 -

W BOTDR . POTDR 1 ®-OTDR % 43 #i 2%,
£ A% SR R © 7 i PR 2 A UK B B 1 ) 46T ek JE A
T WL SR SR AT AE AR I 2 R AR B
MCEE M D0 A5 1) 1 R 4 B IR T 3 A BRI T 1
) VT B oL £ R S T UK DA R 7R UK R BE 5 R R O A
] I H B 22 AR B S5 25 G o Al R E
PEAR 7 VKA 2, ) DRy &85 SR ek 22 i, IR HROR B 5l
ok N 7 e T 2k A 9 T AR A 1 A D 7 vk R
BE RO R AGE T EEE RS TR
M B G E O s BRI B R vk
TEEF R AR RS LT AN 52 2 B8 A8 (R 52 ), G ik B
& L &-OTDR fl POTDR R A 3 19 20 A 7
6 £ R B0 1 ek W) L REAG I SR Sl B 42, AN E I KT
UK SRR, BE X A SR BR A S AT UK
Xof Hi P 2 A B AR 1 T X — A B DDA, 4R —
AT AL UK WS ko I ANSY S A RT3 #r 4k
% 4 e A UK R 2 R AT RS A BT R VKR
JE X R s T A AT AR Y B, R ) — A T
D-OTDR A %y HL 2 [ A 45 58 0 7 J57 v, p JHE 1 A 4
R A bk R B VKR AR AL . $5 B
TR 1 P R B KRS L ke T X K A
D ¥ B AT AT M, DL R 48 v 2 ok s ) 4 i —
Tl 4B B HR T %8 .

1 # F ®&OTDR W ¥ 3 12
B3

5 98

5 OTDR i 5835 6 A ], - OTDR H5 47 T
KRR A 1 28 2R SR TRAE i RGeS TR A I
ik G AR EOG F J5 A Y 4™ A Y S R )RR
it (Rayleigh Back Scattering, RBS) , 24 & /& £F #%
1R E I, RBS Y AR A2 AR X B |, I 78 A% BOL £F 2

S AN FAR S, A B A RBS B AH A 22 28 ) . % AH
B ®-OTDR K A 1Q fi# 94 . Hilbert 2% # f 8", = i



2w fig

AL 55 T O—OTDR B 4L 25 fiy o 26 1% 78 VKA 26 W il 5 vk 83

1R A7 i R A7 2 38 A B4 T ik A RBS R 5
o I R R AN SRR SUAL Y R EE SR TR R B X
38R I R A SR AR s %) A A7 25 Bt sF 1] 19 A £k, 28 0o i
A58 A R A e iy 25 SN AR AR 2D
) 5 A Ak AT B4R B A 5R B RR B R, SE
RN 1

YA A &- OTDR B BN 1 s . SR 3h
PEFH DX AT 36 8 — BB LT id b R fE R S EH IX
WG Wk —BOLLr e R2, MFMR I 2 A
[ %8 A A 25 AR B A IS I — & = A T A,
B Bk O T A S EOG A, 7E RLANFIR2 4k 7™
A RBS 9 HL3 1T LA A il s o

{

L+AL
E3UUp A el

Rl| E,, «f WIr |

—~

S ERDEB)

F1 ®OTDRXAEH
Fig.1 The phase discrimination principle of ®-OTDR
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Fig.2 Initial configuration of overhead power transmission

line
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Tab.1 Comparison of theoretical values of parameters
calculated by catenary method with those simulat-

ed by finite element method

Y EAN B Lk ik Ee) SIS w2/ (%)
KR /N 10 000 10 000.659 5 0.07
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5 i /m 4.5219 4.519 3 0.5
FK/m 200.272 4 200.272 1 0.0015
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der different horizontal tensions
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Tab.4 Equivalent densities of conductor with different ic-
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different icing thicknesses under initial horizontal
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Fig.3 Schematic of icing simulation device
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Fig.4 Time domain and frequency spectra of phase differ-

ence in three phase discrimination intervals
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Fig.5 Frequency spectra of phase difference after falling of

weights with different masses at the midpoint
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Fig.6 The vibration spectra of suspended optical fiber with

different mid-span sags
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different layers of coating with silicone rubber
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Tab.7 Icing index and reciprocal of its square root

W2 % BUKAEHn n ' f/Hz
0 1 1 2.267
1 2 0.707 2.067
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