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Fault probability calculation of transmission line considering ice melting factors
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Technology, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The impacts of internal and external ice melting factors on ice load are analyzed according to heat balance
equation of ice surface, and then the landform factor and the increased equivalent radius of iced line are taken into account
for ice load and wind load calculation. The measured meteorological data such as rainfall, wind speed, wind direction,
temperature, the power grid operation information, and the monitoring ice thickness information are used to establish the
icing-thickness growth forecasting model of transmission line. The framework of icing fault probability calculation is
formed via the icing overload mechanism of transmission line. The combined influence of icing-thickness and wind speed
on transmission lines is analyzed from the standpoint of mechanics, and the fault probability of transmission line is
achieved using exponential model that reflects metal bearing limit characteristic. The actual example verifies that the
calculated icing fault probability of transmission lines is consistent with the actual fault trend, and the model can fully
verify the correlation between icing fault probability and the actual weather condition.

Key words: transmission line; icing; external ice melting; internal ice melting; fault probability

PESES: TMT32 SCHERFR UL A XHHRT:  1674-3415(2015)10-0079-06
I, RIS FE R 78 DK I RS PR 38 B LR A

M, LK ICE RS T A 2 A B,
MRS T AN G S L R SRR 1, 2
AR L R 5 AR (1 TR

R CL R 5 i F 2 it e ) o 22 A

B Ty G R LA R R R I (SR
BUKIE AT S GBI B EAT K g, R
M ORI RIS . BT, Wik, Bk e B

EEUH: BRORNEAHAE A FARBL 08 HiE
T8It R AR EARR” (DZ71-13-039); db 7 RAFHE
A B3R B (3132035)

FUR, T VIO i B 2 e (1 s M 50 2 23T
RPKEEARBER O, UK A5 T T, K
AR VKRR T R SR A g s s 4t
TR LA RS ST B UK 5 R L i e 4 ) (R R A
SCHR[9-10150 B T UK A B R w2k i 45 e %
IR A, I AR = s S A ge v Hid



-80- CE R R R EEL

VKOS 2B RIS 3 (K R, AR UK IR AR SE B
LU HL Iz A7 N B i e 6 RSO AR 8, T
FENL T U AR A . SCRR[ AR TR IR AE S
TR B LU UK I I I 23 30 AR 5 A8 FE0N 2 5 1Y) 7
UKJRIE, VP Eet 32 T % T INE . PSR
B0 LR AR R A, (BRSBTS
FUK IR 22 (R R g . SCRR[ 1218 T3 A R & 1
UREEAT RSN N VKRR X BB e, 4T
X[ it [R]— I Bl REAL T AN RO VKR AR I
DL, TS TN TA] R B 2 e, (Hi% S
NSRS RSP ATTR

A MR ORI REAG 2 A SN R UK
B, ARJETH 2 Rk T2t MBS DR 32 A g 4
PSR UK RT3 A UK 8 LA 25 18 B DK 5 S 3 k25 2K
SPARBE ORI Ay, RN T KRR A A 1
A SEHERL, PPAS LR B VKb . B 7800 %
JERLUK A Z Km0, IR INFBERBtIE . AR N
FHSRIRT VLR KRR R ST S B oR

1 HRLEEASERITE

1.1 BEERRE

ok Rk oK I R REAT ) 2 a0 b, AR ERIR)
T FL R S KIS AT, AR R K R S e L B
THE ;s BAFEBUKNUIKR > FALE, 234
UK K Z R S o

P L RK IS BB AP R, I VKR T
PRI A

D+ D, + Dy, =D + D, + Dy, + D (1
e &, WG AR By @, W™
EREEIG Dy N T WK B S T 49
T O N TR AN R PRI 2010 7= AL R R
e @, k) FEARMNPRIK 53 72 KM 7 A v
s Dy, MK IV HI KM FAEN R T B 7 A )
AR g Ry T R F R SORBH 2 T8] 77 A 1 44
R SR T T S 4 S e A 2K
1.2 NEBRAK

Vargas F Bejan 78 VK T LUK FE 7 9 ANBY
Bl B BURTE S ke S E I FREK,
BB, Sk LRI KR B A KN R . FEN
R Y Suy il S A R S R T W)

QMELT = (d)l - d)c )AL = P; (I+ CP (Ts - 7; ))AMELT @)
At Ar R RLOKES TR, 5 Qe 2o NRLVK T
TG p, WEIKEE, gem’s C, WIKKIEE
LERAE, J/(kg-°C)s  Aypr N FERIVKXIBLRITR,
m’; T, VKUK R T, A ERRE . 57

&, UL & it BARNILP I R LA 0,
At S L S KA OO R B A
X= AMELT/D 3)
L. DAL AR, mm; KT, & x> R W,
LRk R AR, R KR
QU HAT B RREL KA 5 R BEAT ELEL, HIlT
FERTRAEMIK . RRAMBOKE, A1)
25 N BB RIOK AR AT 453 31 2% FE Rl K PR 3R (R 78 VK FE
W=pg[10° xR, (R, + D)~ Ay, 1L, (4
e R AT UK E A2, mme KRR
UK, R, =0, WIRAZE.
1.3 SMERRAIK
RAATENG, HER TR, 250K
50 TH PR S 0 480 A AR ORI R it T ) 151 58 45 S 48k
Pogl o> 2 L VOTiRREE . (35 I8 AN
REUKINE, A
P+ Co(Ty —T))AR g 1 =
(Q)SOL - (d)c + d)s + d)E + d)w ))At
R, AR A IKAE Ar I D 072
1.4 BKEEEK
B Al 21 1) TR 250 T X S 7 K, )
UKL ER K RAR A

M= oS PG (©

A AR NSRBI )FE, mm;  p, K
W, glem’s S, WWEAKSRE, mm: ¥, B UK
(EIRGE, mis; W, = 006785 g 1 145 < (1
BRER, gm’s o W FHRIRRFFE ), he
RIS XGRS LA LSRR R, TER
P JE A T LU 5 e AR I /K T o] B R [
Ut RS MR S AR AR E, $ 5 oKk

i
E= 1/[1 + 16/21/) (7

Kf: C=1.64; v AHTFIMIBIIHRIE, FUATEL
v=132x10"m’/s . FEAPKIEZDRIKH A
d ERNFAKR, SEHRARE, FNIEHEE T
i DR 2L S5, BT XU 1T R 30 IR\ 25 b PRS2 i X
H, A IKIE, T RIS A E N R 2 .
A& 1 S5 1 78 DK JEL R B AR TR oy
1 < 1 3 3
AR:E;W\/(pOSj) +@B.6V W) (8)
vd
Kb, a WHOTEREL, s XS 1 55 XK i H e

©)




KOk, 55 B RERLUKDN FE I rL 2k A DK R B - 81 -
AN o RIKRIIN T o, -
FEMLRE Y A b, 78 VKB RE TR BT N T XESERS P2k, % 18 B AT B AR B s TR
CAEIKSEMESE, DR wIf ks SINEZEM B, R4S B B s, S
S 23 Xk L AR s B AT RS ) KT 2 1)

R,=R_+AR 9)
X, ROASEMME VKR, mm.
1.5 BkMEXRTE

W 78 UK AT B AT LR B I S A, 2 RE A T
X £ B A IR, VT S 2R H L, IR VR T
TEREER, ORE T I A B R AR AH R — Bt R, AR
MTE S 46 EOK AT H W3RN

=V + £ +G)2+F12]% (10)
Kb woABEIKGE, Nims F o FEAEKT 717
b R KT 3, Nims Fy 2ok
[f T LTI 1R XATEG N/ms - GO
Lo HE, N/mo nJ i1 Mo 3k

W=10"xpmng R,(R,+ D)L, (11)

E=Hﬁx€?W@&+Dﬂ“ (12)

E=Hﬁx%¥ﬁ@&+Dﬂ% (13)
-3

G="-rDLpg, (14)

Arbe LK, my g, AEIIERE, HE

9.8 mis’s p, WANEE, gem’s ¥, HAKF i
b T ) R, ny/ss Y, Ok EE LR RS

T, m/s;  p N FERERE, glem’.
) 2 2R ) oK R EE 3
y=4H/nD’L, (15)
T EER FH C AR S N 2B 7K1 Y ) A AT 28,
Eﬂ%ﬂﬂfﬁi%ﬁ%Sjiﬁﬁﬁﬁtt%ﬁ(i_ﬁ??JEﬂﬁitt%ﬁ)gmLJ
MBI ) o SRR Ty, TR 2R

A5 75 R TSR AR £ % DK X 28T 6 B A 1K R FR) N
c,. WA BA

Kg. I’
=m—0m+aE(tn—tm) (16)
B=Ey'I* |24 (17)
W PR TTRE N
c’(c,+A) =B (18)

R K LB REL, 470 N/mm®s o
BRI R L, WA 1/°Co 1 EeiAE,
B my o, 2R LB AR DKIA T T (L A
L ORI IGO0 IR o A 3(18) nl F5 2k i

p =L.e (19)
yl
AR AT RS T 32 2KF N T
272
GO = an + 7/ im (20)
cos” B

BT RS, R R ek Bl £ a2 DK
FEWT MR B 5 LR KN ) o ZIAIIIR AR

b ={K16m’ 0, <0 21
, o,>0;
by NEEREG K NHE
Rt X Boh BBREBL R — MR 7Y, L
B BOR BRI, 2 AR A s . RS R
HR s SRR MO R

P(t) = IIFIP@) (22)

A P ABART s B() LRI 0 BUE ¢ I 2110
B R A

2 BIKBIERITEESR

v pL 2k 7 DK R SRR I I 1 P,
TG 4 DB OFAG BN, QL& K/
[\ 5 e s R £ B -

#
[BLvkat T iR & HamLJ%ﬂmw%ﬂh&Lmeua%A

|wwW%mwmmmme;ﬁ%%%@%lwmme:mwmu JER|

&
<GB

»| VKRR T= 2nR-Ayiur |
VKK Mok a5

R

A
[P LLRIUK, WO N (357 PRI HBR | b vt 57
B s R R IR

Fig. 1 Framework of fault probability calculation




_82- CE R R R EEL

RVICIRES PN @7 UK AT B R AR AR5
@ BB UK R DAY

BEAE BT L EAME B (PR, i
K. SEAME. w1 RGN
IR, SERAIERAL PRHsITN . 2tk
Kot 2B AE) PR RGBIE. 3K
JEEE) RIS R RT ARV RZS R RO
T AL R AR A S S P S
IBATE St UKIE RN IR . BUKRIICIRAS A
WA B IR A PIRES DL R SR S B b 3 4
VKRBT, IR A TR . &
DRI AR AR SRR P 0K 5 P R AR Y
LK A A SRR 2~ KT B R B DK RS, HEEUK
Bitro B UKNBEATLA R PL A, DIZkE T iR
RPNV 2805 A P A v e i R <

3 EHEHISHh

FRAE DL B 2 SR AR AE S, 5 RE Rk
PRI R 37 1 78 DK B M 2 A 28, ) 3 220 kv
Ty 2 B HEAT S 0 M . SRS LG 400/20
Bk, MXRSEEA ST AT . Kbk
B B, b5 R able/dle, RN RS BUITAEIX
BHUE R IO R R DL AT RS e A 22
G AMIE], EEL S BESHUNR 1 Pos. s
I 240 RAAALSS Bl 2.
*1 BRSLKSH
Table 1 Wire parameters

a B bB o d B e B

AR /km 0.6 0.4 0.5 0.7 0.8
% R 0.6 0.8 1.0 12 1.4
FE3E = 22 £1(°) 15 5 10 15 20
JERUEZ R 0.6 0.8 1 12 1.4

R 78 K JE P PO AR R, 2% RS Rk ER 25 1 52
Wi, ) 738 24 BB A i P AR 2 T 7 DK A 8 A T 2
wE 3 fis.

ATDUE Y, TR AR 2 B 14 4h 7 VK
WA Ko FH TR 8% e DX 38 R AT i I B AN %
%y GBI B HROR TN T A A O, AT
PIVIURE UK REAE— RIS /NI ARG . R, 52 Hb
TE R B N IAEE B 52, 261 a b P BUEIK
AL ov dy e B/, 75 12~19 h I 2 JCIE
o BBt a, BRI N MR AR LR I &R
B, 5 TN D % B S ()38 N RS
P& i T O N T P AR 1

-2.50

=275

ERARN

o i
5 -325F
#
s 50\/\ / < \'\ -
’ — —.—/.\
-375F ]
Y I
2 4 6 8 10 12 14 16 18 20 22 24
t/h
55
50

[ i it /(mm/h)
5

/WK/\ Y
6 8 10 12 14 16 18 20 22 24
t/h

_.
S wn O

T TrrrrrrrrrrrrrrT
I\)/

EN(3

8
7 -
6F YV/( i
st " i
E/ 4+ %\/‘\ x\*/ \ )/—x
: J A\ "/ \
iF V%
0 é 4.1 é .8 1‘0 1.2 1‘4 1.6 1.8 2.0 2.2 24

t/h
2 REER
Fig. 2 The measured meteorological information
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