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Long-term Measurement and Analysis of Radio Interference from 750 kV AC Transmission

Lines at an Altitude of 3 320 m

ZHANG Yemao, LU Yao, ZHOU BING, LIAO Zhenghai, LIU Jianben, CHEN Yulong

(State Key Laboratory of Power Grid Environmental Protection, China Electric Power Research Institute, Wuhan 430074, China)

Abstract: To obtain the radio interference (RI) levels and characteristics of high-altitude AC transmission lines in China,
an observation station was established on a 750 kV AC transmission line in the Qinghai-Tibet plateau at an altitude of
3320 m. A two-year long-term RI observation was conducted, collecting 920 000 valid data sets. The measurement data
for each year were classified into six weather categories, namely, fair weather, heavy rain, light to moderate rain, heavy
snow, light to moderate snow, and haze weather, and statistical results for each weather condition were obtained. The
study shows that the average RI at the Gangcha observation station during heavy rain and fair weather is 69.09 dB and
49.22 dB, respectively. The probability of RI being below 58 dB across all weather conditions is 95%, meeting the limit
requirements. The difference in average RI for the same weather conditions across different years is minimal, and a
one-year observation period is sufficient for determining the long-term RI levels of AC transmission lines. Furthermore, a
method was proposed to quickly obtain the approximate average value of RI during heavy rain by conducting short-term
observations during periods of heavy rain or snow, comparable to the average RI obtained from one year of long-term
testing. This method can be utilized to assess the RI levels of transmission lines, significantly reducing costs and improv-
ing efficiency. The RI prediction results based on IEC/CISPR standards are approximately 4 dB higher than the measured
values, thus the prediction methods for RI in high-altitude transmission lines need to be further researched.
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CLRSCA A b X A8 i F R B A T 5 R T b A
FREM B Rz P10,

P B TE It X (1% i L 28 2% TG 26 T 3
MR T KEM, T R REU2IRHK 0
TGS iE oy pri3-tel, S T —Fhi&E Tk
500 m DL A2 i din L 2R B 1) 0 28 R T R 0
EUT, ORI AL TR S . KT iR X
TUA RS, R QBN miE R e R KR
AT T 2R LLHE TR, FERH#
B/NHE TR T A R X F 3 RS 43 HT B
01200, (H i 25 TR %o v AR S P R i o 4R HL T
AR 2 BEAE G R A AT AT I, T SRR 1 S
BRIGEE B T HEAR I 75 B R &R RS AL,
TR — ELER = A HL 2R To 4 L TP I
el , A G i Sl B 50 Y s AR 4R i TR 2
HF R TI 7% . AN i Pk 2R B o2k e TPk
177N, BEER A E AR S, Bl S
BR[2117E K 3 200 m () Leadville #4717 345 kV LA
T RIGZR B O LR I SCHR[2216E K 1 935 m
A1277 m [ 2 2% 500 KV 7] 35 0 [1] 4 oL 2% B8 TG 28 H T
PO HAR I E P 34T T EREE, BE T 1 dB/300 m (1)
T BT AE IE T %, %777 E 4 TEC/CISPR
FRUERAN2], #2000 m B F. L 500 kV A2 DL
LB T A IR R B = . DA
TR, T TP A R Nt IE— H &k
HGORUS-201, [H N A CA o4k HL RS A, (H R
DL 2 3 E 3 000 m LA b SpifgdR  XEE . R i TR RS
i B PR B T 4 R T v e TN 5 A A D 1R R
2, HRZ&HRTHIMAEAR SRR, Fikia)
T A HANLIN, R EER [ v P X A P2k
FETCER LTI B ST S AR

FE % IEC/CISPR MIbRAEZLSR, A2yt o264 70
25 F TR AR I B B RAS D 1 1 R4, [E A1
KFFABZTE 1 £ b, FHEIRF] 2~3 4025201, X}
TP IR IX, KA XS 28 55 175 7
AR EE RO, BT A R AR, K
SOOI T 1 A K R AN — 58 fa B . el 21 2
T e U A DX R A ) L U 2 2% AR A, LR T
WA T AL, BB BRI, M DU KA R (10
SR o DRIk, a4 e 00 ] A R SR R 2k B
RHT K, OSBRI 5T 17

NI, AR SCHEF R L IX AR 3 320 m 1)

750 KV SZ L AR BT I T RFEE 2 SE LTI
KL, X EE 1 B2 UL It 70 9 AN [F) =k
TG T, 45 B iR 750 KV SSU A 2
TL T IAISE AT SR XA R )
DRSS RHEAT LU, $R el o e SO 0 e 3¢
BOIAUK R TILH TIE T BHA N TS &
J&i» # CISPR UK B EZAT B o e A TR T
SRR B S HERT T HE

1 RN u0NE 7 E

M85 S0 ks 57 T 7 ¥ 44 T B M R 52 LA e
== Z NI TTRRAS , WA B% N 2 26~ 14T I 750 kV H
[ 26 8%, WL AT 750 kV A [ £ 334 5—335
SAFES R EE T g, AR IR 5 i T R AR BT AT
R [9] 28 B 1 A 5 2 K P BE 25 54 me WK 3 320 m,
NIk AT e R X A0, A BN FIH . it
M E 7 RTINS E(H ETS 6502 AR
Rk 5 FCKL 1528 EMI WA AR KA BLZRAL
KRk, REAEA AR | UM FLERA 20 m
AE(TRIFR A “IUAHAN 20 m” ), EEHBTE 2 m A0,
Tk TR RREIAIRE A 4 s, —FKEL 1 min fFIME
ERMELE R, 55%0. KRG EH——
X INEE2TH G I ity ) AT B 1 s

NIk By AL B 4 AT EEE RS, F4;
N 6xLGJ-500/45, 1S4 2AEE 400 mm, —R
2k OPGW-90, 5 — i hZk y JLB23-100 £ 14N
L, EENIMHE 1 ZKFHES), k. A
SIS 22,5, 23.5m, AHIEKFEEE
N22m, HigNZ&SE&MmES M.
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Fig.1 Schematic of the measurement setup at Gangcha

observation station
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2 F1FEFRRSTELETHGIT o

21 FRXRSXIS

NIEZK BTG A 2021 4F 9 H Rl &
2023 4F 10 H, SER 7T 2 AR R ERIIEE, st
AT IREL 1 A, BB S W 53R T 92 T4
A R« LI s AR R 2 3 300 m 1) = FE R,
PR HEHIAZE, FENERD, BT, &
X UL 3t T A R AR R ARG SIGIIDR L, 25 RE TR 2k
HL TP R PR 20T 45 SR 270, % 2021 42 9 %2 2022
B9 A 1R R 4 NI R KR,
NF L RE L FNE, FEEIL 6 28, XHiE 0.5 MHz
MITCLE T ARIEAT e 2 HT

RAK g BRI RGN ELE R, H
HF RSB KRN 0. Hin AR IR IR FE TR RS
FEMHFEREGERABM: KENEREREK
#>7.6 mm/h (RSP, HAMBFESHIATH/NER
s TR H TP KA (heavy rain) {1 E
CISPR i\ NP% M #* (rain rate)0.6 mm/h DL 32 K
24, 3k R A R 2 T LUK BR e
FIER K AR ZE Immh LLED, B
Bonneville Power Administration(BPA)J Vernon L.
Chartier 5K R AARMEE X, {H 1~2 mm/hb A
Fe KM, XN RRE /NN E BEBMR A Sk
FIXAFE =P, £ IEEE FRifke KM 248
B Y %>7.6 mm/h8), AT L T Jo 2k R KW
JESAFEAR R Z 7o AL FE 2% CISPR Al IEEE
bRk, XFERZ 0.6 mm/h 5 7.6 mm/h PLEEZR
HL TG TH4E o0 AT 1 30T K A A
CasaE R e L RNTT R

T ] DA AR I 3 AR v T A8 I B H 2 B AT
KIS L RTE KRR, M
DG A LR R SRBLI310, T LB %
FXHBRE . WESFSZSHEEMBRISY, T g
THEE RS H TR SR
22 HRH

WIS I 32 B R S TC 2k FE R G it 45 SR LR
1, £H 05MHz L& TIMBE SN RI, HHpAr
“dB(uV/m)” f5H “dB”,

R 1 Al WIS G it i i RS ek
T R IL 438 775 4, LB T TFEME N
49.22dB, Fr#EZEN 291 dB, FIEHIETEE S,
50%fHN 49.16 dB, “VIMHS 50%{EAHY, 80%1H

N 51.44 dB. I RS EE T 9 —27.00~25.20 °C,
SFMEA 041 C, MXHBREETE 4%~96%2 7], [ &
£ 66.90~69.27 kPa Z [A] . If RS TCLHL TPl E 45
B 2 .

HE 2 AT, G KA P S E A
it 55 dB (IMEZR A 96.4%. X RS TCE B F-Hik
1T T IEAM KS #:56(Kolmogorov-Smirnov test), P
5<0.01, $#EFMKT a=0.05K4E, 1TLLHA NS

1 IFRAELHT RSG5 R

Table 1 Statistical results of RI during fair weather

24 REE/C HXHBE/%  RUE/APa RI/dB
AR N 437 670 437 692 437 692 438 775
FHIME 0.41 56.09 68.11 49.22
LRI 10.95 20.69 0.39 291
T % -0.16 -0.13 -0.05 0.63
i 5 b i 2 0 0 0 0
e -0.94 -0.97 -0.02 1.01
U P R i 2 0.01 0.01 0 0.01
e/ ME -27.00 4.00 66.90 42.59
SN[ 25.20 96.00 69.27 74.64
50%(H 1.28 56.55 68.17 49.16
80%(H 10.79 77.31 68.43 51.44
99

H 5 /%

i ‘ ‘
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7o £ B F #/dB
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16 000 |- .............................. SRR S yjﬁ
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Fig.2 RI under fair weather
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PEAIRIEZS 4341290, (ELE 2(a)H S s £k
ZHEIL RS MIEL, RN 1 R g T
P AT VEE KR 2y 1,01, 0.63, HbrifEiR
ZHARILE] 0.05 (1R FMEAKFE, 454 H 5B
A, G RA TR BT PR I AU IR A RS 43 A
23 K/

& X PEMZ 0.6 mm/h DLES K, Tok T4k
Guitai RN 2.

H 2 ml %N, FETRAE 0.6 mm/h DL TEZGH
THA EHEIL 8991 4, it 149.85 h, “FIFEN
%y 2.44 mm/h, AR TIE N 88.32%, Ttk
B EME R 65.36 B, FrdEZE N 3.14 dB, 50%
4 65.85dB, “FHIMH S S0%EHFEAI Y, 80%(H
N 68.03 dB. [£FIZ 0.6 mm/h LL_F A TEL B T4
Kl 3 AR

13 2 R 3w, FE Y 2R AE 0.6 mmvh BL BB,
NI To 2 L T4 3 B AR AE 55~71 dB, IR
HH IR BF SR, AR A AV B TE . A
REE, FETEL i TPt I AR R B[] P 7E
B EI O EZR), MU FRER, PR
W 0.6 mm/h KRIE N, 55 AF 2 B 2 1 Rr4k
FERN . M AIERE . (BRI E T BIRE, P HAE
0.6 mm/h LA_F I JEZE PR U IR AN IEZS 3047

IEEE Fri#fEsE SRR 4 Y #6>7.6 mm/h(28], ]
SOk A R R A F] 7.6 mm/h I )82, L RRS:
I A1 EEAS K, ASSCAE 0.6 mm/h DA b RS 25 v,
IR %>7.6 mm/h - H AT 5 RF4— B (8] 1 208
AT T 8, g5RE 3 R,

HH3 3 0%, Guit RIS st ok B R 64k
BT PR N 578 41, 2910 h, KSR EHZEN &G
B [ F% B AN 6.79 mm/h, BE/NT 7.6 mm/h,
T2k T 391E A 69.09 dB, Ffi%i K 68.92 dB,
2 HERRAN, XN 1.01dB, # 0.6 mm/h L) E
PN R TCLR LT HARiE 2 3.14 dB KIS, £
WA e AT .

X KR A & ) B2k B F P ge it &= A B
BT AL 2 BT, SEBRIRSGE RE, BT K
RS A RaE, “FHE A A 5 2= 5
IR/, R3CEFEES CISPR bRk — B KR KA F
BHMERIE T TP,

L 3 m] %N, AR B FOR BB R
TELE L T-ILE 69 dB 724 . H4lE CISPR bxif KK
RIL BT NAERIER 95%(H, RFERKW KA

F2 PRI 0.6 mm/h LU EIN LR i F PRS2 R

Table 2  Statistical results of RI with rainfall rates above

0.6 mm/h
, X AR/ WE/ BWE/ RV
¥ LREIC b T
FEE/% kPa mm (mmh') dB
FeAE N 8987 8989 8989 8989 8989 8991
SEHME 778 8832 6835 0.04 244 6536
bRz 3.50 5.51 026 010 537 3.14
R 007 -191  —-0.05 452 991 —0.88
RIEFsERZE  0.03 0.03 0 003 0.03 0.03
W iF -039  4.66 0.05 41.86 15569 1.09
WEERRUEIRZE  0.05 0.05 0.01 0.05 005 0.05
50%(H. 7.61 89.63 6835 003 129 6585
80%{H 1120 9253 68.55 0.6 330 68.03
800F— ; ' :
— | :
- s | I . RN LI 9 S | —
700 D%ﬂ%% || MME:65.36
AR ~:8991
% 500 rl N
X 400 E ! '
300 ) St ':' ................................
p 1] NG SN SO 5
100 [-rirreebenncs LR s
0 g 1 i “pee
52.5 56.0 59.5 63.0 66.5 70.0 73.5

7o £ i F#/dB

3 BERI% 0.6 mm/h L LB TEEL T4
Fig.3 RI at rainfall rate above 0.6 mm/h
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Table 3  Statistical results of RI during heavy rain

24 i f/mm [4 R % /(mm-h") RI/dB
FEAREN 578 578 578
A 0.10 6.79 69.09
bRz 0.13 6.93 1.01
RAMA 0 1.20 65.9
LA 0 4.60 68.92
WAL e 0.20 7.65 69.85
RKRME 0.80 56.40 72.02

YIKF, BERIHAE 0.6 mm/h L ik & KRS, B
LR TPk e HREMHOIRY, WBUE LA, PEM=R
7E 0.6 mm/h PA B JE2k TP i s Fl e g, ELRE
HFE RIS, 1 2 mm/h PR BRR
TEFR S A (8] (1 BB W R AL AT LUA E, F it
0.6 mm/h LI & Y 2 1~ H T0iARR KRS
LTI E K, H 7.6 mm/h DLE R R
KRR T A AERR 3281,y W 20000 3t e R 2
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7.6 mm/h PL_ERFSEES )/, AR HLRE S0 7 TH
Fre B FSCRE R 6.79 mm/h [FSEIE 69.09 dB
AR RS 5 K R AT TR

24 HUNFR
E X PENZ 0.6 mm/h LL R /N, T2 T
MGt R W 4.

MR 4 W50, Geitrgrh /e RS EESE 17 314
H, LB TITFHMEN 56.75dB, triEzN
4.10dB, 50%f{#y 56.75 dB, 80%fH>N 60.51 dB.
SFHMER 50%E /N 4 dB. H/NER ST E BT
A 4 Fros .

HIZ% 4 AR 4 mrEn, ISR /N R AT
T LT N FH A 1E 46~71 dB 2 [8], #d 4017
BlEA S R AN PR e s e -V € i P
MIEZS A, ol T PR B R K.
25 KE

BRAMBAGRA R T RIATICE, Lk
RTIGHa R K 5.

R4 FUNRRAEL BTG4
Table 4 Statistical results of RI under light to moderate

rainfall
S5 WE/C AR/ % SJE/KPa WE/mm RI/AB
FEAEN 17 104 17 104 17 104 17104 17314
SEHIE 8.31 80.17 68.33 0 56.75
bRz 5.16 114 0.27 0.02 4.10
o P -0.33 -1.27 -0.02 1180  0.13
i B R v 1R 22 0.02 0.02 0 0.02 0.02
I Ji 0.08 135 0.01 14126  —0.6
Vg FERRAE R 2 0.04 0.04 0 0.04 0.04
50%1{H 8.42 83.54 68.35 0 56.75
80%1HE. 12.83 89.65 68.54 0.12  60.51
700 - : —
600 / i B S A
Mk 2 Ml lblE | 291E:56.75
500 AT AR 24098
f D N:17314
:§ 400 | e - AL VNS G ——
:5 Al \
= 300 i L
200 Y
T —l "
0 -"':—‘HT .
46 50 54 58 62 66 70
JC £k H T $t/dB

K4 /R TEL BT
Fig.4 RIunder light to moderate rainfall

HE 5 a1, KERAFLLBETIEEIL
2325 40, “FHYIRE N—1.22 C  AHXHEE N 89.80%,
T BT M N 65.16 dB, A2 3.29 dB,
50%{E A 65.29 dB, 80%fH ~ 68.40 dB. K= KA M
T2k TP B 45 w5 Fros.

H# 5 FIEL 5l K& RAF B BTl
BEHARE 55~72dB Z[A], S ATaEETE, B 5()
1, BT 71 dB bR, ML
FIM A AEE. mEMETERE, KEXR

%5 KERALEKBATRGISESR

Table 5 Statistical results of RI under heavy snow

24 WREE/C MXHEE/% SJE/kPa  RI/AB
FEAR N 2291 2291 2291 2325
P -1.22 89.80 68.22 65.16
FrifE 2 4.13 4.19 0.31 3.29
T -2.52 -1.40 -0.07 -0.38

I FE R HE 1R T 0.05 0.05 0.01 0.05
2353 5.62 2.56 0.15 -0.32

Ve PERRAE LR 22 0.10 0.10 0.01 0.10
50%1H 0.27 90.41 68.20 65.29
80%H 1.11 93.40 68.41 68.40

0.5 60 65 0 75
T4k #F$t/dB
(a) ESHERR S RBMZE 0 A
200_ ........
e i ¥Ih:65.16
ks bRt 203,292
150 LA ] 2325
K | SR m
X 100 A St
& | *, ]
Sl A H] L
075 600 625 650 675 700 725
7o & HL T $/dB
b EHTHE

KBS RERTELHBETH
Fig.5 RIunder heavy snow
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ST TR IEL i H K 5(b)na]
A, KRERSEEER HES RS L BT
#1°4 70 dB.
26 H/NE

H /N & ORI AR 1 25 RN R
SRAETR, TLETIMGT 4R NE 6.

6 vk, F/NE RATCL BT HA R
3L 4 843 M, PR N-6.75 C. XN
83.06%, TGLZLHT-HTIIMEN 56.43 dB, InifEER
429 dB, 50%fH N 55.96 dB, 80%fH }y 60.45 dB.
HUNE RAMTEZ TR E 25 R W 6 Fros.

K 6 FIE 6 nlAl, oGRS T RL&HRTH
R3O AR AE 45~67 dB 2 7], 3 A5 Y L4
B, /NG RATEE TP AR A IEZS 73 A1
HUNE RAFEAENRT RN 2645, WHIRES
itk E . TR L, (HE&F/NE NE, ol
THRALLHETIEL RSN EEHRIE R, MK
KERSA BN
27 EEXH

FERNAPNILELB TG SRR 7. H
T AL, GUFHSEE RN LT IREEEIL 5
940 2, LTI TIMEA 50.45dB, FrifEZEN
3.12dB, 50%f#y 50.24 dB, 80%fE N 51.99 dB.
FH RN THES S0%HIEA—F, MHIHEEF
BB N 60.44% , B R SAHXS I H)-F 21 56.09%
BmAZ, MEFHERIALLETHFIEN
5045dB, AALLLF KACFEIME 49.22dB # K4
1.2dB, 2 #FZEMIFAK,

KA L BTN RS R 7 B,
7 M 7 AlA, 5558 RACF RE Tl &
I EATAE 45~65 dB 2 [A], B, Lk
HL T H I S AR 55 dB IR 219 92%. T2k
LI IEASPE KS #8504 P {E<0.01, ATLLAATE
LHTMARMIES M. thoh, B 7 HEEZm
SCIMEAR R T IES A MIAE L, TELBTHH5
A B Jo AR E > I 3.200 1.39, FU& R bRtz
ZRKT 0.05 FEZEMEAKPR, SGFAH BN
M, FERNTELBTREARATTE ERSM.
28 EXi%

BRFETLH TG 45 R I 8.

H# 8 AIAN, 4 KM N4 A Ak 3L
478 188 4. L L TH-T-351H N 49.96 dB, FrifE %
9 4.14 dB, 50%fE A 49.51 dB, 80%fE A 51.91 dB.

R6 PN FERATLLB TSGR

Table 6 Statistical results of RI under light to moderate snow

ZH WREE/C AR/ % A E/KPa RI/dB
FEAR N 4831 4831 4831 4843
P -6.75 83.06 68.07 56.43
Frife 2= 6.19 7.52 0.59 429
51 -0.23 -1.68 0 0.13
it PR 1 1R 22 0.04 0.04 0 0.04
6355 -1.39 6.67 -0.16 -0.67
U FEARAE R 22 0.07 0.07 0.01 0.07
50%fH -5.77 83.51 68.19 55.96
80%fH -0.19 89.17 68.77 60.45
300F : : ; :
—— ¥I{H: 56.43
=E3E S bR % 4.203
250_ ,,,IE,D‘]}?f.ﬁ .................................. N
2001 A
X i I ML
K150+ = b
B E
100 : H
"l (.
045 48 51 54 57 60 63 66
JG 2% F T $h/dB

K6 H/ANERATLE T

Fig.6 RIunder light to moderate snow
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Table 7 Statistical results of RI under haze weather
ZH WE/C MXHEE/Y%  SJE/kPa RI/dB
AR N 5940 5940 5940 5940
FHIE 2.77 60.44 68.06 50.45
bRz 7.39 30.75 0.45 3.12
I -0.30 -0.35 0.02 1.39
I BERRE R 2 0.03 0.03 0 0.03
353 0.01 -1.52 -0.09 3.20
V& FERRE R 2 0.06 0.06 0.01 0.06
50%fH. 2.76 7111 68.04 50.24
80%H. 9.37 90.46 68.46 51.99

REEE-27.00~25.20 ‘C 2 [H], AHXHRELE 4%~96% 2
8], SELE 66.90~69.27 kPa 2 ], 1 4FH i KAHNHE
FEAX 96%, AR AR IX TR B L) 100%,
XA R BN I3 B e S AR T4, RIEZERY
FHREAAHEEEARIBKR . BT RSEEREH
A 92%, BRI A AR S 1 KA AR .
TE R R 2R B B U AL, SR SR
R RZNHEZ, RICKH 2 FEL A 6931,
p=p,(1-H/10.7) 1)

p=p,(1- H /4433y )
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99

®8 ERMELLBTIGIER

95 Table 8 Statistical results of RI under all weather
90
80 24 WEE/C AR/ % SJk/KPa  WE/mm  RI/dB

A5 /%
3

~

5.0 275 500 525 550 575 600
Jo &k B F Hi/dB
(a) EAMHR I 5 BB R A

600 e :
Eom iﬂﬁ£045
] R 253,123
- Ik N:5940
400 . TE
L3 S I B A
x A LTI, TEEA%
X 300} ST O 4N RS SRR O —
% W L
200 , :
1001 e
Al i L,
45 48 51 54 57 60 63
76 2k W T $i/dB
b EHHE

K7 ZHERUELHBETH
Fig.7 RI during haze weather

XA py po AR AHERSE, kPay H N
R, km.

XFTHER 3 320 m RIS, (D) 2)ih
HARMSRIED BN 68.97. 66.43kPa, 5Hl5 1
PSR E 68.12 kPa AHZE 1.25%. —2.48%, (1)
55 g R E AR

TP (BN T, A 255 3% E L0924 1
AR

298
:@n+i% 3)

x 8 1 LRI EN 3.5%, HTHEER
ST TE, WIS, 3 320 m g R AN 25,
HEPIE 0.671~0.806 2 I8, HAEBMEET T
20%. B P& O K SRR I A X 2 S B T
HL 5 2K PRIV PR A A 52 T 1022321, T b 3R B 5 R 3R
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