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Time synchronization and its application in substation
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Abstract: Time synchronization is very important for the fault analysis, supervision and control and operation management of
electrical power system. To explore further application of time synchronization technology, all the available time synchronization
signal sources in the world and practical time synchronization scheme in substations are introduced firstly. Then the error sources of
time synchronization are analyzed and corresponding countermeasures are proposed. The application of time synchronization in
various areas and its future are pointed out. It is pointed out that GPS remains as the main time resource, time message together with
pulse signal is still a good solution to get high accuracy. IEEE 1588 will become the principal way to achieve high accuracy time
synchronization in the future; BEIDOU satellite navigation system may provide another reliable time resource; new functions based
on time synchronization, such as sync-phasor measurement will be developed furtherly.
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JbEHIX B TCER BRI FE WWV, WWVH, WWVB.
WWV F1 WWVH 55 B — R ORFFZELE 10ms DI, {HER
H a3t A R B S WRAT, U AR TFES,
HAEFHF A RS WWVB K5 BT 60 kHz
MBS S, BELE 1os IR, HEBERER
B GEEAETHBEARSZIEERBEHET
.

H135 E Y WWVB 2846L, 1 [E /) BPC., [ Y MSF.
EM DCF. HAM JIY.. B-H HBG th k2 did
40-70kHz IR E 5 RiZE A EMFRHER AR

Loran-C (Long Range Navigation iZfESA1)
MR ES, MAREBESHEEREES. B
RETEXEEFWMEN 100kHz, WA Z I H
BT

OMEGA B RIR L H Loran—C 25, THELE 10~

14 kHz, {EFIBESEFLURIE, HENKRTUREE

ATLLER| 2~5 us., FEFSEBNBRNEREL
HFHEERENE.
1.2 DEFHR

PEEREMNAFE—FUUAEHER T E N
A RE R SRR TENTRBINMELRSR,
AICASEIRME B SAL. e fe. BRrttA L3 E
HRER GPS. RF K GLONASS. FR#={a) B
ARl FEMIISNIEERSE. EEP
GPS 7E B HIBRN KEE . RAETHM., AP RE
PR E S T SRET IS, ERAREFN
F& W,

1.3 MERAt

W & B [a] Hpi NTP (Network Time Protocol)
PSR 8] B P 4% B[R] B SNTP (Simple Network
Time Protocol,) &1 A &3 ) [E B BB M B (a) 4%
HH. NTP BT TCPIP thilik, KA TEN
RS E S, RN EAE 1~50 ms 2 (8.
M SNTP & NTP #)—/ME AR, ®FH NTP E 71
Hik, NATHRENMSE S, £ IEC61850 FME
R R E S PR SNTP, ZELZHIER T, Hig
BERT LMRFFZE 1 ms W2,

MEIEFEH 2T B 5 N FER 2 IEEE
1588"*, IEEE 1588 MEEA ISR F 4 fi 2N 4% i
RIBRE AR 50 5 A SRR, AN T2RA
BARERMUKMI . B X T —F Rk E Hhil
PTP (Precision Time Protocol) , XM “E&” Htht
5%, £ MAC E#HTRHRIBGER, FTxthndE
AMEHALK A ZHBARVI AR BLRRETHIE
AR PATEE DL R H A R R & P IR P 3AT T A
MEFL. 20K, XA IEEE1588, Bt&hFEIEHIE

WREEATLUABIES 3 wsbA TP, WwRERA—EM
IMEEE, REERET I — SRR

2 HAXETHE""

2.1 BkixtEt (X AT)

FEEHMIK{ES PPS(Pulse per Second, %t
1 k) 4Bk {E 5 (Pulse per Minute, &4
Bh 1 ANBkHD o FERkeRRFIA GPS gt e —A
Bk AT R FE P RHE, k185 UTC (Universal
Time Coordinated Bt FE0T) [F]25 HIRT [RIHER R
&, EIHERRERREARART 1 us XEEASH IED
B F I 75 R Bk R A GPS B i &b
—ANEkeR O AT Rl RS .

- {EEER 4K RCS—-9000 F1 RCS-9700 AR Y5 B
FURGEF, R fESHTUELIHESTE SRS
RS-485 ZE 55 E1%. T RS-485 mEfEIEES
Bkt 55, AT CARASSEE % 4 1IED MIstRt, [
BRI T XS SRR, BH— T itEE.
2.2 BIEXAT GRAED

188 £ % B S T o £ O A A R A S DA SR
IR FER & 1ED K%, IED W FEIR &
FEWURECSET EN4PE R, RRIEHCHINE, U
REFESENEMFES . Hlin DL/T 667-1999 (idt
1EC60870-5-103: 1997) fJ ASDUS.

2.3 FEEXET

o (B4R SR KPS SR A R — R H e
EHXTI T R — R E S SER BRI & H I F
RHITEIRIC, T IED —R R e F kX HE S
M/ BW BN R, 1ED BRI E, R
ERHRMREIE, WAL ERE, TSR
Hin—: WREMITHEETE, AN LR
R, WD ERFEART; SRR, ¥ IED b
FKUTHVH, BEZEMES. IED K2 S,
RESBUERPS U LM, Z2MRUTHRTHH
REARZE,

2.4 YRASXTAT

AT E S H LM, BRE KL IRIC-BY,
HIREAIEREFFER. 1 kHz EZBHESE3
1 ms MIXTESRERE, JEMABIE SAIEBI ARG, 3F
WHIWN TIL P55, AEARIEERKRNGE.
P B 4K OR P 2 ) GPS 3= 4T LLIEE RS-485 8 kA%
AL S IRIG-B .

IRIG-B RESLBr bW LAF Ve R —Fh & Xt it
HE, HAERRCPEETHE. 4. K, B
FZRtEER, FRE—WERSCHE — MR SO R
FEY, HYATFHEKMFREES.
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2.5 LIKMEE &M T A IEEE1588 B9 et

HRlfER B A RET, BREL XA
BLA M4E 85 F B . IEEE1588 FRuE R A/ 45
EHHER, TULMEHMRONMEREEE, &
BETIREER, s ERBHTREAERE
RS BELIZFES ML, THRILLHAZE
IEEE1588, XLEEMMAZEN . £ IEC61850
FRRSE B A TR] F) B BN SNTP, i35 R4 Rl 77
7E P R B ARAE , SR R e AP0 B 3R R
HEMARERIRIRE. MTRIXEERE, MEE
KERHABIEREBRIIE".,
2.6 FHETRILE

AR RN, BEFEEARTVNE,
/NBIZ B —E . A FIiXRA B AR
HARFR: TE—HIEPRK, 2 RE— e,
IR OB I i Mg b T 1%, Bt vh R,
R /58] 2Z 18] BT LASR A 6 B4R A @ 15 A R AR & ik
HEES A HEWRSRIT R THNEFOLEEREE,
HROANAR, ERHHRRPDEGE. TR
ARk B EBEHIER RS, S %, T
CLEUA /DRI . EFRX T RE—FREE. FTRKNE
WEG—FB K.

3 MERFRIRERIE

3.1 GPS B4hasERE

—f& GPS BT AL F 50 ns, BIFHIA
20 ns, BEMN 500 ns!'l, FEFEBERLWMERA
IRIG-B 1kHz WH#HHES, HEEET 1 ns.
3.2 ES1&iE

RN EAEBENTT, B KB
BRI ZEIR KZA 15 us, AP RMERIERA
5 us/km. 155 7EH T4 ()45 5 4E 18 th A RE BE M
5 us/km KiHHE.

MRRABSTERAREEZDIKES, NE
B IED B, YeABRIERRT R M 2 nsRitH.
3.3 [ED XRY4hIB 5 RFTFATHP

TED Sit#b ko i abEL R 5w st iR I R R R
. MERAEAPEH TR, EEDRRTAEEE
LB, WRIXAEBHR, MEERRTE
HEM AR, ERRDKPZE, BREERRE
F IED KyFited, SR BNEFTRENREER
BHEEWEE, Hln—4 100 ppm K SIS E
HRRER AN 100 us. FHEARTETUSE CER
(12, 13] . MR CER (13 M E L R, LI
xR 7 BEARIE SOE 3 HF A KT 2 ms KEXK.
3.4 |ED MIBERIBMAFFANENLEHFR

—fEEH T, 1ED RA e it Wi 5 Aok b
B BEMTAE. BRNERE, it — RN
FaJa, IED AMRIZEBEMFAEKZHL. B,
WMRTE 50 Hz REF KA A 24 SHRAAER,
| 5 KIEIR B [E] 4 0. 833 ms.

SFERE, REZ BEEHTHIRBEHAY
BEER A B R . X R S R —
SERIRTIRFEIR . H B KPR H /D IR, FELH
REERIER T, YERBEETEEN %R
RAEEER, HICRRE BN RS REE.

MNFFRANE, HE—NEHFERRE, CLE
Befb S ELEh, HELHMRBRAAZERREZL, &
R EHE RS ERAR R E. BERSRN
RCS-9700 ZR %I ¥ #5235 B SR A AT 8 5 ) 38 B K AT
BB abEE, RS RTANERA, WEEHFE—
RBkEE B 21 AR %l

4 A

4.1 HBEFH . BHIRFICRIREER

RARPESEARZE, ENRaUEF—1
G—HIRT R EE A . X AR R S BRI BR B
B R B SR S BB AR iE %, ATUEEMRNE
FHERERRERBENSRE, BHRZNEITR
. SHHEFEANFARFCERE, HEEER
HIETF 1 ms.

T GPS [R5 B4 i) B8 P e e o R 4 mT LU
T PR B U B MO AR E S KRS T 1R]
XF EE AN R o s I 22 R R OR s AL R AR AL E
Hig b, XARSEEAR 1 us B, WEEEERTLE
#| 300 mo
4.2 EISHENE

)25 A B B AR B UL ZE Al T sk s
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BNBITH RS ERESEE AL GPS AR
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ot BRHERTREE, EXRNMEERE 1 bs.
4.3 BANTHELEZENETKE

A] LAFI A GPS [ 35 B e 22 B8 PR U 1T S e
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70y o T R R AR L R SRR A B S O B
FAES, K ARV IR A A S L ]
%, FtehgkrafPmETREaE"" . it
R ERBTH IR RS B LR, TR
R W BB AN 2 MR R A . N HE
RATEPREREEE 1 us (HFVE) M 4 us HTH
HEREERY) o
4.5 RKRE

B 1EC 61850 RFIbnE (E AFLIRAEN DL
860 Z& %) K4, IEEE1588 tiF & ik EE K
ST B, AR AR T BRI RI A KR
?:TEMQ

K& GPS BEAEA IS NE RIS N H IR
HIFRIME, HEPS RHEEETEBNRE,
T AR e R 2 H TR E M 6PS BUR, 1
—EREFAT K BE. REBFEFRIELTE
S ARG CLEMMEE. AR Z BNE
FHPEIINAE, BOHEBEBAER N REHA
BERIEERT,

5 %it

MERPEARNBENREETAREEE X.
HETEARKZMT, BN, i EHRscHikae
S AHG A G E XN AR (B IRIG-B) fhfk
IERT RS S I % F Bt . IEEE 1558 AIRESZEE R
hFBERXEFR. 632 RMARGE T LRtk
GPS Z G AN — AT B . TR e ED
FARMF N IRE, thin RS FH SN & o8t —
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