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Calibration method of MOA tester and uncertainty
evaluation of calibration results

Shi Sansheng Zhang Yuxiao Shi Han Gao Liming Zhao Yan

(State Grid Henan Electric Power Research Institute, Zhengzhou 450052, China)

Abstract: In order to ensure the accuracy and reliability of the measurement value of the metal oxide arrester (MOA)
tester, it is necessary to calibrate it and evaluate its uncertainty regularly. The standard signal generator calibration
method of MOA tester is introduced, based on the description of the characteristics of MOA and testing method. The un-
certainty of calibration results of the MOA tester is analyzed and evaluated in detail. The reliability of calibration results
and the rationality of uncertainty are verified by using transfer comparison method through the comparison with the cali-
bration results provided by National High Voltage Metrological Station. This paper provides a method for the calibration
and uncertainty evaluation of the MOA tester, which is helpful to improve the accuracy and consistency of the value
transfer of the MOA tester.

Keywords: metal oxide arrester; tester; calibration method; uncertainty; validation

1 3 N TR T RS MOA I A 1) 25 ¥ 3
% 8 - 1 % R % A A T DL/T 987 — 200541 1k #F

AL A (MOA) R R R Z — #8745 DL o 000 0 3o 50 1T 0 R % R ) o s 28 403 1
WARGEHREMA . Bl T MOA TARRELES B S pegedid 7 B 2R . S BT B WA LT
A FLAE T P R o LA B L O SRR A MOA IR A R HE A S AR X MOA R Y

i

WL 2SR (A P2 20 5K BB R LR o R BRI g g 0 2 A 000 B M T R AR E R A
MOA IR DUEE 72 MOA 19 SCRRIERE "o BT IIAD g o i L 8040 R A s 7= BEA B K K B0 T
A MOA MRS S 2 Fh 24, 35T 100 2 R 2% i 4k 2 0 I R R Ak B AN R G2 4T I T
D5 R AT DR B B S 22 A5 . AR %2 ) BSR4 SCA 28 T MOA T B AL 47 o 15 2

~ \ \ JEE o 3 3k SR A% 338 LU B B e 1 R v 2 SR 1 AT A B AR
(A7 2 R S S0 AR o A

i HHEE:2016-12

Hh [ Rk A0 8 T ESMRE I EEARA  — 91 —



R X

2 MOA $#H RN Fix

MOA 4 1) i HAARGE i AR 4k i A s il 22 BAR /N
F1% v, BEL & T 7 IR P T R BELELAR O PR A R4 5 e
Fe PRI PERE A5 R0E B A 181 1 B

R C— S0 | — Al
i — WL [ — et

B 1 MOA [® R 25 Bk

SR

I, =1+ 1. (D

B F MOA 7 % b s 45 1k i & b, BH Ml 3 22 b
BT I AN T AR b R R B AR S
KW MOA iy PEREBRBLS . 4 DU L R AR o 5 2%
a2, B o

I =1, « cosgp (2)
s Dy U A F B 1T LD S 7 L R A AH A

MOA #37% BAHE 2e R A& 2 BiR .

(54
RIS

Mo H

ioL |

2%

b BHFHA
[0 M biA

I

MOAIAAX

[ 2 MOA B A I B 2

3 MOA MUK HEFiE

G MOA $ibh K it J5E 80, MOA. il 32 A% 4 vz 2%
PRUE(S 5 B AE BB AT BV — S FT RA= A AR (R 5 1 26
B MOA 3430 A B R R B MOA 1938 174k
A AR5 B MO 2 55 A o 25 A (B X L o T X
TG T B2 UEDS T AR B R (5 I E N
S=50 Hz (1 3% , By i 15 5 by PR 5k v 3 L BHL:
VR I L R A R U R AT 3 A A L, B

— 92 — [EABRTFMELEAR

201 7% 2 B
#36% B H

u = U,sinwt 3
i = I sinat + I gssin(3ar + )
+ I sin(awt + 7/2) (4)

AP u WZHERIE U, WS H AR o 53 MA I
Row=2nf3i AR L 0y BEHAE 5 P IR (R s Tows 1
BEL P = U U P DRI L 5 10 o 8 PR R 0 PR B D

AR A S I AR A [ 0 T RE L B BN T Y U,
Lo Lps Lo 4 S R0HEATRCHERD AT

P LW BLC-1 89 MOA 343 56 % & m] DLEE
X AT b A MOA 30 A 4 H U BE A R
LR AL S R IR SR T T R
PR RE AT ROME . 2R 2 LA O R R e R E P
A B AR A5 R HE AN ] 3 s

LGS T | MR | LR T

Lk

BER

e

PR | WL | IS (LBL
BRI B
CFfibL)

3 MHEIETH

K 5 30 2 B 1Y 4 P U R 2 2% R T Y 0 1)
A ASORR RO S 3 e o A B b S AL h AT 2
OB 2RO B e O - i s R R R R
Jai s TR S FE 7R AT AR 4L AR Jim il 4k 25 i i s sh #2411t
A 6258 BT AL ALAR S 73 KT AR ¢ I (] I i ) s o 4
UL 2 2 v e o BV AT X A i il ST R A o A . %
FOH 2 B R R SRR 1R .

x1 REEEFESH

FHEBH ]+ 38 B AVIRE

HL I 0~20 mA 0. 2% +2 wA
% /L Ik 20~100 V +0. 2% 5%
HAAE £ 0~90° +0.1°

4 REZRNAHEEITE

PIFE e AT-6103 B MOA 38 A4 BEL M B 3 4 mA
OB HEATEE , HoA A o S BRI T i AT E . IR
RN EBEHEASHWE 2 iR,

£2 MOAMRKMEESH

FESH 5 9 R A IRZE
L 0~10 mA = GYERE+5 A
EEA N 25~250 V EGXEHR+0.5 V)

Hh [ Rk B A0 8 )



20178F 2 B
F3bE FCH

4.1 FWEERRDH

5 A 45 SR O AN R E SRR A R

DA ZEPFE - MOA I 1A i 0 o 5 52 4

2)B JEVERE A 02 B ) A o A
4.2 HEEBEST

Fh S T D B AT ST MLOA 0 X3¢ BEL 41 R 0 708 D 1R 22 A
HE BB BN

Al = I — Iy (5)
A AL D9 BRI AR BEL A R 3L A8 B TR 22 5 e D R
T ASCIEL A Pt 00 L5 T o 0 6 % A o Y BEL A LR A
HEAA .
4.3 MERHEEITE
4.3.1 PRUEAHE R A K E

Hy 0 PRSI BIRR HEAN TR E E v, AT A ZRPRE
BT EE AT VR SE . FEFRBEIR BE 20°C A XTI BE 6026 Y 5%
PR RO I RS B F U O 4 mA IR AT FEAT 10 3K
TSz FE AW SRR 3 PR .

R3 0B IEENVELER

X X2 X3 Ty X5
3.999 3.998 3.995 4,001 3.997

X X7 Xy Xy X1
4,003 3.997 3.998 3.995 3. 996

R B AR

_ 1 10 .

T = 1021, 3.998 mA (6)

BV ST I U g 25

PIETEESE
BT

TESE R A e P B 1 RS RO O ) 5 B DU A v
AWEE w A

u, = S, =0.003 mA (8)
4.3.2 FRUEASHE D) B

P 365 2 B (1) JEAS 1% = AR BR 51 A I FR AT A ws
K BV EM BT, W E LT E—%E
HEBGH BBER I WEREERSH AR ZRKEE

=0.003 mA D

R X

FLUR I e K AR IR 22 09 = (0. 2% B8 +2 pA) L BI A3 B IX
IE) (4 2F BE k€0 200 BRE+ 2 pAD £ WX ] B IR iR A 2
BYGPAE Ch o= /3 U AR A B 5 BE e g
u, = (0.2%X3.998 mA+2 4A)/ /3 =0.01 mA (9)
4.4 BRRERHEEITE
MR ACE E 25 SR B AN 0 5 JRE SR 23 AT T R 45 i A
Z A ATl R 2 A A bR AN

N N

w( = | DL ) (10)
NGRS
. = A T D0 w (T + ¢ (L) D (1)

PR [V (S N 107) 0 N
HF s (Lo = TIE = ey = TEE =1,
A
=S+ 2wt = St =
0.011 mA (1D

4.5 FRABEENHTE

TE 45 A HE S R I, — RS 00 F 405 7 R A 1 08 1
U.E B A BUbR HEA B & B2 LU & TR T £ 45 5, — I
k=2, 1T,

U=kXu =0.022 mA (12>

5 RESRMREIE

T I TR A 2 R AT A R R R 8 E A
PR, R MG B D — B REEKTW
MOA U8 AE e % 42, A S 07 i) A 38 2% 8 % 1
HEATACUE AR ok B R R R ) —
VR T e R N R R AT R ME . B IR 45 R N L T
%}RUU:

|y =y I<< VU +US (13)
Ay AR B R A WA 5 v o R 5] 1R R R T A
AR S A VA s U S AR S RS MESS SR AR T e B2 U oy [
5% et PR S - 0 0 v 4 TR G S A

A BRI R o T A R S A (L B HE S
FEREFE 4 PR,

x4 WIEER
Bl AL 55 P 0 TR R —
/mA v UGk=2) v, U, (h=2) R VU U
0.1 0. 094 0.008 0.095 0. 006 0.001 0.010
0.5 0. 495 0.008 0. 497 0.008 0. 002 0.011
1 0.997 0.01 0.995 0.01 0.002 0.014
2 2. 000 0.014 2.001 0.012 0.001 0.018
s 3.998 0.022 3. 996 0. 02 0. 002 0. 030
6 6.007 0.028 6.005 0.028 0.002 0. 040
8 8.011 0. 036 8.015 0.036 0. 004 0.051
10 10.017 0. 044 10. 020 0. 044 0.003 0. 062
rp B 4 A% B E A FMEHEARA — 93 —



R X

dr 2 4 AT T A RS A ERGIE A SR 2 (13w
BESR RO M S B 0 T A BE I R W S B YA T 1S LA
ISIE N TARGE T MOA 032 A3 5 8 % 338 00 o o 1k F —
ik

TRIZE IR T MOA Rk B 7 . A48 T MOA il
RALBRESS 5 & A B A ME i PR e A AT T
MOA 0 38 {308 o 25 3% ) AN 52 B 38 aod SR A% 328 P 0
55 5% 1 v o sl 4R AR 0 R v 2 SR AT LU, B IE TR
HELE F A5 B AN 0 E JE 1 A B . A S MOA il
WA REMAHEE T ERET k. A TR
MOA 32043 5 1% 328 109 oA 1 A — Bk

S £ x #

(1] gk, £, &g, 4. GB 11032-2010 32 i G
(] B 4 Jr A Ak e 1 25 DS dboat b [ AR UE R
., 2011.

(2] FEJ5K, EW®RW, WEA, %. DL/T 596-1996 M Jj
AW Mt 3 R (ST, deat: [ g iR
#1996,

(3] W, K. WHH. 5. DL/T 987-2005 4 1k Bkt
T 25 BELE P g A B R SR LSD. db
L 7 AL, 2006.

(4] B, 25 il i R 5 m i 4 )8 1k i e o 28 7F
R S E PR 0], MR 4%, 2016(3): 53-57.

(5] Xy, =i ie, Wng, 4. SETRHMERERNS
ZLAMRAR B R 1 3k B A RIS W L], ol R R A
2016(3); 75-78.

[6] HT&, B#HFM FEHR. ¥ Q/GDW 11369-2014
ik T A8 I 5 VR R R RS T R B R ST, b
ot E ) A, 2015,

— 94 — [EABRTFMELAR

201 7% 2 B
#36% B H

(7] EW4, 5% YEM. % S E MOA WX
PRUERE BRI ] W) B3 b4, 2005, 25 (11):
83-85.

(8] M4RT, BRBEIMF, T, 2. 3T K5 B8 BE A i
Ao E I E 500 0T] 75388,
2016, 30 (8): 1175-1182.

(9] Zf7de, RAR, =M5. S5, 1 5% 8 il B ok I i &
GERYAHR S BE A BT LT ], XA R 2B, 2014, 35(1):
23-29.

[10] EFEH . 3ker, k. BUF R Il i il &R
W BT 51T )], PR AR, 2016, 39(D):
31-34.

(110 Z=vety. skk. sgde, % RE @D R E R E
BEVEAL L], B 4h 7 M0 i R, 2015, 34(4):
36-38.

[12]  npflss, W&, i 5 2. JIF1059. 1-2012 ) &2 A 6
BT 5 RS, dbat v E TR B AR AL, 2013,

[13] TBRWE, XBUE 35, JIF1033-2008 1| & % #E % % M
JELs]. dbmt: v E R HAREL, 2008.

& @&

L1983 AR AR T R AR, E K —
GF W T 5 1 e He i 5 IR
E-mail ; ssszzu@163. com

TRARIE, 1971 AF i E, T2, R R R ) TR,
FERFET AT EHEAREH .,

FBk L1981 AR A, T2 W B K — O b it
Ee [ S 2 )5 oy 1 o IR o R Pk 5 7 NS

BRI L1979 E AR, TRt SR TR, [ K —
Q%) g e [ s ]l (1 s 2 e R 5 7 NS

XA, 1982 AR A, T2 b MR LRI, BER — %
TN I FZEWFFE 5 19yl e 5 IR

Hh [ Rk B A0 8 )



