F40%5 F28
2020 F 2 B

Vol.40 No.2
Feb. 2020

® 2 & #H wE &

Electric Power Automation Equipment

DRy BT P2t 32 18 T3 A 7 e 5 ARG i X

EORLER OB, EXELHF P AT
(1. W K% BA LR, W KA 610065;2. J MAtdE Bd HXIEARIR, S & T M 510641)

WE L& B R a2 it X2 AR it BEH SR LA, 240 T ERAMEEEE
R A MR AR AR AR, AN RIVKRIE BARE T B A AV, AILA LKA AL A
A VIR A K R R | Tk st AR 2 AR ) R &t R e v LB A R, AT T R AR At 2 A
F M IKARAT 5 R BB R R RGP A, 3R — B R AL, AR A R B A KR S )R
FrikAe MR BRE, G, IR &R AT A A MR R 69 B R A B AT oM, AR T 3 — AR AT

AR AL,

KR AR B R G A A A R AR T ki ARk A

FE 5SS TM 761

0 355§

HLRE i Rl AU A i R G0 5 e g P 2 (] i
1T 5 R A R IR 7 P D02 B g A3 e
S EOH P B A REA B RO . A EE X
AR A Sl b R R P R AR AR R 2 1Y
FL B ot (DA, SR B B0 - A R B, 3 AR
ZRURI o DRI, X0 PR 2 4 F R R 52 T
EAT I, A O TR LA AR e e e P A I [ R i)
filt , LA A IS MM (AL S

UTAER , ] A AR 50 Hi 9 e T 52 B ik
TORTFRE T RAEWFFE . Aebrifil T ik 2 2R
SR AR DT TR TR R H R kA
N A f AR T 4%, 0 52 I 42 firk % ACC (AC-Contac-
tor)!"* A4~ AT L PC (Personal Computer) ™' 1]
#3921 %% ASD (Adjustable Speed Driver)!"*""’ A
Y Fi 1% B 45 il %% PLC (Programmable Logic Control-
ler) 202 45 By L Y [T 52 RE D EAT T TS . dd i
I, BB T R B 5 R R AR T 52 BE 0 50
BR . AHRIA PR BN TIE 2 A2, i)y
VRN UER AT 52 RE e R SR AN B D
NGB RS2 B A 1isT T

AR SO BA B2 HL TR T T A2 8 7 R AR
TR IE, 25 A MR e 7B Mg R B XF
N A 1) T, i ) — e R, I 7
— BN A 22 A v PR el 32 8 T Rt

WS H#3:2019-03-29; fE B H #3:2019-11-28

EE&UWH: B aXAFEETHMA (51807126); @ 7% & M
HEAB (AT EIRTAELEORABEERFTE =
f& 5 ) (080037KK52160006)

Project supported by the National Natural Science Foundation
of China(51807126) and the Science and Technology Pro-

gram of China Southern Power Grid(Research and Demons-

tration Application of High-quality Power Supply Technolo-
¢y Based on Multifunctional Converter)(080037KK52160006)

X EAFRERD: A

DOI:10.16081/j.epae.202001029

220 I R DR

EAF UL Y2 , BUA SCEREARIE | X B A ml il
R Ry R A 27 2, A FE P34 (customer
equipment) > B 1% £ (electrical equipment )45
X i 52 58 7 (tolerance ) ™' 1 R I8 A1 45 : %92 7 (im-
munity )" ZEHAE 77 (ride-through ability ) JfE &4
(compatibility)® 1] %22 fi£ 7] (acceptable ability)®"
Jfi 55 1 (vulnerability )" (HTHE P45 . AR S —
R B M 32 68 17X 2 DRI
1 HEXERE

s L, 1. %% 61 2 IEC (International Electrotech-
nical Commission) | [E PR H, B A T2l %: 2 IEEE
(Institute of Electrical and Electronic Engineers) Fll
[ Br K HL, B 23 30 CIGRE (International Council on
Large Electric Systems, 351542 FK A Conseil Interna-
tional des Grands Reseaux Electriques) 2§27 AR 4141
PRS2 1 o LR BT IR I A2 RE ) 3 1 1 — S dn i adt il
F A HAEAT T AR LR ER . AT B 1 3k
H, P R P W (L 5 R S I T M A VP I e i 52
(4 2 AN FRIE &L, IR B B B AR AL Bk A2 R
RO G (RO N T & S AR €
?z u@[s_x-ss] .

1.1 & BIEE MM S8 /1 WURE

BLAT [ P A3 E 32 224 CBEMA (ITIC™ | SEMI
F47f37]E|EEg£gé“F:

(1)CBEMA ik iy 5 =33 LA s H e 4 il i
Prox T 1978 AF4R 41, ITIC i 2k iy 38 B {5 BH AR Tl
Phos T B35 = HORZE D2 T 1996 AR, I #7 1
SRR IT 15245 Tl e 7 i 1 7 A DAL o 5

(2)SEMI FA47 £k iy [ brp s g w4 4l
Phox T 1999 AR FE M, HOBF X 2 S A4 2 1l 3 R 1Y)
S PEBRIE , 1999 4F LR L HEAT 1 3 IKIEIT .

MR A R R R RS R i E) S



£28 T8, 45 B LU BT R 52

FIRH AR S5 IR R o7

2% i 42 sl 4 1 i 14 £ 110 FL T R 7 BB T, i il
AR Ry 1 £ ) LR T 52 1 26 VTC (Voltage Tole-
rance Curve). ITIC HIZAISEMI F47 4k 3%
WZE T 7E 20~200 ms, SEMI F47 £ F ITIC fthZk 45
SR BB 32 50 % F170 % R . (HBLA
PRUEAL T 8 T 5 4 7 v R BT AR R B L AR
FER G B8 FH PRI RGT] , ME LR 5 e T P 18 2 1)
SEBREZA

1.2 & EBEEREMZE DMK EH SRR E

PEAT U £ H T Rt A2 8 1 DX, Pt 2l Y
fit . TEEE 1159 — 1995 A5 5 i FE 41 sl 5 A4 Wl
FPEA HEAT T AH SR o g LA T W I 7 80 Ay
FEn 85 A BT R 1A A% 1 s T A R AT 402
IEEE 1159 — 1995 #2009 4E 4T T 51T, &
TTHE, BN IEEE 1159 — 2009 F5 £ 5 56 71 Hi, BE & 4 5
X A e 2 s o 3R TR F 2013 47 4l 2 19 [ 5K
FRifE GB / T 30137 —2013 42 H 1 Ff, JE 27 [ ) A
it oy, R R A A2 N T /2 GB /T
17360 — 1998 F1 GB / T 19862 — 2005 ¥ ifi: ( 25 [w] T
IEC61000 -4 —307) (R 2R (5 H §ir & N 40 i I
B XoF 14 B HL B R i 7 A T 0 3K FH A o B sl TR
B G5 — A v, 0 SR T o I i B A T L A 2
[ AN HABARAE i TO A — b if
1.3 EFBEERENZ NN iRE

TBEA HL BT BT 32 RE 1 b v 1T 20 M A A1
W AN A7 58 7 AR E . TEC IEEE F3E [E ¥ i
1T TR IR R .

IEC E. i A TEC61000-4-30 / 11 / 344 TEC
61000-2-1"*"ZEFR i, XJ HL FE 2T [ & AR VR il 25
B R I 5 1 O TR SR T
A, H IEC61000-4—-11 / 34 5 & T4 &
M /NT / KT 16 A 54 ; TEC61000-4-30 bR
HERILE T LT B0 2 A PEA 5 % 5 TEC61000-2-1
B 5 G T L R R R TR ATEZ . TEC I A%
HEAOS JUAFRE S 2T TR B T4 & 1
TS , BT A543 5% 0 AN BE A ff S 1915 4% v, R 2 A it
ZHREI M, EEAR R LH VTC,

IEEE 1668 — 2017 Fr#fE>#EFE T 1000 V LI T
WA 32 RE ST s 42 40 TN B3 ik A3
A A P 2 3 A i, nT R A VTC (BAF
FE— LB JR IR, QAN BE VA A 00 5 A 2 Mo 0° A 1 o5
# VIC. IEEE 1346 — 1998 b 2 4 7% 1 il i 12
BT 5 IEC61000-4—11 FRifEAH[A .

EZARMEGB / T 17626.11—2008.GB / T 17626.
34—2012">*/(Z£[6] T IEC61000-4-11 / 34) /5| A
P TR 27 fe S 4 T B AL

NI A AR AT AR 1 22 R il D s
AN ) ) 51

(IR 357 18, A7 A e AP K i i 45

Rtg AT A R L, ik, i R
PR T R B A A I R AR T A
ke

(2) M K Z D7 1, T A bR AR 5 B KR
{EAZ M 251817 T .
1.4 HRERELEIZHE

WA AEHET | TEC61000-4-11 / 34 bR HELETE WY
FFA P 25 AN BE F W i3 25 i R B Rt A2 6 1
AR IEEE 1668 — 2017 Ak 1 A7 7F B 42 3t
D7 VAT B A 4y I L st L A R
G B 5 ) DR 28O 4 T A5 [m) L, SR g %o B )
RO, R I AE FF AR AR AL 5%, O o B A 1A 4%
it 3% GE 7 IR bR v

2017 4, J Nk SRy DO 1T K2 AR AL AR
R B T K2R AR BT A H L T 3T FAn v, BN
FE#T R/ Je s v A0 38 & i 52 4R 3k 7 )
€1000 V LA ek A5 H R 27 % G 8 1 1) 0 3
ORI B R b5 5 7 R R PEAL 7). o,
TE 7 A A CH ST/ e B BR324
PEIR T )ik T 50 Hz R R AR &, TEIE
W7 v S R 52 68 1 2018 73 51000 V LR
RO R b, 4T oA A 2 st i) 3 925 )% 1000 VLA
T AR T T -

2018 4F, Bk PG4 il f1 A\l 22 3k, S ERAE IR B
K0 PR BAF 5 56 L W0 ) | A2 A B Ay e [) 5 Je A 7ol v o (i
JR AR g FH P R T A A ) B AR R ) B i e TAE
T2 T R DR FE 0] R R oA A i A B B ek
A% L 7 R T 32 8 ) B TH B R SR Y T A S
Wo )N A Ry A S il A AT A b o (R 4
P B o8 % e s v T T A7 i 7 R 1k ) 2 58 T
Fig I 25 15 A P e 40 3 L A
B /NSRRI 2 SR S IR A
DA A SR AR T

2019 4, 1 L F3 A7l H R o e S 2 P i PR b o4
P AR Z3 5 25 % A I AT b o o I A 41 e Fl P
ot S St Fsf v I 25 k7 IR R RV ) 1E Ak Tk
B BE , A BRAE VR IR M BF 5T e AR AL E ) R )i
KNS T IR E 6 2 TAE.

2 LHEREEREMIZENDMNLKRAFR
AR

2.1 EMShTER LT

FEl N IR 7 52 P T BT RS2 i) AR AR T 5 242
DY A AR SRR, Al R R
WL 55 Ge vt 525 4B BRI SR BT 4 A B B B T
KEMHR . Ll voltage sag(dip) il “equipment” A%
KA, fEEl Engineering Village fTISI Web of Know-
ledge K4k e PR 2% ) AY SCHRESCE: T DLIT 5% A Y
KAl



liog L/ AR {7 G-

%4045

Web of Science £ #f ¢ 1 45 & 21| 19 SCHR
70% >k B L E b E PR P E kP e
Hodr SEE A E S E 0 SCIRE 5 1/3. FEER N
07T, A6SE P RICR GE R RS T
SN o B S 1 PR e R L R T R SR
B AE P B A AN IE R AE AT ] e 4B Tl AL
BT R T ARG L B AT
GRS B R T TR Z . [
B, PE 7 24 [ 26 Tolb A8 & 64T 1T A i
MR, $2 40 T A% H BT R A2 A ) A2k ik
FIBRIESS
22 HEEEMZENZEFTIE

19794, T. S. Key#2&H T VIC®", LASEMI F47
i £k 28 AR 1Y VITC X A& A H 8 B 58 48 1 H
SRS T 20, 2 W e IR H 1B 1T o

X} ACC ASD PLC PC 547520 & 3 , % iz
17T BREE F A 5% VIC A 520, ff VTIC A7
EAFEEXE, mE s, ’h, v, U,
T oo T 53500 A AN 5 P DX 3 e A i /N7 o s {1
R RS B o 1 5 55 S8 X2 AN 1 X
W TE Z TR T IRARRGE -,

=Yl N R
v e I TAE X W%
Ui

0 g o . 2R 2

FREE A

B1 VICAHEMXE
Fig.1 Uncertainty region of VTC

SRR AR BE R IR Z B H R R S A
JEHLVUCARIN, e FE T2 B AR AR AR,
PR B R H T AR R AR R KGR R
JE it i A B SR B B BV R LR . it
2010 4%, CIGRE, CIRED 5 [ Bx 2 Jfj 57 HI K 8 UIE
(International Union Electricity Applications)ZH il 1]
BA TAE/NLIWG C4.110 48 ) T 13 B 3 s i
[#] PIT (Process Immunity Time) FJHE&"", anf& 2 fiF
MNo I IS SRR B RS2 B ) BESE, An X
A 5 P, F Py 00 i R 2 R I R
AT S R BRAR 5 ¢, A o, 7350 iy Fi S 38 I A I 221
W o7 SiE B G FEEE 2200 JWG C4.110 2 3CH i PIT
U Tl v Y SRR 19 AT (A i 2 5

T y-

Fuy i
28 PIT
Pron
P
0 6 b+ At A s} 1)
2 PITHi%

Fig.2 PIT curve

B 7 2L, i T i — 25T
23 ERIMEEHZEEBA

] N A1 224~ AT BN X 15 £ FEL BT e TS 227 e 0 I
JETHFSY . HE 2040 40 4R, [ A A 26 T
B 57 LT R i) (18 i A 0 B S B X H R T
M s m b i T RE AR, A 20124
0 4R , ABEE ¥ 1. V. Milanovic! 5" JGHE
22 # A. Honrubia-Escribano™*®! 8 J F] . 22 %
S. Elphick'' P iF 2234 H. SURYA'" VL) &2 3%
B PO 1] K2 1 S B o) ARl B R 2R 1 T
BB LR AR R T R R I AT R T K&
WF9E . 3 0 Ak A I BE ATF ST e . rb B e A B
ZRRRE SRR BT K R R eI, DU
VA )E T E S8 WA At s T s R B | Vg T R A
ARG AL AR S (BT ) JH BB
FJE F R AT M BE AR RS R
BHBE A5 AR 50X H e B [ T 32 g T i 5
E AT ACC . PC L ASD T H IR0 &8 R AH
BL = AH AL 58 H H 2% 55 1 A8 1Y L T 22 g 7 0
W RR T RERA,

3 MR R R B

3.1 ACC

ACC T Z I H T Tolb s F2 , ) FH e i Je g W &
TR A, o B B N AR R AR 2 .
R [ 1-4 025 R R R AE AN R R 22 5 1], (547 7 90
{HORBEARRE ACC & A= g 4 5 STk 5-6 J7E T
B2 B8 T B R I A A A E BH D A A AR X
ACC FIFZ RN T 3 0L 1/4 R RRE 5 STk [ 6] 15 Ik % &
TAIOLBR A FFAE X ACC A FZ IR 5 SCRik[ 7-8 13647 T AH
UL, 220 T VTC, 8 SCRk (8 ] AY I i ] 45 K
K TS R EREAR R . FESRE B AR B A
G574 SCHR B AR -
32 PC

PC & fi H UL H R 87 [ fURk & 4, B N A X PC
AT AR 25 RAE W F 5 o SRV 2= H.
Surya 25Xt 3 G AN BS54 PC UEAT T, SE BH
PC i VIC 24178 5S. J. Djoick F BA XS A [a] #:4E &
g8 AR ZM 6 4 PCHEAT T I 42 1 PC ki
FUE W PC T A R R R K 2 /S PR
RSN T (S B L o N e S I T €L
T L B 2 e B AOER, JRAS AN M X Sk
(40~205 ms, 46 % ~63 %) o 43I 328 Bl SR Y A L B
SEB R B2,
3.3 Hig&

Tl R A ASDU PLC ST HL7s52
TE o L 88 e RS IR e T AR R A
() 45 Fa) FIBLEAS [R] , o T e T 52 R ) A7 A BH i
250, 2 Tl B2 0 H BT e Tt A2 68 0 S AT A



£28 R, A R B R R 52 i I R AR S35 0 R i 3 e

R TR R A PRI ME .

ASD & —Fh IR Lt H 48, 3R AR P
Vi) T A P S AR ) 6 A A e, HC PR R T A7 R ) A2
AN XS RKF (2 3 SR s S 52 ma . PLC & rh
JEALBRER (CPU) A / By (1 /7 O) i iy 8y
R 1] fig T BUX LB Kk AR TE A 52 Tl 2
A7, R FEOVEBUL . RN JE
W 390 AR g ] R 34 T B DR R R B AR RS [
FEZERL. dhB AR AR AR 252500, R
M RECRRE A AR S R

B s B H B 26 B3 45t 1 RE O SRR Al R
WG &I, R A RF e i o) b, B B U R i
S AR A2 AT T A SR A 24 T BRI
B TN 327 fie 7 1 A
34 FERE@

PR IS T R R (S H Y R
AR AR Z AL BRI 34 T5 1

(1) BLA M & T 32 6 1A 2 25 i R8T 1%
FROES, AR 2% SR A Re - B B TARREE A5 HAl
SR 2, B B TS DN

(2) M3 4 B — B, 5 H YR 1) T e A A
B TR XT L R e P e g R A S g LR T R
T A2 T O H Y T 0 28 1 A R BT B 3N
[F) , 7 28k 5 o g 1t A7 25 55, T 38 7 2k ) 7
P ) {2 T O R VR A A B 4l o ALt , e Kot
T T AR R P T TR R R, RS [ A

(3) iR AR EE N T 58 B, ikt 22 o xf
S B E R 22, HLNAIA B 6 N R B e &, (15
AR 2 AN =

4 BRI T IR A B IEE B 2 HE )

AR Tk G B LU P 75 3K o Fe ), h 2Rk as
Fie— 45 2R B A A TR, 24 M1k, X Tl
1o R R T 37 BE 7 IR S IR AR D WL ARGE . A
Tk R R R T b R A AR 3 5 A T A2
7, B A (R BB 10 G R PPAL Tolb ik 2 g i A2
e 7l SRR 8S T I, SFUE I, X A AN
WA, F2 b, Tolbad B2 0 o B R 37 BE 1 AN
A A5 8 ol it A 1 15 48 114 | BT R TS 32 BB A %, 18
Ll I E R N vIN T AT AN Yl B S 8

LS B ) B2 B O T ek A i R T R T 2
fiE 77 09 H 4 B 58 P AR R T 7R R R Y R
FRUECT 000 V DA 0% R L 27 o fe 28 B[] 0 3
D7) FEER T X A7 5 AR bR AE b 8 2
BB LA A R IR T IRANESE .

5 & & FE I T B e R AL ZE

a0 3 W3, A AR ATl SR 5 A A H R
i 32 BE I T B (B2 A0S 3 19 BT ik , 473

AEFEASHA RE X3 55 1) L, 75 03 3 iR 4 H PR T R
B4 i O MLERIEA T A3 A48 o LA B A . AR R
(SR -, TR 2% 2 £ 1 SRR AR B R] 43 Ay HL R A5
Pl H i TR A TR AR
5.1 ERREHELR
ACC P B4 #) S ML 7R (1% L R ASEH | P T A
6] ACC PN H — 80— 3 19 28 Ak mT 4 s JHE e 8 e g
I HLER
& 3 R MR E R ACC, a b e 35 R 4 2R A
JHESIR R R A . B B S HE SR u,, 2R
WEIE Ny D, PRI R D, 5 Z WA /N 1) W T i)
], A5 2 LRGN 3 FLAn=R (D TR o
(1 1\ D,P, P21 1
F —‘(+)++2(+) (1)

" 2ug\e b cuy,  2up\a b

B3 ACCHMRIEE
Fig.3 Structural schematic diagram of ACC

e PR T A I 4 e R R MR T B B
U2 C LN LN WA N A X7 NS e 3 =0 s WA N 2 )
Tl 19800, 5N T VR 0 (RS ) I 57 50
fil =k RGeis Bl , V1K I
52 HBIBFER

PLC 5 PC Ay F LA AL, A2 & FLUR .CPU L/ O,
P Hoh | vl BT B R 32 T AR S e e B3
MIREERL . ASD G048 HE i L 6 | LI i ) PR B s T P
% R 3 AR R R HC R A A D B S R YR AR
3 /8

22 0 LT R B — R RS R T G, Je
PR T AR AT s B R A AR AR R
Uity FEL R B AR B — e (BB, 3/ KRR 3. 1%
ELLA A R C, 7 HL R R R A i 20 5 e e
Ko 2 JUH ) B — B 221 ¢, € Rt P FEL R 053 R U, LUy
{82 Ui BT SyS I = W= i L S S TN A
XHE, WIAEFELL T KR

Pi=C(U}-U2)/2 (2)

A ORI B S R R U, D0 H R 387 I A st
Z B R o B B AR A ST (1) Ay i 28 BE TR 32 119 e R A (1]
W=(3),

1, =C(UX=U2)/(2P) (3)
6 EFEBEEMENZ MK HTE

BRI A L A R TR A2 B 3 A A )



Log L/ AR {7 G-

%4045

RO, AR SCHRE Y — 2 15 5 v R B A T 37 E T R
LSR5 USRI 50 <3 (S 1§72 2 7T 5 W = B Ry
FNI A0 PR A, A AR 5 PR R A T3 £ H BT AR T 32
fESTIR TAERF 2%
6.1 K&

WA LR B R A2 AR BT 2 s S AN
FEL R B 98 7K - 22 ] ) S 5 () AL, = K 4% A
JoF MR TR O g e A T AR 3N T T % 1

(1) HLRARAE

a. BB PR ARAE ol B PR 2 A MR RRek i
6] T s AROLEEAS CARFE IR PR &R K

b. JE HL BT FRRRAE R R R R TS
RAE A

(2) g e o SR Tl A5 s O % 7 fr 4
PEAT FF G HL U 1 20 % . ASD BRI 46 / 1E D) % 47 1
PC ) CPU 543 %5,

(3) TAEHRE, 40 PLC A9 TAEZEHY (1/0 5%,
ASD B Tl SR 55
6.2 MK HE

VL 52 VLR BT RS2 ) 3 Y 25 28 107 DN BT 32 (IE
)R CORNBEMmT A2 (Wb ) A i P AR 5 4
FHF 052 1k 2 A BE T 32 F2 B Ak , 5 B84 Stk
DA K. H ST G AR R 15 45 v 27 e ) Ly
B I SRR, Sy 220 o R H DT 15 25 FL R BT R T 27 T
FREN T —FE ik SRR B TR
TAERRESE BB 8 e FOIRS 0 MIEH L A shk &
N TR 3FRZS, DAL s 4 , DLIE 4.
TET T T DA 1 1 I W T 0 B 45 B AT e
1T EHTHT
alfjj S e 22 7 L IR I 32 A 7 T L7 L 5
WAL M R MR | [ B A AR IR I a1

|

oL R R D R VT 2 1 T i

wg . BTOUF ARSI | B SR RS
Ve E HE AT, d A TR

B4 gt
Fig.4 Test criterion of equipment

6.3 MWXEE

B R BT R 32 e o 6 3228t l e
R e tE A SIS CRABEEE A I, R R A
BT W BT R RRAE e S A RN S
FURZS . — M4 IR 5 S ke o
6.4 MK FERMR TR

A R 735 LA TEEE 1668 — 2017 b ife i i 7
A% R A . TEEE 1668 — 2017 5 ifE Hf fif
S Ty v M3 B A 18 %) T 0 3 56 T i 2 it
LR DR A 2 S VAR NP KR HER 2
L HTAER K FERT 2. A 3 ),

HL 2 )
Hasill S

A I A Y R U

'
[BomERgRi|  [REEREAR]

W it
T I ]

Es5 MikEEEEE

Fig.5 Wiring connection diagram of test devices
YT BRI, AR SCRL A S ], 2 00k
FEARIR A ORI AL BRAS T, it R B R (5 122 T ]
XS B AR, o BRI A5 SR 25 8L, Sy A
ORI P BRI IS AR S R AR
A BRAETNT

(DB FIFE NG | E 52 B 7 1
AR RS B AR A R E S KR
T R BT 55 5

(2) V9 v R A A A, R R AL 0 a5 AR S
Bk AR HR LB S 0°, HLARUE I 12X A4 e A A3 o5 4k
TRAEFIRE;

(3) L B BRI A Y U O TR IR, DL 2 % 204K
M %2 86 %o , ) F 43 a0k 0 1 AN [+ Hi, 3 e
(B R HFEE I 0] 911 2 A, e S I

(4)RRIEIALE R, 227 VTC,

7T REBRERE

FIHT, [ P AP A o L TR BT R 0 52 BE 0 14
ARE RBT B RCR B0 o] St T B
SEGE—HRE A SR A e 2 o T g A [ R
T FELL R 5 AT 5835 -

COFPXTRLEINL A LS - &
07 YRR D R AR 7 B R R T T 52 RE
DK GE—bn e, el L% e AR AL R o e
R X LA R T T 52 RE T R 5

(2) FEIZE RT3 S B S i D 22 T e
0, RICIEE SR AT 1 AR S A R
SR REA , b — 25238 [ N AN SIS /
PR B IR SE  SRAE N

) EA MK A A7 1E 58 K EE N T 520
PRI | HEL BT 8 i A e A% ol DR X 458 TR AT, 3o L I
K H SRR BB R OIS R ST, S BRI S
MR FE 25 L S VTC 2 il i 4 | shik, 41
FETHI IR 5

(4) E NS Z A FALERT R T AR SCIN TAR  E
I3 2 SRR BB S BT R i L 52 78 52 3 (1) WY i 2
NG IERE R AR T R ARSC M , SE B i 5
IR AL

(EAFHE— ST A

COARYE VTC B AR, 32 R / R [l 28
KN IR v AR v I B 3 OKs JE 5



F£28 T

B4 WA oL RT3

T3 CEA S5 I R A3

o

(2) K I Bt A 2 ] Tl s i s ik
B TP R T SO 5

(3) B 7 32 L 8 52 Wi 14 ) ELAIL B 70 A B
SRR, RINKE R A 4 FiL B P B AR | Rl P AR
BRAFERI Iy, R A PR AR Y ) RE R S fE
T T AT A4 7S 1A X P, S AT S P i O R

(4) T35 0] L T R FR e L RFVE , WA [
oMb R A R T BT A LB, A BRZS A | T
it RE A A0 A B i 7 v S Tl AR 7 B 2
M R, F SR0 P 6 g AR R Al AT B
FRITIER 25 A R 2R SR A R R AR K
JEHIT5 1)

8 it

RSO B 7 FL R BT T 52 B 1 B AR A F 5
BURBEAT £ 38 , 70 38 A A9 AR S A v A7F 5 R
AR BR B A7 A B ) AL B Tl e i T e
MRS 5% 8 7 B i 4 Xof v, I 7 g 14 i o ML PSS o B
A T, $ ) —E Tl A . b TR R
B Kk 32 BE 1B AR (Y A e fa e, O iy 1 ik —
AEAIT R R . ARSCEZ I T LU 45E .

(1) ZGE I Hr AR 1 [ P AR A B AR AH 5
A, A5 H BT I AR P A IR T 5 AN REE H T
B s N, HLBEE BRI R A e A5 e

(2) INICHRGE T BUA B 5T AT BA SIS N 255 A
JE A, 0 B RTINS AR R R, 4R T —
A AL, I 5 I 3 2 A A B
AR A E D 5 B R85 A  INT7 75 B e
D25 RS, O 8 i HL P B I T 52 i 7 R 1
2%,

(3) X T A& it 32 RE 1R, 30 7 B4 e 1oy HL P
3] 4% UL A BB B, 23 A L 32 v T BT 2 T
MBI . IR AR A 32 L B ) 2 M A9 AL
B, MHLEL E AR B RE AU LT R AR
P2 T2 Y TS A E A

() fEAFHE— 2L WFFE Y (R R R AR e B . F 3h
AL BRI AR I T Tl ad e 52 v T

A MBS

P S LA M 25 18 (http : / www.epae.cn)
S 230k

[ 1] MCGRANAGHAN M, MUWLLER D, SAMOTYI M. Voltage
sags in industrial systems[J]. IEEE Transactions on Industry
Applications, 1993 ,29(2):397-403.

TURNER A E,COLLINS E R. The performance of AC con-
tactors during voltage sags[C]//IEEE International Conference

(2]

on Harmonics and Quality of Power. Tartu, Estonia: IEEE,
1996:2-6.

COLLINS E R, BRIDGWOOD M A. The impact of power
system disturbances on AC coil contactors| C] /1997 1EEE

[3]

—
<]
[—

[10]

[11]

[12]

[13

[

[14]

[15]

[16]

[17]

[18]

Annual Textile, Fiber and Film Industry Technical Confe-
rence. Greenville,SC,USA:IEEE, 1997:2-6.

COLLINS E R, ZAPARDIEL F.
of AC contactor behavior during voltage sags[C|/IEEE Inter-
national Symposium on Industrial Electronics (ISIE). Atlanta,
GA,USA:IEEE, 1997:439-444 .

POHJANHEIMO P, LEHTONEN M. Equipment sensitivity to

voltage sags-test results for contactors, PCs and gas discharge

An experimental assessment

lamps [ C] /TEEE International Conference on Harmonics and
Quality of Power. Bergamo,ltaly:IEEE,2002:559-564.
DJOKIC S, MILIANOVIC J, KIRSCHEN D. Sensitivity of AC
coil contactors to voltage sags,short interruptions, and under-
voltage transients [J]. IEEE Transactions on Power Delivery,
2004,19(3):1299-1307.

HARDI S,DAUT 1.
equipment to voltage sags[C]//2010 4th International Power

Sensitivity of low voltage consumer
Engineering and Optimization Conference. Shah Alam,Malaysia:
IEEE,2010:396-401 .

SHAREEF H, MARZUKI N, MOHAMED A. Experimental in-
through

during voltage sag[C]//2010 9th International Conference on

vestigation of AC coil contactors ride capability
Environment and Electrical Engineering. Shah Alam,Malaysia:
IEEE,2010:325-328.

S . M IR AR A v B R T 2 R S PP A B AT Y
[D]. dent: et J k5%, 2018.

WU Yapen. Study on voltage sag withstand characteristics and
evaluation model of typical sensitive equipment[D]. Beijing:
North China Electric Power University,2018.

GUPTA C P, MILIANOVIC J V. Probabilistic assessment of
equipment trips due to voltage sags [J]. IEEE Transactions
on Power Delivery,2006,21(2):711-718.

HEIEAS . o AT R o T SRR 45 52 M A L BT 7 5 X AF
FED]. JbntARdut I k%, 2015,

HONG Wangsong. Mechanism analysis and experimental study
of voltage sag on typical sensitive equipment[D]. Beijing:
North China Electric Power University,2015.

MILIANOVIC J V, GUPTA C P. Probabilistic assessment of
financial losses due to interruptions and voltage sags:part 1:
the methodology[J]. IEEE Transactions on Power Delivery,
2006,21(2):918-924.
SURYA H,DAUT 1L

equipment to voltage sags[C]//2010 4th International Power

Sensitivity of low voltage consumer
Engineering and Optimization Conference. Shah Alam, Malay-
sia:IEEE,2010:325-328.

DJOKIC S Z,DESMET J, VANALME G. Sensitivity of per-
sonal computers to voltage sags and short interruptions [J] .
IEEE Transactions on Power Delivery,2005,20(1):375-383.
XIS ER, R4, ok I, 45 . PCBL L A T e R B i 0 B 5T
[J]. i 5{%3,2019,56(11):32-36,48.

LIU Shuming, WU Yapen,ZHANG Bo,et al. Experimental re-
search on sensitivity of PC to voltage sags[J]. Electrical Mea-
surement & Instrumentation,2019,56(11):32-36,48.

DJOKIC S,STOCKMAN K, MILIANOVIC J. Sensitivity of AC
adjustable speed drives to voltage sags and short interruptions
[J]. IEEE Transactions on Power Delivery,2005,20(1):494—505.
BOLLEN M H, LIDONG D. Analysis of voltage tolerance of
AC
unbalanced sags[J]. IEEE Transactions on Industry Applica-
tions,2000,36(3):904-910.

BEIGE , FEAA TR | RIS, 45 . B0 3 g oL 7 AR i 52 A e S
HARTTENETE L ALE T 588 07 ik ()], B TR,
2019,34(6):1273-1281.

TAO Shun, TANG Songhao, CHEN Cong, et al. Experimental

research on adjustable speed drivers tolerance to voltage sags

adjustable-speed drives for three-phase balanced and



@

% 9 8 % Wik S

%4045

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

and quantitative method part I:mechanism analysis and test
method [J]. Transactions of China Electrotechnical Society,
2019,34(6):1273-1281.

AR BRI, XD, 45 A2 R0 Al i v s 3 et 52 45 i
KA T w58 88 et A vk (] W CHOR 24
2019,34(10):2207-2215.

TANG Songhao, TAO Shun, LIU Yingying, et al. Experimental
research on adjustable speed drivers tolerance to voltage sags
and quantitative method part I : experiment and quantifica-
tion method [J]. Transactions of China Electrotechnical So-
ciety,2019,34(10) :2207-2215.

XU Y H,WU Y P,ZHANG M M, et al
programmable logic controllers to voltage sags[J]. IEEE Tran-
sactions on Power Delivery,2019,34(1):2-10.

LM, R A VR A IR PLC BT R T 52 M B S 56
FEll]. AEdei Jy R 4R (A R BEA ) , 2018, 45(3) £ 53-
59,66.

MO Wenxiong, WU Yapen, XU Zhong, et al. Research on to-

lerance characteristics of typical PLC to voltage sags[J]. Jour-

Sensitivity of

nal of North China Electric Power University (Natural Science
Edition) ,2018,45(3) :53-59,66.

BOLLEN M H. Understanding power quality problems: voltage
sags and interruptions[M]. New York,USA:Wiley-IEEE Press,
2000:156-178.

T A% R 258 A5 L ] S R AR f kg BT e
fif o A AR LR RS [ ). RIS R, 2016,31(3) :
53-57.

WU Yapen, XU Yonghai, LI Chenyi, et al. Experimental re-
search on the sensitivity of PLC to voltage sag and short in-
terruption[ J]. High Power Converter Technology,2016,31(3):
53-57.

IEEE. IEEE recommended practice for monitoring electric
power quality: IEEE 1159-1995[S]. New York, USA: IEEE,
1995.

IEEE. IEEE recommended practice for voltage sag and short
interruption  ride-through  testing for  end-use electrical
equipment rated less than 1000 V:IEEE 1668-2017[S]. New
York, USA:IEEE,2017.

R HL T R R AT T B2 G 7 3 T RS SRS AT 52 (D .
PR FRAA,2018.

XIE Wei. Voltage sag sensitive load tolerance analysis and
compensation strategy research[D]. Chongging:Chongqging Uni-
versity,2018.

CIGRE / CIRED / UIE Joint Working Group C4.110. Voltage
dip immunity of equipment and installations[R]. London, UK:
Working Group C4.110,2010.

IEEE.
system compatibility with electronic process equipment: IEEE
1346-1998[S]. New York,USA:IEEE,1998.

HEYDT G T,AYYANAR R,THALLAM R. Power acceptability
[J]. IEEE Power Engineering Review,2001,21(9):12-15.
MC G M,MUELLER D,SAMOTYJ M. Voltage sags in indus-
trial system[C]//1991 Industrial and Commercial Power Sys-
tems Technical Conference(ICPSTC). Memphis, TN, USA:IEEE,
1991:397-403.

MILANOVIC J V,AUNG M T, GUPTA C P. The influence
of fault distribution on stochastic prediction of voltage sags
[J]. IEEE Transactions on Power Delivery, 2005, 20 (1)
278-285.

o ] [ AR AL A B B 2 R A I IR R e A - AL
EE JEI R R A TR AR A A ST IS 6B / T 1762611—
2008[S]. bt v EFRIfE T ARAT, 2008 .

DJOKI S Z,MILANOVIC J V. Advanced voltage sag charac-

terisation. part I :phase shift[J]. IEE Proceedings—Generation,

IEEE recommend practice evaluating electric power

[34]

[35]

[36]

[37]

[38]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Transmission and Distribution, 2006, 153(4):423-430.

DJOKI S Z, MILANOVIC J V,ROWLAND S M. Advanced
voltage sag characterisation Il :point on wave[J]. IET Gene-
ration, Transmission & Distribution,2007,1(1):146-154.

IEC. ElectroMagnetic Compatibility (EMC) -part 2-8: environ-
ment voltage dips and short interruptions on public electric
power supply systems with statistical measurement: IEC61000-
2-8[S]. Geneva,Switzerland: IEC,2002.

TC3 of ITI Council. ITI(CBEMA) curve application note [ S].
Washington DC,USA:TC3 of ITI Council,2000.
Semiconductor Equipment and Materials International. Specifi-
cation for semiconductor processing equipment voltage sag
immunity : SEMI F47[S]. San Jose,UK:SEMI, 1999.

IEEE. IEEE recommended practice for monitoring electric
power quality: IEEE 1159-2009 [S]. New York, USA: IEEE,
2009.

L. R GB /T 30137—2013( i fiE stk iy R e g S )
BT s L R R B R G TR ()] iR
JiH1,2015(11) :6-9.

IEC. ElectroMagnetic Compatibility(EMC) :part 4-30:testing and
measurement techniques-power quality measurement methods:
IEC61000-4-30[S]. Geneva, Switzerland : TEC, 2014 .

IEC. ElectroMagnetic Compatibility(EMC) :part 4-11:testing and
measurement techniques voltage dips, short interruption and
voltage variations immunity tests: I[EC61000-4-11[S]. Geneva,
Switzerland : IEC, 2001 .

IEC. ElectroMagnetic Compatibility (EMC) -part  4-34: testing
and measurement techniques-voltage dips, short interruptions
and voltage variations immunity tests for equipment with
mains current more than 16 A per phase:EC61000-4-34[S].
Geneva, Switzerland : IEC,2009 .

IEC. ElectroMagnetic Compatibility (EMC)-part 2-1: description
of the environment-electromagnetic environment for low-fre-
quency conducted disturbance and signaling in public power
supply systems:IEC61000-2-1[S]. Geneva,Switzerland:IEC,1990.
o] [ AR R A T DA 2 . L e A i R SRR < AR
KT 16 A (TR 1 H TR TS o I F T AR AR B e B3t
%::GB / T17626.34—2012[S]. Jbst . HPIEbRMEH AL, 2012.
WARIE: . 7 490 8] 28 8 FR T et 2 A P I ik b 52 (D ]
et AL TR, 2017

CHEN Cong. Study of test method on sensitivity of AC ad-
justable speed drives to voltage sags[D]. Beijing: North China
Electric Power University,2017.

WANG Y,MA Zhiyuan, XU Zhong,et al. A new method for
sensitive single-phase equipment testing to voltage sag[C]//
IEEE International Conference on Harmonics and Quality of
Power. Ljubljana,Slovenia:IEEE,2018:1-6.

AGNEHOLM E, DAALDER ] E. Load recovery in the pulp
and paper industry following a disturbance[J]. IEEE Tran-
sactions on Power Systems,2000,15(2):831-837.
ANDERSSON T, NILSSON D. Test and evaluation of voltage
dip immunity[D]. Gothenburg, Sweden: Chalmers University of
Technology,2002.

CARLSSON F, WIDELL B,SADARAANGANI C. Ride-through
investigations for a hot rolling mill process [C ] //Proceedings
of the International Conference on Power System Technology.
Sydney, Australia: IEEE,2000: 1605-1608.

LANGLEY R, MANSOOR A, COLLINS E R, et al. Voltage
sag ride-through testing of adjustable speed drives using a
controllable dynamic dynamometer[CJ//Sth International Con-
ference on Harmonics and Quality of Power. Athens, Greece:
IEEE, 1998:566-571 .

KEY T S. Diagnosing power quality related computer pro-
blems[J]. IEEE Transactions on Industry Applications, 1979,



£28 T8, 45 B LU BT R 52

FIRH AR S5 IR R o

15(4):381-393.

[52] hlt, M 5e5  muthh, 55 HL I SO FolOR 5 s PE AN I L
R GEAT]. LT R4, 2012,32(10) : 118-125.
MA Chao, XIAO Xianyong, YANG Honggeng, et al. Uncertain
evaluation measure system and model for power grid cata-
strophic accident[J]. Proceedings of the CSEE,2012,32(10):
118-125.

[53] H5ET, BRak, bt . U o R BRSO /K T 1) 2 S Ay

SEMETTAE Y], LT R#E244, 2010,30(10) : 36-42.
XIAO Xianyong, CHEN Wu, YANG Honggeng. Multi-uncertain-
ty assessment of failure level of sensitive equipment caused
by voltage sag[J]. Proceedings of the CSEE,2010,30(10) :
36-42.

[54] ¥ 5e5  utdh, ok, 55 . Susale i i FRRT R S0 BE 1 Bt
BLPFASG LT ). AL T RE2E4R, 2009, 29(34) :90-95.

XIAO Xianyong, YANG Honggeng, CHEN Wu, et al. Fuzzy-
random assessment method of equipment sensitivity to voltage
sags[J]. Proceedings of the CSEE,2009,29(34):90-95.

[55]1 GROSS I W,LIPPERT G D. Lightning investigation on 132
kV transmission system of the American gas and eleciric com-
pany: field study of natural lightning currents measured in
towers, line wires, and ground wires;and currents and voltages
at stations[J]. Electrical Engineering,1942,61(4):178-184.

[56] RHEA T R,ZIELINSKI H. Electric equipment for large
electrochemical installations[J]. Transactions of the American
Institute of Electrical Engineers,1942,61(10):733—741 .

[57] MILANOVIC J V, GUPTA C P. Probabilistic assessment of
financial losses due to interruptions and voltage sags:part II:
practical implementation[J]. IEEE Transactions on Power Deli-
very,2006,21(2):925-932.

[58] HONRUBIA E A, GOMEZ L E, MOLINA G A,et al. In-
fluence of voltage dips on industrial equipment: analysis and
assessment [ J]. International Journal of Electrical Power and
Energy Systems,2012,41(1):87-95.

[59] HONRUBIA E A,GOMEZ L E,MOLINA G A,et al. Load
influence on the response of AC-contactors under power
quality disturbances[J]. International Journal of Electrical
Power and Energy Systems,2014,63(4):846-854.

[60] ELPHICK S,SMITH V,GOSBELL V. Voltage sag susceptibility
of 230 V equipment[J]. IET Generation Transmission & Dis-
tribution, 2013,77(6) : 576-583.

[61] SURYA H,DAUT I,ROHANA I,et al. Sensitivity of induction
motor under symmetrical voltage sags and interruption [J].
Advanced Materials Research,2014(875-877):1923-1928.

[62] #pik, I 5e 5 VRS, TT KRR ™ AR BE AN E PR i

R R RACRITAG L] ) A g, 2013,33(10)
107-111,117.
YANG Da,XIAO Xianyong, WANG Ying. Assessment of equip-
ment invalidation due to voltage sags considering uncertain-
ties of failure and severity[J]. Electric Power Automation
Equipment,2013,33(10):107-111,117.

[63] TEM, HJcH 11k . BUSBLA R R B e AN E VY
IRE WAL ()], RRIE AR, 2012,36(11) :159-164.
WANG Ying, XIAO Xianyong, YANG Da. Uncertainty assess-
ment on failure accident of voltage-sensitive equipment due
to voltage sag by maximum hybrid entropy[J]. Power System
'[‘echno]ogy,2012,36( 11):159-164.

[64] XU Y H,LU W Q,WANG K,et al. Sensitivity of low-voltage
variable-frequency devices to voltage sags[J]. TEEE Access,
2019,46(7) :2068-2079..

[65] 2T5ff . BT WA o U B 78 3 ey M AL R R PERF 52D ). b
AUAEIER TR, 2016.

LAN Qiaoqgian. Study of voltage sag on typical sensitive
equipment and its propagation property[D]. Beijing:North China
Electric Power University,2016.

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

FUAE T . F T A A P R O SRR 5% W DA B 52 (D]
et AL IR, 2014

KONG Xiangyu. Research on voltage sag characteristics and
the assessment of its influence on sensitive equipment [D] .
Beijing: North China Electric Power University,2014.

SUFE T, BRI, BT e T — il el 1 AT 2Rl ok Ay SRR B
FRPERRIIVEAG (T TR, 2015,30(3) : 165-171.
KONG Xiangyu, XU Yonghai, TAO Shun. Sensitive equipment
immunity assessment based on a new voltage sag description
[J]. Transactions of China Electrotechnical Society, 2015, 30
(3):165-171.

TROKCHEE , = 5 £ LI AR . A8 Tt 42 fih e X Fbt P 2 e SRR BE 143K
Fedfhelr]). s THARFHR,2015,30(21) :136-146.

XU Yonghai, LAN Qiaogian, HONG Wangsong. Experimental
research on AC conductor sensitivity during voltage sags[J].
Transactions of China Electrotechnical Society,2015,30(21):
136-146.

TR BEERS, 22545 . TR Rk i s S AR L Bk A X S Ui
SRR AT ). TR S A Bk, 2016,40(4):92-97.
XU Yonghai, HONG Wangsong, LAN Qiaoqgian. Influence ana-
lysis of point-on-wave of voltage sag initiation and sag phase
jump on alternating current contactor[J]. Automation of Elec-
tric Power Systems,2016,40(4):92-97.

Wrakis . SR & s R R R AT (D ). e 657
H17R2,2005.

CHEN Zhiqiang. Effect of voltage sag on sensitive equipment
[D]. Kaohsiung:National Sun Yat-sen University,2005.
BAEIEE , F39, W REEE . JH AL B L AR T R I R e
FELT]. AL T4, 2005,25(22) :35-40.

ZHAO Jianfeng, WANG Xun, PAN Shifeng. Study on power
quality susceptivity testing system of AC contactor [J]. Pro-
ceedings of the CSEE,2005,25(22):35-40.
WRBHAR 255, X0 45 . ARTR B m s i 7 i S vl T B PSR
PEEE5E [T ]. Iy A ik, 2017,37(2) :211-218.
OUYANG Sen, LI Xiang, LIU Ping, et al. Experimental re-
search on sensitive characteristic to voltage sag for electronic
circuit of low-voltage release [J]. Electric Power Automation
Equipment,2017,37(2) :211-218.

XS BRBH AR . AR R IBEF11 b Fit R a0 2 BT T 5 SR i B 50
[J]. T HIAERTH AR, 2016,35(1) : 74-80.

LIU Ping, OUYANG Sen. Experiment analysis on low-voltage
release under voltage sags and its configuration strategy re-
search[J]. Advanced Technology of Electrical Engineering
and Energy,2016,35(1):74-80.

WRBHAR X S B , 45 AR BT 25 v 2 e e 1
L] AR ,2015,39(2):575-581.

OUYANG Sen, LIU Ping, WU Tongtong, et al. Experimental
research on sensitivity of low voltage releaser to voltage sag
[J]. Power System Technology,2015,39(2):575-581.

DR BHAR , XU, 25500 . B T MU S 0 o IR I 1 8 v V8 e
WRAURFPEDE TS ], A m B TR 224l (1 SRR , 2015, 43
(4):85-94.

OUYANG Sen, LIU Ping, LI Xiang. Investigation into tripping
characteristics of low-voltage release under voltage sag based
on large-scale experimental [J]. Journal of South China Uni-
versily of Technology (Natural Science Edition),2015,43(4):
85-94.

WRBFAR , XF et 45 . IR s b s 22 e AU = 4t
B3], RS A FME,2015,39(22) :157-163.

OUYANG Sen,LIU Ping, LIANG Weibin,et al. A three-dimen-
sional model for sensitivity of low-voltage releases to voltage
sags[J]. Automation of Electric Power Systems,2015,39(22):
157-163.

OUYANG Sen, LIU Liyuan. Test and analysis on sensitivity



D ® 0 & % L B %405

of low-voltage releases to voltage sags[J]. IET Generation, [T, A ERm, 2018,44(1) :95-100.

Transmission & Distribution,2015,9(16):2664-2671. WANG Ying, REN Jie, XU Zhong, et al. Characterization and
[78] RILI . JLF XL DSP Wi B B & B it 5 D] . test of PV inverter for voltage sag tolerance[J]. China Mea-

oM AEREE T R, 2015. surement & Testing Technology,2018,44(1):95-100.

WU Tongtong. Design and application of the voltage sag gene- [87] SRV, XYL, PR AChE . W] 2 Ao I 45 il e o) Bl 1 7 oAk U )

rator based on double DSP[D]. Guangzhou:South China Uni- BRI HTIE [ T]. W T3 AR 23 ,2018,33(6) : 1422-1430.

versity of Technology,2015. WU Yapen, LIU Yingying, XU Yonghai. Experimental research
[79] SIS, BTG, 45 . H H e X e HE AT 1 520 43 on PLCs sensitivity during voltage sags[J]. Transactions of

[J]. 2 fed ™ ,2014,34(8):31-35. China Electrotechnical S()(:iety,2018,33(6):1422-1430.

SHI Shuaibin, WU Tongtong, HUANG Lipeng, et al. Influence [88] WSLDEMARIAM L E,GARTNER H J,CUK V,et al. Experi-

of voltage sag upon the high pressure sodium lamp[J]. Smart mental investigation on the sensitivity of an industrial pro-

Grid,2014,34(8):31-35. cess to voltage dips[C]//2015 TEEE PowerTech Eindhoven.
[80] Ty, = Hb vt A B NEWIAT HLf ol 87 W SRR P 5 (0] Eindhoven, Holland : IEEE, 2015: 1982-1988..

RIUPFAFFHA ,2011,22(4) :22-25. [89] Z=AFME, ZAR5, X BT . BE Tl B A e AN e M0 Tl T P

YU Xijuan, LI Hongtao, ZHAO He. Research on the impacts H R B R 2 pedin 2k KU vEAS (1], B A shikix &, 2016, 36

of voltage sag to lighting fixture[J]. High Power Converter (12):136-142.

Technology,2011,22(4):22-25. LI Chunhai, LI Huaqgiang, LIU Bojiang. Risk assessment based
[81] 251, B RAS, T . FRETLT L r He 7 R 2 20 B LB A5 on process immunity uncertainty for industrial customers’ fi-

IRIG T ], HE2S SRERAE 4 R, 2016(20) : 53-57 . nancial losses due to voltage sags[J]. Electric Power Automa-

LI Qing, CHENG Lianglun, MA Zhiyuan. Theory modeling and tion Equipment,2016,36(12):136-142.

experimental analysis of lighting lamps voltage sag tolerance
[7]. Diangi Yu Nengxiao Guanli Jishu,2016(20):53-57. ﬂzgﬁﬂ\

[82] UDDIN S,SHAREE H, MOHAMED A. Power quality perfor-
mance of energy-efficient low-wattage LED lamps[J]. Mea-
surement, 2013,46(10) :3783-3795.

[83] MEDORA N K, KUSKO A, THOMPSON M. Impact of line
voltage sag on switch mode power supply operation[C] //
2008 3rd IEEE Conference on Industrial Electronics and
Applications. Singapore:IEEE,2008:2178-2183.

[84] AKOLKAR S M, KUSHARE B E. Effect of point on wave

angle on sensitivity of AC coil contactor and SMPS to

EOAR(1981—), &, TRA, 8L,
Wt T LT T @A LA ES KA
(E-mail: 20312028 @qq.com) ;

Bl #(1994—) , %, wl Rz AL A
AR, TG @ A A& B R
4%, (E-mail : 2680800235@qq.com) ;

XX —), 5,7 &7 MA &
i 5 BIARN, L, ZRAR T @A BRI E

voltage sags [c] //2010 Conference Proceedings of TPEC. Sin- 5]\7})?_5 4 ;
gapore: [EEE,2008:957-961. ~ #Ob(1986—), B, S MATHA, SR IR ML, £
[85] BESCHE, vpvi, BRI, 45 . 1 S Pk b H T R e R v 0k BRI b AR A
i .18- ) ="
Ll 1,\FHE.E,2018.35(2).18w23. ' AT (1968 —) . B w0 B A Mg ML M
MO Wenxiong, XU Zhong, CHEN Weikun, et al. Voltage sag o s . B b g A
anti-disturbance characteristic for escalator[J]. Distribution & ARG @A CRRT SRR (E—mall:xlaOXIanyong@
Utilization,2018,35(2) : 18-23. 163.com) .,
[86] VERL, AEZS, VFHT, 48 . IR 4 v J 5 R 32 R ) 20 i 15 0 (4Rig E2%)

Technical analysis and recommendation of test specification for

equipment voltage sag tolerance test
WANG Ying',ZHOU Yang',MO Wenxiong’,XU Zhong’,XIAO Xianyong'
(1. College of Electrical Engineering,Sichuan University,Chengdu 610065, China;
2. Guangzhou Power Supply Bureau Power Test Research Institute,Guangzhou 510641, China)

Abstract: Equipment voltage sag tolerance test is the basis of studying,understanding and solving the prob-
lem of voltage sag. The related standards of equipment voltage sag tolerance test at home and abroad are
systematically analyzed. Combining with the present situation of the tests, the unsolved problems in the
standards are pointed out. The research achievements and unsolved problems in the field of equipment vol-
tage sag tolerance test are analyzed from the aspects of current literature statistics, existing research teams,
equipment test achievements, tolerance of industrial process, mechanism of equipment response to voltage
sag and so on. A set of general test specifications is proposed including test conditions, test criteria, test
platforms, test methods and test procedures. The development trend of equipment voltage sag tolerance test
is analyzed,and the unsolved problems worthy of study are pointed out.

Key words:power quality;voltage sag;tolerance;test technology;industry process;equipment
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TableB1 Summary of partial tolerance test results of ACC

i 52 WEAEL/ % RS []/ms
ZHMR ACC HUE HUE/V
90° j24Es 0° HRIAAL  90° LS 0° 4R
(11 50 — 20 —
2, 3] 120 43 62 12 30
[4] 220 54 59 10 30
[5] — 45 50 40 130
[6] 24 65 72 8 80
240 50 50 10 70
7 240 40 30 40 90
240 20 — 20 200
240 55 65 10 80
240 47 63 10 80
(8]
240 47 — 10 160
240 55 57 10 80
< B2 PC iy 5Z 58 7738 43 SCRRMIA BRI e
TableB2 Summary of partial tolerance test results of PC
pC B 5
SCHk fif SZWRME/% RS IE]/ms
CcPU HBAE RS RAM 755
Intel PIII Windows98 64MByte 50 100
Intel PVI Windows2003  512MByte 50 200
1) IP Duo core Windows2007 1GB 40 500
Celeron MMX P II Windows98 132 MByte 46 380
Intel P11 Windows2000 64 MByte 55 100
[14] Intel PIII Windows2000 128 MByte 55 120
Intel PIV Windows2000 256 MByte 62 45
[62] Pentium (R) 42  Windows2003 256 MByte 41 135
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TableB3 Summary of relevant literature results of testing voltage endurance capability of typical devices
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