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Influences of Control Mode of Reduced Voltage Starting
on High - capacity Motor

Bai Bo', Zhou Yagiang', Li Cun’

(1. Baotou Steel Yingda Gas Co. , Lid. , Baotou 014010, Inner Mongolia Autonomous Region, China;
2. CSP Plant of Inner Mongolia Baotou Steel Union Co. , Lid. , Baotou 014010,

Inner Mongolia Autonomous Region, China)

Abstract: With the scaling up of air separation equipment, the capacities of supporting motors for air compressor, su-
percharger and oxygen reciprocating compressor are also increased. The capacity of motor for air compressor is developed to
over 20,000 kW and scaling up of motor has brought unprecedented challenges for control and starting of motor and power
grid. The start — up process of high — capacity motor is particularly complicated. On the one hand, the influences on power
grid should be considered, on the other hand, the impact on motor and starting equipment should also be considered. Vari-
ous starting modes are adopted based on conditions and demands in the industry, the reduction voltage with auto transformer
discussed in the paper is one of mature reduced voltage starting technologies. The impact of auto transformer on power grid
is low as well as it is with simple operation and stable performances, so it is widely used in the air separation industry. If
the control mode of reduced voltage starting for auto transformer is selected improperly, it will cause certain damages to mo-
tor. The start control of auto transformer is studied and analyzed through cases in the paper.

Key words: reduced voltage starting; reclosure; residual voltage after AC dump

YRS HER:2024 12 — 11
EEREN A W1974 -) B NEH LT, S P TR, A B SR RS H AR



78 FLARHY

$51 %

iy s FEL Bl ATL e M 0 7 1 4 9 SR, 83 Mk Y
HLLAERE 2> w0l 4825 I AL ABB 10000 kW HL 54
(LAURRIARHLAL) M L3 ZedEd, BT L3 iy
FORTE T SLAY Az i JA A BRI R A, L
X L BIALAS AN SRR P 1) A A A S A X
AP IS, AT LA 25 B2 o L sl AL A AR 1k el
FFFdn . AEGER I PR S i I H i, H B AL
A FRA Gt 5 I R B R AR A T WO G B Y, S
R B RE e T B A BRI Sl va B G . B 2%
A B A REER AT , 20 R E X LR 4E(E
HUHLIR ) A S, R BRAE A2 - 180°J7 [ AT HE AL
V&, G AL A W n] DL R o e R, B U
2 AL, AR MR o i v S T, T
LI ™ A, IEAT TR BEE 5T, R F RCA 2R
Jr ik, WHLBLAG & o s AR S R sh i Uy X
SETT AT T 04T, e Ml B A AR AR SN, 4R e
RT3

1R B AT

1.1 BiER

YRR L LA 2 O BE DR 10 000 kW, 5
EHT 645 AT 1 491 rpm, TR 0. 92, il &
FIAAZ Mgy 7772 43 000 kVA, 2011 4R AistT, &
ABB FRA T 2008 4R H 1 ke 10 AE D)
A SO A A, W I R T TE 3, 5 U Bl ] 24
32 s, HLs T E TR AR 110 °C, JR3hHi
TEATE Ry RAFIRES, e RIEA B 2.5 mm/s,
HLLIE AT iR K AU R BUE AT 1Y) 90% , DL 11877
Bdla ot , LR A B 2. 5
1.2 BHEzhToHT

HUBILARIRE Bl 7 2R 1 R AL T i g T k2 307 5
(1) o EES RS )E, QF3 Jed B, K A
A g fE He M 55 ML 3, BB B 5 I QF2, A A
FeaS IH iR AR, s ALIE ARE R S B, 22 B
Wl [ B S 45 HUS , QF3 15 QF2 KRBT, A
AL T Al s AT, BERI A E QFL, ALEE A 42 iz
FrbrBe. BRRAE Hede MORS Sl o] % 42 i s 78 B3,
HUAEBE 4 I R R A7 AR — N T 1 Ok B A L 1Y
bR B E A A SR P (il 2) 73 0, F
A A G o LA (R D) IR (ELR B TR S
L, H s (IR U) R R T R ML kS Bl it 7= A Y
Fl, S e LT 5 197 A 1 bl R T RUBILER S
E B

10kV
QF1 QF2
QF3
\XST
Qo b

A1l ARERERLS) T EEERE

QF1

QF2

QF3

A2 aMEHEERSEERREYHE

2 EaReileyRs

2 o L REo 0| M WS RS e S 29N RU L v 1 S
X RALIIR A 7S A 2R 7 N mFA TR 734 o bl
B, KR E TR, B TR R e s
[Fi) I 2 177 A 8 3 R, P ATLIBEE 8]y v SR 2 AL I
KRR B R g B, B R R 2R He
BRI o 5% FE I8 (et 1 5 5 R o O R/ B
[R] DR E 1A, B T A0 258 e e R R, JHCBR TS PR
AR N a0l o B R HL AR I U, IRE SR A
Wiggd, U, SRS U, Z B RHIAL 22 |10 5 22 /Y
i EL AN W72 Ak o JELIT 18] A EA T 45 ), R AL FE K
ST, % LB T A5 L 9T s 22 T ) R A7 2 A i 22
A B E LU BLSR

(1) FUMLER 7 A FRL IR IR] , 5 s 5 v D50V T 22 (]
[l RS P, AL v s /N R U5 Rl T 5 I 1) o7 ) AL
R TR . DL, & A BEROR I, i R 2
PR, T B A R

(2) R ML ER BT A FRL IR [R] , 5 s 5 v 50 T 22 (]
[l FH LA, WA L 3 KT 2 7% A € P U5 S 1) o2
IR W FEL 3 0 A RLIRC Y AT 10 4% PRI, 5 T A
R W8] vh i R AR K, RO ARy i L 3 7 2 Y



24

e e sl 42 )y =0 K H B BIL A 5 ) 79

FL R 3 (o R MILSE 1 o S e Pl 7 A A T B A 2,
FHRILZ BT,

(3) AL MLE 7 5 v IR 8], 5% e 5 v 0 T 22 (]
[FIRH LI, F A S HE VA 24 S R R A 5 7%, B S
Y 1 R IR s BORASLINT , R R 2P R v~ I (LA 3
BUEFIA 15 52, K55 PR M. AT, i
DRI S S 20 By 45 1 R 2L TR A S IR 220 1A 7 HL 9
PRI LA M), BORHASE IS 220 8 P DR P A 2 5 DS e e
{ELRA STV, 2o R LA il 5 00 B AR K
E L RaST e ON TN s I LT s WS N DR i
HL DR (s HEBLAS B 32 200 KA il g iy, S 0
BBl A AL Az R ZUR= B, 7 E R AL
ZF i, [7 It X L AL 03 214 1 T 73 i A — € R T
ARG AR B L AL P e A ) B G (e T 4 HA 8
WAL, iR i 7 2208 ) S B S B 4
RWa, AL 10 4F PN 50 2R 3, A1 4 TR %
100 Z2 U A K HEL 30 A 82 14 b ok, BRIV 22 B AL AR B0
P 7 SO LS e A AR A S A

3 B MR AR D O

A AL AT TR DA A T e o e 2l 4 i
AAERHUE SIS L A7 A 2 b fa 3, B = onp
HfE T RSN R . I B RRAL T e i S5 A4 AR )
R, RS M i v e e 27 IR TR SR 4 (R JL 58
A1) R SR 4 A R AL, R IR R A 2 W] B A
IR, SUA BRI & R A U e s, S B T
T JIRE R H R S BT I, A L SE A7 A3
B, SeB i i ar D g . X M 75 AT LS B H AL
A1 B AL s e — R T e L A A RS e e Se 2
AR ER LA R TR TR LU, Al
FR G0 I PR A5 A LA ], 52 56 3t aed 8 21 4 R s 5K
AR Sl ] 0 3 D0 A A R g%, 7 S5O [l g% o
Hn— & 2 WA QF4, T AR s 5
Pidw Z [ T) , 1 B2 (Canlgl 3) L ryiie
SR O PLC Pl 2545 2105E s bl ar 2
Ja,QF4 SEi bR AR R as B U, R G & 1
QF3 R A AZ He i 1 e 0 -5 g AL 3% 5, B B 45 I
QF2, [ AL T s IT iR AT, o ML A T2 3l By
B g in HIWrE e sh a4 s , 7 BN QF4 4T
T ARRZE s e it A 4, A LR A H L B B, SR
& b QFT bl A g kiatT, i) QF3 55 QF2 ki
HRBURTIT , L B a7 . i sk, i@ %)
AN HL s R RE ([ 4) 2087, RS s i e T

BB TE MR HER T BERE BETHINBLR, Rk T
FL PR A F) T 7L

10kV —v———’—v

QF1 QF2 Qr4

M3 AaMTMRERS)EIERERE

B4 fgRERERIGEEEREYA

4 B R TT R R o R

HIF B AL s A% — G R T Oy e AL BT — e s
AW ARy 5, e 1R A T = A —
Y [a] i, SEE T LR DR (LRI AT AR T 5
SR Bl XU

(1) 24 B#B28 e A ra B e i, 7T AE HH 3
F WL o L S B, e AT RT3 0 P ) ol 55 [ R
BEXF LG XU, et 315320 Ar , sl H s PR R 32 202k
A E R, AR gl Sk L o 455 ) Jk
PUE X, , S0 e 5E H IR R BE L .60% dilisk . X, =
0.6>,X,, = 0.36, B & FRE/D;80% Hlisk X, =
0.8 X, = 0.64, HJE KL, 83K 8
60% hy Ak, B ORI IR Sh R EOK 7 4h, A
RN (SR TIR el oy e dls N (O Ul (1] LI
HL L I, RN R S 25 3 B R T R, R SRR
TR o AR A3 A B &, XoF J 2 67 £ 0 00 250 ™ A% 458
il AR R 2, B Sl A i B R e ks
AN, Ml i 4% X,/ (X, + X)) FeBil K, 353
S HPTAR ORI

(T#% 84 1)



84 AR

$51 %

3 #RiE

M 2024 45 3 7 S BUXBLIR 30 ] R U
AEBEXHILIR PR 1 it ) , 1) 2024 47 A, B4z KL

[1]

Rasfy 1 150 Ko i Z e, AHLIRSh iR B i fs e [2]
0.4 mm £ 0.8 mm Z[u], KHliz f7H0E , ik 21 Hi ]
BOR, N T KRB R TR LR, A (3]
BT BRI T BRE RS FARI8 1T, 101 H4%
w1 AR SR IBRCR , LR T A=A, [4]

AR R B A RS T 2 o
b2 a A PR L

2 % X W

5o R RHL R L PR 3h 3R 69 4 A & BT 7
(1], 4% 4% ,2017(S1) :33 -35,38.
FALA, KA R . S RS L RIS
FH oA J]. a4 2023(S2) ;124 - 126.

AR )N B BRI H B Ae BRI ph k = & 0915 B dm
El[J]. 45 % RH K ,2018,35(1) :165 — 166.
FR e, T4 H. KDL a4k b 5L 649 m B &
[ J]. K% ,2006(11) :66.

(L#F 79 R)

(2) HFEAZ e 5 1) 206 2 RN R (0] T, 7T RE AN 3
GREEVE S B PT A E . FERlE AR gy, Y
LA T 2 RS2 B 1o T U PR T B A 2 R L L, P
ST IRECHIIN . R AR PR e 4 AR U R T
(AR PRI 5 2R 32 2 i R (TR 53 He ), AT g
FRE B M 4 e, BT RO, EGE R,
AR BRUE T A R AR R R 4 2k SRR L R TR
T 4 PR 223K A% 05 SR 20 i = e 2 AR Bl

TREE R s KEAZ I TR, BF 1 40 1 s B 2 4555 [1]
LAV AR RS I I HAGE IR T, R A 2 i 2
2
5 LEiE -
VLS PTG £ S B
HL A AR R B A P TR = [3]

R RTATY, B 1 IR FR AL AT DA R 0 B R
1 SR, (H 5 2 AR VAL EOAR RS 5 2 501, i

v P LS R R BT , B DR B e T e . 2
RTINSt VNG IR §L VN7 g /DAY -3 P
A Ja W A AN Bz g, ) B A F A
PR B2, HEWR HB, Bt fea BN P 1 O
%, RNy g R d i e it T 5 st e &

£ £ x #

I I AT RHPE R E AR B S
AT, Bk e AL,2015,50(1) ;38 —41.
LEM MESE, EFR REBIE BEKE
AR AL ELHTRG Y]] B hEA%
137 5 44,2009 ,37 (4) .45 - 48.
g%, Ry, L. RAF[M
79 % 3038 K 5 AL ,2019.

IR



