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3-Phase Current-source SM ES-UPS and Its Control Strategies Based on DSP and CPLD

WANG Fu-sheng!, LIU Xiao-ning?, WANG Lei?
(1. Department of Electricol Engineering Hefei University of Technology, Hefei 230009, Anhui Province, Ching;
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ABSTRACT: Three-Phase Current-Source SMES-UPS is
introduced, which can serves for the exciting power supply of
toroida field superconducting coils (TFSC) when the power
systemisnatura, as well asfor uninterrupted power supply (UPS)
of the cryogeni c and vacuum system once the deep voltage sag or
other grid faults are detected. In the case of former, by
contralling the active and reactive current of the AC side of
converter, not only the DC current in TFSC can dope up to a
steady value according to the referenced rate, but aso the AC
side of the converter can achieve unit power factor and low
harmonic distortion; in the case of latter, by the quantitative
anaysis between the voltage and current of protected loads, a
rea-time control strategy for AC current with the feedback of
voltage is presented, which not only ensures the amplitude and
frequency of voltage of protected loads steady, but aso its phase
can be invariable. In addition, a smple and high programmable
control system of SMES-UPS based on DSP and CPLD is
described. Findly, to prove the vaidity of control strategies and
system, a 1.0 kVA prototype has been established and the
experiment when it serves for exciting power supply for TFSC,
as well as UPS for protected loads are carried out, the results
show that the proposed control strategies and system can fulfill
the goals of SMES-UPS whether it works in the former case or
the latter case.

KEY WORDS: superconducting magnetic energy storage
power  supply; toroidal @ fied
superconduction coils; exciting power supply; uninterruptible
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Fig.1 Diagram of SMES-UPS
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Fig.2 Main circuit of SMES-UPS
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1.2 SMES-UPS R{ERIEFIEZT &% UPS BiF
B3 3R B

Pt R GO I Fi Y 2 W e B O 4y
SMES-UPSE F= fi W 2 [a] 1) = AHIKT 2 23 QF =, 4557l
F AR AR ORI AN 2028 R G o R it e i
FAFTZRFRANAR (1) = AR AR L, T 3o 42 81 ) A2 ¥
471 B N1 —AH FERR /NSRS, PR T 75 24k 2
B A R L 2 TR RS2 R &R

BRI L2 RGO RFR I =M 2k, H28
TS A U L —AHARBR R (8, b, ©) AR i AH
AP e Ah bR 2R (d, ), HLA d HIWIGAARL S a fih TR
Bro WHL FR (PRI 25 70 P A e AR A 2R 5 — AH B
1EARFR R (1A 40T AR IR A
&l u_26 sinwt - sin(wt - 120°) - sin(wt+120°)l}x
&ldH_ES coswt cos(wt- 120°) cos(wt +120°) H

U, ul, UL’ (2

PDF S i “pdfFactory Pro™ i RAG]&E www. fineprint.com.cn


http://www.fineprint.com.cn

T B % Wk

26 %

68 el BBl
@l.u é -snwt coswt
1, Y= € sin(wt- 120')  costwt- 120)3éﬂ ﬂ 3)
.6 & sin(wt+120°) cos(wt +120°)H
I AR = 1) S B LR Ay
U, =UsnWwt+j +j ) 4
He: j=abcs j,=0, j,=-2p/3, j.=2p/3-

GENOLZENERIEEVE RIS S N K
E/J/\E‘
iU, =-Ucos

iU, =Usinj ®)
[ B, & S i e o | A % 5 iR d
N R ELE v d Bl o0&
i’lqi_l.CO.S(I -d) ©)
ilg=lsin( -d)
# = AHXS /J\ﬁ?éjZE/J FHETA Z, WA T =T
u=iz @)

K2 (6) 4 HE = A1 R BB IF T B A(5) (RN
AfA3E] (dop) AARE R HUE S I E =GR
él, u 1écosd -sindpd) U
&4 z&ind cosd “SJdu
WK, AP B RE AL )
KNFEMd . HEMRECR A
icosd =cos( -d-j)=

(8)

1,' cosj - d)cosj +sin(j - d)sinj ©
smd— snj -d-j)=
1 -sin( -d)cosj +cos(j - d)sinj
K(B). (8)ir AN (Q) MR T R IN = A4

i U | +U,l,

A VTR ERYR

] Uglg - Ugl, (10)

'smd—

JUG U +19)

E&E&W@%WU%%&%%*ﬁﬁﬁ%
Wi, ATRLAd =0, FRHE(8) K BT 7 EE )
W FLU S B, AR A AR S 1) £ 2 s % 1 RS (20)
THEHSERR U DR i d 5 BUSERIA EAN R
WITH S ORI DR R R A d , R I S 41 2%
I, R 2C(8) R w4 A i 03 75 2 1 8 o1
LI 2% 1o SMES-UPS FIAE UPS YA 142 il S s
WK 5 fror. M aiBarERld =0/, & 5+
MELRAE B> 7T LA o AR, iz, AMH
A DAARIE 9728 L PR I (DR A ANAR 1y LI m] A Si

I P S S AT, 92 2% B SRR AR A L
] o9 HL I AP B I 20 L P SR AR A AT D
YT LA PR IE i B i i 7 8 H s A A AN S ZEATE AT A2
e, JETH SR A RBEW] T IXANE 8.

ide N Mq
’ e
. Y 302 At Sﬂjl
W Ugref| f My (da-abe)f(j=a,b,c)
UqU_ V] >l
Uret Ua—pf M e’ h} |‘ oh A
U 37245 4 sl 1s
U (abc-da) |Ugg — Ud ® |«
c—p Fe— pL S| o
Al T |E
[:sm] U g %
sn(wt+ )(=ab.c) T 5] 18
Wi+ b
oo JO=ano) s |11
g ¢
.> W oot =
Lol fidk
[ REE I
45’ o snd ’é
—

E 5 SMES-UPSM{E USP m,rﬁTE’J#I%IJaEE%
Fig.5 Control strategy when SMES-UPS serves for UPS
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Fig.6 Control system of SMES-UPS based on DSP and CPLD
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