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Application of Digital Servo Control Techniques for UPS Inverter System
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Abstract: Digital servo control techniques was studied applying in inverter system of digital UPS--Uninterruptible Power
Supply, and the approach of mathematic modelling was probed into, which was studied by simulation using
MATLAB/simulink softwave. The results show that the control principle of digital servo system can effectively take control
of the power of UPS sine invertor, which has stabile output, low voltage distortion and strong load disturbing resistance.
Key words: UPS; sine inverter; digital servo control techniques; state feedback

5 8

UPS(Uninterruptible Power Supply)fF 5 —#¥ i i jo 248
REHBMEFEEEMENEBATFRORENHEER
EXRERRE, MBS, A UPS £S6KE
EREBERERNSIEEN, FEEEFRTIZHHR,
FHxT IR T B BT R R . R EETEE
MRS EREHNR T TEHEA. T PID EHH
A EREBHRARIEE, KXHAKEN UPS AR
H s AR ARSI R,

1 BT MR EH R UPS MR EHia8 8t

BREFRARAENEHIRIEIZA T 848 UPS X
FpEHivth, HRVMEREERE: B UPS MR
FEE—SHIERW BB RS, B 5 A ERBE AR IE
K, WP ESRET AN SMEH . BT ZEE
BRI, e AR RN RS, B i
RERBOREERNSD, KB ORE, MOBHEENE
PR (THD), [RINHRYE BT T2 (deadbear)EHIH
FREESRERBERERAREET S, ULHEix S

B E ¥ 2007-06-28 $EA%: 2007-08-20

XOWE: WHEAHETENHE (06c459); MEH AR EELER
By (061J50110).

fEXMA: EEM (1965, &, WA, WL, BIES, R3:a, o
RAEHERLEERERERE R RN (1956-), F, MHA,
B, B, R, IRFRARFUESERALRLARITELRNA.

HIE P PO ERRE, MITIE R REMBI AN RS, T
REMTEMMNST; EAFBHEHET, MA—I M2
MBS BRMBRAERHENEERE, ANTRE T RENT
Amptige. 4 i, 848 UPS 48 EHIRER
WE 1 Pir.

B 1 A UPS MR G RRER

B 1 A g E a5 B R4 E b PWM DhE
B (ERBLEE): #RMAERER o FEAHHE
RIS SR — A 2 () A RAIBH BB CH
W UEBOEA, R OARECEE.

B 1 RaTLLE S, WEHISam SR, —RERES
RBABRKINE, ENERETHRENTE (EHBENHE
SUTD A g e i s R R, TTIA A e
HeEE. REARESSHNMREK H K RERSHE BT
H RS —MRER D BHR. BOSOFAASEREH
FHER, AURD RENBSRER NS AL HME
RAARL. ZHUREEHER S, REIRSBNSH
Al AR B AR AIBR -

+ 4146 »


http://www.cqvip.com

£ 000 http://www.cqvip.com|

B20HE15H Vol. 20 No. 15
2008 4E 8 A RN, & B RREHIEARTE UPS B RA S A Aug., 2008
HE 18, REMRAFTEN: EX .
u, (k) = —KEx(k) + K Ev(k) %)) Wk =K K] x,(k)] (10)
% o = 22042 SRS B FT RN v (k)
- 1 ) MR AT LUHKEH
=v(k - k)— — y(k " . -
vl = k=D ay( ) Ek+1)=GEK)+ HW (k) + H ,i, (k) amn
TR W (k) = —REK) 12
vk +1) =é(aillﬂ5—OG)x(k) +{ —ia-IIK,E)v(k) - R
x, (k) G 0 13
éaiziu(k)+r(k+l) & §(k)=[ve (k)} G{“i“ ,] (132
X6, H - v, AEBLERE, k) REHUBER, . IHIE k=[k -k, (13b)
R 77— cne
xk+ 1) =(G— H KE)x(k)+ H, K, Ev(k)+ H,i,(k) C))

X FENMARRLE, UGB THREFEMS Y
F2:

#(k+1) = Gx(k) + H,r(k +1)+ H,i, (k) (5a)
yky=[c 0k (5b)
Hef
. G-HKE HK,E (6a)
=L cuke-co a-Lcrkp
a a
~ T . o~ T
Hy=[o 1] ’H2=[H2 ——I—CHZ:! (6b)
o

FLL, A= S8 K A K, R R 6.
HFMBEA r)=r FIS, 4 k BIET A, £(k) ~ v(k) «
Lo BAEE. Bk = RA LRRETR, TH:

x(e0) | ol x(e0)| |0] '¢))
L(m)} - G{v(m)} * H *Hai ()
EX

x,(k) = x(k) — x(o°) (8)

v, (k) =v(k) - v(e)
i(ky=i,(k)—i, ()

M @RGSR EE
x (k+1)| ¢ 0 x, (k)
v+ |-Lee 1|y,
[s3
1H1E k&) P a0
-LenE O ®
[s3

FRERADHA)RI N RREZ @7 ERR, W E
2 fR. HEBMIAR, —MREERAHSHRERE: 5
— AR EIRZE BT, HH AT REO TR . AR R
BRBKEEEET BT HRTIRAIRZERR B THE
g ST IX— SR, A ATRE R T LURI AR AR RO B R
H o BFEHARKN LSS EEIR L, S RN AR
BEFARN, REANMNATLZERNNT. X, HEORE
R85 K ATLLE Ackermann A 733

k=0 o 1Jn 6A GA| G (14

BT ATLASK S UPS EXERBEHRENSH K. K.

i, (k)

A,
d
3 poory IR+
G
1 - R |«

2 HHRERBMARE

2 DiRBR

T EBFREUE A MATLAB RIZAS 72 T & Simulink.
RIBEHIEER W TTH# I MATLAB {5 ZAER WA 3 Fix.
Wit R AR UPS EXi 822 8nE 1 Fir.

ccccc

EE: lolpducance,, Ly

] o
Clock

Scopet
[ » J—

To Wonkspace3 To Wolspace

Reference
Sine Wave

Reference
Sine Wave

To Wodaspace2

Dutput
Resistive Joad Vo.lo

o> v ]

c To Wonspacet

state
variable

Band-Limited

/wl 2 White Noise
<Y

/_K_‘AK
<L

14220%sqr2))

3 UPS [E3XIAA MR ) 38 4 ELAS R B
«4147 «


http://www.cqvip.com

£ 000 http://www.cqvip.com|

F20HF 158 Vol. 20 No. 15
20084E8 A R 4% f H % #t Aug., 2008
%1 UPS ERRSBEN S0Q B, R AR A2 60° F1 240°, TEMISHIR
ks H PR, 25 RI S R R, T
WS L=18mH C=120yF - - ‘ s ;
PWM TR 2 E—3y fﬁﬂﬂ‘]ﬁfﬁﬁ, TR, A H IR AE USRI
BEEWR r=1V. f=50Hz HBRERIE.
KAEsE f, =10kHz " L5
KAt A T, =1/f, =1004s 5 :E \
28 45

B h P SO AR, A TERGE RN E
fliRcdit-o
2.1 HHRBEIES KREH BN 5 B R mR
UPS IEZERRRAATHBLIER, RERSBEEA
Frist. REMXSEMARBRBEMERET 2R K0
HIFINE 4 Pias.

r2b T s e S
P S et B . :
go.a .
508 ........ R R TRTRCEERPI EEITEIRTRS 4
g : : :
0 i i i 050 & i i i i
0 05 1 15 2 o0 05 1 15 2 25 3
Time offset. 0 Time (s) x10° Tmeoffset 0 TMe(S) <10
(a) (o)
15 T g 15 T
o 1 o
k-] N
2 :
5 :
£.;
0 ! s 05 A L S i
0 05 1 15 2 0 05 1 15 2 25 3
Time offset, 0 Time (s) x10° Time offset: 0 Time (s) x1073
(©) (d)

B4 FEHBRIERE REMERRIN(E) S KRN G)

B4 thG). (b)MERAMPNETY, THERITRBA
BRI, MR 10 JLASRAE R HIA SR,
K S50 7 A AR 20 A-SRBE A, ELAE B0 i B A BhdR
%, WIRGHEES BIAE T I 30%5 S0%. TR i
B IETR B9 3R G0 BRI (o) S K B IR () , 55 R IR
PHBRE R RSN R SMANMPEEREE T B E%
%, RENAHEMNRSE 5 NRER SR TS,
BESMNT R TR . T UPS BB REEKFE
HERER, RAMEEWNHERE KRR T .

2.2 WERGHLE AR R

M 5 R HA UPS WS 2845 E o SR 4 He HL R HLR
RIS, SURFEE Y 500, KAMLT KW RAR.

B 5, NEBITHHNS%E ERMN. BisE. Wb
MR E . (2P T RIS, ANMER
Gh AT — W SR MBI A H A . NE LT R
H, R SR LT BB ARAR 4 e
23 WHRAWAMHSP TR L AR K

B 6 W TR SR RS . ik

* 4148 «

88.884 2.2

Output
Current(A) Voltage(V) Voltage(V)

o : . ,
55
3 O
EE s
e} 10:
0 0.02 0.04 0.06 0.08 0.1
Time offset 0 Time/s
Es HEMAENE

Reference

1

28.88520¢2%

Output

'
—

Current(A) Voltage(V) Voltage(V)

S

0.02

[=]
[=]
oa
[=]

6.04 0.06
Time/s
Bo6 WEEUHERENL AR

2.4 BRRAFBYERBTK
M 7 87RT UPS WA RYLE Br bl ikl T B
BB CRM I RGMEBIE, B, IR, B
MR 10mH. HIFAEY 160, BRHE S B B
Be. FTLUBH, REMHHT5
1.5

400 T B - T
200 :
0
-200
_4f

00

205 v - T T
10
0
-10
-20 \
0 0.02 0.04 0.06 0.08 0.1

[=]

Output

'
—_

Time offset 0

- Qo O
W th th
|

Reference

Output
Current(A) Voltage(V) Voltage(V)

]
j=3
=
©
Time offset 0 Time/s
BT HEag

Bl 8 ARLH TR SRR RS SRS
S . A, FRE AR AL 60°H 240°.
RN B 10mH. H1BE 16Q B BURE fE . E 8k
Bon, BMEAEX RS SRR M SR RS IR T,
BRI RIE R ZH BB EIRE SRR .

CFEE 4167 TV


http://www.cqvip.com

£ 000 http://www.cqvip.com|

HBEHEISH Vol. 20 No. 15
2008 4E 8 ks, %, T Agent MG K Jk A 07 LR AT Aug., 2008
1234-1236.) RBERARELIESER, 2006, 6(6): 83-85.

[11]

FRE, HAF, HiEE BH DSESLSREERHEE
] BREHE ¥R, 2006, 18(4): 852-855. (LI Fu-jing, FANG

[21]

g, BEH. T2 ERENTEREAMRAERK]. BH
BEATTE, 2006, 19(5): 48-51.

Wei-ning, HU Qing-mei, DENG ye. Simulation and analysis of [221 Z8, B&l. ETAgentEE S50 BB S ERE RN
passengers’ evacuation ability in subway under urgent conditions [J]. BAED]. BEE ¥R, 2006, 18(S2): 116-120. (Li Hao, Dai
JOURNAL OF SYSTEM SIMULATION, 2006, 18(4): 852-855.) Jinhai, Study on Integrated of Agent-based Modeling and Simulation

[12] #pardh. TR AP KK A R AR, BHEER, and Discrete Event Simulation [J]. Journal of System Simulation,
2002, 12(4): 7-12. 2006, 18(82): 116-120.)

[13] Xie H M. The complexity of limit languages of cellular automata: an 231 MRE, XM, K T AgentM 8B FHRCGFEEM AL R
example [J]. Journal of Systems Sciences and Complexity i E 2R, 2005, 17(9): 2321-2323, 2326. (HAO Cheng-min, LTU
(§1009-6124), 2001, 14(12): 17-30. Xiang-wei, HU Bo. Study on Modeling of CGF in EW Based on

[14] Veronique T. Two-dimensional cellular automata and their Agent [J]. Journal of System Simulation, 2005, 17(9): 2321-2323,
neighborhoods. [J]. Theoretical Computer Science (S0304-3975), 2326.)

2004, 312(1): 203-222. [24] &, WY BRI EGERERANATRT. REHHE

[15] JohnE H, Denise E C. Learning using an artificial immune system [J]. R, 2006, 18(1). 221-224. (SHANG Lei, LU Hua-pu Urban
Journal of Network and Computer Applications (S1084-8045), 1996, Microscopic Traffic Simulation System and Its Application [J].
19(4): 189-212. Journal of System Simulation, 2006, 18(1): 21-224.)

[16] Kirchner A. Simulation of evacuation processes using a bionics [25]1 fA53R, BR%E, TH, KEE, o KBEFEHESEEAN
inspired cellular automaton model for pedestrian dynamics [J]. BERTEM R REHEFIR, 2006, 18(1): 213-216, 224 (HE
Physics A (S0378-4371), 2002, 312(2): 260-276. Yu-giang , MAO Bao-hua , DING Yong , ZHANG Hao-zhi, Research

[17] Z Fang. On the Relationship between Crowd Density and Movement on Simulative Calculation of Maximum Assembling of Railway
Velocity [J]. Fire Safety Journal (§0379-7112), 2003, 38(2): 271-283. Passenger Station [J]. Journal of System Simulation, 2006, 18(1):

[18] BEsFiZ, MM BEFAgentMBESEMSIEST]. REH 213-216,224.)

E%¥I, 2006, 18(8): 616-620.(Liac Shouyi, Lu Hongwei, Research 261 AH, E¥E BHKAFSTHERAT ZAUWRBENRLI. £
on Conceptual Framework for Agent-based Modeling and Simulation % {5 B ¥ % ,2006, 18(6): 1724-1728. (DU Xiao, TANG Tao.
[J]. Journal of System Simulation, 2006, 18(8): 616-620.) Analysis and Modeling of Three-Dimension Visual of Subway Trains

[19] FR, FEE BETAgent X BEBRHUGEREELH K] Operation Simulation System [J]. Journal of System Simulation, 2006,
HHAE, 2006, 23(1): 210-214. 18(6): 1724-1728.)

201 2%, B, XK EZTHSHEHATTERE R

———— i — — e — — W — — - —— e — — i — — — — i — — - — — i — — i~

(b3 4148 ) 22

8 S (‘):;;/ ; / \ Tl A SRR REBARMNAL RE S, 2005, (1)

£ £ ot / 7 / / A 22:25.

M 15t . . . ) . , ; ] [21  C Rech, H Pinheiro, H A Grundling, H L Hey, et al. Analysis and
400 T T T T v T ™ T T design of a repetitive predictive-PID controller for PWM inverters
% 2007, 7 [C1// IEEE Power Electr. Spec. Conf. Rec. 2001. USA: IEEE, 2001:

iE, 08%/\/%/\//\/ 2531-2537.

5 S -400 . . . I L . . . i [3] T Kawabata, T Miyashita, Y Yamamoto. Dead beat control of three
2 %g T phase PWM inverter [J]. IEEE Trans. Power Electron (S0885-8993),

- s 9 1990, 5(1): 21-28.

g E :;8 [4] L Malesani, P Mattavelli, S Buso. Robust dead-beat current control

QO > for PWM rectifiers and active filters [J]. IEEE Trans. Ind. Applicat
Time offset 0 Time/s (50278-0046), 1999, 35(3): 613-620.

[S1 P A lIoannou, J Sun Robust. Adaptive Control [M]. Upper Saddle

B8 HAERTEEREEA R River, NJ: Prentice-Hall, 1996.
3 % % [6] Mon.tagner VFE C.arati E G, Grundling. H A. Univ. Fe<.ieral de Sfafna
Maria. An Adaptive Linear Quadratic Regulator with Repetitive
ZEBMP ARG EETY, B E AR T ARESN Controller Applied to Uninterruptible Power Supplies. [FZ]//
Conference Record of the 2000 IEEE Industry Applications
e R R MR I IESK UPS MR HUE, FHAEH M Conference (ISBN: 0-7803-6401-5). USA: IEEE, 2000, 4: 2231-2236.
MBI BB UPS A RMM LN, MNTRETE 71 SEE RREARRENMNSRIM. ER: SR TLSRL,

KHIBH S RENARANE B . R BB W . Bt
MERHRAGMERES TER. BN UPS ERER
RAEHBMEM., FRUABRNIE, HERRAZIFER
HEAT.

[9]

* 4167«

1990: 63-68.
BRF, TR, BES MATLABEE 5 B3 H RE R M.
JEF: HUR T AL, 1997: 254-271.

BEETF, MR, ZTMATLAB/Simulink#] R B HBEAR 5N
M]. b3 K% HARAL, 2002: 350-362.


http://www.cqvip.com

