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Design of Robust Double Digital Controller to Improve Performance for
UPS Inverter
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ABSTRACT

In this paper, a new fully digital control method for UPS inverter, which is based on the double control loop
such as the outer voltage control loop and inner current control loop, is proposed. In the proposed control
system, overshoots and oscillations due to the computation time-delay are compensated by explicit
incorporation of the time-delay in the current control loop transfer function. The inner current control loop is
adopted by an internal model controller. The internal model controller is designed to a second order deadbeat
reference-to-output response which means that its response reaches the reference in two sampling time
including computational time-delays. The outer voltage control loop employing P-Resonance controller is
proposed. The resonance controller has an infinite gain at resonant frequency, and the resonant frequency is
set to the fundamental frequency of the reference voltage in this paper. Thus the outer voltage control loop
causes no steady state error as regard to both magnitude and phase. The effectiveness of the proposed control
system has been verified by the simulation and experimental results respectively.

Key Words : UPS inverter, Double control loop, Internal model controller, Second order deadbeat
response, P-Resonance controller
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Fig. 3 Block diagram of the proposed control scheme

3.1 U5 M7 HMojsx
Sy 223E Aue FHARE A 9% P,

Ii(s) = Gpc(s) [ Vi(S) - Vc(s)] 9
VA, FUE ARUEE G, = ol o
=3

2 9RFH FTH ZWe wdo Agsy

Gre(s) & 4 (107 2},
A~y 1
G e(s) Tt 7, (10)



A7)A, “~"& Thepnlee] TS vehith

2 =EdAs gAE Aoj7]g AAAAE 9
HE FHEY uHe FeEE HHsan, Tae
Sdo] ZFAA mae st

299 FAE HALEF G
Order Hold) T7t22=2 #H3siw 4 (1D)3 o] #
|23

>
—~
—
—
~—

G pc(z) =

Z—a

T, = W Af Aoleze 4y
FUT PHoz 4 (109 FH B wdy A
[ol =R =N

St & ZOH(Zero Order Hold) 5742 #HEstH
A (12)%F o] Frf

G () = P (12)

A7)M, G=e FTIE =L (g 3
Ky

mebA, gAE Aol7]e] AFAAARMS

P ogElrEE JpAsled 2Tl e ZdE 2
132, JAHE ZEHF fgor T F
< JEIXYE ¥R AAGTH 4 A1)
12258 UPS <IHE WF A{F Aofzo

2k
N

M 2 Jf8 Hd R
oS ootk o
z2
o

d 49 W5 AR AFEE U 29 Aejr)
=

Ao 28 To(2) 9 a4 FJ=u AT Ti(z)
g Atk aez, 9= A5 To(2) 9 AF A
HA Ic(z) ¢ oake Uiy 24 Aoz A e}
wor dA EdEsl TUES F3 ndo] Hd o
X ghop, E Y J.(2) 9 ¥4 e

To(z) & Q0] dAt)h wpeha, gy A

. £ *
Tz} ; . =y
Ia(ziie (2 o e } 4@ X Iot2)

H
Nominal Flant Model ;¢

08 4 4R HEF MO{RIo 2EME

Fig. 4 Block diagram of inner current control loop

Oy 4258 AAAIES g Uy dF A
offZol HEZ Qs A (13)7 o] |t
Ic(2) _ G . (2z2"'G,(2) (13)
[ IN@ | oy 14622716, () — G,(2)]

A = ZdEe] ¥ mdo] A3 A3
tal A8t GL(2) = Gh(2) °19, 09 A4
5 7] YsiM A (13)2 4 (149 7o ¥

A 1498 BHsr] g WF md Aoy

Go(2) o 21L& 4 (15)9 #2rh

G.(2) = z*lL = 2z= @) (15)

ae, A (199 W 21 A7 G2 & 2
A9 g7k B0 AERTh 2] GRo) a7}
Bohsan % 4 (159 U 2d A7)t Aax
AN ol 09 P 9AE A 5 ok E

o] ARy A7) wie] ddakx Aoz sty |
A donE $9S 98 £ gtk
_ 1 1 _ (z— a)
Geelz) = — PR 5 (16)

wEbA, R 2R Ao7) G (2 & 4 DT 3
°of FWE F¥o] 2 AEY ARt ot AH A} F&

5l dAshe 24 HENE 7S 2tg disi



120 &8 T8 s H88 M2 20034 44

— 1 1 _ (2=
Gee(2) = 28 271G, (2) bz

A (79 24 st AAAATS EEE A

139 AFZ ALPFE 4 (197 o] D),

1c(2) _ 1
[ Ie(2) ]mz) Lo 2 1e)

2 (I8)=+-8 UPS <dHHe 243 2y

Ic(2) & 2 AIEY AT kel evjqrEL, A4

HooAk flol ARA Ie(z) o A dAeES
ok w3k AE Alofr]e] AUAAANE T

E 2do £gAzlon AAAIALE SJe F7)

&

2,
=i

49914 2 AEY AAs B Qe 94 A
e AHASt AA AT Aolel 94 oA w7
A ek ol ARG 2a) : &
& AeiFZo A7 2w gk 14 HolE Blel
of o} e},

Ak 27} =ue
o spepulel wEel v %
2¥ 5& seeEzl Mg
A% Aojwrel Hrz Ay

oo
0
o
re,
ox M
=
Jz
[
e
24
2
N

o o fIF
1o
ro,
oft
ol
N
il

=
o 1>
=

(i
fo > Ly

-y o
L N
s

o o

B ool
=
SN
fato)
tlo
o C L
Dy

B

—_

N )
o

’
2 A U AR AelFIo

el
vl
o
g
o
olft
N
)
2
i)
R
oli
ol
o
olN
N
N
s

H

B>

ol

ol

£

o T
-
4
2
=il

2
~ 0%

zo} Ay F7E FrlsH, 2
¢ R AR Aoz Ay FHL 73
g At ZEJL}, e g7 HEs)

o

QAYE F7b AEAYD WY AGH WEo

N
-
i

>., i
ok
rlr
SO
(2o e o o Ju 2

N
o,

N olo pd T ope A
3%
2
2
2
=
=
4
[
Y
2
2
i
K
lo

o 4l
jabod
> i
A 1o
C
il

Z AQrst 22} Y=uE Suhe 7k
Aot shebule WEe] ae

o rif
=
B s
t
i
2L %
™

0.9725

0.972

0.9715

0.971

Maximum Pole Radius

0.9705

LI  ( B t  t H B

A o T S N S T N Y N
-50 -40 -30 -20 10 0 10 20 30 40 50
Parameter Variation (%)

18 5 mlEjoly HEof ofst Uif MF Ho{FZo
= S8

Fig. 5 Maximum pole radius of inner current control
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Table 1 System parameter for simulation

DC Link Voltage 200 [V]
Output Voltage 100 [VI(RMS), 60 [Hz]
Switching Frequency 20 [kHz]
Nominal Filter Inductance 1.2 [mH]
Nominal Filter ESR 07[82]
Nominat Filter Capacitance 10 [ # Fl
Load Resistance 10 [ 2]
R-L Load Resistance 801
R-L Load Inductance 16 {mH]
PF of R-L Load 08
Rectifier Capacitance 2200 [ 1 Fl
Rectifier Resistance 20[82]
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(a) Output voltage waveform
(b) Inductor current waveform
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(d) Load current waveform
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under rectifier foad

(a) Output voltage waveform
(b) Inductor current waveform
(c) Capacitor current waveform
(d) Load current waveform
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Fig. 16 Output voltage and load current waveforms under
resistive load
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