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2nd Order Deadbeat Controller Considering Calculation Time Delay and Sensitivity
for UPS Inverter

& W IR - # & 27 Amit Jain™
(Byoungjin Kim - Jaeho Choi + Amit Jain)

Abstract — Deadbeat technique has been proposed as a digital controller for an UPS inverter to achieve the fast
response to a load variation and to conserve a very low THD under a nonlinear load condition. This scheme contains a
fatal drawback, sensitivity against parameter variation and calculation time delay.

This paper proposes a second order deadbeat controller, which fundamentally solves the calculation time delay problem
and certainly guarantees the robustness of the parameter's variation. RLP(Repetitive Load Predictor) which predicts the
load current ahead of two sampling time and FVR(Fundamental Voltage Regulator) which eliminates the fundamental
errors of the output voltage are also proposed for the second order deadbeat controller to apply to UPS inverter

systems. These are shown theoretically and practically through simulation and experiment.
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Fig. 1 Schematic diagram of single phase PWM
voltage source inverter.
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Fig. 2 Block-diagram of given inverter piant.
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Fig. 4 Deadbeat control block diagram of inductor current.
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Fig. 5 Root loci of Deadbeat system expressed as Eq. (14)
(a} when R, varies to +50%; (b) when L, varies to
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Fig. 7 Root loci of proposed second order deadbeat control
system (a) when R, varies to £50%: (b) when L,
varies to £50%.
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2nd order
deadbeat current control loop
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Fig. 13 Simulation waves under resister load. (1) Output
voltage. (2) Load current.
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Fig. 14 Simulation waves under nonlinear load. (1) Output
voltage. (2) Load current.
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Fig. 15 Simulation waves under nonlinear load. (a) Output
voltage. (b) Reference voltage.

T

=

- ,/(a) (b)\

= A N N
N 7 \ ) S —

. \J/ \J

Bisses S =ees CREE Ry & 57e5 o Sehe

a8 16 HF/7| FstolMel Algalold, (a) £3EF. (b)
CE-FSESH

Fig 16. Simulation waves. (a) Load current. (b) Prediction
current.

176

[ §)
p4 AN N
/ N / N 1
AN A A AN
AN s N /iQV/ iv AN /
1
[$~3)

20 AVdiv

Smmstdixz

b4

38 17 MEgRsi=HoMel A nlg,. (1) €M 2
28 R/

Fig. 17 Experimental waves under resister load. (1) Output
voltage. (2) Load current.

1) sl e
7/ A / \ /
/ N / N /
A N Y, A
/ AN VA saxxdih. [
. g\«u -/
FAY A\
[ \
4 R VY /12
i AV N T
{ ! 20A/di. |
Ji f Srhs/difr |
\V4 \V4 AV
0% 18 g Rstx=AcAMel AE Ty, (1) E¥™L.

(2) ®3I™F.
Fig. 18 Experimental waves under nonlinear load. (1)
Output voltage. (2) Load current.

/N | aokriaba/ T\ Sl A
1/ [\ 3ms di-vi-/- X1 | 1/
[ [\ i \ [ |
i ’ 1{ 2

T T AT
/:

/ (a) —

-~

a8 19 /7 F5t =HoAe] AYH (@) E¥HY b)
JIEH e

Fig. 19 Experimental waves under nonlinear load. (a)
Output voltage. (b) Reference voltage.

@) [ F
] E

N N\

Ja !
A{ f \l 2 \3
| \V/ \J
T A0ATgIY I T
s s/div :

++

a8 20 HR/I| FololrMel MY, (o) #3518 F. b) &
.

Fig 20. Experimental waves. (a) Load current. (b)
Prediction current.



l 2% 169 AlEdeld H¥Y 1Y 209 HEYAYL A
At (e R3EF (bE dE2HAFolt d&HFE
HEs) 2 AEY AL g9 RGAFI IAE ¥ 5
Ak

71 A2oiojd o H¥ =A

RN Al 'E;ig]ﬁ NY 27
DC Link Volt. 311 [V] 311 [V]
Nominal Output Peak Volt.] 150 [V] 150 [V]
Fund. Freq. 50 (Hz} 50 [Hz]
Sw. Freq. 5k [Hz] 5k [Hz]
Filter L; 220 [H] 225 p [H]
Filter Cs 250 (F] 250 [F}
Filter ESR R; 118m [2] 118m [Q]
Load Resistor R, 6 [2] 6 [2]
Rectifier C, 4400 1 [F] 4400 ¢ [F]
Rectifier L, 8004 [H] 800 [H]

1

Ports

.........
Digitat
infOul
Ports. D/A Converter

Control board. v I

i
!

a7 21 dEes.
Fig. 21 Experimental environment.

58 E

o
29

Folu vy B3 2o HFPNEE wWE Ao
712 di=vE Aozl AT AARA 9
4E 7HA3 et ¥ E=FdAE

Lo e
Jm
ok

=)

to 2 g
L)

v o%
1o
10
1)
lo

B @

N
oA X oo+ o
rir
[
2
>
~N P

[\
!

[
e
b
=hd
o

2 Eddsn, gl 2% dey
P Ride mE BAE ¢Hd AFEA
23 d=8lE Aojy|el stelujy] WEo] @& 7
AXEE vln AAse Syt AYE 23
l=vle Aoj7IdE UPS Unvieiel HE37] $#) wER
st Z271 83 AL st e AgAo izt gA AA S
Qoo o8 A UPS UuEe] AEHOIA € 4¥
AxE AN dnHer ALY Ao AUs
GAEe uidy Baolr w9 ARY FY JYE @

o ol
.é_él‘r‘“rﬂ

oM om X 2 g ode
2 2 i

=

to K

[5°4
£
z
3
al
53
]
e
o
o
o
Kl
N

o

b UPS 2IHE & 2X} Ol SH|E HM0i7|

f.

Trans. KIEE. Vol. 50B, No. 4, APR. 2001

£ AT AYY AoE AFEI F2L ojE Rat
Aoe A8A4 strde wAsA gt 2AWLLAY A
UAg Aosl Bgst.

[ U |

[11 T. Kawabata, T. Miyashita, and Y. Yamamoto,
“Digital Control of Three-Phase PWM Inverter with
LC filter,” IEEE Transaction on Power Electronics,
vol. 6 pp. 62-72, January 1991.

(21 1. Yamato, H. Shirahama, and Y. Sakurai, “A
Deadbeat-based Model-following Digital Control for
Realizing Quick Response of Inverter Qutput Voltage,”
IPEC-Yokohama, pp. 1255-1295, 1995.

(31 O. Kiikrer, "Deadbeat Control of a Three-Phase
Inverter with an Output LC Filter,” IEEE Transaction
on Power Electronics, vol. 11, pp. 16-23, Jan. 1996

[4] Farrukh Kamran and Thomas G. Habetler, "An
Improved Deadbeat Rectifier Regulator Using a Neural
Net Predictor,” IEEE Transaction on Power
Electronics, Vol. 10, No. 4, pp. 504-510, July, 1995

[5] O. Kukrer and H. Komurcugil, "Deadbeat control
method for single-phase UPS inverters with
compensation of computation delay,” IEE Proc.-Electr.
Power Appl, Vol. 146, No 1, pp. 123-128, January,
1990

(6] Atsuo Kawamura, Toshimasa Haneyoshi, and Richard
G. Hoft, “Deadbeat Controlled PWM Inverter with
Parameter Estimation Using Only Voltage Sensor,”
IEEE Transactions on Power Electronics, Vol. 3, No.
2, pp. 118-125, Apply, 1998

[7] Juigi Malesani, Paolo Mattavelli and Simone Buso,
"Robust Dead-Beat Current Control for PWM
Rectifiers and Active Filters,” IEEE transactions on
industry applications, Vol. 35, No. 3, pp. 613-120,
May/June, 1999



VP WIHE S0BE 44 20014 4R

49z (2 R

19663 49 39 A 199249 F59 A7)

F&7 £49. 199 5 o dgy AN¥

g3 2. 20009 5 ol digdd

: A ES ZH(FE). 2000d ~2001a
] 5 gt wALE A4 20018 ~8A

AAd A7 "QAAL
Tel : 054-420-4174, Fax : 054-420-4003
E-mail : bjkim@kimcheon.ac.kr

H AN E (8 82

19553 99 279 A 19793 M€Y A7

289 9. 1RIE F Ugd 44

AD. 19899 F Wi d EH(FHh). 1981~

19839 FAZTHAEN AAFH HAAAL
- 18933 ~1999d ®A FHd THAE A

71A AR w4 19939 ~1994%, 199713 ~1998'd University

of Toronto (Visiting Professor) .

Tel : 043-261-2425, Fax : 043-276-7217

E-mail : choi@power.chungbuk.ac k

178

Amit Jain

Received the B. Tech. degree in electrical engineering
from the Kamla Nehru of Technology, Sultanpur, India,
the M. Tech. degree and Ph. D. degree in electrical
engineering from the Indian Institute of Technology,
Delhi, India in 1989, 1990, and 1998, respectively. He has
been working in the ALSTOM Systems Limited, Noida,
India as software specialist III since April 1998.



