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Abstract The traditional deadbeat control for UPS inverters has a robusiness problen. The parametric

imprecision can greatly harm the stability of the system, which restricts the application. A novel robust

deadbeat control method is proposed in this paper to deal with the problem. In the proposed control method, a

proportional element is added to the traditional deadbeat control in order to improve the robusiness to

parametric imprecision. To eliminate the error between output voltage and voltage reference caused by

environmental noise and parametric deviation, a model reference adaptive regulator is also added to the control

method. A 1kVA prototype is built based on DSP. Theoretical analysis and experimental results show that the

robustness for parametric variaion of the proposed method is much better than the traditional deadbeat control.

The system can remain stable even when the systemic parameters have a large deviation from calculating

parameters. The system has small static error and fast dynamic response with the new control method. This

method is easy to realize in DSP and is suitable for full digital realization of UPS.
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1 Introduction

With the rapid growth in the use of UPS
(wninterrupted power supply) and the increasing need for
high quality UPS, its full digital implementation has been
much focused on. To limit the output voltage distortion
and improve the performance of UPS inverters, various
digital control methods have been plroposedlPSJ , such as
repetitive control, deadbeat control, sliding mode
control, and etc.

Deadbeat control, derived from state equations, has
fast dynamic response and can eliminate the state variable
its high

sensitivity to parametric mismatches, model uncertainties,

errors in several control periods. However,

and noise on the sensed variables still restricts its
appli cation'
This paper proposed a novel robust deadbeat control

that is simple and can be easily realized in DSP. A
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proportional element is added to the traditional deadbeat
control. It can effectively improve the robustness of
deadbeat control with the expense of a little increased
static error and slower dynamic response. A model

reference adaptive control regulaor is also added to
cawsed by

uncertainties.

eliminate the output voltage deviation

environmental noise and  parametric
Fxperiments are carried out on a 1kVA UPS prototype
based on DSP TMS320LF2407A. Theoretical analysis and
experiments prove the validity and effectiveness of the

proposed method.
2 Robust Deadbeat Control

The circuit of a singlephase halfbridge UPS
mverter is shown in Fig. 1. If the ESR of capacitor is
neglected, the capacitor voltage u. equals to the output
voltage uo. The voltage uo and the inductance current it

are chosen as state variables, and the load current i, is
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Fig. 1 Diagram of single-phase half-bridge inverter

treated as disturbance. The system state equation is
A*x+ B*unt+t D* i (1)
y= Crx (2)
where x = [uoit] LA = [0 VC; - /L 0], B
=[0 VL], D= [-1/C 0, C=[1 0
Ui is the input voltage of the LC rectifier, and in the two

X =

level pattern it is either + Uq or — Us.

The discrete state equation can be expressed as

x(k+ 1) = W@&(k)+ GAT(k)+ Pi(k) + H
(3)

where
D= = [ Wn Wo;, Wy sz]T (4

)
G= 20"’ B= [g1 g]" (5)
P= - A'(I- ¢")D= [p1 p2]' (6
H= UA '(I- ¢")B= [hi h]" (7
Where T' is the control period, AT( k) is the acting time
of positive voltage + Ud in the kth @nirol period.

In the traditional deadbeat wnirol, the required
pulse width AT (k) can be computed by making w,( k+
1) in the fist equation in (3) equal to the voltage
reference u«( k+ 1). It holds

1 Wy W
AT (k) = ;urg(k+ 1) - ;uo(k)— ELL(/C)

pr. oy ke
- gllo(k) 21

ontrol

(8)

Deadbeat the precise
mathematical models of the controlled objed. On ideal

conditions,

depends  on

the actual parameters of the inverter are
identical with calculating parameters used in equation
(8) . However, the precise systemic model is difficult to
obtain, and the actual parameters may change during
operation.

Fig. 2 shows the discrete system block diagrams of
the traditional deadbeat control and the deadheat control

(b) deadbeat control part of the proposed method

Fig.2 Discrete system block diagram

part of the proposed method. Symbols with © 7 stand for

¢ A

calculating values and symbols without stand for

actual values. The difference between Fig. 2( a) and
Fig-2(b) is that a proportional element %, is added to the
new method. Usually 0< kv < 1,
traditional deadbeat control if kv= 1.

and it returns to

The transfer function from U.w(z) to X(z) in Fig.2

(b) is
T -1
X(z) [(i _ o T(Di|
Uni(z) = L G ®+ GEP G (9
The transfer function from voltage reference to output
voltage is
2 Uz) o CX(2)
Ci(2) = Uiy = Uuwlz)
T iy
- [SCr- o4 6ld] @
_ k“(glz+ 22 W, — g1 lp22) (10)
q(2)
where

q(Z) = §122+ [gl Wik + g2 Wk, — g1 Wy,
- g1 W]z + gzkw( Wy Wi— Wy W) + Wy
(g1 Wik, - f,’l IIJ12) + lljzz(gl W, - g1 wllkw)
If kv= 1, and the calculating values and the actual
values are the same, equation (10) can be simplified as
G(z) = 1z (11)
It means that with the traditional deadbeat control, the
output voltage follows the reference in one control period
in case that there is no parametric mismatch.
However, it is not always the case in practice. A

typieal] UPS. inverter main gireuit is|eonsidered, to,study
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the influence of parametric mismatching. The calculating
Ua= 185V, L= 1.3mH, €= 20UF.
Fig. 3(a) shows the module tracks of zero and poles of the

parameters are:

transfer function in traditional deadbeat control, when L
changes, and U; and C are the same with calculating
values. Similarly, Fig.4(a) and Fig. 5(a) show the
module tracks when C and Ua change respectively.
According to control therory, the modules of each pole
should be less than 1 to ensure the system stable. When
actual parameters match calculating values, the zero
counteracts one pole, and we get equation ( 11).
However, when there is parametric mismatch, the system
can easily become unstable. As shown in Fig. 3( a) , Fig. 4
(a) and Fig.5(a), when the actual inductance L is
smaller than I, or the adual capacitor C is smaller than
C, or the actual DC link voltage Ui is bigger than Ua,
the system has a pole outside the unit circle in Z- plane
and becomes unstable. The poor robustness makes the
traditional deadbeat control almost impracticable in UPS
application.

Modules of zero and poles Modules of zero and poles

Modules of zero and poles

Modules of zero and poles
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Fig.3  Modules of zero and poles when L changes
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Fig.4 Modules of zero and poles when C changes

The proposed deadbeat control with a proportional

element has better

robustn ess

compared with the

traditional method. Fig.3(b), Fig.4(b) and Fig. 5(b)

Fig. 5 Modules of zero and poles when U, changes

show the module tracks of equation ( 10) ( kv = 0.7)
when L, C, and Ui change respectively. We can see
that in this case the system can remain stable as long as L
is larger than 0.913mH (70.23% £.), C is larger than
9.82HF (49.1% C), and Ua is smaller than 264. 5V
(146.94% U.).

Tab. 1 lists the constraints for actual parameters in
traditional and the proposed deadbeat control to make the
system stable. & is obvious that constraints in the
proposed method are much less strict, and the control
method has better robustness when actual parameters

deviate from calculating parameters.

Tab.1 Constraints for systemic parameters

Parameteérs
L (mH) C (KF) Uy(V)
onstraints
Traditbnal deadbeat >L >c LU,
P ed deadbeat
m(p: ‘ ((:‘1(7)9 > 70.23%L | >49.1%C ¥ 146.94% U,

The proportional element improves the robustness of
the deadbeat control, while it causes a little increased
static error. From equation (10) we can get the frequency

- T
response by substituting z with e’

Gi(jo) = ‘go(j.“) _ ky(gie" + gzjs’u— g1 W)
w(J©) q(e)

(12)
where Uw(j®) and Us,(j®) are voltage reference phasor
and output voltage phasor respectively. In UPS inverters,
the voltage reference u.q is a sine wave with the frequency
of 50 Hz, and @, is 314 rad/s. The control frequency is
20 kHz in experiment, and the corresponding control
period T is 50 Hs. Suppose that the actual parameters

match  the caleulating parameters, , Fig, 6 shows . the
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module and phase of G;(j®,.) when k, changes. The
steady state error between output voltage and voltage
reference increases corresponding to the decrease of the
value of k.
2% , and the phase error is — 0. 891°. The system still

When kv = 0.7, the amplitude error is

has good steady state performan ce.
Gi/jW

1.01
1.00
0.99

Module

—-0.900
0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

kW

Fig. 6 Influence of k. on steady state performance

3 Modd Reference Adaptive Regulator

Because of the actual parametric variance, the
sampling noise of state variables and etc, the output
voltaze may deviate from voltage reference. Besides, the
proportional element increases the static error as stated
above. Since the phase error can be neglected, we use a
model reference adaptive regulator with adjustable
amplifying coeflicient to eliminate the error between
output voltage and wvoltage reference. Fig. 7 shows the
control diagram. The ideal deadbeat control is used as the
reference model, which is a delay element with the
continuous time transfer function e . The continuous
time transfer function of the proposed deadbeat controlled
system is Kve  ". K. is the gain of the actual system
influenced by environmental conditions. The voltage
reference wuw does mot act on the controlled system
directly as i usual cases. Instead, an adjustable
amplifying coefficient k. is added between w.: and the
controlled system. wan and wo are the output voltages of
reference model and actual system respectively, and e
stands for the error between them. k. is adjusted based on
the model reference adaptive control law. A ccording to

M.LT. rule” , In order to minimize
J= gfetntat= Tftun(D - w()aT
(13)

the gradient of k. should be

_ a] B Oe _ aum, auo
T )“[ake " 3k
Ouo
= X 3k (14)
where A> 0
After deduction, we can get that
auﬂ
ak(‘ = Kvllmn (15)
Combining formula (14) and formula (15), it holds
ke= X . et (16)

The initial value of k. is ko. The wefficient k. is
adjusted acwrding to the product of voltage error signal e
and reference model output wam to reduce the error
between wom and wo, as shown by formula (16). Formula

(16) is the adaptive law to make sure error e ( t)

converges lo zero or a certain allowable value.

Fig. 7 Model reference adaptive contol with M. 1. T rule

4 Experimental Results

Experiments using the proposed robust deadbeat
control method are carried out on a halfbridge nverter
system. DSP TMS320LF2407A is used to achieve the
control scheme. The experimental parameters:

Sampling frequency: 20 kHz

Rated capacity: 1 kVA/700 W

Output voltage reference: 50 Hz, 100 V(RMS)

DC bus voltage: 185 V

Output filter: L 1.3 mH, C 20HF

Fig. 8, Fig.9 and Fig. 10 show the waveform of
output voltage and output current with resistant load, no
load and redifier load respectively. The RMS values of
voltage are 99. 5V, 101.7 V and 99.8 V. The THD
values are 1. 09%, 1.06% and 1. 08% .

Fig. 11 shows the dynamic process of output voltage
and output current when the load changes from rated load
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(u, 50 V/ div, i, 5 A div)

W"‘““'""l‘m'ﬁ‘l‘!ﬁ;ﬂiﬁﬁﬁ

oha SBemY |
was.3e s

Fig.9  Output voltage and curent wih no load
(u, 50 V/ div, i, 5 A div)

q TEET Wi ime A Tine # 70,0mv
chal Sadmy |

MELIS

Fig. 10 Output vokage and current with rectifier load
(u, 50 V/ div, i, 5 A div)

Fig. 11  Output voltage and current with sep load(R to o0)
(u, 50 V/ div, i, 5 A div)

to no load. The RMS values of voltage in one period
before and after the load change is 99.6 V and 100.6 V

respectively,, and the voliage change ratio is 1%.

Tab. 2 shows the static performance of the output
voltage when the actual parameters of output filter deviate
from the calculating parameters (£ = 1.3 mH, € =
200F). L changes from 0. SmH to 2.0mH ( 38.5% ~
153.8% L), and C changes from 10MF to 30HF( 50%
~ 150% C). The prototype still has good performance
when the deviation is within a certain range. The RMS
value deviation of voltage is less than 2% under rated
load, and less than 4% under no load, and the THD of
voltage is less than 1. 5%. Only when L is reduced to
38.5% L(0.5mH) and C is reduced to 50% ( 30MF),

the system becomes unstable.

Tab.2 Static performance with parametric deviation

Output Filter Rated Load No Load
L(mH) [ C(HF) U,(V) |THD(%) | U,(V) |THD(%)
20 30 100. 3 1 09 101. 5 1. 07
L5 30 100. 0 111 102 1 1. 07
10 30 100. 5 112 102 4 1. 07
05 30 100. 9 119 102 9 1. 20
20 20 100. 3 1 10 102 3 1. 05
L5 20 100. 5 L 10 101. 4 L 11
L0 20 100. 6 113 101. 8 1. 13
05 20 101. 0 1 30 103. 3 1. 34
20 10 100. 1 112 101. 5 1. 14
L5 10 101. 2 L 15 101. 9 1. 17
L0 10 101. 4 127 103. 1 1. 30

05 10 Unstable

The prototype has desirable static performance under
different kinds of load. Load change causes little
disturbance to the output voltage during dynamic process.
The system can remain stable when actual parameters
deviate from calculating parameters. Experimental results
prove that with the proposed control method, the nverter
has both small static error and fast dynamic response, and

has robustness for parametric deviation.
5 Conclusion

A novel deadbeat control method for UPS converters
is proposed in this paper. A proportional element is added
in this method to improve the robust performance to
systemic parameters. Besides, an adaptive regulator is
applied to eliminate the error between output voltage and
voltage reference. The method does not require much

( 64 , cont. on p.64)
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PID (Study
on sine wave inverters with PID contmwl and repetitive conirol)
[J. (Adv. Tech. of Elec. Eng. &
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[ 6] Aleksandar Prodic, Dragan Maksimovic, Robert W Erickson.
Design and implementation of a digital PWM coniroller for a
higt frequency switching DG-DC  power converter [ A].
IECON’ 2001 [ C]. Denver, CO, USA, 2001. 893-898.

[7] T W Martin, SS Ang. Digital control for switching converters
[A]. ISIE 95[ C]. Athens, Greece, 1995. 480-484.
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(Research on Pl duatloop digital control
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Two level inverter controlled by single DSP

WANG Fengyan"’, ZHAO Weigang , XU Jian- ping’
(1. National EW Laboratory, CEI'C No. 29 Research Institute, Chengdu 610036, China;
2. (ollege of Elecirical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: The paper studied “DC/DC converter + DC/AC inverter” two level converter which is controlled by single
DSP controller. The principle of the circuit is introduced. The transfer functions of DG/ DC converter and DG/AC inverter

are designed based on a more accurate model proposed. The influence of digital controller’ s control delay is analyzed and

simulated. The validity of circuits and control transfer function is verified by the experiment on a 500VA 28VD(/ 115V

400Hz inverter prototype.
Key words: inverter; converter; digital control; DSP

( 35 , cont. from p.35)

computation and can be easily realized in DSP. Systemic
analysis and experiments prove that it greatly improves the
robustness of deadbeat control, and has good steady state

performance and fast dynamic response. It is quite

suitable for the full digital implementation of UPS.
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