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ANALYSIS AND CONTROL DESIGN OF PARALLEL
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ABSTRACT

This paper presents a proposed confipuration of paralleting scheme PWM DC/DC
buck cotverter. The topologieat streemire and operation pringiples are presented. A Bode plot
diagram technique is used to study the stability of the scheme for different vahies of
controller parameters and with a number of parallel modules. It is found that the results are
confidence , and the proposed scheme can be used in high power applications by increasing

the nurnber of parallel modules.
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LIST OF SYMBOLS

C Smoothing capacitor, F.
o Dty cycle.

17,.0; Converter diodes.

Ad  Perturbed duty cycle value.

Al Perturbed inductor curment wvalue, A

Al,  Perturbed output current value, A

Av;  Perturbed input voltage value, V.

Av, Perturbed oulput volage value, W,

Av,  Porirbed reterence voltage value,

Y.

Fs Swiichmg frequency, He

i Inductor current, A.

i Reference value for the direct
¢lipping carrent, A.

1. Common reference cument, A,

K,, Intepral controiler gain.

K.  Proporional controller gain.

Ki Current controller gain,

L Converter inductor, H.

R Load resistance, £

r: ESR of the smoothing capacitor, £1.

e Converter inducror series
resistance, £

1 Instantaneous time, sec.

T: Total switching period time, séc.
Vi Feed-forward signal, ¥.

W, Input voltage, V.
AL Input reference voltage, V.
L Qutput vodtage, V.

1- INTRODUCTION

The PWM DC/DC converier is used
in many industrial applications to convert 4
fixed-valtage 1DC source into other value,
Severl topologies of DC/DC converters
are used to step-down or step-up DO
voltage. Power converters do not provide
perfect regulation unless  an extegrnal
contral scheme adjusts their operation. To
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perform good regulation, the duty cycle
(D} of the DC/DC converter must be
adjusied to cancel the effect of lipe
variation or swiich voltage drops. To
achicve that a feed-forward controller in
which single-loop or multi-loop controller
had been suggested. The parallel DC/DC
converter is used in the case of power
applications, Alse it has many othet
advantages, which can be summarized as
follows:

i- Increase the capability of power
processing,

ii- Jmprove rcliability due o morc even
distribution of stresses. )
jii- Enhance availability from the fault
tolerance far the systern against the failure
of a single converier.

Vanous topologies had  been
imroduced and studied extensively for
utility and drive applications in the recent
literature {1]. The designing guidelines for
different  topologics DC/DC  parallel
converters had been considered (2] The
parallel operation of DC/DC converter
using 3-phase  rectifier  unilg for
telecommunication application had been
also achieved [3]. Stability and transient
response simulation of the democratic and
master slave current shapmg have been
discussed in [4].

In this paper, a configuration for
parallel PWM DC/DC buck converter is
studied. The operation and mathematical
analysis are petformed for the proposad
topology. The stability analysis including
Bode plot diagram has been presented for
different controller parameters valuc. The
Laplace iransform method with numerical
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method is used to analyze the response of
the converter topology,

2- SYSTEM CONFIGURATION

A smali-sigoal . model of PWM
DC/DRC buck converter has been widely
used for electronic power supplies, since it
has simple construction and can be easily
controbled [3]. Fig. (i) presents an open-
loop DC/DC buck converter. It has a
voltage source input and owrent source
OUtpuL.

The configuration of two moduales
PWM DC/AXS buck converter, which
present the proposed parallel topology is
shown in Fig. (2). Each module will
cantain;

i- Small-sipnal model with pulse width
modulation (PWM),
ii- Proportional
contrulier.

iii- Adder circuits,
iv- A& current gain K.

and integral (P

The output voltage (V.), and the
two converters currents 1 and by are feed
back through a contral circuit 1o control the
switching signals. These control signals are
applied to the two switching iransistor in
order to regulate the output voltage. The
common referstice current (1) is generated
fraom i through the transfer block wiih
gains (U;). The gain U; 15 equal o (1/n},
where n is the number of parallel madules.
The current stror signal which is genarated
from comparing 1. and & is multiplied by
gain K; and then subtracted from the
reference mputl voltage V.. The output of
th¢ subtractor and the output voltage V, are
processed together by (PT) controller. The
controller output is fed ta the FWM circuit
to produce the control pulses to the
switching transistor of the converter. These
processing are proceeding at the same time
1o all converters,
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3- SYSTEM ANALYSIS

From Fig. {1), the transfer function
of smali-signal can be derived from the
average mode! of the converter and by
assuming thel the converter is operated in
continnous condition mode only, as foltows

[3):

g

L_I;;—:MZDVs‘hL.(-'J*v”(r} (D
dl’{{f}_ . _L{f}

C—& ~HO7% ()

F,C%r_{ﬂ =V..('r)_ v‘{.{f} ) (3}

The state variables of the average
converter model can be written as 2
nominal value plus a small time varying
perturbation ag fallows:

Vr{ﬂ = V{_, + ﬁvr{f} ;
v, =V, +ap (1),
ir (y=f, +47,(0;
vin=F +ap),
j=f o+ ﬂjﬂ{fj ;and
dit) = D+ Ad(t)

So equations (1), (2), and (3) can be
rewrite as follows:

dAj, .
£ dr ? :Dﬁvﬁ-dl’/r—rnﬁh(”_ﬂ”ﬂ

)
LdAy ; Av, ,
(’—d;'i :gn,,h(.-}__-k---+ﬁf“ o3}
O a'.ivc- = Ay, - Av. . (6)
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Now, the transfer fonction for open-
lpop output voltage can be obtained using
Laplace transforms:

sy, = H (v, + Hy8d+ H 08,

(D
Where

= SteD
| (S!+CIS+'¢1} :

H I:S]= Cs(3+¢3]Vs .
P (gt rested

H (3}:‘65[3+C'¢K3+¢4} .
’ (s'+es+ed

¢, =LCL+RCL ; '

4:]-—"[L+nﬂr¢;l‘$+R(.?1';,+Rl‘:r.::]u"::‘;~ .
QIE{rL"'R}"rcn;

g = 1HC 12} 5 ca=nfL;
cs=RCrfe, ;and :
ge=RUTLicy

The parallel topology, shown in Fig.
(2), can be studied using the equations
derived above for the small-single model of
the converter. Bode plot diagram technique
is used to analyze the stability of the
topology. The following three criteria for
close-loop performance are considered:

i- Open-loop transfer function G{s)1i(s).
ii- Dynanmic line response Ave fav,.
fii- Qutput impedance g fhla.

In order to soalyze the parallel

topolagy, the following assumptions arc

taken:

Ki=Ka=Ka U, ==U=1m - and

Vi =Vp=V,

The Pl controller is presented by
(Ky + Kiyfs). From equation (7), the three
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criteria of the closed-loop can be derived a3
fallows:

G{sYH(s) = Haf8) (K; + Kin') ..{8)
ﬁ'vn = CS(S + GS}D {g}
- e
Ay, (§+¢,8 toSTCy
Ay, _ esEHe)ste)
. 1
{10)
Where

I:.1=E1+RCI‘¢V'.KP!’E°; ep=¢: *RC
. Vi (K + Kp 22} /oo »and ¢g = R Vi Kin /
Co .

The parameters of the power stage
of the converter are selected as foltows [6]:

C =470 wF, L =100 pil ,V;=20V,
=004 0 5 =004 ,and V=10V

The stability of the system is detected by
determined the crossover frequency and the
phase margin. This can be denved from
gquation (3), as follows:

W e Wit en W =en

D
Where

C]ﬂiller+ Vi, ; €n ‘—'Cj..l"{RBm] 5 and
gy = Ko+ e Kia

Equation {11) can be solved using
Newton's method [7] 10 find the crossover
frequency of the apen-loop transfer
funciion of the system and the resultant
value of frequency will be used in equation
() to determine the phase margin of the
Systom.
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4- RESULTS

The Bode plat diagram of the open-
loop transfer function G(z)H(s) is plotted as
shown in Fig, (3). It is shown that the
phase margin and the cross over frequency
of the system depend upon the controller
parameters. The operstion of the system is
stable for some parameters values and
unstable for other as shown clearly in Fig.
{3-b and 3-c).

" The dynamic line response (Av./
Av; } and the dynamic load behavior (Av,/
Ai,) of the system for different numbers of
module n are shown in Fig. (4), It-can be
shown that the number of medule n has
little effeci on the two performances.

The effect of the controller
parameters values on the inductor cyrrent
and output voltage waveforms are obtained
as shown in Fig. (5). This figure indicates
that the systern is stable when K,=100, but
it is unstable when Kiy=1000.

5- CONCLUSION

A paraliel PWM DCDC buck
converter  ig  proposed. The  stability
anglygis including Bode plot diagram has
been presented using a siall-signal model.
The simulation results indicate that the
paratlel scheme is stable for some
controfied parameters and unstable for
other parameters. 1t is alse proved that the
number of parallel module has a little
effect on the stability. It is clear that the
parallel scheme can be achieved for
different industrial application by selecting
the applicable values of the comroller
parameters and the number of parallel
modules which are necded,
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Fig. (1): Single module PWM DC/DC Converter.
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Fig. (2) : The proposed system.

59



Irag ). Eleclrical and Electronic Enginecring

Vol.2 Mol

, 2006

5 M1 g T 1 danzigll A bt Alacl
2006+ 1 wall 4 2 sdons

sl

RN

5 gy .ot
¥

= o

3] e
L]

) | L
=

-
w o
- =
o
{ 1

.--I !

i

-
|

) T X

T
"Hf‘*
dik
e DL E[HL
h . “1'_"| e
vt — 41 :
. 2| i | . 1
il R Ti
T T o

..rlIIl [Erg

T

100 —

i
10 109 1005 10008
Frmymone'y (Ha)

(b)

RO TINr: Y
MR
L= (=3

| .
,mg n .Jhrﬁ—nmff
B0 -

L

-.—I.L—;-.
1=
| Gis)IS(a}! (4B}
=
d
1

Ab -

=
2

Fhase (Aeg )
i \
=
i

]
k=1

%
L=

I

|
l:[ o L“!-'l {id H:0
ki mn et -

"

w0 1ee
Fraquetier {H)

(c)

Lhac o

: T R % X

H B =t T =
NIN(| N | TR
“_-:F-L Rl sl 1L
: YT ETTEE

-! " A l M‘-- :“.- J|;!
I e N M a1
I =T | HHNE 1T

4 WRRIE 11 Fae 1 1
g

ORI

T n

| |

e L LR

o 'n"-'_'!' 1 1~k=

..r.:- " .y .i._._ fi;.':l

1080
Frogursey (Tlz)

iobog 16040 Dl

(d}

Fig. (3): Bode plots of controt response when R = 1 2.

(i) Different values of K;,'n=2, and K,=100.

{b} Different values of K;, n=2, and K,,=1000,
{c) Different values of K;,, n=2, and K,=0.1.
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{d} Different values of n, K,=0.1, and K;-=100.
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Fig, (4): Bode plots for different values of n withR = 10,K, =01,
and K, =100.(a)Dynamic line response. {b)Dynamic load behavior.
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Fig. (5): Inductor current and output voltage when n=2,
R=10, K, = 0.1, Ky=K=0.1, and V,=10 V
(I} Converter 1. {ll) Converter 2. (a) Kx= 100. (b) K, =1000,
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