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Effect of Passive Damping on the Performance
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Abstract: A DC to DC converter is a lossless dc transformer that supply regulated output voltage under varying
load and input voltage condition and also the converter parameter values changes with time and physical quantity
like temperature etc. This paper presents the design and simulation of an open loop buck converter for magnet
load using Simulink and Sim Power System library of MATLAB.
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I. INTRODUCTION

The ever expanding demand for smaller size, portable, and lighter weight with high performance DC-DC power
converters for industrial, communications, residential, and aerospace applications is currently a topic of widespread
interest [1]. Switched-mode DC-DC converters have become commonplace in such integrated circuits due to their ability
to up/down the voltage of a battery coupled with high efficiency. The three essential configurations for this kind of power
converters are buck, boost and buck—boost circuits, which provide low/high voltage and current ratings for loads at
constant switching frequency [1]. The topology of DC-DC converters consists of linear (resistor, inductor and capacitor)
and nonlinear (diode and dynamic switch) parts. A buck converter, as shown in Fig. 1, is one of the most widely
recognized DC-DC converter. Magnet power supplies have some special characteristics than regular power supplies used
for general purpose. These are used to feed electromagnets [2]-[6]. The strength and quality of the magnetic field
produced by the electromagnet depends on the current passing through it. Hence magnet power supplies are current
regulated. Fig. 1 is the basic circuit of buck converter [7]. When switch is ON, current flows from V4 through the coil L
and charge the output capacitor C and passes through the resistor R and develop output voltage V,. The current when
passes through the coil L, stores the energy.

When switch is OFF, free-wheeling diode D turns ON and energy stored in L is then released to the output side. If the
buck converter operates in Continuous Conduction Mode (CCM) [7], the relation between the input voltage (Vg), output
voltage (V,) is given as:

Vv, =dV, ()

Where,

d=— T )
Ton + Toff
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Figure 1: Basic DC-DC buck converter

To model a magnet load a resistance R, in series with an inductor L, can be used. Fig. 2 shows a DC-DC buck converter
with a magnet load.
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Figure 2: Buck converter with magnet load

Output voltage ripple of the DC-DC converter is minimized by proper selection of inductor and capacitor The filter
inductor value and its peak current are determined on the basis of specified maximum inductor current ripple. The
function of the output capacitor is to filter the inductor current ripple and produce a stable output voltage. In high magnet
power supply the output current stability is most important, as the magnetic field produced by the magnet is dependent on
the current flowing through it. These magnets play an important role in the particle accelerators as they keep the beam of
particle in the design orbit. Therefore, these magnetic field should have very low ripple and thereby making the
requirement of the stability very high. Usually the ripple in the output current of magnet power supplies for particle
accelerators is of the order of hundreds of parts per million (ppm). Hence study of the ripples in the output current of the
power supply plays an important role. In this paper the ripple in the output voltage and current is studied by simulating the
buck converter for a magnet load using Simulink/ MATLAB for two cases.

1. The underdamped LC filter.
2. Damped LC filter.

I1. DAMPING OF BUCK CONVERTER WITH MAGNET LOAD

The buck converter for magnet power supply as shown in fig. 2 consists of an LC filter to reduce the switching ripples
that might deteriorate the output stability. This LC filter might resonate at a certain frequency which might cause
oscillations in the circuit. Hence it is important that this LC filter should be damped. The magnet load having a high value
of inductance provide the necessary damping to the filter. But, it is a common practice to standardize the converter for
different types of magnetic loads and therefore, there might come a case where the LC filter doesn’t get the required
damping and resonate. To overcome this problem passive damping elements are used to damp the LC filter [8]. Fig. 3
shows the buck converter for magnet load with passive damping through RyC,.
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Figure 3: Buck converter with damped filter and magnet load

I11. SIMULINK MODEL OF BUCK CONVERTER WITH MAGNET LOAD

Open loop Simulink model of buck converter with magnet load is shown in fig. 4. In fig. 4 the buck converter model the
LC filter is underdamped [9]. The frequency response of the converter is shown in fig 5.
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Figure 4: Simulink underdamped LC filter model of buck converter with magnet load
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Figure 5: Frequency response of Buck converter with underdamped filter for magnet load
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As shown in fig. 5 the response of the buck convert with underdamped magnet load there is a resonant peak at the filter
cut-off frequency. This peaking might amplify the noise entered in the system and deteriorate the output of the supply.
Hence at a passive damping is provided using R4Cq as shown in fig. 3. Fig. 6 shows the Simulink model of the buck
converter with damped LC filter.
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Figure 6: Simulink damped LC filter model of buck converter with magnet load

The frequency response of the damped converter shown in fig. 3 is shown in fig. 7
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Figure 7: Frequency response of Buck converter with damped filter for magnet load
From fig. 7 it can be observed that the resonant peak of the LC filter has reduced significantly by the use of the passive
damping elements RyCy.
IV. RESULTS AND DISCUSSIONS

In the previous section two different converter models were discussed. Each of the model is simulated under the same
operating conditions with the parameters are listed in table 1.

Table 1: Parameters of converter for illustrative calculations

Parameters Values
Vy 100V
L 100 mH
C 20 mF
L 100 mH
R, 1Q

Rq 2Q

Cqy 100 mF
Duty Cycle 90 %
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Following outputs were obtained from the Simulink models of both the converter circuit shown in fig. 4 and fig. 6.:
e Input voltage V;

o Gate pulse (duty cycle)

e Output current I,

¢ Output Voltage V,

Fig. 8 (a) shows the output waveform of buck converter for magnet load with underdamped LC filter and (b) shows the
output waveforms of buck converter for magnet load with damped LC filter.

rpat Volege
| I | | I | I I | I
szl e S RS I R S O A S R T P b e PPy H
: : : : : : : : : ;
o
O] R AR T L A (TR Tt e e S S A e T S .
Y | R RORRRERRN jemceccmanes feecesenanins Fetesanmeine forireacaenn §eescamencen e ssreasers s PR Frireasinmns =
oy Fi T AP Foasaitess s i e S A R e e fiadesn D i e & A Dntsmedisiad i
ML < Ve smsismns e saia sy SEAPIPPP o/ CORITNNNL R sitsae s o st S R 3 ke im e Ral
E 1 1 1 1 1 1 1 1 1 1
Lale Dol
. T T T T T T T T
2 F - : . ; . ;
7 I B L— 14 i | o || S S |1 M S L) | IS LI §
: ; - : c ; > ;
7] S| B PR d §) [Sersiiae SearveHeasies Snwanwnd ohieal Lannsmadansld davsoaavess woh e aresas oo (A H Pl SR mats o o § ol
; : : ; ; : : F
Y O [ BRI EROSEEN O 5] S TEoRs (CH || BrasX Cexad bed: M ASY B o s s sl o o s 8. N ¢ BECs e XA M I EREE o mns o o § o
n: e s b wm s s vrsmmunn : -------- I' ---------- .\- -------- .I --------------------- -:- --------- .\ -------- '\ ------- - :-
) 1 L 1 1 1 L 1 1
Outsut Qurerst
N S e Fr=s FrreT e = = prrere =
: v P : ; : ; ; : ;
A : : : - . ; ; : ;
B SMl i recciccances IO qemssscmmssss messseamsssee Pressemsscca qesscmmcccsm wesssmmcsssme Secsmmssseas Sessmmsssmms =
? : ; c

Page | 5

Paper Publications




ISSN 2350-1049

International Journal of Recent Research in Interdisciplinary Sciences (IJRRIS)
Vol. 3, Issue 3, pp: (1-7), Month: July - September 2016, Available at: www.paperpublications.org

wo=
s
0o
wos
0naoe

Late oo

LY ; EEEEETE ) TR NI B I oo EETTREY § CEPPEET | EEETERR | TERREY | SRR ERRY | FERPEREY | TERE wmresmed s o

WIS =crimnns Nemmssrsmmr - fesmmesssmmennsmms SEELLELEE LRI L ] Tismmssssmmenssme fecsemcscsenticcan Yeseemctccnncicnn o -

LT 7 ~] IO oS et s s e O e s ar s 3 . O e mn e aaaan L TRERRENS. NSRRI e o
T : . ? T

sy 52'1'..' 230 2o Suns 2900 902
(b)
Figure 8: Output wavefrom of conveter with magnet load for (a) underdamped filter and (b) damped filter

From fig. 8 (a) and (b) it can be observed that the ripple in the output current is reduced with the use of the passive
damping with RyCq4 and also from fig.7 it can be observed that the resonant peak of the converter LC filter is reduced,
which ensures that the high frequency noise introduced will not be amplified by the converter filter.

V. CONCLUSION

The buck converter model with magnet load has been simulated with and without the passive damping of the LC filter and
it has been found that the converter circuit with a damped LC filter provides more stability to the system by damping the
resonant peak of the LC filter at the filter cut-off frequency and also provides better ripple reduction in the output current.
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