OPEN aﬁlCCESS

International Journal of Recent Technology and Engineering (IJRTE)

| SSN: 2277-3878, Volume-8 I ssue-3, September 2019

Resonant converter for Data Center and Super

Computer applications

)

Chack far
updatas

N.Soundiraraj, K.Palanivel Rajan, |.Sayed Mohammed, K.Kaleeswarn , K.Aruljeyar aj

Abstract: In this article proposes the load sharing
performance of converters in supercomputers. A new
control method is proposed for dc to dc switch controlled
capacitor (SCC) - LLC converter. The switching frequency
isutilized for controlling the regulation of output voltage.
It can give the good frequency variation range and peak
gain range compared to conventional converters. To attain
load sharing the half wave switch controlled capacitor
(SCC) is used to control the resonant frequency of each
LLC stage. The simulation results are compared with
experimental results. A 600w prototype model is developed
to prove the feasibility.
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. INTRODUCTION

In this article proposes the switch controlled capacitor
(SCC)-LLC converter. The resonant frequency is controlled
by using switch controlled capacitor. Because of this, the
regulation of output voltage is attained in constant switching
frequency control. This gives good solution for phase
shedding of each converter, load sharing of converters by the
parallel operation, and interleaving operation of converters.
But some limitations there in fixed switching frequency
operation of resonant converters; they are variation range in
load current and input voltage compared with the traditional
converters in switching frequency control [1]. The new
control strategy for switch controlled capacitor (SCC)
resonant converter is focused in this article. This control
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method has achieved the interleaving operation of converters
at the same time holds the benefits of variable switching
frequency control [2]. This article discusses about the
following points.(i).compares the modulation between
switching frequency and resonant frequency. (ii).proposes
the new control technique and analysis and design of that
control technique.(iii).compares the practical results with
theoretical and simulation results.(iv).summary.

Il. COMPARISON BETWEEN THE M ODULATIONS OF
SWITCHING FREQUENCY WITH RESONANT FREQUENCY

The various literatures discuss about the constant switching
frequency operated resonant converter [3]. That technique is
used to solve the load sharing problem and interleaving
operation. Therefore that control technique is used in high
current applications with higher efficiency [4]. The constant
switching frequency LLC converters present the different
characteristics from traditional converters due to it uses
resonant frequency modulation in it is place of switching
frequency modulation [5]. The comparison between the
modulations of switching frequency with resonant frequency
is as follows. The equation (1) shows the voltage gain of
proposed converter derived from The Fundamental Harmonic
Approximation (FHA) model [6].

n

M= - €
[f—'—l -E- J.] +”—f'_’-[|r—'-| —J.]
| BANEH
M=% @)
M
N= e 3
k=2 (4
ws = 2uf, ©)
1
“r e ©
Where
oy = ,L_ = Resonant frequency in radians.
= Switching frequency in radians
RL = Load resistance
K = Inductanceratio
L, = Paralé inductance

N = Transformer turnsratio
M = Resonant tank gain

The efficiency curves resulted from resonant frequency
modulation (FrM) and switching modulation (FsM) are drawn
using the equation (1) with set
of vaues of N, R K,Lp,
respectively as depicted in the
figure .1.
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The resonant frequency modulation (FrM) curve obtained
when the switching frequency () is fixed and resonant
frequency () isvaried [7].

The normalized frequency in resonant frequency modulation
is defined as the ratio between the resonant frequency to the
switching frequency (e o) [8].

The switching frequency modulation (FsM) curve drawn
when resonant frequency ( @y ) is constant and the switching
frequency () isvaried [9].

The figure 1 shows the Normalized frequency versus gain of
resonant frequency and switching frequency modulations.
The switching frequency modulation gives higher efficiency
compared with the resonant frequency modulation [10].
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Figure. 1 Gain versus normalized frequency with
resonant frequency and switching frequency modulations

Resonant frequency modulation has less effective in
impedance point of view compared to the switching frequency
modulation [11]. Two MOSFET’S with gate driver circuits
are used to control the SCC, which increases the conduction
loss and complicated circuit [12]. Therefore a half wave SCC
can be utilized, this is more attractive. The next section
discuss about the half wave SCC.

I11. SWITCHING FREQUENCY CONTROLLEDLLC
CONVERTERS

3.3.1. SCC - LLC Converter with switching frequency
control

The interleaving operation of SCC-LLC converters are
connected in parallel, the switch frequency of al phases must
be same. And at the same time the switching frequency
modulation has more helpful than resonant frequency
modulation[13]. So the proposed the innovative control
technique is in the subsequent paragraphs.

(i).All SCC-LLC converter phase output voltage controlled
by the switching frequency and all SCC-LL C phases operates
same switching frequency but its variable based on the output
voltage requirements.
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(ii).The output current ripple cancellation is done, by
applying interleaved gate driving pulse to each phase of
SCC-LLC converters.

(iii).The load current sharing is obtained by SCC control
method, because of the component tolerance The figure 2
shows the improved topology[14]. This new topology is
suitable for interleaving operation of SCC-LLC converters.
Thefigure 3 shows voltage and current range of the proposed
converter.
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Figure 2. Parallel operation of resonant converters
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Figure 3.Two converter circuitswith current and voltage
range.
3.3.2. Comparison between half wave and full wave

switch controlled capacitor (SCC)

The haf wave switch controlled capacitor operating
waveform are shown in the figures.4(a),4(b).Here the control
angle (o) is varied from O to n and there is only one
MOSFET, but the control method
is same as in the full wave switch
controlled capacitor.
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The switch controlled capacitor MOSFET isturn on when the
Capacitor (Ca) voltage discharging and reaches to zero for
diminish the power loss of MOSFET’s body diode. The Ca
voltage is fully discharging and reaches to zero, then
immediately the SCC MOSFET is ON.

The MOSFET acts like a synchronous rectifier from the
capacitor (Ca) voltage zero crossing point to the resonant
current zero crossing point. This is not affecting the
modulation of equivalent capacitance.

The expression (7) shows the equivalent capacitance value of
half wave SCC, and that expression is derived based on
fundamental harmonic estimation method.
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Figure.4(a),4(b) Half wave SCC, Operating wave forms.
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The two extreme conditions to design the SCC equivalent
capacitance are,
(i). SCC switches aways ON,

(i1). SCC switches always OFF.

The equivalent capacitance value is large when the
SCC switches ON. And the equivalent capacitance value
isequal to ( C;) when the SCC switches OFF. Hence other
conditions do not affect the overall design accuracy.
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IV. EXPERIMENTAL RESULTS

The practicability and the reward of the planned control
strategy are verified using practical model of a 600Watts two
phase interleaved variable switching frequency half wave
switch controlled capacitor converter. The specification
details are listed in the table 1.

Tablel
Specification details of experimental model
SR MOSFET BSCO11INO3LS
Switch controlled
capacitor BSCO60N10NS3G
MOSFET
Full bridge MOSFET | IPB60R190C6
Turnsratio of )
transformer 18:1,Centre tapped
Output power 550Watts,(225Watts per
phase)
Output voltage 12v
Inout voltage 430V Maximum/330V
P 0 Minimum

For test the load sharing performance of the converter,
resonant inductors are implemented with |eakage inductance
of the transformers, and are purposely made not equal.

Thedigital controller isimplemented using a microchip DSC
dsPIC33FJ32GS606.Load current (A) versus efficiency (1 %)
with phase shedding and without phase shedding of LLC
converter are shown in the fig.5.The 26A (50%) load
efficiency isimproved from 95% to above 95.5%, and the 5A
(10%) load efficiency is improved from 82% to 90%. When
the load current is below 49%, one phase is shut down
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Figure.5 Load current (A) versusefficiency (%) with
phase shedding and without phase shedding of LLC
converter.
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Figure.6.The Load sharing performance of conventional
and proposed converters.
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Figure.7.Bode plot of proposed converter with open loop
and closed loop control performance.
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Figure.8.Perfor mance of the proposed converter with
sudden changein the output load corresponding to
different controllers.

Retrieval Number: C5094098319/2019©BEIESP
DOI:10.35940/ijrte.C5094.098319
Journal Website: www.ijrte.org

B ST
1 T i . '
u | u [ p=nok |
[T} | | ! : e |
[T e t i H i
|: ' .‘..I.'!J-?pu-iz--h a': :*E?P-..'E ------ *
1 BE] ) [ L]
1 e e - i a1
[ a FaNH [y -y
e
ML AT
R
: i "=
u | w2 near eritical conduction |
i A ‘/\ £ AH I
i ! v # '
n 'r'! Y4 iy
" “
Figure.9.Converter operation with different loads.
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Figure.10.load sharing error of converters.

Figure.6.shows the Load sharing performance of
conventional and proposed converters. And also the figure 7
gives bode plot of proposed converter with open loop and
closed loop control performance. The figure 8 shows the
performance of the proposed converter with sudden changein
the output load corresponding to different controllers. The
figure 9 shows the converter operation with various loads. In
the figure 10 represents the load sharing error of the
converter. The converters with phase shedding gives less
error and light load higher efficiency.

V. CONCLUSION

A innovative control approach is proposed for switch
controlled capacitor LLC converter. The output voltage
regulation is achieved by the switching frequency control.
The switch controlled capacitor LLC converter load sharing
characteristics are studied. To determine the optimal switch
controlled capacitor value a visual assist design technique is
proposed. A two phase interleaved switch controlled
capacitor LLC converter with power rating of 600 watts
prototype is developed. It shows the efficiency improvement
in light load, cancellation of current ripples, and good load
sharing performance. From the various results, concluded that
the proposed LLC converter is suitable for super computers
and datacenter applications.
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