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1. INTRODUCTION

In Hybrid electric vehicles and rail guided shugtlelectric power distribution systems operate at
different voltage levels due to the availabilitystbrage devices. Electric motors for traction arel cell is
connected by a high voltage bus, while batterieswdtra capacitors are mostly connected by a loltage
bus. Bidirectional DC/DC converters controlling lietenergy flow between these energy sources age thu
required. The current fed Half Bridge and the \gdtded half bridge is the essential structure pango
voltage fed half bridge are the sub circuits of Eheal Half Bridge (DHB), which contain less compatseas
the circuit under investigation and ZVS is achieuwedhe resonant stage [1]. The major advantagaheof
proposed circuit is that the switching losses aduced and Low EMI is obtained because of actigenpl
circuits[2] is adapted to the ZVS bidirectional @ converter [1]. An alternate topology is showrfig.2,
consisting of current fed half bridge at the loweitage level and voltage fed half bridge at higltage
side. When the energy flow from low voltage sidéhigh voltage side is referred as boost mode; radtety
this circuit works under buck mode. Advantageshis proposed concept is that the current tailsutiinathe
main switches is reduced due to ZVZCS operatingditiom, DHB’s are symmetrical and reduced
components when compared with full bridges. Anvectilamp circuits is used in current fed half beidmd
voltage fed half bridges to achieve the ZVZCS for boost and buck mode of operations. A simple/acti
clamping circuit is employed in [2] and [11] whigits for bidirectional DC/DC converters [1]. Inigh
proposed circuit, active clamp circuit consistsamf active switch and an energy storage capacitdr an
additional capacitor across main switches. In otdemprove the efficiency of the proposed convette
switching stresses and losses has been reducegl thignproposed concept for applications of fudl aed
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battery. This paper presents a simulation of a new actianpl DHB ZVZCS k-directional DC/DC
converter. The converter is based on a dual hafbrtopology with an clamping circuit in primarigle and
secondary side. The ZC®eration is obtained by both forcing the primaryrent towards zero and delayi
its raise, or by resetting the primary current befthe corresponding switch turned off. The ZVZ
bidirectional DCBC converter has been simulated and developeceftfication and inversion operatiol
in both buck and boost. The operating modes ofctiveverter are described in the following sectioe.
simulations are conducted for switching frequenocie80 KHz with 50% duty cycl

2. POWER STAGE DESCRIPTION

Theconventional ZVS bidirectional C-DC converter is showim Fig.1. The active clam DHB
ZVZCS bidirectional DCBC converter for fuel cell and battery applicatioashown in Fig.2. The acti
clamping circuits are used in this converter anthit alo be used in different DC/DC converter topolog
but this will be the scope of future work. In aeticlamp ZVZCS bidirectional C-DC converter the
clamping circuit is comprises of one switch, onergy storage capacitor, so that the zero curreitthing
(ZCS) in main switches;& S, can be obtained. Switch Sa is turned on under @ement switching (ZCS
condition. When power flows from the low voltagéesito high voltage side and High voltage side to
voltage side, the circuit works in ZCS conditiontdoned off and ZVS contion to turn on the main switch
S;, S in boost mode. In the other direction of power fleinilar manner like boost mode, the circ
operates in ZVZCS condition (buck mode) the swisch;, S, turned on/off. The transformer is used
provide isolatiorand voltage matching. The leakage inductance ofrdmesformer is utilized as an interfe
and energy transfer element between two-bridges. The two voltage source hbifdges each generate:
square wave voltage applied to the primary and reteng of the transformer, respectively. Because of
symmetry property DHB operates under only one fiaeod. The major drawback of this converter is T
penalty because of the existence of clamping difayprimary side. The TDR of the proposed actilamp
ZVZCS bidirectional DC/DC converter is calculatesl BEDR = 2Vdc. lac. (3 devices) = 6 Po, Where F
again the output power. The TDR has been increfsetthe active clamp ZVZCS converter and the -
ZCS bidirectional DCDC converter [15] is same wt power. The main advantage of the circuit Fig.that
the current stresses are reduced for the low v@kade main switc
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Figure 1.ZVS bidirectional DC/DC Converter

3. OPERATING STAGES

Figure?2 illustrates the converter topology andure 3 the commutath waveforms in boost mod
ZCSs achieved by a clamp circuit used in one-bridge, operating the two habiidges with a phase shi
Fig 1 is the ZVS bidirectional -dc converter circuit. Figur2 presents the voltage and current waveforn
the transformer during one switching period. Inlfaell applications, when power flows from the I
voltage side to high voltage side, the circuit veoik boost mode to keep the high voltage at a el@dirgh
value before fuel cell can generate povin other direction of power flow, the circuit works buck mode
similarly to boost mode.
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Figure 2. Proposed active clamp Bidirectional DCaBverter
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3.1. Principle of operation

Figure 2 shows the proposed DHB ZVZCS BidirectioD&/DC converter current-fed converter
with an active clamp during the boost mode openatizuring this mode the battery Voltage of 24V viid
converted to a voltage of 200V on the DC link bAs. active clamp branch placed across the curreht-fe
bridge is used to achieve ZVZCS for the voltagetedge switches in boost mode, and clamp the igans
voltage on the current-fed bridge. This active gdmanch consists of an active switch and an ensiayage
capacitor. In the high-power bi-directional DC-DGneerter, the DHB converter with an active clampg ha
been a good choice due to its effectiveness td linei overshoot of bridge switch's turn off voltaayed to
enable the energy stored in the transformer leakafyetance to be used for zero voltage switchitig [

The interval of Fig.4 describes the various inteswaf operation during one switching period in
boost mode. The converter operation is repetitivthe switching cycle. One complete cycle is dididieto
four intervals. To aid in understanding each stepet of corresponding annotated circuit diagrasrgivien
in Fig. 3(a, b, c, d,) with a brief description.

3.2. Boost mode

Interval (b, t;): Switch S1 starts to conduct. During this stagergy stored in Cis transferred to
the load, the voltage acrossiS becomes zero. Current through the switche@ches zero and then linearly
increases. The body diode Bf S;gives rectification, the load current flows throudh C,

Interval (t, t,): Active clamp switch $is turned on to turn off the main switch 8hen S1 is turned
off, the voltage across Clinearly increases from zero tqg, While voltage vcross Gidecreases to) This
time interval ends at f when \, is equals to zero.
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Interval (b, t3): This is the resonant part of @hich is turning off. After voltage across Geaches
Vin, Vp becomes negative. During this stage energy staoredli G are transferred to the load and, &
transferred towards the main Switch. The transieitage at $limit by Cp. This stage finishes when clamp

switch Sa turned off.
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Interval (&, t,): when S2 is turned on, during this stage enetored in G is transferred to the load.
Due to the Crvoltage across,®ecomes zero. Current throughliBearly increases from zero. During this
stage \¢ still negative. This stage ends atiSturned on.
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3.2. Buck mode

Figure 4 Waveforms for a Switching period.

The Because of the existence of clamp circuits HBDboth the two sides are symmetrical. The
principle of operations principles in buck mode ammilar to those in boost mode. Due to the revkrse
power-flow direction, the phase of the VS is leadihan VP. The inductor current Li is reversed. Boek
mode operates under ZVZCS condition same as Boodenin this mode the switches in S3 &S4 are turned
on at zero voltage by due to the resonant capadiicd, Cr4 and turned off at Zero current switchiegause
of active clamp circuit

Figure 5. Load Voltage (120V/1A)
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4. SIMULATION EVALUATION OF PROPOSED CONVERTER
The detailed active clamp DHB ZVZCS bidirectionatuait model is built using Matlab/Simulink.
The simulated results are compared with experinhegsallts to show the performance of the converter.

4.1 Boost mode

The following parameters are selected accordiray2@0 W for fuel cell and battery applications.Vb
=24V, , D = 50%fs=20kHz, Li= 5uH, CP= CS= 30uF, C1=C2=C3=C4=100uF, Simufetiof the ZVZCS
bidirectional converter waveforms are presente&iq5, 6, 7. shown are the output voltage, prinside
transformer current, primary and secondary voltadgeg.5 illustrates load voltage in boost mode,.€ig
illustrates the voltages across transformer, FituStrates the switching pulses generated forstuiiches $

S, Sa.
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Figure 6. Voltage Through Transformer Figure 7. Load Voltage in Buck mode

Figure 8. Generated Switching Pulses
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4.2 Buck mode

Simulations are conducted for the buck mode ang#nameters used in the simulation are same as
those used in boost mode. The input voltage appdiekPOv the output voltage obtained is 24V. Figdre
illustrates the load voltage in buck mode.

5. COMPARATIVE ANALYSIS OF ACTIVE CLAMP 2ZVZCS VERSUS 2ZVSZCS
BIDIRECTIONAL CONVERTERS

Comparative simulation studies of DC-DC converteased on two soft switching schemes were
conducted. The circuit and parasitic parameterd, savitching losses of diodes were not considerethén
simulation study.

The simulation conditions were as following.
- Rated output power : = 120W
- Input voltage: ¥ =24V
- Output voltage: ¥=120V
- Switching frequency: ;& 20kHz
- Maximum duty cycle: Rax= 0.45
- Transformer turns ratio: N1:N2 =1:2

In Table 1 it is noted that each soft switchinghtéque can reduce switching loss at the cost of
increasing the conduction loss. The turn-off lasZVVS-ZCS[15] has been increased in the main se#ich
S;and $.The active clamp ZVZCS can remarkably decreaseutimeoff loss for the main switches &d $
in boost mode due to active clamp circujtvéhich is a major part of its total switching logscross each
element the values of voltage and currents are umedsand the switching loss is calculated thereafte
Energy loss in the transistor is Wda Y, are the respective voltage and current in the begic

Wd [V (1) 1a(t) dt]

Therefore switching losssB Wy, fsWheref; = Switching frequency = 14T
In Table 2 it can be seen that ZVS-ZCS scheme aaillse smallest possible current and voltage
stresses in one of the half bridge. The ZVS giweggdst voltage stress on one of the half bridgdivac
clamp ZVZCS scheme will relieve the main switglc@rrent stresses from 1.64 to 1.24 Amp. Active @dam
Z\NZCS gives the less voltage stress and lossesedieed on the one half bridges than ZVS-ZCS dges b
about 12 to 15 %.
Table 1. Loss and Efficiency comparison

ON OFFON OFF Switching Loss Switching Loss  Total Loss  Efficiency
(S1) (S2) (S2) (S2) (S1) (S2)
ZVS-ZCS 0.8 24.40.8 255 118.9 304.23 423.13 39%
ACTIVE 0 21.4 0.8 30.65 335 18.50 52.01 52%

CLAMP

Table 2. Switching stress comparison

s Mms  Vrms ims tms Irms

(S1) (S2) (Sa) (S1) (S2) (Sa)
ZVS-ZCS 10.62 11.430.73 1.64 82.4 0.1667
ACTIVE 27.07 21.99 10.33mV 1.24 0.8415 10.33mA

CLAMP

6. CONCLUSION

A Novel Active clamp DHB ZVZCS and ZVS-ZCS bidiremtal DC-DC converter is proposed and
their comparative analyses with ZVS-ZCS bidirecsio®C-DC converter are presented in this paper.
Simulation results for the 120W and 20 kHz modetenghown to verify the principle operation. It iogvn
that ZVZCS in one direction of power flow is achéelvin boost mode with reduced switching losses
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involved and other direction of power flow involve ZVZCS with reduced switching losses. Due ® th
simultaneous boost conversion and inversion pravliethe low voltage side half bridge, current sées on
the switching devices and transformer are redugeshitching an Active clamp switch in primary side.
ZCS condition. As a result, advantages of the ni&wawuit including ZVZCS with full load range, curren
stresses are reduced, high efficiency. The majawblack of this converter is its huge cost is due to
introduction of the active clamping circuit compate controller and decreased output power. This
converter is best suited for medium power applicegilike fuel cell and battery, with high power dign
Excellent dynamic performance is obtained becadsthe clamping circuits used in DHB. Comparative
analysis has been done between the proposed cenmert the existing converter, and the simulation
analysis shows that the efficiency is increasethénproposed converter.
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