iraq ). Electrical and Hlectronic Engincering Ay BRIy Ay gl Al A jall At
Vol.2 Ne.l | 2006 ‘ ’ 2006 o 1 awll o2 sl

Control of ZCZVT Commutation Cell Inverter
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Abstract

This paper proposes a new control circuit to control the switching of the main switches of
the used Zero Current Zero Voltage Transition (ZCZVT) inverter to ensure Zere Current and Ziero
Volage Switching (ZCZVS). The reverse recovery losses of the main dicdes are minimized and
the auxiliary switches of the cornmutation cell are turned on at Zero Current Switching {ZCS) and
off at ZCZVS. The commutation losses are practically reduced to zero due to ZC$. Sinusoidal
Pulse Width Modulation (SPWM} is used to perform the switching of the power semiconductor
devices and to control the output voltage value. MATLAB software is used to simulate the inverter
circuit. Simulation resulls are presented to demonstrate the feasibility of the proposed control
circuit. .

ZCIVT £ ¥ sMbt Bl gd Jia e Bk
bt sl ki 8T L S P ! Je’-"p-““ ol

: e hﬂl‘
iy s L :m' e Dheal gl '[ZCZVT) P Uilpell e t;-‘l.i.'..l Eo P SRl A P I PR ERL IS N T g
W e S e i t3 n VA G Gl ik L @l B gt Sl e i e HECZNVS) ieald Gl g
- Al .;ﬁ}l_..- gl e FL-II.:B'YI AN '-.:L.-F- i :‘.Li.'b.}'l ik '{ZCEVS}',I-..:\H L!'lg_gl....l i.,.'.'-_,i_i. T e 'u‘]'Lﬁ'dl':_g ‘:ZCS:I_‘.&AJ'
Sty Samiant Y S ek (R g i e S SPWMY il L e e
ol § ol s M i it Ui il i it 51 oo MATLAB

Lin{roduction devices alims to reduce the switching
losses, cnables  high  frequency
With the prowing development of operation and achieving high power
power devices technology, swilching density{2]. Some efforts have been
mode power conversion moves toward made to reach these aims and various
high frequency operation. For topologies were proposed o achieve
inverters, the operation at high soft switching in voltage source
frequency is reguired to reduce the inverters[1,2,3,6,7,8].
audible awmse, the volume and weight
of filters, as well as to improve output The quasi-parallel resonant DC link
valiage quality|1,2.3]. inverter was proposed to perform the
conversion to achieve the soft
Several previous publications have switching action. In this inverter, the
resorted to hard switching techniques vollage  slresses  of  the  inverter
for ioverters[4,5]. These techniques awilches can be clamped to the value
suffer from high switching stresses of the voltage source due to the action
produce by the oveorlapping of voltage of soft switching., By the adjustment
and current result in high switching of the on/off instants of the switching
losses. Whereas, soft switching devices and the adequate choice of the
commutation of power semiconductor related components, the system can
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have no snubber and operale in high
[requency[6].

A regenerative passive snubber circuit
for pulse width maodulaiion inverters to
achieve sofl switching puposcs with
significant  cost and  teliability
penalties was preserted. This passive
soft-switching snubber employs a
diodelcapacitor  snubber circuit for
each switching device in an mvericr o
provide low dv/dt and low switching
losses to the device[8).

A new ZCZVT commutalion cell for
pwh  DC-AC  converlers  was
preposed[2]. The used commutation
cell allows the main swilches to be
turned on and off at Zero currel and
zero voltage (ZCZVS). The auxiliary
switches are tumed on at ZICS and off
at ZCZVS,

Jn the Present work a mew control
gircnit is proposed 10 control this
ZCZVT  inverter.  This circuit
combines the goals of soft switching
commutation for all active switches
and sinusoidal pulse width modulation
{SPWM) strategy (o control the AC
output voltage. The use of SPWM
strategy is very effective in keeping
the generated harmonics beyond the
bandwidth  of the system being
activated and  therefore  these
harmonics do no dissipate power[9].
The important feature of the present
control circuit among the previously
mentioned methods that it exactly
dotects the correct period of soft
switching of the active switches
through continuosly monitoring  the
switch-shunting diode cuerent signal.

2. Principles of Operation
The oversll inverter circuit 1%

simulated vsing MATLAB simulink
computer softwate.
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2.1 The ZCIVT SPWM Full-Bridge
Inverter

Fig.l shows the ZCZNVT
SPWM fiull-bridge inverter. 1t differs
from a hard-switching SFWM full-
bridge inverter by the presence of an
additional shumt resonant network
composed of two Tesonant capaciiors
Cpy and Crz, two resonant inductors
Lp, and laz, and two bi-direciional
auxiliary switches Sa-Da and San-
Dar.  Insulated  Gate Bipalar
Transistors {IGBTs) are used for the
main and auxiliary switching devices,

‘There are sixtecr operation siages
during one swilching cyete(2]. The
proper  switching of the auxiliary
switches allows the main switches
commutations to happen
simultaneously with zero voltage and
Zero current

Semiconductor switching devices 3
and 54 of the main circuit and S of
the awdliary circuit are controlled
ihrough the positive half cycle, While,
S and &,y of the main cirguit and S!a,g
of the auxiliary circuit during the
negative haif cycle.

2 % Inverter Control Clircuit

The block diagram of the
proposed circuit is shown in Fig.2.

This gircuit composed of

1. Sinusoidal pulse width modulation
circuil.

2. FPnmary
genetator,
1. Current signal-to-pulses conversion
circuit.

4. Final ZCZVS shaping circuil.

switching-pulses
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Fig.1 ZCZVT SFWM full-bridge mvarier.

2.2.1 Sinusoidal Pulse Widih
Moduolation (SEWM) Circuit

Sinuscoidal PWM technigues are one of . — ”
the most popular modulation methods :‘mﬁ;ﬂ:ﬂfﬂﬂ s !

in industrial applications. This method
involves a comparison of the reference

input, which is hasically is & sinusoidal Final ZCZVS Ly Primary swiiching
waveforn with ¥ amplitude, against & shuplng sircult pulses geaerator
triangular  carrier waveform  and

detection of cross over instances Fig.2 The proposed control circuit.

determine  switching  events. Fig.3
shows the parts of this cirguit. The
yoltage-contolled oscillator  (VCO)

generales sinuseidal voltage with Fe I
frequency and unity yoltage amplitude. T,
The triangular generawor Eeneratss S;LEHP[:”—,I:: _ 'i:i i =ty
trjangular vollage with F, frequency il o | FE Lﬁ” {F
and V, voltage ampliwde. Fig4 shows SPWN - N '
the generation of the SPWM puises. In T | =3
this figure, the pulses SPWMP are used = &FEE '

to generate the inverter firing pulses : |

during the mverter positive hall cycle
operation, while SPWMN are duting
the negative half cycle.

Fig.3 Sinusexdal pulse width medulation
cirenit,
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[ v, v, semiconductor switching-devices. This
4 l circuit consists of four identical parts
A tp perform the conversion for Ieri,
0 3 Tigr, lso, and Igpe curments. One of

these parts is illustrated in Fig.7. The
aperation of this circuit is shown in

]
-

1
LH‘ HF HENIIE Fig.8.
ﬂ s
1
SPVMM ] 3.2.4 Final ZCZVS shaping Cireuit
ol Ty
! nai (.02 L _
Time {msec.) This circuit consists of [our
Fig.4 Generation of SPWA pulses parts. Two identical patis are used to
formulate the final switching pulses
2221  Primary Switching-Pulses for Sa and Sz auxiliary switching

devices. Another two identical pars
are used to formulate the finat KAl
switching pulscs, one for S and 54
and the other for S, and 5;

Cenerator Circuit

This circuil consists of two
identical parts. One works during the
inverter positive hall cycle while the
other during the nepative half cycle.

The first part, shown in Fig.5, treals A -EERT)

the pulses formed by the SPWM A e - PPN
circuit (SPWMP pulses) 10 generate ’ Byl ; s -%3”""3
the switching pulses of the main and cant® ity

auxiliary swilches as a primary stage Sy T gt Srga (4

: 2 4 i nl‘umh‘r-'mu“m i
as illustrated in Fig.6. GERTN _f_ﬂ_
Mancotubie

These primary pulses are Gld,
GSAILP, and GSA1N. Where,

G14i is the pritary switching pulses
of the main switches 8, and 5.

GSAIP is the prnimary switching
pulses of the auxiliary switch Sa1
which will initiate the soft on
pperation of the main switches S, and

Fig.s Primary swilching-pulscs
generatar circuit

54 *0F.
e . . e GIAL
GSAIN  is the primary switching
pulses of the auxiliary switch Sal
which will initialc the soll
commutation of the main switches ) Fig.& Primary switching-pulses.
and 54
3.2.3 Current-to-Pulses Conversion CD-bD-
Circnit ILR1
This ¢itcuit converts part of the
negative porton of the anti-parallel Fig.7 Current-to-pulses conversion circuit
switching  trapsistor-diede  current
signal, the shunting diede current The first part, which generates the
signal, to pulses for all powe firing pulses of the auxiliary switch
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.., is shown in Fig.9. This circuit
logically treais the pulses 1LRI1P,
GSAIP, and GSAIN 1o generate
GSA! pulses. These logical reatments
¢an be symmarized as follows:

Ao=GSAINHLRIP .ol (1)
Ro=GSAIPHLRIP ..o (2)
Al-GSAIPHO e (3}
BI=GSAIN{ Bo e (4}

GSAL=Al.GSALP® B1.GSAIN
. A45)

h 9

16
Tima [micrnsﬂ
Fig.8 Conversion of diode current to pulse.

Fig.9 Sar's firing pulses generator circuit.

It is clear fromn Eq.(3) that Al
is the complement of GSAIP. This
complement becomes available only
under the negalive edge trigger of Ao
pulse. Fig. 10 shows the generation of
these pulses. This figure proves clearly
that the auxiliary switch Sa) is turned
on at ZC and off at ZCZV, iLe., during
the conduction of Sa; shunting diode,
Similar circuil is used to switch 542
The third par, shown in Fig.l1, is
used 10 control Sy and Ss switching.
The pulses 15D1P, Glé, GSAILP, and

GSAIN are logically treaed to
formulate the final pulses for GSAL
pulses, these logical treatments can be
given as,

Co-—Ci1d1.GSAINHSDIP.GSALP

...... b
of the main switches S, and Sa. .ﬁfls}{:-,
as done
Do=I1SD1P.GSAIN+GSAIP  ...(7)
C1=GSAIP Co .. (%)
DI-GSAIN} Do L)
G14=(G14i+C1).(GSALP+D1)

S 1)

n the generation of (4 pulses,
FC7V  switching is completely satisfied
during on and off conditions of [he switches
fsee Yig.12). Similar procedurcs are carmied
out for the main switches Sz, 87,

y
I A W= S S
(Y ¥
1
L fnee [
| Moew [
2 1B
Tirmp |microeec.

Fig.10 Generation of GSAI pulses
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Fig.11 Main switches 5 and 5, firing-

signals generator
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Table-1 Components and parameters of the used inverter.

{

[ Component Parameter
Input voltage (E) WV
Output power (Po) LGO0 W
Output voitage (Vo) 110 Vrms. |
Lg; and Laz 24 uH
Cr, and Cpz 34,7 nF

j{uutput filter) 2 mH
C (output filter) 100 pF
Load (R} -1 120
Output frequency {F,) 50 Hz
Switching frequency (Fo)

30 KHz I

3, Simulation Results and Observations

The completz proposed inverter -

circnit js shown in Fig.13. This circuit has
been implemented using MATLAB
computer software. The components and
parmnetmusedaresﬁnunaﬁzedinhhla-l.
The parameters of the commutation cell
(Lﬂlu Lm, CR.I' ande} anre
using tha follewing equations[1 b

L= 28, (+AD) e (11)
Vﬂ‘
7z~ E a2
2K,
& Asin~l(112k)
—d e (13)
Iﬂ
Lp=be=Zof0 e (14)
Cp=Cra=LH{Zowy o {15)

Where:

1,=The output peak current.

Al=The output current ripple, it is taken to
be 20%.

Z,=The characteristic impedance

S, and S4 ocours truly without Ipsses,ie.,
with ZCZVS. In this figure, 151 is the

calcultated -

current through switch 5y, D] is the Dy
cureent, and VS1 is the voltage across
switch S;.  Fig.15 shows that the aixiliary
switch Sai is tumed on at ZCS and furned
off at ZCZVS. Similar resulis can be
obtained during the negative half cycle.
Fig.16 shows the output - voltage of the

" inverter after the LC filter. The output

15

voltage distortion can be mitimized by
using modified PWM {SPWM) with a
closed loop aperation. Fig17 shows the
variation of the output voltage of the
inverter with the variation of the sinusoidal
voltage amplitude {V;} of the used SPWM.
This figure proves that the inverter output
vollage can be controlled suceesstully
through V, adjustment.

4. Conclusions

A new control circuit for a ZCZVT full-
bridge SPWM inverter has been proposed
jn this peper. The simulation results
presented venfy the validity of this scheme.
These results show that the theoretical goals
of ZCZVS for the main switches and ZCS
af on states and ZCZVS at off states for the
auxiliary switches are proved. This means
that there is no voltege and current siresses
on the power semiconductor devices and
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the commutatipn losses are reduced to
minirmam.
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Fig.15 Operation of auxiliary switch Sai.
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Fig.17 Varation of output voltage with V..
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