ISSN 1681-6900

No.5, Volume 21, 2002



Eng. Technology, No.5, Vol.21, 2002

English Section

1 Dr. Adnan A. Zain & Dr.Khaled O.Basulaim 325
Transform-Domain Construction Of Error-Correcting Codes For Data Storage

2  Fadhel A. Rasen & Layla S. ALAli 334
The IR Study Of Duekhla Kaolin, West Desert Porcelanite And Ninivite
Rocks

3 Dr. Mustafa M. Ibrahim & Basim Talib Kadhim 347

Design And Analysis Of A Zero-Current Transition (ZCT) Inverter

4  Sana Dawood Salman 363
Characteriatics Study Of Half-Wave Half-Bridge Zero Current Switched
Quasi-Resonant Converter With And Without Freewheeling Diode

5 Dr. Zbigniew A. banaszak & Dr. Mowafak H. Abdul-Hussin 371
Deadlock Handling For Distributed Workflows

6 Dr. Ahmed A. Moosa, Dr. Feda S. Mohammed Ali & Mr. Abbas K. Hussain 389
A Contribution To The Study Of Weakness Of Magnetic Properties In
Alnico.5 Permanent Magnet Alloy

7 Asawer A. Al-Wasitty 402
The Influence Of Temperatyure and BTA Concentration On Corrosion
Inhibition Of Copper In Oxygenated 0.1 M H;S04 Solution

8 Dr. O.F. Al-Damluji, Dr. Y.J. Al-Shakarchi & Dr. Mohammed Yousif Fattah 416
The Use Of Endochronic Model For The Prediction Of Stress-Strain Relations
Of Sands

SHHN

e

oy .
] 0,'.',“. 4



!a‘ﬁ' (1) f;\ LX) F"“|\ O R AN A A A A L A A AN AT X EE LX) ™y |'?f¢(\ ;’f(’?[\ 'y |?| ['] f?{i‘(‘if‘g’?;’?‘?{‘{ff?
“ [
c’:: Eng. Technology, No.5, Vol.21, 2002 :%
n w
« ~
& &
Q) .- = ) .
& Dasigm Amd Analysis Qf A Zeno-Cuntent: Transitiem -
£ &
. LY
% (@CT)) Ienter g
i::‘ Py
“ - - >
« Ass.Prof. Dr. Mustafa M. Ibrahim* & Basim Talib Kadhim* &
) Received on: 10/12/2000 oy
oY Accepted on: 26/3/2002 <
s L)
& ®
w Iy
& &
I "~
5 &
l‘:‘ ‘:‘:
*::. Abstract c.}‘:_
1
& The development of zero switching loss inverter has attracted much ®
:»E- interest for industrial applications. Ultilizing the ZCT technique in ::.
" DC/AC inverter enables all main and auxiliary switches to be turned on “©
L]
o and off under zero current conditions. ::-
::,.. The ZCT at both turn-on and turn-off not only reduces switching losses ::.
“ significantly but also eliminates the need for passive snubbers due to the "
LY
:': much reduced switch stress and cost. :»E-
::.. In this paper design and analysis of moderate power ZCT inverter has :f.:
« been presented. Also, the inverter operation has been investigated using «
p a novel control circuit to drive the auxiliary and main switches. P
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:r:- 1- Introduction:-

::: High frequency (HF) resonant
« converter can perform the zero current or
[}

= zero voltages switching (so called soft
:3. switching)  operation  with lower
W« switching loss and lower
« .. .
i« electromagnetic interference (EMI) noise
p than the hard switching operation
« performed by the conventional pulse
[\ .

« width  modulation (PWM) converter.
ol (11.123,031

(4]

:,:.. A snubber circiut reduces the
™ switching loss and the switching stresses
1" . .

W of switches, but increases the total power
:} loss in the converter .

{‘:: However, a recently developed
i

« zero voltage ¥ and zero current
:—E- switching techniques can reduce
:E. switching losses with  minimum
0 voltage/current stresses and circulating
[} . .

o energy. The ZVT technique forcing the
- . : .

o voltage of incoming switch to zero
® before its turn-on to practically eliminate
& . .

o switch turn-on loss. The switch turn-off
:%- loss that is usually the dominating
< switching loss in high power application
™ N . .
« can not be alleviated effectively with
:} ZVT technique. The ZCT technique can
:‘; significantly reduce the switch turn off
« loss by forcing the out going switch
Y . .

w current to zero prior to its turn off . A
:E. single phase full-bridge inverter /7]
< using auxiliary commutation is shown in
% . * . .

:';' Fig.(1a)The circuit operational
::. waveforms for one switching cycle are
W illustrated in Fig. (1b) . The current of
“ . 3 - . .

Ny main switch is reducing to zero prior to
Ll ays

o the turn-off. However, the auxiliary
&

"q‘

.“‘

o~

o
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and Analysis of a Zero-Current Transition
(ZCT) Inverter

circuit does not affect the turn-on loss of
the main switch.

In this paper, a new inverter
scheme with modified control and
topology is presented to achieve ZCT at
turn-on and turn-off. The proposed
inverter has been analyzed theoretically
and investigated experimentally. The
results obtained have shown better
performance of the implemented inverter
as compared to the conventional PWM
inverter.

2- Analysis of the proposed ZCT
single phase inverter:

The drawbacks of ZCT
topology[s] shown in Fig. (1) for the
turn-on loss of the main switch is not
affected by the auxiliary circuit and the
peak voltage of resonant capacitor is
about twice that of the switches can be
overcome by the topology shown in Fig.
(2) with series connected auxiliary
switches for each leg. Such switches
perform the same function as that in the
auxiliary resonant commutated pole
(ARCP) converter ! with clamp diodes
in the auxiliary circuit tom reduce
voltage ringing of the auxiliary switches.
The low power diodes
Dc)-Dey are used to clamp the auxiliary
switch voltage.

The operation of ZCT inverter
presented here is characterized by soft
switching conditions which are achieved
by actuating the auxiliary switching
circuit in the transient periods.
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:} The simulated waveforms
:'f.: during one switching period are shown
i« in Fig. (2b). There are nine difference
:E' stages of the inverter circuit that can be
‘l::: discriminated during one switching
[y period as illustrated in Fig. (3).

:E: On  analyzing the inverter
::* operation, the output current i,is
:E: assumed constant  during one
« commutating interval. Because of the
::‘ symmetry of the circuit configuration,
::: the consideration under the condition of
2 the output current ;>0 can be applied to
& case of i,<0. Before the mains switch S,
:E: turn-on the output current i, is conducted
:} by D,. The auxiliary current iy is zero
:f.: and Vy has a value equal to Vco. The
« nine inverter circuit stage are as follows.
:} (a) Turn-On Transition I(tg,t;):-

:,:: At t,, Sy is turned on initiating
W« the turn-on transition. The auxiliary
::? resonant tank consisting of Ly and Cy
}g start to resonate and the auxiliary
[0y current iy resonates from zero to
:::' positive peak at t;, while current in
::: the diode D, is reduced to zero. So
g:, that, S, is turned on under ZCT
,3:: condition at t; and turn- on lossis
s reduced significantly.

::i.: (b) Turn-On Transition II (ty, t;): -

« The current rises rate of the
& switch S, after tumn-on is limited by
:::: the resonant inductor. After t;, iy
< decreases rapidly toward zero at t;
::‘ because the supply voltage Vs/2 will
:f-: oppose the flow of the resonant
o current.

s (¢) Turn-On Transition I(tz,t;):-

5

o

Design and Analysis of a Zero-Current Transition
(ZCT) Inverter

At 13, ix returns to Zero. So that
the switch S,; turns off at ZCT
condition at t;. Since the resonant
capacitor voltages V. is positive,
then the auxiliary circuit continues
resonating and negative iy is
conducted by the clamp diode Dc;.
This stage vanishes when the current
I returns again to zero.

(d) Switch on. Stage (t3,t4):-

When i, returns to Zero again at
ts, Dcy is turned off naturally. Then
the auxiliary circuit stops resonating
and disconnected from the main
circuit functionally. The converter
resumes its PWM operation the
duration of this stage is determined
by the PWM control.

(e) Turn-off Transition I (ts,te):-

Before the main Switch is turned
off, the auxiliary switch Sy, is turned
on at t;. The resonant tank starts to
resonate again. The resonant path
includes L,, Cand the (Vs/2)input
voltage. Current iy is negative and its
magnitude increases from Zero to
peak and than decreases. When iy
returns to Zero at ts, Sy is turned off

ZCT
resonant capacitor voltages V, is
less than (-Vs/2) then switching on
the auxiliary switch Sy at tsallows
the auxiliary circuit to continue

under condition. Since

resonating after ts. The positive iy is
conducted by Sy; and Dy,. Hence the
current of the main switch S; (i-
ix), is decreasing for iy increase. The
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interval of this stage is terminated at
ts when iy reaches ig.
(f) Turn-off Transition II (t;,t;):-

At tg, ix reaches ip and the main
switch current is reduced to zero
.So, the switch S, is turned off under
the ZCT condition. As
increasing after te the surplus current
will flow through the parallel diode
of S; and clamp the voltage a cross
S, to Zero. So .the gate signal of S,
can be removed without causing

ix keeps

much turn off loss.
(g) Turn-off Transition III (t;, tg):-

At ty, ix falls to ig and the parallel
diode of S; stops conducting. Hence
the capacitor Cx recharges through
the load at an approximately
constant current of ip These mode
ends when the capacitor voltages
becomes equal to (Vs/2) at tgand
tends to over charge due to the
energy stored in inductor Ly,

(h) Turn-off Transition IV (ts, ts)

At tg, Vy is charged to (Vs/2) and
the diode D, starts conducting. So,
the resonant tank begins to resonate
again. As iy resonates toward zero,
the current in the main diode
increases gradually and iy returns to
zero at to for S,y is turned off at ZCT
condition.

(i) Clamp diode on stage (t, t1o):-

At to, V, is being charged to
positive voltages above (Vs/2)and
the clamp diode Dc; conducts the
auxiliary current i, This current
resonates from Zero to negative

350
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peak and returns back toward zero at
tijp. At the end of this stage the
resonant capacitor voltage Vy is
equal V, which is the same value as
the initial voltage.

3- Design of the ZCT circuit: -

The design of the auxiliary
circuit requires determination of the
capacitance Cy and Inductance L,. The
auxiliary circuit should be designed to a
chive zero current switching with
maximum main current while keeping
the power loss in auxiliary circuit
minimized "%, Since turn-off transition
than the turn-on
transition the following design procedure
is mainly based on the switch turn-off
requirements. To reduce the switch loss
the duration of turn-off Transition II, Toer
=(T7-T¢), should be long enough for
most storage charge of the main switch
to recombine. In the following analysis

is more critical

the design is based on maximum output
current I,. From the state plane trajectory
of Fig. (4) we can get.

Ty =T, =T, )

Ty = Z(cos" m j/LxCx

Ty = (T, cos™ m)/n )

L , T, =2n/LxCx

PK
Ipk is the resonant peak of ix during turn-
off. Assuming Vy is zero at t4 without
loosing much accuracy, we can estimate
I to be'l .

Where: m =
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Lo =YY% Where: 2z, =1/5’5
z, Cx

The value of Ty in designing the
resonant circuit depends on the
switching devices. Generally T should
be much longer than the current fall time
of the main switch!''F0'2-(31 A jonger
Tomr can be achieved by either increasing
Ik or increasing T, Our design objective
is to minimize the conduction loss
caused by the soft switching action for
given Ty From the state plane shown in

Fig.(4) we have:
1
Emon =0 3
-1 IO -1
and, O0=cos”' ——=cos ' m “4)

PK
Using the above equations and
definitions it can be shown that: -
1 I,

®g=— ——

° m CxVs/2
Substituting for T, using eq.(5) in to
eq.(2) yields:

(6]

Ty = ZmCxXEEcos" m (6)
0
Let T, -—-E]—‘!i@:—g— be the
Lo Io

available turn-off time, then:

T,y =2mT, cos”' m

T, =20T, cosB @)
The per unit turn-off (Tow/'Ty) as
a function of current ratio m is plotted in
fig.(5). The optimum design condition is
obtained at the maximum per unite turn-
off time at shown in fig. (5). The

Design and Analysis of a Zero-Current Transition
(ZCT) Inverter

criterion can be accurately calculated by
setting the derivative of eq. (7) equal to
zero and  solving the resulting
transcendental equation.

o _ 2T, (cos 6~ Osin0)=0
de
8 =cotd ®)

By numerical solution of eq. (8) we get:
0 =0.86rad = 49.3°
m = 0. 652

Once m=M is chosen; Lx and Cx can be
calculated as follows:-

Lx= T VS 9)
41, cos' M

Cx= __.L!E'if__._ (10)
MVscos' M

A practical converter will have
much more complex loss models for its
component and the optimum design can
only be achieved through experiment.
The conduction duration of the auxiliary
switch is always 75 % of the resonant
cycle. The main switch can be turned on
or off around the resonant peak of iy

4-Experimental Resulits: -

The half bridge ZCT inverter
shown in fig.(6) has been built and
tested. The control circuit of the main
and auxiliary switches is illustrated in
fig. (7). Also the synchronized pulses
required to control the operation of the
designed ZCT inverter are given in
fig(2). Load voltage of (50Hz)
frequency has been obtained with
switching frequency of (1.6KHz) and
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Fig.(9) :-
&) 25 Vidiv

2 msec/div

8- Output volinges inverter for mulitiple pulse modulation milllva load
only.

25 V/div
2 msec/div

b- Oufput voliages Inverier for multiple pulse modulation inductive load.
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