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ABSTRACT

Direct AC to AC power conversion was always a ahalke to be proposed as an alternative for the BiCdne.
This is due to multiple of reasons such as lesgpbexity, power regeneration, and unity power fagidvileges. However,
the challenge is represented by producing a dkécto AC system with output waveforms having realiteal harmonic
distortion comparable or superior to that generdigdhe DC-link converters. In such a trend thipgraintroduces an
enhanced AC-to-AC frequency changer with reducddl tbarmonic distortion frequency spectrum compa@dhe
envelope cycloconverter one. This proposed workothices smart comparative phases switching cawiddvia a
processing unit that detects and measure the aralgtages of each phase and sends a switchggets to the power
switching circuit. The proposed work reflected dfeetive reduction in output waveforms harmonic teon (about 60%)

compared to the envelope cycloconverter with logt @ystem requirements.
KEYWORDS: A. C. Converters, Cyclo Converters, Frequency ChemdPower Electronics
INTRODUCTION

Many researches were carried out in performing Ueegy converters to satisfy the phase and harmonic
requirements. Cycloconverters might be the simptethod of obtaining a “divide-by” fundamental hamit component.
Envelope Cycloconverter output waveform fundamentahponent has the privilege of being the domiremd first
harmonic component in the frequency spectrum [the©converters than cycloconverter suffer fromeatidonversion
processes and added DC-link step which requirasge lcapacitors and may reflect problems experéeimca short circuit
[2]. However, the ordinary cycloconverter outputveorms still suffering from high harmonic contemith respect to the
desired fundamental component within the frequespsctrum which was proved analytically by many aesiees [3, 4].
Moreover, trends also available to merge betweenciitloconverter and the inverter referred as lybyicloconverter
which are capable of improving the performancehefdtandard cycloconverter by adding an auxiliargdd commutated

inverter [5].

In envelope cycloconverters, the output waveforih result in (N) number of positive supply half dgs driven
by the Positive —converter and the same numbehefegative supply half cycles driven by the Negationverter to
form a periodic output sinusoidal load voltage Withquency equal to:

‘= SupplyFrequency | fsupoy (1)
° numbepf totalsupply waeformsinjected N

The supply frequency is taken to be 50Hz or supplyodic time (T) is 20msec. The resulted wavefosufer

from high harmonic contents which makes such cdevex bad choice in power applications. The harmaontent is

www.iaset.us anti@iaset.us



32 Mohammed S. M. A. Khesbak, Ibraheem M. Khaleel & Ryadh M. Ali

measure by the well-known factor, the percentag® tmrmonic distortion (THD%) which is describex) a

©

2.C
THD%=1 "%~ X100 )

1

Where the summation of all harmonic components) (€xcluding the fundamental one divided by the
fundamental harmonic component ;YCAccordingly, Figure 1 shows the THD% of each damental frequency
component generation case. Many trends were maddininate the weakness of the cycloconverter byusing on

decreasing the level of the THD% using direct methi®-8].
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Figure 1: THD% of the Converted Envelope cycloconwter Waveforms
PROPOSEDSYSTEM OPERATION PRINCIPLE

The three phase output waveforms of the envelomtocgnverter are shown in Figure 2 for two cases of
converting the supply frequency 50Hz to 25 Hz (N=&)d 50Hz to 16.66 Hz (N=3). The two cases wekertaor

demonstration purposes and the following theory bwgpplied for any value of divide-by factor (N).

The operation principle of the proposed converggrathds on assuming one phase to be the main phdsdher
phases to be compared to this phaseglfs\tonsidered as the main output phase, then ptieges (Yand \t) should be

compared to ¥ within the comparative period-Bhown in Figure 2.
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(b) Converted 16.6Hz 3-Phase Output Waveform

Figure 2: Converted 25Hz and 16.66 Hz 3-phase Waweims of the Ordinary Envelope cycloconverter
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The procedure depends on waveform reforming oriegagnf the pre-assumed main phase using smartEwic
technique. This is done by comparing other phasethe main phase and switching the one with hidaeel. The
comparison is made only within periods of Which will lead to multiple switching of portiorf phases which have level

higher than the main one.

Figure 3 shows the enhancement of the two casegopsty presented in Figure 2 after applying theagm
switching technique, assumingz\as the main phase under enhancement. The proceauks within the comparison

period Tc and compares the main phase (assumed hgravith the absolute value of other phases and kimitcthe

higher level phase to the output node.
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Figure 3: Proposed smart switching Enhanced 25Hz @h16.66 Hz output waveforms
THEORETICAL CALCULATIONS

The kernel part in this proposal is smart switchprgcedure. It is carried out using processing baged on
microprocessor chip and it is responsible on comparand reselection between phases in certain titoeever, this unit
firstly needs to predefine some information suchhesstarting and ending time of each phase voltagk comparison
period Tc defined by starting (T1) and ending (T2) timess@&hon this defined information this unit can pilag rules of
switching.

COMPARISON PERIOD FORMULA DERIVATION

This period of time is considered as the most ingurtiming factor, which enable the processing tmstart and
stop the comparative switching procedure in both positive and negative halves of the main phasesfwam. Now

remembering that the supply periodic time is T, skert of the comparison period is T1 and the enth® comparison
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period is T2 as depicted in Figure 3. T1 may benébas the intersection of the first phasg)(With the negative of the
third phase (Y), therefore;

Ve

=Ty at t=T1

and since;

Vy = Sin(wT,) and V; = Sin(aT, -2+ =)
then;Sin{wT,) = —Sin(wT, — £J

Taking the inverse sine function for both sidesutein

wl, =—(wl, — 47:] and sinces = :—; then;

I, = 3

wa |

where T is the supply periodic time.

The formula shown in equation (3) is derived assgnthe phase under enhancement js(Master phase).

Adding the three phase time relation, the startimgparison time in general is;
T,=M1 (4)

where M is the phase sequence indicator (1, 2,3nd\lthough T may be taken as any supply frequency
calculations in this paper carried out for the 5@e (T=0.02sec). Therefore, the equation of figdime starting time of

comparison will be:

T, =M= (5)

Now; it is easy to find the comparison end timéeirnms of N (Divide-by factor) and M from Figure 8 a

T,=001N+22y — =2 (6)

The start and end time calculations were madehiaet cases of divide-by factor (N) according to degived

formulas in equations (5) and (6) as in Table (1).

Table 1: Calculated Start and end Comparison Time ¥lues for Different Values of N and M

Divide-by Factor (N) | Phase Number (M) | Comparison Start Time (T,) Comparison End Time (T,)

1 0.0066 0.0133

2 2 0.0133 0.02
3 0.02 0.0266
1 0.0066 0.0233

3 2 0.0133 0.03
3 0.02 0.0366
1 0.0066 0.0333

4 2 0.0133 0.04
3 0.02 0.0466
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COMPARATIVE RULES REPRESENTATION

Rules are followed only within the predefined comigan period () by the processing unit. These rules are very

simple and might be described as follows;

The cycloconverter'jphase waveform voltage may be described by thevisig formula according to waveform

shown in Figure 4 [1];

i=1 D=(1+i)N yj+Dm
— D+l o
viwt)=> > (=) sin@Nt-y,) y Moy
i=0 D=I+iN N
v (mt) $b4———— =0 > i=l —
I - i
______ 1
1
1
=3 '
D=1 D=2 D=M i
¥, +N=x ¥+ 2N gt
¥; nts y,+2x
N ¥ N

Figure 4: Typical Load Voltage Waveform for Divide by 3 Resistive Load cycloconverter (N=3)[1]

27 Y
wherey; is either(, ?TJ or ?T and D and i are waveform subsection index. The Mzlthge V (wt) equals to

either Vi (wt), Vs (wt), or V¢ (wt) for j= 1, 2, or 3 respectively which represeine tthree phase cycloconverter output

waveforms.

To start the waveform enhancement in order to redloe relatively high THD% content within these wirms,
rules are created to perform a smart switching ggechetween these three phases and produce attutberphase
waveforms with lower harmonic content and improsgedisoidal waveform shape. From the waveforms shovirigures

(3) and (4), the following may be deduced:

Positive output half cycle Rule is:

¥ ™ =t = I:] + wly)

V,j(wt) = vl if Vil > V; wherei=j 1+ Wl < wt S+l @)
.
v o+ Wl < Wt S+ @

While, the negative output half cycle Rule is:

NT NT
v Gru—< s ol fo— W
Voj(wt) = - vl if [vl = V| wherei#j i+ Wl + m¥ SWEsftal+ mHJ (8)

NT
Vi it el +w—<wt < 7+ whT

1 1

A

Equations (7) and (8) indicate that the comparativieching will be increased proportionally withetincrease of

the divide-by factor (N). Although, these two edoas helps the microcomputer processor in switcliegision making,
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the processor already have information about the ef each phase by inputting the zero crossiggadiof each phase.

This will exclude the need c{f.*j} factor of each phase in equations (7) and (8).

PROPOSED SYSTEM REPRESENTAION AND SIMULATION

The system consists of two representations; firetjower side representation which contains theetiphase
cycloconverter blocks, controlled bank switchingmaénts, and the isolation transformers, and Setlo@dorocessing

smart switching system representation.

The three phase supply system is a star R-S-T-Nlgtigd to the cycloconverter producing a corresfiog three
phase divide-by fundamental frequency output wawve$o Furthermore, this cycloconverter output ibéoswitched using
multiple of transistor switches triggered by a ma@mmputer signals controlled by a smart switchilggpdthm to produce
the new enhanced divide-by waveforms. The proposestem is shown Figure 5 in a simplified block déag

representation. A MATLAB Simulink software packagas used to simulate the power side shown in Figure

. Won
R Cyeloconverter] "W_ Controlled v
e B Eank of Switches and 05
N _'_ (Fhase ) Tramformers ot
- ",UI|I -----
3 e Cycloconverter? : ..--_J. .w@mJ-J_-.I __N
im (Phase 5) — Cugput Forts |-
N Processing Unit
L Cycloconverterd i
T ¥ . ! Input Forts |
(Phase T) ] P J

M gy Step Downand Zzro .S?H?ﬁng

Croming 3-phase detectors
Stgndls

Figure 5: Proposed System Block Diagram
POWER SIDE REPRESENTAION

The three phase power circuit simulation is showRigure 6 which shows the enhancement circuihefdivide-
by cycloconverter output waveforms. The triggersignals are to be generated by the processingtarattivate the

proper bidirectional switch from the controlled kaf switch. Transformers were used as isolatiangformers.

The smart switching timing was substituted by teiggg circuit for each phase following the rulesctéed in
equations (5) and (6) to produce the enhanced wawsfshown earlier in Figure 2 for any value ofidiivby factor (N).
The three blocks (subsystems) named Cycloconve2teeid 3 are the basic envelope cycloconvertewuits: Each

subsystem contains the cycloconverter circuit w#ttorresponding triggering circuit as shown igue 7.
SMART SWITCHING PROCESSING UNIT

The smart switching and phase detection are toirbelated using the AT89C52, which is a low poweghhi
performance CMQOS 8-bit microcontroller with 8k byt@sh programmable and erasable read only menPROM) [9].
The three phase instantaneous voltages are retludeder level using step down transformer and eoted to digital 8-
bit word using analogue to digital converter typ€@308 which is compatible to the micro-processdre Tlock of the

ADC was generated using the NE555 timer connecexha\stable multivibrator.
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Figure 6: Proposed System Power side Simulink Simation Circuit
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Figure 7: Basic Envelope cycloconverter Simulink siulation circuit (Subsystem)

Moreover, to detect the starting of each cyclocoteveoutput phase waveforms {VVs, and \f) for smart
switching process, these phases were reduced ter lgaltages (5V) using step down transformers ag-zrossing
circuits to obtain a corresponding square waveforisese square waveforms were fed to the microcltetrpre-
programmed input pins (ADO, AD1, and AD2) as shawfigure 8 which represent the simulation of thag switching

processing unit circuit using Proteus software pgek
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Figure (9) shows a flowchart describing the persghsmart switching algorithm which means that dhg@rithm
is repeated for each phase under enhancement. ldovassuming that the main phase under enhancesn®pf which
means that for both half cycles of the cyclocoreremutput waveform Y is always equals ¥ except within the

comparison time period ¢ET2-T1) for both positive and negative half cycles.
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Figure 8: Smart Switching Processor Unit SimulationCircuit

During this comparison period, the processing detects the three phases square waveforms conyestedhe
power side and read the instantaneous analoguee pldiges via the 8-bit analogue to digital cotereADC. All
together will make the processing unit perform enparison algorithm within the comparison time peérlty comparing
the magnitude of the main phase (assumed for instanvk) with magnitude of other two phases ¥nd \t and

accordingly triggering the proper bidirectional &kies to switch between phases.

SIMULATION RESULTS

Three phase enhanced waveforms were generatedadtr divide-by factor (N) to produce waveforms with
desired fundamental frequency component with redlu€elD%. Figure (10) shows the resultant normalizedput
waveforms \bg, Vos, and bt of the proposed system for three cases of thelelly factor which corresponds to 25Hz,
16.6Hz, and 12.5 Hz generation. The waveformskariliese were generated by the ordinary envelogleaynverter, are

smoother and approaching sinusoidal shape.
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Figure 9: Flowchart Showing the Per Phase Smart Séghing Algorithm

To show the improvement in harmonic content, thé¥lwas calculated for each waveform of each geimgrat
frequency case from the frequency spectrum of ttput waveform. Moreover, the improvement may bewsh by
displaying the normalized magnitude of frequencgponents (¢) as shown in Figure 11 where the frequency spectru
of three cases of generating fundamental frequendisplayed. The desired frequency component isetfee fundamental

one which is the dominant and first component.

Phase relations may be also investigated for tte=thhase output waveforms. The phase relationgispiayed
for the fundamental and the most nearest harmamaponents which are in each case the third arfa difimponents as

shown in Figure 12.
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Figure 10: Enhanced Three Phase Output Waveforms
The phase relations between the output waveforraw shbalanced fundamental frequency componenthier t

25Hz generation. Other cases (the 16.6Hz and 12.8Mre found almost balanced and all are in sanieckrtk wise

Impact Factor (JCC): 3.2029
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Figure 11: Proposed System Output Waveforms Frequey Spectrum

To show enhancement in THD% criterion for the psmgzbwork, a simple comparison was made of the THD%
between the new smart switching technique of phasésthe ordinary envelope cycloconverter as shiswRigure 13
where a five desired fundamental frequency germratiere considered. This comparison of these cslsews that the

proposed system reduces the THD% about 60% ofasie lenvelope cycloconver.
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1st (fundamental)
(a) 25Hz fundamental component generation case.

q0 0.4

15t (fundamental) 3rd Sth
(k) 16.6Hz fundamental component generation case.

15t (fundamental)
[£) 12.5Hz fundamental component generation case.

Figure 12: Three Phase Output Waveforms Phase Relanhs
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Figure 13: THD% Comparison between Proposed Work ad Ordinary cycloconverter
CONCLUSIONS

The proposed system was found to provide enhartoed fphase output waveforms compared to the ordinar
cycloconverter output due to its effective reduttio THD% (about 60% reduction) maintaining theibgsoperty of AC-

to-AC converters; simplicity and low cost. The pospd system uses processing unit that detect ads ntinuously

Impact Factor (JCC): 3.2029 Index Copernicus Value (ICV): 3.0
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analogue phase voltages and perform power switchowprdingly which gives the additional task of gddailure

detection to stop power supplying three phase IBandlly, the proposed system may be considereg wszful in low cost

requirement applications with acceptable harmoistodion waveforms where harm harmonic componédits and %)

are reduced compared to the fundamental one.
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