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Abstract

This paper describes a new single phase regulator for supplying resistive loads, with
two different strategies . Load voltage is varied by controlling the flux linkage of a single
phase transformer windings used with the proposed system. The primary of the
transformer is connected in series with the load to the ac supply, while the secondary 1s
shunted with a control device. The flux linkage is controlled by using either a pair of
thyristor "triac" ( phase controlled) or a MOSFET transistor (ac chopper topology).
Simulation analyses of the two proposed methods of contro. are presented, and verified by
experimental results in different cases of operation. The advantages of a proposed system
are simple, effective, accurate, low distortion of supply cur-ent, smooth regulation of load
voltage and low cost. The proposed system can be used in industry applications such as
heaters, lighting control and ac drives controls.
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1. Imtreduction

Ac voltage regulator have been widely used to obtain variable ac voltage from a fixed ac
source. The phase angle control of ac voltage regulator is extensively employed in many
applications such as industrial heating, lighting control and speed control of ac drives.
This technique offers the advantages of simplicity and ability of controlling large amount
of power economically. The conventional ac voltage regulators suffer from the higher
harmonic content in the supply current and low power factor particularly at delayed firing
angles. These problems can be solved by using harmonic fi.ters, but that is not suitable for
all control range [1] using different construction of cont oller, however the operation is
complicated. Modification of the power circuit such as controlling of flux or inductance of
magnetic circuit can be used in the controller circuit. The moving coil regulators[2],
provide smooth voltage regulation at the output terminals without any distortion (pure
sinusoidal wavform). However, this regulator is complex and costly. Variable inductors
such as variable air-gap type inductor and tap changing indxctor can be smoothly varied to
control the load voltage [3]. However, these devices suffer from certain drawbacks, such as
necessity of mechanical operation, slow titne response and complexity of operation. In
most cases , the improvement of supply current wave form is not noticeably.

In development of power semiconductor devices, Pulse Width Modulation (PWM), ac
voltage chopper technique is used. The output voltage of ac chopper can be changes from
zero to 100% , of the supply voltage by varying the ON/OFF time ratios of a series
controlled switch. Using a microprocessor as a controller makes it possible to vary the
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ON/OFF ratio ‘according to a predetermined timing region -[4], [S].. However , the power
factor at the supply terminals, is hard to control and may te improved indirectly. Using a
single phase transformer with a single controlled device wil! controlling the output voltage
and frequencies, when an integral control technique is applied. However, the input power
factor is poor, more distortion in the supply current and effect of voltage flickers is not
easily avoided [6], [7] and [8]. :

A simplified ac voltage controller is presented in this paper. Two different strategies are
proposed to control the load voltage namely, phase angle control using a pair of thyristor
or triac and an ac voltage chopper using only one MOSFET transistor. Applying such
techniques with the proposed controller will reduce the supply harmonics content and
improve its power factor. The result. has been obtained by solving the equations using
numerical techniques and comparison between the two proposed strategies are presented

2. System description, analysis and resulits of the first proposal

With respect to Fig. 1, the proposed circuit of the first technique consists of a pair of
thyristor (triac), shunted with the secondary windings of a single phase transformer having
a transformation ratio equals one. The primary windings of the transformer are connected
in series with the load across the ac supply. Conventional firing circuit is employed, a
firing pluses is produced every half cycle of the supply frequency. The firing pluses are
phase controlled with respect to the supply voltage .

s L= =N

Fig. 1 Schematic diagram of fi-st proposed system



When the triac is in mode off, load current flows causing flux linkage with the transformer
secondary winding (A,,), and induced voltage at the secondary terminals (Vig). The
transformer can be con51dered as an equivalent inductance connected in series with the
load. At fiting angle ( o ) the triac turns ON shorting the secondary; the mutual flux
linkage (l = l ) between primary and secondary windings will decay as the
secondary current decay When the stored energy in the magnetic field discharged the triac
naturally turned OFF.

The system equations when the thyristor OFF are :

dis | A2 ,
v -—-lS Ry + ISR +Lp Ry + T hH
A2\ .
Vie™ —3— 2
On the other hand as the triac fired (thyristor ON) at wt =« , the system equations are
. QA VAN
Vis=iLs Ry + Ly d,ts + &* = @ 4)

A computer program has been constructed for solving equations 1, 2 , 3 and 4 using the
4th order Runge-Kutta of numerical method with a step of 100 psec. Samples of
theoretical and experimental results with a load resistance of 47 ohm and 110 volt ac
supply, are shown in Figs. 2 and 3 at firing angles 30° and 90° . It can be seen that , the
comparison reveals a good agreement between theoretical and experimental waveforms.
Also, by controlling the firing angle of triac, load voltage is varied easily. As the R-load
is replaced by R-L load, Figs. 4, 5 and 6 show the experimental results of terminal
voltage, load current, primary and secondary coil terminal voltages at variation of load
inductance between minimum value (102 m.H.) to ma<imum value 095H at 90°
firing angle. This results indicate clearly that the variation of load voltage affects the
primary and secondary coil terminal voltages, the spice of voltage increases as the
increasing of load inductance. We replace a dynamic loac (single phase induction motor
1420 r.p.m., 220 volt,, 0.5 HP) instead of the pervious R-L. load , the experiment results
in Fig. 7 shows motor terminal voltage and current at firing angle equals to 90°, also
primary and secondary coil terminal voltages. We obtain a good results at dynamic load
as the same the pervious results.
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(c) Load voltag and current
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Fig. 5 Experimental results at o =90° R-Lload (R=50 ohm, and L= 199 m.H.).
(a) Supply voltage and Load voltage .

(b) primary and secondary terminal voltage

() Load voltag and current
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3. System description, analysis and results of the second proeposal

With respect to Figs. 8-a, b, candd, the transformer secondary terminals is connected
through a diode bridge rectifier to a de chopper switch , this switch is a power transistor (
MOSFET). Turn on (Ton ) or turn off (Toff ) of the transistor is achieved through its
driver circuit which situated between it and a microprocessor. Square wave signal
(synchronization signal) delivers through input port of rnicroprocessor corresponds to
input a-c supply voltage. The required number of pulses for MOSFET are storedin
memory locations depending upon mark/space ratio. The MOSFET can be operate at a
given mark/space ratio determined from the microprocessor in order to control the load
voltage. Equations 1 and 2 can be applied when the MOSFET is OFF, but equations 3 and
4 can be used when the MOSFET is ON. An assembly program is written to vary the
mark/space ratio between 0 to 1 and the ouiput pulses from output ports of the
microprocessor are used to control MOSFET ope:ation either ON or OFF according to a
desired load voltage . General flow chart of the contrel proc2ss is shown in Fig.8d

* o OfF port
T G {Driver
lis Vis C :.':"'— circuit lcroprocessa
ST 1 T S|mosrer || WP port
: Synchronization
circuit

~T

Fig. 8a Schematic diagram of second prroposed system

bl F4 )

I—Ll 3|

Signal from MOSFET
10kQ Microprecessor |

P
L + <L Optoe supler
Fig.8b Synchronization circuit Fig. 8c MOSFET driver circuit

Samples of theoretical and experimental results of the secord proposed system at different
duty cycle are shown in Figs. 9, 10 and 11. In order to verify the second proposal system
in case of R-L load (R= 50 ohm and L= 199 mH) and dynamic load (universal motor 0.5
HP, 1 amp., 220 volt.) instead of R-load, as shown in Figs. 12, 13 and 14. The spikes
appears in the experimental results are due to switching ON and OFF of the Mosfet and
can be eliminated by using capacitor with suitable value at the load terminals or using a
zener diode across the MOSFET terminals. From these Figures, It can be noticed that, as
duty cycle is increased, spikes in supply voltage is decrsased. Hence, by controlling,
mark/space ratio, load voltage is controlled easily and simple. Also, It can be seen that,
the comparison between experimental and simulated results gives a good agresment.
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Fig. 9 Experimental and theoretical results for duty cycle:=20.3 % and MOSFET pulses
frequency=579.7 Hz .

(a) Experimental supply voltage and MOSFET pulses. (b) Simulation supply voltage.
(c) Simulation of MOSFET pulses (d) Simulation primary terminal voltage of transformer
(e) Simulation secondary current of transformer (f) Experimental of primary winding
terminal voltage and secondary current of transformer. (g) Experimental supply current
and MOSFET pulses. (h) Simulation supply current.
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4. Power factor and harmonics

The power factor at supply terminals usually determined by :

Active power at supply terminals
Power Factor = fofal volt ampers at the supply terminals

Numerical techniques are used to solve the equations describes each system ,calculate the
power, power factor and the harmonics spectrum at the supply terminals. Figure 15 shows
the variation of power factor with the firing aagle of thyristor ,where Fig.16, shows the
harmonic spectrum of the supply current in th= first system . The result shows that , the
power factor is varied between 50% and 100% cepending upon the control range . Also,
a continuity of the supply current reduced the harmonic components at the supply
terminals. For the second system, Figure 17, shows the variation of the power factor with
the duty cycle. Figure 18 shows the spectrum of the the harmonic components at the
supply terminals. In these curves it may be noticed thet as the duty cycle increased the
power factor at the supply is also increased. Also, increasing the duty cycle will decrease
the harmonic components at the supply terminals where the supply current continuity
increases with duty cycle increases.
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Fig. 16 Spectrum analysis of supply current (first method)
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Fig. 15 Power factor against firing angle

4. Conclusion

A novel method of flux linkage between a single phase “ransformer windings control is
used to control the load voltage. Two different strategies of flux control are presented .
Phase control using triac or ac chopper topology with only sne MOSFET. Employing such
techniques reduces the supply current harmonics, improves the power factor at the supply
terminals and smooth regulation of the load voltage. A computer program has been
constructed for solving the system equations in different modes of operation , using
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numerical techniques. A compariton reveals 4 good agreement between the theoretical and
experimental results for the studied systems.
5. Symbols
Vg . ig : supply voltage and current respectively.

Ry : load resistance . : _

and Ry : transformer primary and secondary winding resistances respectively .

X12 . Ay mutual flux linkage .

i1 g - secondary current.

Ls : transformer secondary winding leakage ir}ductance .
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Fig. 18 Spectrum analysis of load voitage in dJifferent duty cycle values

6. References

1- M.S.Metwally, et al., "A new single phase ac controller for resistive loads", IEEE
Trans. on IECI, vol. 24, No.3 , pp.277-281, 1977.

2-A S.Abdel-Karim.,"The moving -coil regulator a simplied treatment", Elect. machines
and power systems, vol.8, No.4, pp.395-402, 1983,

3- AE Lashine et al., "Dynamic behavior of iron-cored coupled circuits”, Eng,. research
bullet in facuity of Eng.& Tech., Menoufia Univ., vol.5, part II, 61-75, 1993.

4- Awad EL-Sabbe " series controlled inductance for supply quality improvement ".
MEPCON' 97, Alx. Egypt, pp.487-492, 1997.

5- Do-Hyun Jang , et al. ," Improvement of input power factor in ac chopper using
asymmetrical PWM technique ", IEEE trans.on industrial electronics, vol.42, No.2, 1995,
6. Khaled EL-ADDOWEESH, and Adel L. MOHAMADEIN, "Microprocessor based
harmonic elimination in chopper type ac voltage regulators”, IEEE trans.on industrial
electronics, vol.5, no.2, pp.179-185, April 1990.

7. AMMakky and A A Ibrahim, "a novel single-phase transformer circuit with inherent
frequency and voltage changers”, MEPCON'97, Alexandiia, Egypt, Jan 4-6, pp. 209-213,
1997.

8. M.S.khanniche and 1.D.W.Lake, "real time hystersis controller for relay testing", IEE
Proc., Electr. Power Appl., vol. 141, No.2, pp.71-76, Marca 1994,

~19~



pan Ol G AN oy
Cyda pile g2 pila

) G5 0nl hea a1 el Gase G 12
p oS Cpads Aianigh 450S — 4y oSl Aunig)) ol

A nagd s Jand Laglie 058 o W Jaad s an gl galal e 3 aSla Canl iy
oo oSl Jaad dga i & WY ook B L it (i b alastuly 4a 0 gola
il poial s deall ga (5 Guage Cuiled sal. dpuaplaline 5 il Gile G LSS yad
I Laama 55 Anual gy Lelladl Ayl 3 g8 aSaT Sy sin s 7 55 Ara Jeasa A
Juase MOSFET ,siujl i Judl 8 560 Jaal dea % 3300 &3kl 38
BYNRTSIPE SRPER M) P ' R - RV I TP NG BV AV A A K
A D l8e aa Al g pualy S 3 gail ae @3 Gy lall e JS (B s 3 e Juase
-5 il laad G S B 95 aa gy Dlaall 5 4 i

S 108 2l 55 el il B L LS e A Akl - el dgad oSla Sy
AV 3l ClaSlal Al piallaic 550 Jales i B 503 Les Saidlisan dsb Sl
ééﬁﬂi-\»é\ﬂulﬂ@Jésﬂ»acnﬁ‘;nwc-cjwwé‘adﬁwj
. RVES

-20-



