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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 is 
shunted with a control device. The 'flux linkage is controlled by using either a pair of 
thyristor Wac" ( 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 curent, 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. Introduction .:,~ 
. .,., 

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 sutferfrom thehigher 
harmonic content in the supply current and low power WIX particularly at delayed firing 
angles. These problems can be solved by using harmonic fi:ters, hut that is not suitable for 
all control range [I] using different constn&ion of cont.oller. however the operation is 
complicated. Modification of the power circuit such as conlrolling offlux or inductance of 
magnetic circuit can be used in the controller circuit. The moving coil regulators[2], 
provide smooth voltage regulation at the output termin:lls without any distortion (pure 
sinusoidal wavfom). However, this regulator is complex and costly. Variable inductors 
such as variable air-gap type inductor and tap changing inchctor can be smoothly varied to 
control the load voltage [3]. However, these devices suffer f o m  certain drau3,acks. such as 
necessity of nlechanical operation, slow time 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 at: chopper can be changes 6om 
zero to 100% . of the supply voltage by varying the CINIOFF time ratios of a series 
controlled switch. Using a microprocessor as a controller makes it possible to vary the 
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ONIOFF ratio according to a predetermined timing region [4], [5]. However. the power 
factor at the supply terminals, ishard to cont ro land 'mj~e  improved indirectly. Using a 
single phase transformer with a single controlled device wi1:l controlling the output voltage 
and frequencies, when an integral control technique is applied. However. the input power 
Mar is poor, more distortion in the supply current and effect of voltage flickers is not 
easily avoided [6], [7] and [S]. 

A simplied ac voltage controller is presented in this papf!r. 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 MOSiFET transistor. Applyingsuch 
techniques with the proposed controller will reduce t h ~  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 results of the f i s t  proposal 

With respect to Fig.1, the proposed circuit of the first technique consists of a pair of 
thyristor (triac), shuntedwith the secondary windings of a s~ngle phase transformer having 
a transformation ratio equals one. The primary windings aF 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. 

-2 
R g  1 Schematic hagram of fiat proposed system 



When the triac is in mode off, load current flows causing fhur linkage with the transformer 
secondary winding (AZ1): and induced voltage at the secondary terminals (Vls).The 
transformer can be consrdered as an equivalent inductance connected in series with the 
load At firing angle ( a ) the triac turns ON shorting the secondary; the mutual flux 
linkage (Al2 = hZ1) b e w n  primary and secondq windings will decay as the 
secondary current decay. When the stored energy in the malpetic field discharged the triac 
naturally turned OFF. 
The system equations when the thyristor OFF are : 

On the other hand as the triac fued (thyristor ON) at wt = cc . the system equations are : 

A computer program has been constructed for solving equations 1,2 , 3  and 4 using the 
4tl~ order RungeKutta of numerical method with a step of 100 psec. Samples of 
theoretical and experimental results with a load resistmce 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 resnlts of terminal 
voltage, load current, primary and secondary coil terminal voltages at variation of load 
inductance b e w n  minimum value (102 m.H.) to matimum value 0.95 H at 90° 
firing angle. This results indicate clearly that the variation of loadvoltage dec ts  the 
primary and secondary coil terminal voltages, the spice of voltage increises as the 
increasing of load inductance. We replace a dynamic load. (single phase induction motor 
1420 r.p.m., 220 volt., 0.5 HP) instead of the pervious R-la load, the experimdnt results 
in Fig 7 shows motor terminal voltage 'md current at firing angle equals to 90". also 
primary and secondary coil tern~inal voltages. W? obtain a good results at dynamic load 
as the same the pervious results. 



(e) 0 
Fig. 2 Experimental and theoretical results for a = 30" . (a) Experimental supply 
voltage and current. (b) Simulation supply voltage. (c) Simulation supply current. 
(d) Simulation primary terminal voltage. (e) Simulation secmdary terminal voltage. 
(0 Experimental primary and secondary terminal voltage 



Fig. 3 Experimental and theoretical results for cL = 90" . (a) Experimental supply 
voltage and current. (b) Simulation supply voltage. (c) Simulation supply current. 
(d) Simulation primary terminal voltage . (e) Sin~ulation secondary terminai voltage. 
(f) Experimental primary and secondary terminsl voltage 
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Fig. 4 Experimental results at a = 90". R-L load (R= 50 ohm. and L= 102 m.H.). 
(a) Supply voltage and Load voltage . 
(b) primary and secondary terminal voltage 
(c) Load voltag and current - 
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VrmsC l)=86.83-V Vrms(2;=46.89 V Freq(Zl=49.88 Hz 

(C) 

Fig 5 Experimental results at a = 90°, R-L load (R= 50 ohm. and L= 199 m.H.). 
(a) Supply voltage and Load voltage 
(b) primary and secondaty ternunal voltage 
fcl Load voliag and current 



Fig. 6 Experimental results at a = 90". R-L load (R= 50 o h ,  and L= 950 m.H.) 
(a) Supply voltage and Load voltage . 
(b) prlmaly and secondary terminal voltage 
(c) Load voltag and current 



. . .  

(c) 
Fig. 6 Experimental results of single phase induction motor ;it a = 90: 
(a) Supply voltage and Load voltage . 
(b) primary and secondary terminal voltage 
(c) Load voltag and current 



3. System description, analysis and results of the seeond proposal 
With respect to Figs. 8-a. b, c and d, the transformer secondasy terminals is connected 
through a diode bridge rectifier to a dc chopper switch . this switch is a power transistor ( 
MOSFET). Turn on (Ton ) or turn off (Toff )of the tnmsistor is achieved through its 
driver circuit which situated between it and a micropm:essor. Square wavesignal 
(synchronization signal) delivers through input port of rnicroprocessor corresponds to 
input a-c supply voltage. The required number of pulse:; for MOSFET are stored in 
memory locations depending upon mWspace ratio. Tho: 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 
niarWspace ratio bemen 0 to 1 and the output pulses &om output popo of the 
microprocessor are used to control MOSFET operation either ON or OFF according to a 
desired load voltage . General flow chart of the control procss is shown in Fig.8d 

Ils f--J+i <------+ 
circuit kx- 

Fig. 8a Schematic diagram of second p~oposed system 

.- 

Dptocupler 
Fig.8b Synchronization circuit Fig. 8c MOSFET driver circuit 

Samples of theoretical and experimental results ofthe 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 Uie MOSFET terminals. From these Figures, It can be noticed that, as, 
duty cycle is increased, spikes in supply voltze is deer-ed. Hence,by controlling 
niarWspace ratio, load voltage is controlled easily and simple. Also, It can be seen that, 
the comparison between experimental and simulated results gives a gwd agreement. 
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Fig.8d Geneml flow chart of the control process 
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Fig. 9 Experimental and theoretical results for dutv cyc i~20 .3  % and MOSFET pulses 
frequency=579.7 Hz. 
(a) Experimental supply voltage and MOSFE pulses. (b) Simulation supply voltage. 
(c) Simulation of MOSFET pulses (d) Simulation primary tmninal voltage of transformer 
(e) Simulation secondary current of transformer (f)  Experimental of primary winding 
terminal voltage and secondary current of transformer. @I Experimental supply current 
and MOSFET pulses. (h) Simulation supply current. 



, . (g) (h) 
Pig. 10 ~x~e r iken t a l  and theoretical results for duty c y c l ~ 5 0  % and MOSFET pulses 
frequency-1.6 KHz . ' 

(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. @Experimental supply current 
and MOSFET pulses. (h) Simulation supply current. 



. . ..... E) (h) 
Fig. 1 1. ~ Experimental ahd theoretical results for duQ cycle=77.1 % and MOSFET 
pulses frequency=571.4 KHz. 
(a) Experimental supply voltage and MOSFET pulses. (b)Iimulation supply voltage. (c) 
Simulation of MOSFET pulses (d) ~ b d a t i o n  primary tenninal voltage of transformer 
(e) Simulation secondary current of transformer (0  Experimental of primary winding 
terminal voltage and secondary current of transformer. (g) Experimental supply current 
and MOSFET pulses. (h) Simulation supply curreut. 



Fig. 12 Experimental results for duty cycle=50 % and MOSFET 
pulses frequency = 1.6 KHz (R-L load) 

(a) Supply voltage and Load voltage. ' (b) Primary termnal voltage of transformer 
(c) Load voltage, load current and MOSFET pulses . 



F i g  1 3  Experimental results for duty cycle; 50 % and 
' MOSFET pulses 400 Hz (R-L load) 

(a) Supply voltage and Load voltage. ' (b) Primary termiral voltage of tgnsfomer 
(c) Load voltage, load current and MOSET pulses . 





4. Power factor and harmonics 

The power factor at supply terminals usually determined by : 

Active power at  supply terminals 
Power Factor = total-volt a m p e r s a t - X <  suppl!rterminals 

Numerical techniques are used to solve the e$tions describes each system .calculate the 
power, power factor and the harmonics spectrumat the supply terminals. Figure 15 shows 
the variation of power factor with the firing angle of thyristor ,where Fig. 16, shows the 
harmonic spectrum of the supply current in the t rs t  systeni . The result shows that. the 
power factor is variedbetween 50% and 100% depending upon the control range. Also, 
a continuity of the supply current reduced the 1iarmo;uc components at the supply 
ternunals. For the second system. Figure 17, shonr the vxiation ofthe 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 thit as the duty cycle increased the 
power factor at the supply is also increased. Also, increa;ing the duty cycle will decrease 
the harmonic components at the supply terminals where the supply current continuity 
increases with duty cycle increases. .-. ... 7 .--- 

! 

Fig. 16 Spectrum analysis of supply current (first method) 

. . 

Firing angle ldeg.) i 13uty cycle in % 

Fig. 15 Power factor against fwing angle Fii.17 Power factor variation against duty cycle 

4. Conclusion 
A novel method of flux linkage between a single phase .:ramformer 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 #me M.OSFET. Employing such 
techniques reduces the supply current harmonic: improves the power factor at the supply 
terminals and smooth regulation of the load \>Itage. A cotiputer program has been 
constructed for solving the system equations iii diEerent modes of operation , using 



nun~erical techniques. A comparison revealsa good agreement between the theoretical and 
experimental results for the studied systems. . . 

5. Symbols . . 

Vs , is : supply voltage and current respectively. 
RL:Ioad resistance 

Rp and Rs : transformer primary and secondary winding resistances respectively . 
h12, h21: mutual flux linkage. 
iLs : secondary current. 
Ls : transformer secondary winding leakage inhctance . --- 

(a) Duty cycle = 20.3 % (b) Duty cycle = 50 % 

I --..A 
(c) Duty cycle = 77.1 % 

Fig. 18 Spectrum analysis of Inad volta~e in ,different duty cycle values 
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