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FOREWORD

Constant Voltage Transformers (C.V.T.) rely on a stable mains frequenc 

to supply constant voltage to computers and sophisticated electron 

equipment. Silbermann (7) has proposed a C.V.T. incorporating a new co:- 

geometry which provides for the separation of the primary and second­

ary leakage reactances. The output voltage of a C.V.T. is dependent on 

the secondary leakage reactance and therefore by varying this quantity 

it is possible to change the output .jltage. Incorporating a saturable 

reactor i.ype winding and a simple closed-lcop feedback circuit in the 

secondary leakage reactance path enables control of tne output voltage 

when the mains frequency is varied.

The statement of the problem, electrical specifications and the opera­

tion of the control circuit are introduced in Chapter 1. Chapter 2 

describes briefly the differences between the basic C.V.T. using stamped 

laminations and the C.V.T. comprising the new core geometry. A simplified 

version of the saturable reactor configuration relating to the new 

core geometry and the control of the cutput voltage is dealt with in 

Chapter 3. A block diagram depicting th3 closed loop control circuit 

is discussed in Chapter i. The results, measurements and photographs 

which verify the validity of the research work are shown in Chapter 5. 

Any assumptions made in the text are explained and the various stages 

of the control circuit are described in the Appendix. Further infor­

mation may be found in the references.
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CHAPTER 1

INTRODUCTION

CompULers and sophisticated electronx" equipment require  ̂ stable 

a.c. power supply with low harmonic content in the output voltage 

waveshape. Constant voltage transformers (C.V.T.'s) have proved to 

be a reliable constant voltage power source. The major disadvantage 

of the C.V.T. is its dependence on a stable mainb frequency. It is an 

accepted norm that the output voltage of a C.V.T. changes by 1,5ft for 

every lso change in frequency (2,3,6 ,7). A C)/J. incorporating a new 

core geometry has been designed which makes it possible to control the 

output voltage of the C.V.T. when the frequency chanqes.

The output voltage of any C.V.T, depends on the volt drop across the 

secondary leakage reactance. The older models of C.V.T. do not have 

the capability of separating the leakage reactances. In other words 

a change in frequency affects both the primary and secondary leakage 

reactances simultaneously. It is therefore difficult to correct for 

changes in the output voltage. The new C.V.T, geometry enables the 

primary and secondary leakage reactances to be separated (7). Adjust­

ment of the secondary leakage reactance causes the output voltage 

to change without affecting any of the other circuit parameters.

It has been shown (7 that by injecting a direct current into a 

saturable reactor type winding, which is connected in the secondary 

le-jkage reactance path, that var tion of the output voltage is 

achieved. Owing to the fact that the output voltage varies when the 

mains frequency chanqes, it is possible to use a simple closed loop, 

continuous feedback system <.o control the output voltage simply by 

adjusting the secondary leakage reactance.

A 500 VA prototype C.V.T. without feedback windings or control circuitry 

ha:; been constructed and tr* have been performed to ensure that the 

C.V.T. operates within the specifications proposed by Silbermann .7 .

A laboratory experiment has been designed which -̂.t .ah 1: shea t he



feasibility of controlling the secondary leakage reactance. Variable ' 

voltage and frequency has been employed to simuJate the conditions 

under which the controlled C.VJ. is to operate (Chap. 5). Finally, 

the saturable reactor type windings and the control circuit are 

incorporated into the new C.V.T. geometry to demonstrate the validity of 

the proposed research work.

The control circuit is of simple design and operates in the following 

manner. The circuit monitors the actual output voltage which is 

varying with freguencv and compares it to a reference vultage.

The difference between the two voltages provides an error signal which 

is converted into a direct current. The direct current is injected 

into the control windings and adjusts the secondary leakage reactance, 

which changes the output voltage, tlius reducing the error signal to 

zero. The output voltage is therefore held at the required set pojnt 

(Chap. 4).

In all C.V.T. designs a compromise must be met between stability and dis­

tortion. If the stability is good, the distortion i s  bad and vice- 

versa. Computers and related proOucts require a stable ac supply, 

but they are sensitive to the harmonics which flow in the system 

18,19,20,21,22 . The distortion of the C'J output voltage waveshape 

is therefore an important parameter. Most manufacturers specifv 

tnat the total harmonic distortion T.H.D.) be less than 3°i at full 

load.

The original '•esearch proposal called for a stabilised dc 

output voltage which required i full-wave bridge rectifier on the mt- 

put voltage terminals. However, it lias been realised that the percent 

t.h.o. can be kept to a minimum and therefore, the daciaior r • 
to concentrate on the *c performance of the device.



i) For a ma m s mput voltage variation from +10?̂  to -20?o of 

rated input voltage, the output voltage remains constant 

to within + 2% of rated output voltage, with simultaneous 

load variation from no-load to full-load at 50Hz and at 

unity power factor,

ii) The percentage total harmonic distortion of the output voltage 

waveshape does not exce ' >“o at rated input voltage at full-load.

Incorporating the saturable reactor winding and control circuit in the 

new C.V.T. extends the specification to read;

a) For a mains input voltage variation from +10^ to -20?o of 

rated input voK^ge and for a mains frequency variation of 

+4*, the output voltage remains within +1% of the rated out­
put voltage with simultaneous variations from no-load to full- 

load at unity power factor,

b The total harmonic distortion does not exceed 3,53i for the 

specification stated in a above, at full-load.

Methods have been devised which achieve a similar performance to the 

rooosed design, but these have disadvantages which are not easily 

overcome. One technique utilises the periodic discharging of capacitors 

by firing thyristor, or triacs. This tecnnique introduces voltage 

’.piker, on the system. Also the ~  of the discharge currents are 

large, and have to be controlled, and switching noise is unavoidable

8,9 ; . The problem of the voltage switching spikes is eliminated when 

ufi.ng ■ 1 '\ed-l. p, continuous control on the new core geometry 7).

Various ;tai:xed r. configurations have been employed which use the 

rjaif.® priocip. of t.h tumble reactor winding to control toe secondary 

leakage read :in« The geometry of those devices does not allow for 

the secondary leakage to Or i.-.justed without adjusting the emf induced

The specifications for the C.V.T. with the new geometry without control

are;



1 F o r  a mams input voltage variation from +10°o to -20°i of 

rated input, voltage, the output voltage remains constant

l o  within + Zca of rated output voltage, with simultaneous 

load variation from no-load to f'ull-load at 50Hz and at 

unity power factor,

ii) The percentage total harmonic distortion of the output voltage

waveshape does not exceed 5?o at rated input voltage at full-load.

Incorporating the saturable reactor winding and control circuit in the 

new CV.T. extends the specification to read:

a) For a mains input voltage variation from +10?'. to -20?o' of 

rated input voltage and for a mams frequency variation of 

_+4*, the output voltage remains within +1% of the rated out­
put voltage with simultaneous variations from no-load to full­

load at unity power factor.

b) The total narmonic distortion does not exceed 3,5’a for the 

specification stated in a) above, at full-load

Methods have been lev ^ed which achieve a similar performance to the 

proposed design, but these have disadvantages which are not easily 

overcome. One technique utilises ttie periodic discharging of capacitors 

by firing thyristors or triaca. This technique introduces voltage 

spikes on the system. Also the — - of the discharge currents are 

large, and have to be controlled, and switching noise is unavoidable 

'8,9). The problem of the voltage switching spikes is eliminated when 

using clooed-loop, continuous control on the new core geometry ’ .

Jarious stacked core configurations have been employed which use the 

same principle of the saturable reactor winding to control the secondary 

leakage reactance. The geometry of these devices does not illow for 

the secondary leakage to be adjusted without adjusting the emf induced

he :i-H> : ' at ions for the r,V,T. with the net qeometry without control

are;



ne -ie> oi't.iHi <ii.ndJ.nq »■. rne pi imai ■= aqi .;actan<-«. The 

-»nq«- »♦ jperat o» th e re fo re  r e s t r ic t e d  and the smai i w inning 

■oao r -i Hsu it. • ,i onpt ;ur;l. io n s i ■ li r fi c u l t  i e; naK*; the 

‘f*rtnrmanr> >t hp>v tei .•«{ jnacceptabie ( 4 , 8 ) .

>t- <iivdiii,dû s t Kif lew a.T. geometry include ease of construction, 

>maii snap Hcrior 'uiv harmonic content in the output voltage 

*awesnape. erv good mtpus stability, protection from spikes and 

rans.i.ent.t>. inherent current limiting capability, excellent noise 

■iuppresaior ana show' ir 'he oroject., it is no longer dependent 

jn -3 -stabie 'nains frequency.



ChAPTER 2

THE FEASIBILITY OF CONTROLLING ! HL SLuUNDrtKV 

LEAKAGE REACTANCE

Constant voltage transformers feature widely in the domain of oower 

supplies for sophisticated electronic equipment. The ferroresonani 

C.V.T. is found in a variety of applications. Each manufacturer ia:-. 

different core qeometry for the C.V.T., but the basic principles -m- 

derived from the patent granted to Joseph Sola in 1939.

For the purpose cf comparison, the core structure and operat-or 

the conventional I'.V.T. using stamped laminations is described, 

discussion of the new C.V.T, geometry is presented and the feasib.ii.ji 

of controlling the secondary leakage reactance is established.

2.1 The operation of the conventional constant, voltage cranarormei 

The construction of the basic constant voltage transformei 

illustrated in Fig. 2.1. It consists of a 3 limb she i . ' un­

winding space is separated by magnetic shunts show *-■ ' . of 

onmary winding is separated from the secondary b> the nagre! 

shunts and the device constitutes a high leakage reactance r e ­

former. The electrical circuit consists of three windings:. r 

primary winding L ̂ , secondary winding L,. and che ^mpe'sa; 

or bucking winding L?. The compensating winding - onne.,*.- 

m  series with, and opposed to. the seconder • " . . . .



Fiqure 2.1 Typical core construction of the conventional 
~  constant voltage transformer having separate 

shunts

The connection diagram is given by Fig. 2.2. The capacitor C is 

connected across the full secondary winding. The capacitor voltage 

is chosen to be close to the capacitor's rated voltage (440 Vac) 

which is invariably higher than the required output voltage, '.herefort, 

the capacitor winding is tapped to give the correct voltage.

Vin and Vo are the input and output voltages respectively.

Vin

vo

L3
n  c

Figure 2.2 Circuit diagram of the conventional C.V.T. of
Fig. 2.1



With an increase in the input vcltage Vin, the flux density in the 

centre limb of the core increases and the core tends towards 

saturation. The inductance therefore decreases and the device moves 

closer toward electrical resonance. Consequently the voltage across 

winding rises sharply (6,7).

The rise in voltage is coupled with an increase in flux linking 

but the flux linking L9 must not change, thereby maintaining a voltage 

balance on the primary. The additional flux therefore passes through 

the shunt paths. The primary and secondary leakage reactance has now 

increased and the total inductance as seen by the capacitor terminals 

is such that resonance occurs. Any change in the flux density in the 

primary circuit, through cnanges in the input voltage, is independent 

of the flux condition of the secondary circuit as lo^g as the resonant 

condition of the secondary circuit is maintained.

The voltage across the capacitor C (Fig. 2.2) is greater than the 

required output voltage Vo. Winding I, is therefore tapped at the 

required number of turns. When the input voltage reduces, the ampere 

turns in the winding is reduced, so the bucking winding L0, in anti­

phase witn winding L^, is provided to counterbalance this effect 

(4,6,7).

The secondary winding and the capacitor form a ferroresonant circuit 

at the operating frequency. The high capacitor current resul'~ ;n 

the centre l’mb of the core being heavily saturated. A chanr the 

input voltage does riot cause any significant change in the output 

voltage. A change in frequency affects the reactances of bor.h the 

secondary winding and the capacitor. Consequently a change in the 

output voltage occurs. Typically, the output voltagp changes by l,5°n 

for every change in frequency (2 ,3,6 ,7).
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2.2 Improving the constant voltage transformer

A uruque C.V.T. incorporating a 'new' core geometry has been 

designed Patent 77/2240 et al (7 . This design allows the 

primary and secondary leakage reactances to be changed indi­

vidually- From the physical configuration of Fig, 2.3 it 

is seen that: "The basic core typa structure is associated 

with the core C?, with the primary L^ on the left and the 

secondary L.; on the right. Core C, forms the primary leakage 

flux path and has an airgap that is easily varied, thereby 

allowing the amount of primary leakage flux to be adjusted. 

Likewise core C^, which also has an airgap, forms the secondary 

leakage reactance flux path. The variation of the airgap in 

core C j allows the secondary leakage reactance to be changed and 

allows for adjustment of the secondary output voltage" (7)

- 8 -

Figure j. 3 Original corf' winding in ingement of new const int 

voltage transformer showing the single core

4

4
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Use is made of the third harmonic current in the primary 

circuit to reduce the total harmonic distortion. Winding 

L, is connected in antiphase to the output winding and the 

third harmonic in the output voltage waveshape is reduced.

By adjusting the airgap length of core C^, the flux density 

in the core C., can be altered. Adjusting the airgap length 

of core C^ causes the voltage drop across the secondary 

leakage reactance to change. The effect of opening the airgap 

in core is that the output voltage decreases due to the 

reduction of the secondary leakage reactance (7).

2.3 Phasor representation at no-load

A phasor representation of the constant voltage transformer 

on no - load i3 necessary to explain the significance of 

the secondary leakage reactance volt drop effect on the output 

voltage. A more comprehensive explanation is given by 

Silbermann (7 with the C.V.T. on full-load. However, the 

no-load description is sufficient to understand the effects 

of the circuit parameters.

Fig. 2.4 is the equivalent circuit of the new C.V.T. with sll 

quantities referred to the primary. Only the fundamental 

components are considered. Adjustment of the leakage fluxes 

is made by changing the airqaps of the core C^ and/or core 

C^. These may be varied independently as the leakage fluxes 

have no common path.
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Fiqur* Equivalent circuit of the constant voltage transformer

on no-

-0(T. is the

-0ls is the

“0 Lp

-X1P

is the

is the

“Xl8 IS the

“Xm is the

1 X o is the
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The equivalent: circuit for the conventional C.V.r. is shown in 

Fig, 2.5. Since the C.V.T. is a high leakage reactance trans­

former. the main core is saturated and most of the leakage 

reactance is associated with the secondary circuit. From 

Fig, 2 . 1 , it is seen that the output voltage, Vc, depends 

on the voltage across the magnetisinq reactance E. and the volt 

drop across the secondary leakage reactance see equ. 2.5;

■o o

X m  3  £ 
S

o

Fiqure 2.5 Simplified equivalent circuit of the conventional

C.V.T. on no - load '.nth all quantities referred to

the primary

is the primary leakage reactance 

is the secondary leakage reactance 

-Xm is the magnetising reactance

-Xc is the rapac tor reactance
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Separate control of the secondary leakage reactance is impossible 

to achieve, since the primary and secondary fluxes trav/erse a 

common path via the magnetic shunt paths. If the reluctance at the 

shunts and their airgaps are changed then both the primary and 

secondary leakage reactances change.

Comparing Figs 2.4 and 2.5 it is seen that in Fig. 2.4 either 

the primary and/or the secondary leakage reactance may be changed 

whilst both the reactances in Fig. 2.5 change simultaneously.

The ohasor diagrams of the new C.V.T. are shown below in Fig. 2.6

Ic

•Im tin

Vc

jVxip
Vin

Im

I V x j p

Im< Ic

Vin = E - Vx 

a)
lp

lin ~lc

Im > Ic

Vin : E + Vx

b)
lp

Figure 2.6 Phasor diagram associated with the circuit

of Fig. 2.4 where the emf E is the secondary 

induced emf referred to the primary.

As already mentioned the transformer core C0 is driven deep into 
^saturation with flux densities reaching as high as 2, IT. The 

magnetising reactance Xm = ls non-linear and varies as £

varies. A very large magnetising current Im is reguired to 

saturate the core. The large current Im is counterbalanced 

by the capacitor current which results in a .small input current.

«
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Separate control of the secrndary leakage reactance is impossible 

to achieve, since the primary and secondary fluxes traverse b 

common path via the magnetic shunt paths. If the reluctance of the 

shunts and their airgaps are changed then both the primary and 

secondary leakage reactances change.

Comparing Figs. 2.4 and 2.5 it is seen that in Fig. 2.4 either 

the primary and/or the secondary leakage reactance may be changed 

whilst both the reactances in Fig. 2.5 change simultaneously.

The phasor diagrams of the new C.V.T. are shown below in Fig. 2.6

Vc

iv

- I m  tin

Vx,p
Vin

Im 

t V x i p

Im < Ic

Vin = E - Vx 

a)
lp

Im >  Ic 

Vin : E + Vx

b)
lp

Figure 2.6 Phasor diagram associated with the circuit

of Fig. 2.4 where the emf E is the secondary 

induced emf referred to the primary.

As already mentioned the transformer core C0 i s  driver, deep into 

saturation with flux densities reaching a3 high as 2,IT. The 

magnetising reactance Xm = is non-linear and varies as E

vanes. A very large magnetising current Im is required to 

saturate the core. The large current Im is counterbalanced 

by the capacitor current which results in -t .-mall input current.

4
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A change in input voltage causes a change in the input current

!in. Consequently a change in the primary leakage reactance

volt drop I. X, = Vx, is ooserve^. It has been shown (7) that 
in lp ip

when Im changes Xm also changes and the product ImXm=E is 

practically constant. If £ is constant then a change in capacitor 

voltage can only occur if the secondary leakage reactance volt 

drop Vx^s changes.

from Fig. 2.6 a,b two conditions exist for an input voltage variation. 

For a low input voltage the magnetising current Im is greater than 

the capacitor current. Fig. 2.6a shows that for this condition the 

input current Im is in ohase with the capacitor current. Conse­

quently the volt drop across the primary leakage reactance sub­

tract*' from the emf E. For a high input voltage the primary 

leakage reactance volt drop adds to the emf as shown in Fig. 2.6b.

In this case the input current is out of phase with the capacitor 

current. For both the conditions described above the emf E is 

essentially constant.

From the phasor diagram Vx^y is in phase with the emf E at no-load.

The volt drop across the secondary leakage reactance is given 

by the capacitor current and the secondary leakage reactance.

Ic x = Vxl 5  --- (equ. 2 .1 )

With all quantities referred to the primary the magnitude of 

Ic is

lie I = E___
|Xc-Xl3I — ~ (equ 2 .2 )

For the case where Im < Ic Fig. 2.6a)

Vin = E - Vx^ --- (equ. 2.3)
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OR

l/xip = Xjp (Im - Ic referred) --- (equ. 2.4)

As Ic decreases, V x ^  increases and E decreases, but from equ. .1 

iflc decreases then Ux, is reduced and consequently E decreases. 

E and V\^g have both decreased therefore the output voltage Vc is 

reduced.

Owing to the fact that the core C-, is heavily saturated the 

assumption can be made that E changes very little for a change 

in input voltage Vin and therefore only v/x changes.

Vout = \Jc = E +■ Vx, --- (equ. 2.5)is

Therefore if decreases IXc - X»# I increases by equ. 2.2 

and 11c I decreases. The overall effect is that the output 

voltage is reduced.

*



■rit '-̂turabla Reactci

■ • i-i t 0 non-cot ed coil may be varied by xntro-

• i umponen* of mmr having a constant magnitude so that 

ng ort.-un portions of the cycle the net mmf in the core 

•td‘ the saturation value. The constant mmf component is 

i n d u c e d  b y  a dc excited coil which links a portion of the mag- 

pi i urcuit and changes the reluctance of the core for the 

alternating flux. By varying the direct current in the control 

v  »<n iq.-. the reactance of the ac windings may be adjusted.

r>t- nethod by which control of the secondary leakage reactance is 

-ti'njtver: s by incorporating saturable reactor type winding on the 

•iui ' - o t p  'See Chap. 3 Fig. 3.1). It is necessary to explain 

a-operties of a saturable reactor winding in relation to 

nt 'Kant 'ltage transformer of Figs. 2.3 and 2.5.

•'< ■»' -tO'. v-ictor core must have the following properties;

■*ry h gh permeability of low flux densities,

• .veil define.. ooint of saturation,

low permeability at flux densities in he 

at. u rated region.

.if' i w  of the magnet*' material may be apprc ” *.1 by

•■ if as shown in Fig. 2 ft.

jyui'c ... on- . * i(|. 2. ' split into 2 C-cores and C-̂  with dc

i ml in n  c o n n e c t ml ts shown



Author  Cohan H E  
Name of thesis Saturated Reactor design in conjucntion with constant voltage transformers to reduce voltage drift caused 

by frequency drift  1983 
 
 

PUBLISHER: 
University of the Witwatersrand, Johannesburg 

©2013 
 

LEGAL NOTICES: 
 

Copyright Notice: All materials on the Un i ve r s i t y  o f  the  Wi twa te r s rand ,  Johannesbu rg  L ib ra ry  website 
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise 
published in any format, without the prior written permission of the copyright owner. 

 

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you 
may download material (one machine readable copy and one print copy per page) for your personal and/or 
educational non-commercial use only. 

 

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any 
and all liability for any errors in or omissions from the information on the Library website.  

 




