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POWER CONDITIONING ACCESSORIES

CONSTRUCTION OF A DELAYED DROP-OUT RELAY AND

TEST OF CONSTANT VOLTAGE TRANSFORMERS

INTRODUCTION

Most electronic measuring equipment, especially nuclear electronic

equipment, is pouiered by mains supply. To get good results the electric

power should ideally be of constant voltage with a clean sinusoidal wave-

form of constant frequency (normally 50 or 60 Hz). This ideal case is

never found, the following disturbances being common:

1) Voltage fluctuations

2) Frequency fluctuations

3) Transients (spikes) and noise

A) Short and longer drop-outs (total loss of voltage)

and, of less importance

5) Harmonic distortion

Most equipment can withstand the first two and the fifth of these

disturbances at the levels at which they occur in the highly developed

countries, and drop-outs are not very frequent in these countries.

However, even in these countries transients and noise cause frequent

malfunction of instruments and occasionally even damage them. The

situation is much worse in many developing countries and one has to take

countermeasures to avoid damage and wrong measuring results due to these

disturbances. Countermeasures are needed for:
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1) Voltage fluctuations

Normal electronic measuring equipment can tolerate smooth voltage

fluctuations of + 10% (see Fig. 1). One can construct special power

supplies which can compensate for greater (e.g. +10X, -20X) fluctuations.

The development of such a supply, in kit form, is under way in our labo-

ratory. Another possibility is to use an AC stabilizer. If the frequency

fluctuation is not more than + 3% one can use a resonant constant voltage

transformer, as described later in this report.

Fig. 1 Slow amplitude changes

2) Frequency fluctuations

If the frequency fluctuation is greater than + 3%, and in addition

voltage fluctuation of the order of + 10% or greater is observed, the

resonant constant voltage transformer does not provide adequate protec-

tion. To overcome this difficulty one can use a Variac transformer with

automatic motor-driven compensation. ftC-ftC converters as described in

para 4a) can also be used when higher frequency variations can not be

tolerated. The electronic circuits of these stabilizers must also be

protected against transients, as described in the next paragraph.

3) Transient and noise

To limit transients superimposed on the mains to a safe value only

slightly beyond the normal amplitude of the mains voltage one may use

varistors. These semiconductors devices are practically nonconducting up

to a certain voltage but exhibit only a small resistance above that

voltage (see Fig. 2). For a 220 V supply with possible excursion up to
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250 V this threshold breakdown voltage should be approxirately + 350 V.

To suppress high frequency noise (see Fig. 3), and the remnants of the

transients, filters may be used. Good grounding of the instrument is

necessary. Properly constructed constant voltage transformers also

provide good noise suppression.

RATED AC VOLTS

CLIPPED
UNDISTURBED TRANSIENT • \
TRANSIENT5

VARISTOR

I-V CHARACTERISTIC

V

Fig. 2 Effects of a varistor

А А А A
у У V

Fig. 3 Noise burst Spikes fran cyclic load changes

1
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4) Power failure

Short power failures or drop-outs (see Fig. 4) of less than 0.5 cycle

will be adequately compensated for by a constant voltage transformer and

the smoothing action of the D.C. power supply.

Fig. 4 Short AC voltage drop-out

Longer mains interruptions can be handled in three ways:

a) If no interruption is permissible, uninterruptible power
sources (UPS) are necessary. These use either an A.C. - fi.C.
converter and batteries or a motor-generator combination with
a fly-wheel.

b) If mains interruptions up to 30 seconds are permissible,
motor-generator combinations without fly-wheel can be used.

c) If longer mains interruptions can be tolerated, there are
three problems when the mains come on again. One is the
overvoltage and transients which often occur when the power
is switched on again. This overvoltage will be suppressed by
the systems mentioned in a), but it will damage unprotected
electronic instruments. The second problem is that in the
switch-on phase there is often a short series of interrup-
tions. Thirdly, the mains supply may be overloaded when
several instruments begin to draw power at the same time. To
overcome all these difficulties one can use a "drop-out
relay". Such a relay interrupts the mains connection when
the mains fail. When the mains come on again it may be
reconnected either by hand (with optional time delay) or
automatically, usually with a time delay of several minutes.



5) Harmonic distortions

If harmonic distortions of the mains supply (.see fig. 5) affect

the proper functionning of the electronic equipment they can be

suppressed by filters or a constant uoltage transformer.

Fig. 5 AC voltage with 30% harnonic distortion
(third harmonic only)

nlr
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DROP-OUT RELAY WITH DELAYED SWITCH-ON

To protect the instrument during power restauration after a power

failure (as mentioned in the introduction under para A) the' following

circuit may be used (Fig. 6). To limit high voltage transients in

amplitude (para 3 in the introduction) varistors are used at the input

and output lines.

mains
in

mo>ns

out

ANkoo?

Thyr'sic r or
TR IRC (400V 1у*с

Fig. 6 Drop-out relay with delayed switch-on

Г П
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OPERATION OF THE CIRCUIT

1) When the main switch (SI) is in the off-position the drop-out relay

circuit and the output are not connected to the mains.

2) When the main switch (SI) is in the on-position and switch S3 set to

the manual position, pretsing the push-button "manual start" (S2) will

cause the relay circuit to be connected to the mains trought the self-

holding relay. After a delay of approximately 3 minutes, the output will

also be connected to the mains through relay d2. The duration of the

delay is determined by the circuit R1C1. Other dealy times may be chosan

by choosing other values of Rl and Cl.

3) When the main switch (SI) is in the on-position and switch S3 set to

the auto position, relay dl comes on automatically at every restoration

of the mains power. As a consequence, the output will be connected to

the mains 3 minutes after the power is restored.

4) When the power fails the relay d2 disconnects the output from the

mains. At the same time the relay dl disconnects the relay circuit from

the main

5) From the moment the mains is connected to the output the capacitor Cl

is discharged in approximately 0.3 S through the resistor R5 and the

contacts Б and б of relay d2. When a power failure occurs during the

delay period Cl is discharged through a small current-limiting resistor

R4 and the contacts 3 and A of dl in approximately 3 ms plus the

switching time of the relay. Thus even after very short power failures

the full delay is provided when the power returns.

6) When the power comes on again and the manual start push-button is

pressed, or S3 is in the automatic position, condensor Cl is charged

through resistor Rl. The voltage across C2 follows the voltage across Cl

nearly simultaneously (R1C1 >> R2C2).

й
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7) When the trigger point of the DIftC is reached a short trigger pulse

(less than lms) fires the thyristor or TRIAC which powers relay d2. The

mains will now be reconnected to the output. If the DIAC were to be

connected directly to Cl the large charge Q = Vn. . Cl of Cl would
LI

damage the DIAC. On the other hand the large capacity of Cl is needed to

get a long time constant with a suitable charging resistor Rl.

The delay time T can be calculated from the formula:

T = In (1 -
where:

- ifclAC'
= mains peak voltage

= DIAC breakover
voltage

8) Each relay has an inherent mechanical delay, so the thyristor or

TRIAC must be on for at least two AC cycles. Since the trigger pulse of

the DIAC is much shorter than this period the thyristor or TRIAC is

clamped to the voltage of Cl via diode D5 and resistor R5. This ensures

that relay d2 will be switched on properly and hold itself on by contacts

d2, 5-6. The whole electronic delay circuit is then bypassed .

9) Condensor C3 avoids false triggering of the thyristor or TRIAC by

voltage spikes. R5 limits the discharge current. C4 is also for spike

suppression.



TEST RESULTS OF THE PERFORMANCE OF RESONANT VOLTAGE TRANSFORMERS

Resonant voltage transformers are used to compensate for mains A.C.

voltage variations. Most models also reduce common and normal mode noise

by the use of magnetic shunts, proper grounding, and well separeted

primary and secondary windings. A conventional power transformer has a

core that can accept increasing flux up to its rated current . The

secondary voltage is therefore principally determined by the turns ratio

of the windings. If such a transformer is operated at a high enough

current its core will become saturated and a change of the primary

current will no longer change the output voltage. In this mode the

transformer acts as voltage stabilizer. Operating a normal power

transformer in this way is not practical because the primary saturation

current is close to short circuit magnitude.

Ferroresonant transformers avoid this difficulty by introducing

magnetic shunts and air gaps to reduce the coupling between primary and

secondary windings.

ДС INPUT

JftfiETIC
SHUNS

PRIMAR? ana

/y FUK PA2KS

AC ОКРУГ

Fig. 7 Cross section and schematic of the transformar (ref. 5)

Sf
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The air gap also serves another purpose: its reluctance (magnetic

resistance) is high compared with the reluctance of the surrounding iron

when the core is not saturated. When saturation occurs, further increase

of the current cannot increase the flux through the iron or, in other

words, the differential reluctance increases very much and becomes high

compared to the reluctance of the air gaps. The distribution of the

magnet flux is thus different for non-saturation and saturation condi-

tions.

The secondary winding is connected to a condenser of some microfarads

and so forms a resonance circuit for 50 (or 60) Hz. If the input current

increases the secondary current also rises, in a resonant oscillation.

Due to the higher resonace voltage the secondary region of the trans-

former gets into saturation. The air gap effect desribed above leaves

the primary part of the ferroresonant transformer free of saturation and

so the primary current is held to a safe value.

How such a circuit stablizes the output voltage can be understood by

reference to the equivalent circuit in Fig. 8.

Fig. 8 Equivalent circuit:
Мзпосоге stabilizer without filter

ел *
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The inductive current through X and the capacitive current

through X generate a voltage drop across ths series inactivity

XLC¡, which is high due to the loose coupling. At the nominal values of

input voltage and frequency the inductive current and the capacitive

current through X are equal (case of resonance). If the input vol-

tage is lowered the reactance X _ increases due to the decrease of the

core saturation and the inductive component of the current through X. c

is reduced. The voltage drop across X. e decreases, and the result is

that the output voltage remains nearly constant. If the input voltage is

increased the reactance X,- decreases and the output voltage again re-

mains nearly constant. Two additional windings can improve the circuit

further (see Fig.9)

V i

—

Fig. 9 Equivalent circuit:
Monocore stabilizer sinusoidal output ,-
comDensated

The winding X, _• in series with the condenser forms a filter tuned

to the third harmonic to give a nearly sinusodial output. The winding

X _ provides negative feedback to improve the voltage stability

further, but this reduces the filter action against high frequency noise

because of the higher stray capacitance from input to output. If high

noise immunity is required this winding should therefore be disconnected,

this being at the expense of higher voltage stability.

C7V S D E 1-12/00
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Test results

The following diagrams and pictures of oscillograms show the perfor-

mance under test of three ferroresonant constant voltage transformers,

namely:

1) Gould GT300
Power rating: 300 Vft

2) CVT Isoreg 15-025
Power rating: 250 Vft

3) Philips 1412/00
Power rating: 400VA

The diagrams and pictures are more or less self explanatory and will

therefore be discussed only briefly:

1) Figs 10-13, output voltages

The<input-output voltage relationships is shown for different loads.

Fig. 10 shows the improvement of stabilization compared to Fig. 11 if

a compensation winding is used, but the compensation winding also

decreases the filter efficiency against high frequency noise. With

increasing input voltage the Philips and Gould transformers show a

more or less (depending on load conditions) sharp resonance transfer

characteristic. For a decrease in input voltage lower than 40V, with

no load, a hysteresis effect can be observed (Figs 10-12).

These figures also show that the output voltage of the Philips

transformer decreases much less under overload conditions than the

Gould transformer. This property is important when the transformers

are used for instruments containing motors which draw high currents

during start-up.

~-Tf

J !——.' 4 B¿--
• -4- -.iVes-.v

CVT: PHILIPS
0П VA; WITHOUT C O P ,
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2) Figs 14-17, current»

The resonance behaviour is also seen in Figs 14-17 for the input out-

put current relation in the no load curve between 0 and 40 volts.

Fig. 17 shows the higher damping of the triple-core (middle core

having air gap) Isoreg transformer compared to the single-core

Philips or Gould (Figs 14-16).

These figures show that the Phillips transformers are tuned to

give maximum efficiency (minimum input current) for the nominal input

voltage.

3) Figs 18-21, output waveforms

The output waveforms of the three transformers under different con-

ditions, namely power drop-outs with and without load, and load

switched on and off, were recorded with a storage oscilloscope. The

transient behaviour and the distortion caused by the inductive load

is nearly the same for Gould and Philips transformers. The Isoreg

shows less distortion.

These graphs show clearly' that switching instruments on and off

by applying or interrupting the power to the transformer is safe for

the instruments. It is also safe to switch an instrument on more

than one second after the transformer has been switched on.

ft situation which is dangerous for the instrument may however

occur when a heavy load and a light load are connected to the same

transformer. Switching off the heavy load may cause voltage

distortions (overvoltages of 50% during one or two cycles) which are

dangerous for the light load still connected to the transformer.

CVÍ: GDJID GT 300
300 VA



4) Fig 22, filter efficiency

The filter property of a constant voltage transformer was measured

using the test circuit shown in Fig 22. ft DC-AC converter with

square wave output with sharp edges (30 us) was fed through a Variac

to the constant voltage transformer. Although the input voltage wave

form was distorted in this way the output was nearly sinusoidal, with

only small disturbances (Isoreg and Philips transformers with compen-

sation winding).

5) Fig. 23, usable range

In some cases the mains voltage fluctuations may be larger than

the range of input voltages for which the resonant transformer was

designed. Most electronic instruments can also accept voltage

fluctuations which are larger than the output voltage fluctuations

specified for the transformers.

In Fig. 23 the relationship between input and output voltages is

given and it is clear that for resistive loads at 75% of rated power

the useful range is much larger- then those specified by the manu-

facturers, if one accepts voltage output fluctuations of up to + AX.

It should be noticed that inductive loads may cause an additional

voltage drop of up to 5%. It is clear that the Philips transformers

allow a larger input range of input voltage than the other types.

(УТ: ISOREG, 250 VA
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CONCLUSIONS

fill three constant voltage transformers tested show acceptable power

-conditioning properties for conditions found in European countries or

the USA. Together with a drop-out relay as described earlier in this

report they can be effictive in preventing instrument malfunction and

breakdown caused by voltage fluctuations, power failures and transients.

For developing countries, where conditions are more severe (larger

fluctuations, frequent lighting strockes and overhead distribution

systems, frequent power failures and transients) a more careful selection

has to be made.

Constant voltage transformers should be used at 75-8OX of their rated

power to give the best noise and transient suppression. At this

condition the Philips transformers are preferred because they

- have a wider input voltage range .

- allow for larger short—lasting overload currents

- have equal or better transient and noise suppression caracteristies

- are more effective

- have 25% less weight

- are appreciably cheaper

TRANSIENT АТТРШЛТ!П\'



- 16 -

References

1) Vuister, P.H.: Power conditioning I. Document prepared in the frame-
work of the RCA-Project on the Maintenance of Nuclear Instruments,
IAEA Vienna, May 1982.

2) Vuister, P.H.: Powei—Conditioning II. Document prepared in the frame-
work of the RCA-Project on the Maintenance of Nuclear Instruments,
IAEA Vienna, June 1981.

3) Schaller, R.: "Interference suppression filters yield effective
electromagnetic compatibility". Application note published by
Siemens AG München, BRD, 1982.

4) "A.C. Power, Handbook of Problems and Solutions". Published by Gould
Deltec, Gould Inc. Power Conversion Division. 3rd Edition 6/81.

5) "Hohere Storfestigkeit durch Wechselspannungs-Stabilisatoren". Inter-
nal information of Philips Industrie-Elektronik; Vienna, 1982.

6) "Transdector: Die optimale Wechse1stromversorgung". Information
sheet; AIP Wild AG, CH-80Ü6 Zurich. 1982.



RATED INPUT i

VOLTAGE RANGE !

JNPl/Г

1 . .
in

.- 11

Fig. 10 CVT Philips PE 1412/00: Power rating 400 VA, 220V/220V; with ccnpensation. Resistive load.



Fig. 10 CVT Philips PE 1412/00: Power rating 400 VA, 220V/220V; with compensation. Resistive load.
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11 CVT Phil ips PE 1412/00: Роодг rat ing 400 VA, 24QV/220V; without condensation. Resistive load.



l'iq. 11 CVT Philips PE 1412/00: Power rating 400 V7V, 240V/220V; without conpensation. Resistive load-
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Fiy. 12 CVT Gould GT 300: Power rating 300 VA, 220V/220V. Resistive load.
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1Чу. v¿ CVT Gould «г JUU: Power rating 300 VA, 220V/220V. Resistive load.
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Kiy. 13 CVT Isoreg 15-025: Power rating 250 VA, 220V/220V. Resistive load.



l-'bj. 13 CVr Isoreg 15-025: Power rating 250 VA, 220V/220V. Resistive load.
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fig. 15 CVT Philips PE 1412: Power rating 400VA, wired for 240 volts input (without condensation). 75% resistive load
of rated power (otherwise specified). . .



l-'icj. 15 CVT Philips PE 141Ü: Power rating 400VA, wired for 240 volts input (without compensation). 75% resistive load
of rated power (otherwise specified).
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Fig. 16 CVT Gould CT 300: Power rating 300 VA, 220V/220V. 75% res is t ive load of rated power (otherwise specified)
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Fig. 17 CVT Isoreg 15-025: Power rating 250 VA, 220V/220V. 75% resistive load of rated power (otherwise specified).
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