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STARTERS

1. INTRODUCTION

Some types of discharge lamps, such as the Metal Halide Mercury Vapour and

High and Low Pressure Sodium Vapour, need a voltage much more superior to the

one in the network to start the arc current of the lamp.

It becomes necessary to introduce in the electric circuit of reactance Ð lamp, a

device capable of supplying the necessary peak voltage for the ignition of the lamp.

These devices are denominated as Starters or Ignitors.

2. PRINCIPLE OF OPERATION

The operation of a starter is based on obtaining a high voltage, necessary for

the ignition of the lamp, through the controlled discharge of a capacitor in the primary

of an set-up transformer, which originates a magnetic flux in the core of the

transformer that induces in the secondary coil the necessary voltage, depending on the

transformation relation of the transformer.

In figure 1, the simplified circuit of a superimposed starter can be observed.  It

can be seen that the main parts are:

• Capacitor (C)

• Voltage divisor

• Set-up transformer (TR)

• Firing circuit (D)

The operation of the circuit is as follows:

The capacitor C is charged through the voltage divisor (1-3) and its voltage V

(1-2) depends, in every instant, on the network instantaneous voltage.

The capacitor is joined to a firing circuit D that, when it has acquired a

determined power, allows the capacitor to get discharged through it and the primary P

of the transformer TR.

In the secondary coil S of the transformer TR the high voltage impulses that,

appear and superimpose to the network voltage, applied to the terminals of the lamp,

cause the beginning of the arc current in it.
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Once the arc current IL regulated by the reactance R has been established, the

voltage in terminals of the lamp is modify to its characteristic arc voltage.  This

voltage is the same one supported by the starter, and is lower that the one we were

applying initially (network voltage).

Under these conditions the capacitor C is charged to a lower voltage that the

one predicted by the firing device, and so the starter is deactivated.

Fig.1. Principle of operation: superimposed starter

3. CLASSIFICATION

We can classify the starters in various ways:

3.1 According to ignition type.

3.2 According to connection type.

3.3 According to the installation system.

3.4 Other starters.

3.1 CLASSIFICATION ACCORDING TO THE IGNITION TYPE

3.1.1 Cold start ignitors

This is the most generalized type of starter in the lighting installations and

provides a peak voltage inferior to 5 kV.
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This voltage is enough to ignite the lamps starting from the cold state or after a

considerable time (up to 15 minutes depending on the type and lamp power) after

being turned off so that its temperature decreases and, consequently, the pressure in

the discharge tube, which permits the restarting of the lamps with the voltages

supplied by these starters.

3.1.2 Hot start ignitors

These are capable of starting the discharge lamp independently of the

temperature it is working at.

This starter is known for supplying peak voltages between 12 and 65 kV and

its use is restricted to very special cases.

The lamps, lamp sockets, cablings and the rest of associated equipments must

be predicted to bear with the high impulse voltage peaks.

3.2 CLASSIFICATION ACCORDING TO ITS CONNECTION

3.2.1 Reactance independent starters

Also known as of superposition or series starter.

This is the starter that incorporates as constituent and inseparable part of itself

a set-up transformer of the impulse voltage (TR fig.1).

Its most significant characteristics are:

• The impulse voltage generated by the starter affects only to the cabling

part that joins the output bushing with the main contact of the bulb socket.

• The high voltage of the ignition only appears between the starter and the

lamp, reason why the starter must be installed close to the lamp.

• This type of starter is compatible with any reactance brand.

• Through the secondary S of the impulse transformer passes the arc current

of the lamp.  For this reason, the maximum current that can be tolerated in

permanent service is indicated in the starter.
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3.2.2 Reactance dependent starters

Also known as series-parallel starter, type impulser or three-wire.

This type of starter uses the reactance associated with the lamp as set-up

transformer.  The reactance carries a conveniently prepared intermediate tap in the

winding, whose insulations will have to be prepared to resist the high voltage

impulses that are generated through the winding spirals.

For this reason, this type of starter is known as reactance dependent Starter

(fig.2).

Fig.2. Reactance dependent starter

The operation is similar to the independent type described in section 3.2.1,

with the difference that the reactance, apart from regulating the arc current of the

lamp, carries out the function of set-up transformer.

The most significant characteristics are:

• The high voltage impulses are generated in the reactance and are present

throughout the cabling that joins the reactance with the centre of the lamp

reason why the whole unit will have to be installed close to the lamp.

• Generates greater impulse energy than the independent starter.

• The current of the lamp does not circulate through the starter; as a result, a

single model serves a wider range of lamps.

• Of smaller size since they donÕt have a built-in impulse transformer.

• The power loss is very low (over 0.5 W).

3.2.3 Parallel type starter
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Also known as two-wire starter.

This starter is represented in figure 3.

Examining the circuit we can observe that:

• It doesnÕt carry an impulse transformer.

• Non dependent of the reactance; any brand can be used.

Its operation is as follows:

By applying the network voltage the diode d is polarized in the appropriate

half-cycle, and a charge and a voltage is established in the capacitor C.  The energy

stored in the capacitor is discharged to the lamp through the intervention of the firing

device D that makes the thyristor T work.  Established the arc voltage, the same that

was applied to the starter, the firing circuit D is unable to activate the thyristor T and

the starter is deactivated.

The duration of these impulses is greater than the one of other starters and

therefore, of greater energy.

Fig.3. Parallel starter
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The technical and application characteristics are:

• The value obtained is a peak voltage between 2 and 4 times the networkÕs

instantaneous, and reaches approximately between 600 and 1200 V.

• The arc voltage of the lamp does not pass through the starter, having a very

low power loss.

• It is used for lamps whose starting voltage is below 1000V, such as some

Metal Halide and Low Pressure Sodium lamps.

3.3 CLASSIFICATION ACCORDING TO ITS INSTALLATION SYSTEM

3.3.1 Non built-in starters

Starters anticipated to be separately installed in the outside of a luminaire,

without any additional cover.

3.3.2 Built-in starters

Starters formed by one or more individual units, designed exclusively to be

installed inside a luminaire, a box, a cover or similar.

3.3.3 Integrated starters

Starters that constitute a non-replaceable part of the luminaire and that cannot

be tested separately from it.

3.4 OTHER STARTERS

3.4.1 Symmetric starter with interference suppression

The following phenomena can cause interferences that have a negative effect

over neighbouring electronic receptors (communication equipment, computer, radio,

television, etc.):
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1. Static impulses during the cold start of lamps (duration: some seconds).

2. Impulse shocks in the network after a failure, when the lamp is hot

(duration: some minutes).

3. Impulse shocks in the network in case of a defective lamp (duration: until

the lamp is replaced).

     Starter models that limit the level of interference from 100 kHz to 1% of the

value that would give the normal starters are in development.

3.4.2 Starter with automatic time-lag disconnection

By the end of the lamp lifetime there can be annoying disturbances in its

functioning.  As the most representative case, the on and off blinking of the lamp due

to the increases of its arc voltage until the restarting voltage value matches the one of

the network and the lamp turns off, turning it on again after the cooling period.

As figure 4 shows, every time the voltage crosses zero, an extinguishing and

ignition of the lamp is produced, needing for that starting a voltage known as

reigniting, whose instant value is greater than the rest of the wave.  In old lamps, this

value increases and there is a moment in which the network voltage is unable to

provide such a value, causing the reigniting to fail (it turns off).

Fig.4. Evolution of the arc voltage in HP sodium lamps

Vr: Reigniting voltage.

VL: Lamp voltage.

IL:  Lamp current.
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The starters with automatic time-lag disconnection interrupt the process of

ignition of High Pressure sodium lamps after 164 sec. and of Metal Halide lamps after

655 sec.

In this way, the blinking is avoided and other effects of the starter continuous

functioning such as the radio electric disturbances.

This type of starter is much recommended in installations where the

replacements are delayed or the maintenance is very limited in time.

3.4.3 Time-lag and with time stand-by starter

These are a particularity of the starters with automatic time-lag disconnection

that include also, a circuit that avoids the time to reset to zero in every reigniting of

the lamp.

High Pressure Sodium Metal Halide

If by aging, the lamp causes constant ignitions and extinguishes, this type of

starter totalizes the sum of the times that took every new ignition until completing 164

sec. in High Pressure Sodium lamps or 655 sec. in Metal Halide lamps and at that

moment it disconnects them until there is a resetting in the supply power network to

the unit.
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4. TECHNICAL CHARACTERISTICS OF THE STARTERS

4.1 Permanent maximum current

Applicable to the reactance independent starters and that have a built-in set-up

transformer of the impulse voltage.

A maximum efficient current is defined as the current that can circulate

permanently through the transformer windings, without aging or premature wearing of

the insulators ever being produced, very important information that should be

indicated in the logo of the product.

4.2 Starting Voltage

It is the maximum value of efficient voltage of the network under which the

starter must have started giving out impulses.

4.3 Disconnection Voltage

It is the minimum value over which the starter must have stopped giving out

impulses.

4.4 Emptiness allowing voltage

It is the maximum value of network voltage applicable to the starter.

These three values determine the range of operation of the starter in function

of the network voltage.

In the graph shown in figure 5, the limits of operation of the starter can be seen

more clearly having in mind the network voltage operation.

(Activation Desactivacion)

Fig.5. Operating voltage range of the starter

Maximum limit of

operation (Uo)

Maximum limit of

activation (Ua)

Minimum limit of

deactivation (Ud)
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In the graph we have:

Uo Maximum permissible empty voltage

Ua Starting voltage

Ud Disconnection voltage

Such terms can be explain like this:

Starting from zero voltage and increasing the starterÕs voltage gradually, this

will begin to give impulses over the disconnection voltage Ud and before reaching the

starter voltage value Ua (intermediate zone in the graph).  Once it has started to give

impulses we can lower the applied voltage and the starter will stop working before

reaching the minimum level of deactivation Ud (disconnection voltage), also located

in the intermediate zone of the graph.

Therefore, we can define this intermediate zone between Ua and Ud as the

margin of voltages in which the starter goes from being active to be deactivated or the

other way around.

4.5 Impulse peak voltage (Upk)

It is the maximum value of the impulse voltage superimposed to the network

voltage and measured starting from level 0 (fig.6).

If the starter provides various impulses, the highest will be considered.

In the starters for cold start, the peak voltage of the impulse is limited to 5 kV.

4.6 Impulse position in the phase

It is the phase angle correspondent to the network instantaneous value, over

which the high voltage impulse is superimposed.

Both the lamps Standards as well as the manufacturers observe that the

ignition of the lamp is improved if the high voltage impulses are produced between

60-90 and 240-270 electric degrees respect to the network wave (see fig.6).
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Fig.6. Peak voltage and impulse position

4.7 Number of impulses per network period

It is the number of impulses that a specific starter generates en each network

cycle.

In practice, another type of starter is allowed whose repetition relation is

inferior to an impulse per cycle and whose firing position in the network

instantaneous value is random; in this case, the standard CEI 662 and its

correspondent UNE 20449 advise that for this type of starters the width of the impulse

must be increased.

4.8 Charge allowing capacity

The technical characteristics that define a starter are the impulse high voltage

(up to 5 kV for starters of cold start), and the impulse amplitude (approximately 1

_sec.).  These two characteristics cause that the energy supplied by the starters

becomes very small, and that any charge produced between the starter or the reactance

and the lamp, could attenuate the peak voltage value of the starter to such limits where

the ignition is not possible.

The charge mentioned between the starter or the reactance and the lamp, is

produced by the cablingÕs own capacity and the capacity that is formed between the

cabling and the metal walls of the lighting bulb.



Technical Manual                                                                                                Starters

Ventura Industries - LAYRTON

In figure 7, we call these capacities C1 and C2, respectively.

The group of the capacity created by the capacities C1 and C2 gives us a static

charge capacity C and the derivative current is inversely proportional to the

impedance that it presents and will be given by the equation:

I = VP/Zc = VP á C á w = VP á C á 2 á ! á f

where:

f = frequency, of elevated value (approx. 100 kHz)

C = static charge capacity

I = derivative current

VP = impulse peak voltage

Fig.7. Static charge capacities

The derivative current must be as small as possible for the impulse energy to

reach the lamp terminals in excellent conditions.

The only factor to modify in the equation is the capacity C, that will have to be

as low as possible.  This capacity depends on the type of cable to be used (hose or

single-wire), the distance of the cables, their length, the tube or lighting bulb,

environmental conditions (humidity), etc.

The startersÕ manufacturer cannot foresee in which conditions is the

installation going to be realized, and this is the reason why the maximum distance

from the starter to the lamp is not indicated in the starters.
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To solve this problem, the charge capacity is included within the technical

information of the starter (that includes the conditionals of the installation), giving out

two values, a maximum and a minimum.

As minimum value 20 pF is adopted, this is the minimum capacity that an

ideal cable joining the lamp holder and the starter, would represent.  With these

conditions the value of the peak voltage must acquire the maximum value indicated in

the starter.

The maximum permissible capacity is the one that the starter could bear as a

charge so that the voltage impulses generated could reach the minimum peak value

indicated in its characteristics.

A note of interest for the approximate calculation of a charge capacity, since in

most of the cases the problem of a high capacity is originated by the conductors, it can

be point out that the multi-wire cable (hose) has approximately between 70 and 150

pF/m and the single-wire cable has a capacity that varies between 20 and 50 pF/m.

4.8 Own losses

It is the value, in W, of the loss power in the starter.

In reactance dependent starters, this value will be the maximum during its

operation (approx. 0.5 W).

In independent starters the loss power will be the maximum with the lamp

ignited, due to the losses caused by the Joule effect in the secondary of the set-up

transformer.

4.9 Heating during normal operation (_T)

The starter, as any other electrical component, generates its own losses that are

transformed in heat and, therefore, in a temperature increase that comes determined

by the symbol _T.

4.10 Maximum-case temperature (Tc)

The starter manufacturer includes the symbol Tc in the logo of the product,

which indicates the maximum permissible temperature that it can bear in any point of

the external surface of the starter, working under normal conditions.
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4.11 Maximum environmental permissible temperature

The starters are generally installed in closed enclosures, where an

environmental temperature Ta is created due to the heat produced by the lamp, the

reactance, etc.

Having Tc and _T in mind, we deduce: Ta max. = Tc Ð _T

Conclusion:  When finding a starter we have to have in mind not to exceed the

Ta obtained in the previous equation.

5. NORMATIVE

The applicable standards for the starting equipments are:

UNE-EN 60598 Luminaires

UNE-EN 60662 High Pressure Sodium Vapour discharge lamps

UNE-EN 60922 Ballasts for discharge lamps (Security)

UNE-EN 60923 Ballasts for discharge lamps (Operation)

UNE-EN 60926 Starting equipment (Security)

UNE-EN 60927 Starting equipment (Operation)

UNE-EN 55015 Electromagnetic interferences

UNE-EN 61547 Inmunity

UNE-EN 61000-3-2 Armonics

6. ELECTION OF THE PROPER STARTER

In table 1 the different types of starters and their application for Sodium

Vapour and Metal Halide lamps, are indicated.

These applications are for orientation purposes and we recommend that before

doing any installation, to verify if the technical data of the starter to be used matches

with the specifications given by the lamp manufacturer, being particularly important

for Metal Halide lamps, since there is no current regulation.


