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ABSTRACT

The most of three-lead domestic pulse igni-
tion devices (PID) do not provide parameters of
high-voltage pulses determined by the lamp opera-
tion manuals. New circuit solutions are presented,
which meet the requirements to HP sodium lamps
used in street illumination and greenhouse irradia-
tion. It is proposed to separate two functions of the
three-lead PID pulse transformers: generation of
high-voltage pulses and transmission of the lamp
full current. To generate high-voltage pulses, trans-
formers with a big turn number of thin wire should
be used. And to transmit lamp full current, high-fre-
quency throttles with a low resistance should be
applied. A version of calculating parameters of
a high-frequency throttle and oscillograms of pulses
generated by the PID are given.

Keywords: discharge lamp, pulse ignition de-
vice, high-voltage pulse

It is known that production volume of ballasts,
especially for high pressure sodium lamps (HPSL)
and metal halogen lamp (MHL) are still big and
such situation will remain for a long time [1].

For ignition of HP discharge lamps in circuits
with electromagnetic ballast, it is necessary that
the PID generates pulses with certain voltage am-
plitude and duration. So for some types of such
lamps, pulse parameters specified in the Table are
necessary.

Parameters of pulses generated by a PID are
determined by the PID electronic circuit features,
and the pulse transformer parameters, such as
transformation coefficient, inductance of prima-

ry and secondary windings, as well as satura-
tion current.

Domestic enterprises only manufacture PIDs
providing high-voltage pulse parameters corre-
sponding to the given in the Table with a paral-
lel ignition circuit (the pulse oscillogram is given
in Fig. 1, curve 1).

Such PIDs have two leads and are connected
in parallel to the lamp switched to the circuit in se-
ries with the ballast throttle, which is a ballast el-
ement limiting lamp current. Lamp current in this
circuit does not flow through the PID, which causes
its simplicity, low cost and universality. A disadvan-
tage of such PID is that high-voltage pulses influ-
ence not only the lamp but also the ballast throttle,
as well as the connecting wires between the throttle
and the lamp. This reduces ballast reliability, cau-
ses a necessity to strengthen insulation of the ballast

Fig. 1. Oscillogram of pulses generated by different type
PIDs:
1 - PID-T 70-1000 PID (two-lead); 2 — 400/220V-012
PID; 3—21000 S PID;
(1000 V/div 1 ps /div; 0 is one square lower than
the screen middle)
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throttle and leads to a dependence of the PID output
pulse parameters on the input wire length and on the
ballast throttle structure [2].

Fig. 1 also shows oscillograms of the pulses
generated by a sequential ignition PID (curves 2
and 3). One can see from these oscillograms that
such PIDs do not provide high-voltage pulse para-
meters according to the Table. So pulse duration at
a level of 3 kV generated by PID400/220V-012 is
0.5 ps, and by PID Z 1000 S it is equal to 1 ps.
Application of these PIDs causes a necessity of
pre-term replacement of operable lamps, which are
not ignited because of insufficient pulse duration.
Sequential ignition PIDs have three leads, two of
which are connected in series with the lamp [2]. Se-
quential ignition PIDs have certain power losses,
big size and mass (as pulse transformer secondary
winding should be designed for the lamp current
passing through it). However, such PIDs are most
widespread as they do not require strengthening in-
sulation of the ballast throttles.

PID circuits without a pulse transformer are
known, because functions of the latter are per-
formed using a ballast throttle with a drop wire [2].
On the one hand this allows obtaining a big ampli-
tude voltage wide pulses and reducing PID size,
mass and cost. Such PID circuits are widely used
abroad, for example in the ZRM 2300C201 PID and
in ZRM 4000B101 (see also article [3]). But they re-
quire presence of special ballast throttles with drop
wires and strengthened insulation.

It is also known a circuit of serial-parallel three-
lead PIDs [4], which were produced in large quanti-
ties since eighties, for example, 250-4001HaT/220
PID. The throttle voltage when generating igni-
tion pulses by these PIDs did not exceed 2000 V,
which did not require special ballast’s throttles with
strengthened insulation. But by mass-dimensional
factors, these devices did not differ much from se-
quential ignition PIDs. Therefore, the problem of
creating an effective and cheap three-lead PID for
HP discharge lamps of a big power is topical un-
til now. It can be solved by a little addition, which
turns a two-lead PID into three-lead eliminating de-
fects of two-lead PIDs [5]. It is proposed to separate
two functions of three-lead PID pulse transformers:
generation of high-voltage pulses and transmis-
sion of a lamp full current by means of two separate
inductors. An apparent complication of the struc-
ture allows generating pulses with characteristics
selected in advance using a pulse transformer with

Fig. 2. PID circuit versions [5]

a large number of thin wire’s turns. And to pass the
lamp full current, one should use a high-frequency
throttle with a small resistance protecting the throt-
tle ballast against a breakdown. This separation is
especially effective for PIDs designed for big cur-
rents and big pulse durations.

Fig. 2 a shows a circuit ballast with PID. This
circuit contains two-lead PID1, connected in pa-
rallel with discharge lamp 2 switched to the circuit
in series with ballast throttle 3 and with high-fre-
quency throttle 4 complementary added in order
to protect ballast throttle 3 against breakdown by
the PID high-voltage pulses. PID1 and high-fre-
quency throttle 4 can be placed in the same case
with three leads (Fig. 2, b.)

The ballast within a PID operates as follows.
When switching on, PID1 generates high-voltage
pulses mainly with 3-5 kV amplitude. These pul-
ses create a conducting channel in the interelectrode
gap of lamp 2. In this channel, high-current dis-
charge plasma is formed then. The discharge is sup-
plied through ballast throttle 3 and high-frequency
throttle 4 from a power-line. Throttle 4 limits pulse
voltage affecting ballast throttle 3 during pulse ge-
neration to maximum permissible for this ballast
throttle 3 (usually it is 2 kV. After lamp 2 is ignit-
ed, it shunts PID1 charge circuit, in consequence of
which it is automatically switched off. In the event
lamp 2 is not ignited or it is just absent, PID1 con-
tinues pulse generation. In some cases, this PID is
equipped with a disconnection unit stopping pulse
generation within several minutes, if lamp 2 is not
ignited. This time depends on type and power of the
lamp and is equal to (1-2) min for HPSLs and (10—
15) min for MHLs [2]).
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Fig. 3. Oscillogram of a pulse generated by PID #1 with a
high-frequency throttle based on the ETD44 core. (1000
V/div; 1 ps /div; 0 is one square lower than the screen
middle)

Not only the high-frequency throttle, but also an
own ballast throttle capacity takes part in the limi-
tation of pulse voltage influencing the ballast throt-
tle during pulse generation. However in some cases,
in order to limit the pulse voltage influencing the
ballast throttle, one should add a varistor or an ad-
ditional capacitor 5 (mainly up to 2000 pF) as it is
shown in Fig. 2, c.

For rectangular shape high-voltage pulses gene-
rated using a closed magnet conductor pulse trans-
former, pulse duration by amplitude product is
limited by size and by maximum achievable mag-
netic induction By, Of the pulse transformer core.

According to it, high-frequency throttle parame-
ters are mainly selected by means of the following
expression:

AB-S w205 ["£(t)dt, (1)

where 4B is the change of magnetic induc-
tion in the high-frequency throttle during PID pulse
action maximum possible in this circuit; ¢(z) is the
function describing voltage dependence on time of
the pulses generated by the PID; integral is the pulse
“area” (for example, in V-s dimension); (t, — t;) is
the pulse duration; S is the cross-section area of the
high-frequency throttle magnet conductor; w is the
turn number of the high-frequency throttle winding.

The 0.5 coefficient forward of the integral means
that a part of the high-voltage pulse generated by
the two-lead PID (Fig. 2, a) only, “falls” on the
high-frequency throttle, and the other part is applied
to the ballast throttle. When calculating, one should
watch that this part do not exceed a maximum per-
missible voltage for this ballast throttle.

Fig. 4. Electric circuit od two-lead PID applied in PID#3

In the PID (PID #1) version according to Fig. 2,
b, the high-frequency throttle was made based on the
ETD44 ferrite core (S = 173 mm?) without a gap of
material #87 with ¢ = 1650 relative magnetic per-
meability. With ignition pulse “area” of 4000 V-2 us
and 4B = 0.4 T, according to (1), w > 58. An oscil-
logram of the pulse generated by this PID version is
shown in Fig. 3. As two-lead PID1 (Fig. 2, b) of the
N3Y-T 70-1000 type is applied, which pulse oscil-
logram is shown in Fig. 1.

It follows from the presented data that pulse pa-
rameters meet requirements of the operation manu-
al given in the Table. And ballast throttle pulse am-
plitude does not exceed 2000 V.

In comparison with high-voltage pulses genera-
ted by the Z1000S PID (Fig. 1), in which the ferrite
ETD44 core without a gap made of material #87 is
also used, the pulse duration in the proposed PID
version is twice more, and at a level of 3 kV it ex-
ceeds 2 ps.

In accordance with (1), pulse “area” depends
on 4B. In order to minimise size and mass of the
high-frequency throttle, it is expedient to use mag-
netic conductors of a material with a high maxi-
mum achievable magnetic induction By, [6]. For
ferrites, By,ay does not exceed 0.5 T, and for amor-
phous metal alloys based on iron it reaches 1.5 T. It
means that size of a magnetic conductor made of
amorphous metal alloys based on iron in compari-
son with a magnetic conductor made of ferrite can
be reduced up to three times. And in doing so, iden-
tical parameters of high-voltage pulses are achieved.
A reduction of magnetic conductor size will allow
reducing resistance of the pulse transformer due
to a decrease of the winding wire length, which will
lead to a decrease of losses at the pulse transformer
winding and to saving copper wire.
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Table
Pulse amplitude, V' | pyjse duration at the Pulse energy,
than than no less
600
4000 5000 2.0 0.002
1000

In another PID version (PID #2), according
to Fig. 2(b), the high-frequency throttle was made
on the basis of a ring magnetic conductor AMET
5B32-20-10 with S = 90 mm2, which material had
B > 1.2 T at magnetic field strength of 5 A/m and
1> 50,000 at 0.1 A/m. With w = 45 and in case of
application as two-lead PID1 (Fig. 2, b) of PID-T
70-1000 type, an oscillogram of the pulses genera-
ted by this PID version coincides with the presented
in Fig. 3. Mass of the high-frequency throttle does
not exceed 50 g, and its active resistance is equal
to 0.03 Ohm.

A reduction of high-frequency throttle magnetic
conductor size at the same high-voltage pulse para-
meters is achievable in case, if its magnetic reversal
is made not from zero to B .4 (as it is implemen-
ted in PID #1 and PID #2) but from — B 5, t0 B jax
(or from B o t0 — B 1hay) thereby twice amplifying
AB [7]. In accordance with (1), it will allow reduc-
ing S twice having saved pulse former “area”.

These solutions were implemented in PID #3,
in which two-lead PID1 (Fig. 2, b) were performed
according to Fig. 4. In this case, operating capaci-
tor C1 charged via current-limiting element R1-C2
was connected using a switching element in parallel
to the pulse transformer T primary winding.

The switching element consisted of two keys
K1 and K2 connected in series. General point of
the keys connected to each other via a current-lim-
iting resistor R2 is switched to the end-point of
an additional primary winding, which beginning
is joined with the primary end-point. Key K1 is
connected to the beginning of the primary wind-
ing, and key K2 — to the operating capacitor and
to the current-limiting element. Key K1 is switched
on in (0.1-10) ps (in the event of PID #3 —in 2 us
(Fig. 5)) after key K2 is switched on [7]. Key K2
is only switched on, if the working capacitor is
charged to a necessary level. Power part of keys K1
and K2 is made based on triacs connected to the cor-
respondent control circuits. It is proposed in patent
[7] to use a saturable throttle as K1 key. Due to the

circuit solution according to Fig. 4, two-lead PID1
(Fig. 2) generates a bipolar pulse, which first mag-
netises high-frequency throttle 4 (Fig. 2) into one
polarity (for example, to — B ,,2), and then, when
polarity changing, the basic high-voltage pulse is
generated. In doing so, the high-frequency throt-
tle is re-magnetised from —B 5 10 B 1,2 and reli-
ably protects the ballast throttle from breakdowns
maintaining its voltage at a level less than 2000 V
when generating an ignition pulse of up to 5 kV
amplitude.

Fig. 5 (curve 1) shows an oscillogram of the
pulses generated by PID #3 intended to ignite
HPSLs according to the Table with use of the fore-
going circuit solutions [5, 7, 8]. It is seen that pulse
parameters meet the Table requirements: the pulse
duration at the 0.5 level is more than 2 ps. With that,
high-frequency throttle 4 (Fig. 2) consists of two
throttles connected in parallel; ETD29 ferrite cores
of material #87 are used without a gap, and pulse
transformer T (Fig. 4) has mass of 20 g. Due to a lit-
tle material consumption s, this provides a high eco-
nomic efficiency of this PID. Foreign PIDs with si-
milar parameters, ZRM 12ES/B for example, have

Fig. 5. Oscillogram of a pulse generated by PID #3 with
a high-frequency throttle based on the ETD29 core with
connected (1) and disconnected (2) additional primary
winding. (1000 V/div; 1 ps /div; 0 is one square lower than
the screen middle)
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twice greater mass, and their cost is significantly
more.

Fig 5 also shows an oscillogram of a pulse gene-
rated by PID #3 (curve 2) with disconnected addi-
tional primary winding of the two-lead PID (Fig. 4).
It is seen that pulse duration at the 0.5 level in this
case is less than 1 ps.

PIDs with pulse parameters meeting the
Table requirements were developed to be intro-
duced into production together with Kadoshkin-
sky Electrotechnical Factory JSC being a part of BL
GROUP International Lighting Corporation.
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