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[57] ABSTRACT

A starter switch for a fluorescent lamp including a mi-
croswitch actuated by an electrically heated bi-
metallic expansion element. A second bi-metallic ele-
ment is provided to compensate for changes in ambi-
ent temperature, thus rendering the initial switch ad-
justments independent of surrounding temperature
changes. The elements are selected to provide a de-
sired filament heating delay for the lamp prior to igni-
tion switching, and to recycle after a predetermined
time in the event of non-ignition.

13 Claims, 13 Drawing Figures
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1
ELECTRO-THERMIC STARTER FOR IGNITING
FLUORESCENT LAMPS

'BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention concerns an electro-thermic
starter for igniting fluorescent lamps and has the advan-
tage of excellent reliability and long life while being in-
expensive and extremely compact.

2. Description of the Prior Art

Many starters are already available, both electric dis-
charge and electro-thermic starters, but none of them
simultaneously has these combined features. Further,
the fact that they do not retain their optimum capacity
of adjustment involves a gradual reduction in their reli-
ability and a decline in their length of life.

Electric discharge starters, for example, have a rela-
tively low cost, but their life is very short. Furthermore,
they are liable to variations in operation, depending on
the surrounding temperature and their very low cut-out
capacity, and the rapidity with which the opening and
closing cycles of the contacts they control are repeated
involves a reduction in the length of their own life and
the life of the controlled lamps.

Electro-thermic starters have an improved cut-out
capacity and a longer life. However, although their use
involves an increase in the life of the controlled lamp
which is at least twice the life of lamps controlled by
electric discharge cycles, all known electro-thermic
starters progressively deteriorate in the course of the
repetition of the closing and opening cycles of their
control contacts. Moreover, their adjustments depend
on the surrounding temperature and their cost prices
are too high for the performances obtained.

SUMMARY OF THE INVENTION

The principal object of the present invention is to
provide a starter for igniting fluorescent lamps com-
prising at least one feed circuit for the lamp and one
pre-heating circuit for the cathodes, at least one heat
expansion element inserted in a circuit depending on
the aforementioned circuits and having a precise ex-
pansion and contraction cycle under the influence of
the variations of temperature produced by the said cir-
cuits, a trigger contact having a closed position and an
open position inserted in the pre-heating circuit of the
lamp, and a control member connecting the contact to
the said expansion element, characterized in that an ad-
justment- member operated by the said expansion ele-
ment involves the suddén transfer of the contact from
one position to the other after a given interval, what-
ever the open or closed position may be in which the
contact is disposed, the heat expansion element being
selected to develop a force enabling it to effect such a
movement during a temperature variation between
one-fourth and two-fifths of the temperature which the
element would assume if the pre-heating circuit oper-
ated permanently.

Such a construction has a number of unexpected ad-
vantages. In fact, although the principle parts of the as-
sembly are relatively simple parts which may readily be
obtained in the trade or which may be subsequently
slightly modified in order to satisfy the stated condi-
tions, so that the selling price of the starter is reduced
compared with previous starters, it is possible, by sim-
ply adjusting these members relatively to each other
and depending on their specific characteristics to ob-
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tain a very compact starter, the operation of which is
efficient, definite, precise and of long duration, while
increasing the life of the controlled lamps.

Another object of the present invention is to provide
a starter of such type in which the expansion element
maintains the contact in a closed position when the
control member is in an initial position %0, opens the
contact when the control member is in a position hl,
thus involving the normal ignition of the lamp, and con-
tinues its course before being stabilized in a position
h4. The non-ignition of the lamp causes the cooling of
the elements and the return of the control member to
a position 43 between the position 40 and A1 in which
the contact closes again in order to start a new pre-
heating cycle, the position /4 being between a position
42 and the position A3.

Since the position of the expansion element which
causes the opening of the trigger contact does not coin-
cide with that which it assumes when it causes the re-
closing of the contact, the rapid and interrupted suc-
cession of starting and stopping operations of the lamp,
which harms the conservation both of the lamp and the
starter, are systematically eliminated. Moreover, under
the effect of the trigger action produced by the contact
when it is opened, a displacement of the expansion ele-
ment may be observed which contributes to increasing
the time taken by this element to pass from the position
which it occupies during a faulty start of the lamp to the
reclosing position of this contact. The result is that the
cycle for repeating the starting of the lamp is longer,
without the expansion element being subjected to an
excessive loss of heat. Therefore improved operation of
the igniting device and a long increase in the life of the
contact are obtained.

Another object of the present invention is to provide
a starter of this type in which the position of the control
member is compensated as a function of the surround-
ing temperature by means of a second thermic element,

Thus, in contrast to conventional devices, the starters
of the present invention may preserve the same adjust-
ment for a very long time, whatever the variations in
the surrounding temperature may be, the opening and
closing positions of the trigger contact being retained.
At least one of the thermic elements of the invention
is a bi-metal.

The electric circuit associated with the starter and
the fluorescent tube which it controls may then be of
a very simple design, since it is only necessary to incor-
porate a bi-metal formed by a helical member.

Such a system makes it possible to reduce the normal
space occupied by a linear bi-metal. Moreover, it is
possible to control efficiently the opening of the con-
tact with a relatively low feed current.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be readily carried
into practice, embodiments of the present invention
will now be described in detail, by way of example, with
reference to the accompanying drawings in which:

FIG. 1 is a schematic view of one embodiment of the
starter mounted on its support,

FIG. 1a is another embodiment of the starter shown
in FIG. 1,

FIG. 2 is a partial cross-section through the starter
taken on the line II—=II shown in FIG. 1,

FIG. 3 is a schematic view showing the construction
of another embodiment of the starter shown in FIG. 1,
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FIG. 3a is a schematic view of a further embodiment
of the starter shown in FIG. 3, .

FIG. 4a shows a construction of a bi-metal,

FIG. 4b shows the construction of a bi-metal in the
form of a coil,

FIG. 4c shows the construction of another bi-metailic
element which may be used with the starter,

FIG. § is a schematic view of another embodiment of
the starter shown in FIG. 1,

FIGS. 6-8 show electric wiring diagrams used for the
ignition of the lamp controlled by the starter, and

FIG. 9 shows diagrams of the movement of the push
member and variations in the temperature of the bi-
metallic member as a function of the surrounding tem-
perature.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the embodiment shown in FIG. 1, the bi-metal
member 1 is heated by the electric current fed to the
schematically illustrated terminal 9. This bi-metal
member is supported by the compensating member 4,
to which it is connected by means of the insulating
member 10 simultaneously playing the part of an elec-
tric and heat insulator. Since materials of this type are
known per se, the result is that an insulating fitting may
also be used covered with a varnish or a ceramic. The
other end of the member 4 is connected to the support
8 by the securing member 5. Due to its mounting, any
increase in temperature to which the bi-metal 4 is sub-
jected tends to curve it inwardly more; hence to bring
the free end of the bi-metal 1 towards the push member
3 of the mini-switch 2. At the same time, any increase
in the temperature of the bi-metal 1 tends to move its
free end away from the mini-switch. Thus, bi-metal 4
compensates for ambient temperature changes.

The switch 2 is mounted on the support 8 by means
of the rivet 6 and a spacer 7, making it possible to ad-

 just the clearance between the end of the control mem-
ber of the mini-switch 2, that is to say, of the push
member 3, and the free end of the bi-metal member 1.
The end of the bi-metal is insulated from the push
member 3 by an insulating plate 11 which may, for ex-
ample, be of the same material as the plate 10.

FIG. 2 -shows the spacer 7 for adjusting the gap be-
tween the bi-metal 1 and the end of the push member
3. The spacer may, for example, be formed by a simple
bent strip of the support 8. .

Inthe-.embodiment shown in FIG. 1a, the compensat-
ing mémber 4 is mounted so that, when the surrounding
temperature is average; the bi-metal remains in align-
ment both with the push member 3 and the bi-metal 4.
An insulating plate 10 may be mounted eittier on the
member 1 or 4, these members having no rigid connec-
tion between them. A second insulating plate 11 insu-
lates the push member from the bi-metal member 1.

The embodiment of the starter shown in FIG. 3 dif-
fers from the one which has just been described in that
the compensating member 4 is the member whose free
end controls the member 3, while the bi-metal element
1 itself acts as a support. The element 1 is secured to
the support § by means of the insulating plate 10, The
connection between the members 1 and 4 is obtained
by the insulating support 11 which may also be ce-
mented between these members or kept in position by
means of rivets, any other desired method of attach-
ment also being possible.
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4,

FIG. 4c shows the particular construction of a bi-
metal capable of being used as the element 1, This con-
struction, indicated as a whole by 14, is formed by two
superimposed bi-metals 15 insulated by two sheets of

.mica between which is disposed a heating element 16

welded at its ends 9a and 9b, these welds being effected
on the edges of the upper bi-metal 15 and the lower bi-
metal respectively.

The heat resistor 16 is selected so that, by reason of
the available heating power, it is minimum for the max-
imum deflection required by the bi-metal for control-
ling the trigger contact incorporated in the mini-switch
2 in the preferred embodiment of the invention.

It is obvious that the invention is not limited to the
use of single bi-metals as those shown by 1 and 4 in
FIGS. 1, 1a, 3 or 3a, or of bi-metals of the type shown
in FIG. 4c.

Hence, the bi-metal 1 may have the shape indicated
in FIG. 4a, the part 1a acting on the push member 3,
or again have a helical form, as indicated in FIG. 45,
from which it is apparent that the insulating plate 11 is
intended to come into contdct with the push member.

The trigger contact symbolized by the connecting
wires 12 and 13 may also be controlled by means of a
wire extending from the control member of the con-
tact, that is to say, in this embodiment, from the push
member 3.

The second embodiment shown in FIG. 5 differs from
the foregoing in that the compensating member 4 is
separated from the member 1 and directly actuates the
trigger contact assembly, the only modification of
which is that it is mounted to swing about a fixed axis.
In the embodiment selected by way of example, the
member 4 actuates the casing of the mini-switch 2
which swings freely about the axis 6, while the member
1 urges the push member 3 inwardly each time it cools
down. While the mini-switch is mounted and fixed to
the support 8 by means of strips such as 7 shown in
FIG. 2, in the previous embodiments, the casing 2
shown in FIG. 5 has no obstacle to its free displacement
under the actions of the bi-metals 1 and 4.

FIGS. 6-8 show by way of example three methods of
mounting the starter in the circuits serving for the igni-
tion of the lamps 17. Reference to any of these’ Flgures
and to FIG. 9 giving diagrams of the movement of the
tip of the bi-metal normally in contact with the push"
member 3 as a function of the force exerted by the bi-
metal, the temperature and the variation in the temper-
ature according to the weathier, will enable the descrlp-
tion of the operation of the starter according to the n-
vention to the understood. - K

The tngger contact mounted between the wires 12
and 13 is connected in the pre-heatmg circuit of the
cathodes of the lamp 17 and in parallel with this lamp
The heat expanding member of the expanding wire of
the bi-metal, whether compensated or not, is shown at
1. It will therefore be seen that, as soon as an alternat-
ing current is applied to the terminals 18 and 19 of the
pre-heating circuit of the lamp 17, the member 1 is en-
ergized either directly or by means of a secondary
winding 20. In the case of FIG. 7, the turns 20 are also
coupled to the coil 21. When the trigger contact con-
trolled by the member 1 is opened, the induction coil
21 produces a voltage surge across the electrodes of the
lamp 17 normally causing the ignition of the lamp when
its electrodes have been suitably heated.
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In the diagram shown in FIG. 9, the axes OF, showing
the force exerted by the bi-metal and OC showing the
movement of the push member, give the corresponding
values of these magnitudes for each point of the curves
22 and 23. Similarly, the curves 24 and 2§ indicate the
displacements of the bi-metal parallel to the axis of the
push member 3 as a function of the variations of centi-
grade temperatures suffered by the axis OT, and the
curves 26, 27 shown the variations in the temperature
of the bi-metal as a function of the weather. In the ex-
ample shown, OC is expressed in millimeters, OF in
Newtons, OY in centigrade degrees and Ot in seconds.

Under the initial conditions, that is to say, when the
operator applies voltage between the terminals 18 and
19, the force exerted by the bi-metal is maximum, so
that the level of penetration of the push member 3, en-
gaged by the bi-metal, is #O whose ordinate, on the axis
of OC, is selected as the origin. The current directly or
indirectly heating the member 1 raises its temperature
and involves the linear displacement of its end in con-
tact with the push member 3, as shown by the curve 24
as far as the point A in which the trigger contact of the
mini-switch suddenly opens. This opening occurs when
the push member is displaced to the level A1 and this
action is shown on the curve 22 by the horizontal part
f1 corresponding to the additional force of the trigger
starting the opening movement. The time taken to
reach the point A is furnished by the ordinate of the
point B.on the curve 26 of the same abscissa as the
point A, that is to say, approximately 2 seconds. Since
the opening of the trigger contact involves the breaking
of the pre-heating circuit of the cathodes of the lamp
17, it produces a voltage surge generally sufficient to
ignite the lamp. The current fed to the inductance coil
21 is however, sufficient to increase and maintain the
temperature of the bi-metal. The end of the bi-metal is
displaced to the level F, as shown by the curves 22 and
24,

If for any reason, for example a momentary lowering
of voltage, the lamp does not ignite, the bi-metal fails
to receive any power and it cools down according to a
curve such as 28 to the point E which it reaches in the
embodiment shown in a time of 7 seconds. Correspond-
ing to the cooling curve 28 is the contraction curve 25
starting from the point F and descending linearly to the
point G at which there occurs the reclosing of the trig-
ger contact. This closure corresponds to the movement
23 of the push member 3, the level of which reaches the
value A3 for the point G. Since the trigger contact is
closed ‘again, a new pre-heating cycle begins and the
temperature of the bi-metal rises again, as shown by the
curve 29, to the point H in which the contact opens
again as already explained. If however, the lamp still
does not ignite, a new cycle is repeated after the cool-
ing of the bi-metal, as shown by the curve 30.

From these diagrams, the advantage obtained from
selecting, as a function of the push member - applied
force diagram, a bi-metal having a characteristic re-
lated to the curve 26 is apparent since a characteristic
similar to that of the curve 27 would require an exces-
sive pre-heating period, while omitting a trigger contact
closing its contact only after a variation of the reverse
movement of the push button and of the same order of
magnitude as the variation of the movement used to
produce the opening thereof. In fact, under these con-
ditions, the time required for producing the reclosing
of the contact is sufficient for the bi-metal to cool down
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partially and permit a pre-heating time sufficient for
the reignition of the lamp.

It would also be possible to operate the starter in the
reverse direction, opening being always ensured in the
course of the heating cycle by means of a mini-switch,
the contact of which is closed when inoperative, open-
ing this time being effected by the insertion of the con-
trol push member. Mounting is then more delicate,
since it is necessary to check at the moment of adjust-
ment that a momentary temperature rise does not pro-
duce excessive stressing of the bi-metal. Similarly, the
mini-switch could comprise two contacts instead of
only one, and the extra contact could be used for the
appropriate modification of the characteristics of the
control circuits of the lamp. No anti-interference cir-
cuits are shown, since these circuits are already known.

What is claimed is:

1. A starter for igniting a fluorescent lamp compris-
ing: at least one feed circuit for the lamp and one pre-
heating circuit for the lamp cathodes, at least one elec-
trically heated expansion element inserted in a circuit
supplied by the feed circuit and having a precise expan-
sion and contraction cycle under the influence of the
variations of temperature produced by the current
flowing through the element, a trigger contact switch
having a closed and an open position inserted in the
pre-heating circuit of the lamp, and a control member
connected to the contact switch and engagable by ex-~
pansion member, wherein the control member, en-
gaged by the said expansion member, causes the sud-
den transfer of the said contact switch from one posi-
tion to the other after a given movement whatever posi-
tion the contact switch is disposed in, the expansion el-
ement being selected to develop a force allowing it to
effect such a movement during a variation of tempera-
ture between one-fourth and two-fifths of the tempera-
ture which the element would assume if the preheating
circuit operated permanently.

2, A starter as claimed in claim 1, wherein the expan-
sion element keeps the contact switch in a closed posi-
tion when the control member is in an initial position
h0, opens the contact switch when the control member
is in a position A1, and continues its movement until it
reaches a position %2 beyond 41, the non-ignition of
the lamp causing the cooling of the element and the re-
turn of the control member to a position 43 between
the position 40 and %1 in which the contact switch
closes again in order to start a new pre-heating cycle.

3. A starter as claimed in one of claim 1, the expan-
sion element of which is formed of two superimposed
bi-metals, separated by sheets of mica between which
there is disposed a heat resistor, the ends of which are
welded to each of the edges of the bi-metals respec-
tively, and the length of which is selected so that the re-
lease of power is just sufficient to obtain the desired
movement of the end engaging the control member of
the trigger contact switch.

4. A starter as set forth in claim 3 further comprising
a compensating expansion element operating only
under the effects of the surrounding temperature.

5. A starter as claimed in one of claim 1, also com-
prising a compensating expansion element operating
only under the effects of the surrounding temperature.

6. A starter as claimed in claim 3, wherein the com-
pensating element is mounted at a fixed point, the ex-
pansion element being engaged by the compensating
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element.
7. A starter as claimed in claim 3, the compensating

element of which is secured to one end of the expan-
sion element, the free end of the compensating element
engaging the control member of the trigger contact
switch.

8. A starter as claimed in claim 3, the compensating
element of which is secured to one end of the expan-
sion element, the control member of the trigger contact
switch being engaged by the free end of the expansion
element.

9. A starter as claimed in claim 3, the trigger contact
switch of which is incorporated in a casing of a micro-
switch, the casing being mounted to turn freely about
an axis, one of the ends of the expansion and compen-
sating elements being fixed relative to the axis and the
free ends of these elements affecting the control mem-
ber and a side of the casing opposite to the control
member respectively.

10. A starter as claimed in one of claim 3, the parts
of the expansion and compensating elements of which
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11. A starter as claimed in one of claim 3, also com-
prising a support for the attachment of the assembly of
the contact switch and its control member and the as-
sembly of the expansion and compensating elements,
and also two adjustment means, a first adjustment
means adjusting the position of the assembly of the
contact switch and its control member relative to the
free part of the expansion and compensating elements,
the second adjustment means adjusting the position of
the fixed part of the assembly relative to the support.

12. A starter as set forth in claim 11 wherein the
expansion element is formed of two superimposed
bi-metals separated by sheets of mica between which
there is disposed a heat resistor, the ends of which
are welded to each of the edges of the bi-metals
respectively, and the length of which is selected so
that the release of power is just sufficient to obtain
the desired movement of the end engaging the control
member of the trigger contact switch.

13. A starter as claimed in claim 9 wherein the ex-
tension member is in the form of a coil.
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