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4 Claims.

The present invention relates to fluorescent
tube circuits, and, more particularly, to a control
means therefor, :

In fluorescent tube circuits, especially of the
type wherein an automatic starter is employed

- to close the filament circuit during the heating
period thereof to cause said heated filaments to
produce an ionized condition in the tube which
will arc over upon a proper potential being im-
bressed thereon, difficulty had been encountered
because of the automatic switch failing to open
the heating circuit for the tube after the heating
period which results in a prolonged flow of high
current in the filaments, which current causes
the fllaments to burn out readily,

Also, when the starter fails to open the heat-
ing cireuit, the abnormal current demand places
an additional load on the transformer or other
energy supplying means which results in a large
amount of heat being generated in said trans-
former or supply means causing the potting com-
pound or other filling material therein to be
softened and the unit otherwise damaged.

In some circuits having capacitance thereih, the

- tube will arc over even though the switch has
ncot opened.

It is practically impossible, after the tubes

have arced over, to determine from the appear-
.ance of the tube whether or not the automatic
switehh means has opened the heater circuit and
thus the damaging effects of such s condition
will not be apparent uniil after the damage has

" been done. ' :

According to the present invention, I have pro-
vided in the lighting circuit a means for open-

Ing said circuit, should the automatic switch fail

to properly operate or should some other bportion
of the circuit fail. . This may take the form of

a current-responsive circuit opener or a heat-

responsive circuit opener, or both of said circuit
openers may be included in the same circuit. :
In one form of the invention, I have illustrated
a plurality of tube circuits and have provided a
current-responsive switch in each .of 'these tube
circuits. Each circuit is connected to a second-
ary of the- operating transformer. I have also
placed a current-responsive switch in the line
circuit for the primary of the transformer. With
this arrangement, only that circuit need be cut
out which is in trouble, since the current-respon-
sive switch in the circuit which is in trouble will
be caused to open and cut off a supply of energy
to the tube. However, should an unusual -condi-
tion exist which would not affect the current-
respensive means sufficiently to open the tube cir<
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cuits but which, acting in conjunction with the
operation of the other tube in the circuit, would
cause undue load on the transformer, then the
current-responsive switch means in the primary
circuit would function to open the circuit to said
transformer and prevent a supply of energy to
the whole system. It is to be understood that
preferably these current-responsive means shall
have sufiicient time delay so that they will not
be operated by the starting current in the tube
but which will operate on a prolonged high cur-
rent demand. )

In another form of the invention I have pro-
vided heat-responsive switches which are insert-
ed in the circuit and are heated by the trans-
former or other operating means, upon becom.
ing overheated due to failure of the lighting cir-
cuits to properly function, In the preferred form

-of the invention I have applied three heat-re-

sponsive switches, one located adjacent each of
the secondaries connected to each of the tubes:
and another adjacent the primary. Thus it will -
be seen that if one of the tube circuits should )
fail the secondary connected with said fube would
become greatly overheated and would cause the
heat-responsive switch controlled by that circuit
to open the supply of current to the tube. Also,
should a condition exist in which the tempera-
ture in the secondaries is not sufficient to operate
either of the heat-responsive switches controlled
thereby, but, when combined, will produce 2 tem-
perature in the primary which may cause dam.-
age, then, the heat-responsive switch located ad-
jacent the primary wili function to cut off the
source of supply. These heat-responsive switches
can be connected in tube circuits for individual
control of said circuits, or may be connected in
series with the supply line so that operation of ]
any one of the heat-responsive switches will in-
terrupt the entire supply circuit. ‘
While many types of current-responsive
switches and heat-responsive switches may be

. inserted in -these circuits, in the preferred form

of the invention I employ a bimetallic strip ele-
ment as the operator in either of these types of
switches. In the current-responsive switch, the
bimetallic element will be heated by the current
bassing therethrough and the normal current of
the circuit will not be sufficient to heat the ele~
ment to cause it to flex to open-circuit position,
but an abnormal flow of current will cause it to
become overheated and flexed to open position.
A switeh of this type will provide a time lag, if
nhecessary, to allow for the normal operations of
the devices as hefore mentioned, :



In the heat-responsive switch, the bimetallic
element will be located adjacent to parts of the

circuit which are adapted to become overheated

due to shorts or other disturbances in the circuit
so that they will be heated by radiation, convec-
tion or conduction from said parts and operate
to open the circuit. . )

Both of these switches will again close the cir-
cuit after they have cooled off, and, in the case
where the short eircuit or other change in the
circuit is temporary, will again cause the lights
to function -normally. However, should the

trouble be of a permanent nature, the switch will.

protect the device until the trouble has been de-
tected and col rected.

During the deactivating process of the tube,
at which time the tube will fail to arc over, the
automatic starter will be periodically operated.
While the current therein is not excessive to
cause the current-responsive switch to fail, the
heating of the starter by the repeated operations
thereof tends to destroy the starter and causes
an unnecessary load to be placed on the trans-
former.

Accordingly, I have provided a heat-responsive
switch in the starter circuit and placed it within
the can or adjacent thereto to be operated in ac-
cordance, with the heating of the starter. In
one form of the invention, there has been pro-
vided & fusible element which is melted by the
temperature within the starter can. In another
form of the invention, I have provided a heater
operated by the current in the starting circuit
for destroying the fusible element upon prede-
termined overheating due to the operation of the
starter circuit. In this connection. it must be
pointed out that a sufficient time lag should be
present in these circuit breakers to prevent them
from operating during the normal use of the
lights.

Other features and advantages will be appar-
ent from the specification and claims when con-
sidered in. connection with the drawings, in
which—

Figure 1 shows one form of the invention em-
ploying the current-responsive switch means.

Fie. 2 shows another form of the invention em-
ploying the heat-responsive switch means.

Tig. 3 is a diagrammatic view of the circuit
showinz one form of starter can in section.

Fig. 4 shows another formr of control for the
starter can.

Fig. 5 Is a sectional view of the thermo-respon-
sive switch.

Tig. 6 is a detail of the contact structure of the
thermal switch. ’

The drawines show the present invention as
applied to a lighting system having two fluores-
‘cent tubes 16 and { therein operated by a power
supply {2 connected across lines 13.

Tn the illustrated form of the invention, the
power supply comprises an autotransformer hav-

_ing a primary {4 and a pair of secondaries 15 and
1§ spaced at opposite ends thereof supported by
the core of the transformer. The fiuorescent
tube 10 has its filament {0a connected to the
secondary (5 and its filament (0D connected to
one side of the power line and a starter switch
{6¢, preferably of the autematic type, positioned
in the conductor connecting the filaments 10a
and 10D,

The tube 11 has its filament {i¢ connected to
the secondary 16 and its filament {ib connected
to the line and a switch flc, preferably an auto-
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matic starter switch, in the circuit connecting

the filanrents.

One of the tube circuits is provided with a
condenser 7 to provide a leading current for
power factor compensation as is required by the
utility companries supplying. current for these

devices.
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The starter switches per se which are dia-
erammatically illustrated at 1€c and ile do not
form & part of the present invention. These
switches may be of the type scld as “can”
switches FS-2 or ¥S—4, or of the type disclosed
in Patent No.-2,200,443 to Dench, granted May
14, 1940; and which function to open the heating
circuit for the filaments after they have been
heated sufliciently to render said tubes conduc-
tive. If the FS-2 or FS—¢ are used, the con-
denser 17 need not be included in the circuit as
a condenser is incorporated in the unit.

Many difficulties have arisen in fluorescent tube
circuits. One of the chief sources of trouble re-
sides in the operation of the starter switch which
is closed to heat the filaments and cause ioniza-
tion of the gas in the tube to permit an arc-
ing over or discharge between the filaments upon
proper voltage being applicd to the filaments
where the heating circuit is opened.

T4 will be apparvent, therefore, that the heating
circuit must be automatically orened as soon as
the filaments have been heated to reduce the
current demand in said circuits. However, in
many instances, especially where automatic start-
er switches have been employed, the starting cir-
cwit has failed to open and has caused a heavy
current to continue to pass through the filaments
of the tube, which quickly causes these filaments
to burn out and the tube to become useless.

Also, the heavy load caused by this abnormal
demand for current causes the transformer or
choke coil or other energy-supply means to be-
come overheated to such an extent that the pot-.
ting or filling material for the transformer or
{he like becomes melted and runs therefrom caus-
ing damage to the transformer or the like and
causing Yisagreeable effects as a result of the
dripping of the potting material from the trans-
former.

In some instances, where there is a condenser
in the circuit, the tube has arced over even though
the starter switch has not opened the heater
circuit. When this occurs, the failure of the
automatic switch to open the heating circuit after
the tube has arced over and become fluorescent
is not apparent and the trouble is not detected
until damage to the equipment has occurred.

According to the present invention, I have pro-
vided current-responsive switch means in each
of the tube circuits and also in the transiormer
circuit, which will open the circuit upon an ab-
normal current flowing in the circuit.

As shown in Fig. 1, a eurrent-responsive switch
i8 having a fixed contact 18 and a movable con-
tact 20 carried by bimetallic arm 21 is connected
in the circuit for the fluoresceni tube i0, while
o similar switch 22 having a fixed contact 23
and a movable contact 24 carried by a bimetal-
lic arm 25 is connected in the circuit for tube i1,

Another current-responsive switch 26 having
3 fixed contact 27 and a contact 28 carried by a
bimetallic arm 29 is connected in the line lead-
ing to the source of energy.

Shoulg the starter means in either of the tube
circuitg fail to-operate properly, the current de-
mand will be sufficient to heat the bimetallic arms
21 or 25 and cause the arms to flex and move
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contacts 24, 20 and open the circuit to either one
or the other of the tubes. Heater coils for heat-
ing the arms 21 and 25 may be used if desired.

In the event that the current demand in the
circuits for the tubes {{ and 12 is not sufficient-
ly in excess to open the switches {8 and 22, but
still places the undue loaq on the circuit, the
switch 26" will be affected thereby and will open
the .circuit to the transformer thus preventing
damage thereto. : )

While current-responsive switches of _various
types may be used in the circuit, T prefer that
type employing the bimetallic arm inasmuch as
the heating of the bimetallic arm provides a suf-
ficient time lag in the circuit to permit the flow
of the high starting current present in ‘the nor-
mal operation of the tube.

In the form of the invention shown in Fig. 2,
the circuits for the tubes are the same as de-
scribed in connection with Fig. 1. However, in
this form of the invention, I have employed heat-
responsive switches which are placed adjacent
portions of the circuit which become heated upon
overload and which switches are heated by ra-
diation, conduction or convection from said over-
heated part to open the circuit before permanent
damages result. -

In the illustrated form of the invention, I have
provided three heat-responsive switches 182, 22q,
26a located one each adjacent one of the sec-
ondaries' and one adjacent the primary to be
heated thereby. While these switches can be

connected in the circuits for the tubes in the

manner similar to that in Fig. 1, I have illus-

" trated them as being connected in series in the
line so that operation of any one of the switches
-will open the circuit to the transformer and ren-
der both of the lamps inoperative. .

As is shown in Fig. 2, a heat-responsive switch
!8a is disposed adjacent the secondary 5. which
is connected to the tube 10 and has a fixed con-
tact 19¢ and a movable contact 20¢ in the line
circuit. The contact 20¢ is carried by a bime-
tallic arm 2{¢ for operation thereby. ’

A similar switch 22a.is disposed adjacent the
secondary {8 which is connected to the tube #1
and has a fixed contact 23¢ and a movable con-
tact 28¢ connected in the line cireuit with the

_contact 24a secured to a bimetallic arm 25a for
" operation thereby.

A third switch 26a having a fixed contact 2Ta
and a movable contact 28a carried by the bi-
metallic arm 29¢ is placed adjacent the primary
coil so as to be heated thereby.

With the heat-responsive switch means posi-
tioned in this manner, it will be apparent that
should a short circuit or other failure occur in
the circuit for tube 10, the secondary I5 will
become heated and will heat the switch I8¢ and
cause it to flex and open the circuit. Similarly,
if a short circuit or other failure gccurs in the
tube if, the secondary i6 will be heated abnor-
mally and will heat the switch 22q and cause
it to open the circuit.

Either of these switches, which are connected
in the line circuit, will open the circuit. to the
source of energy for the two lampg and prevent
damage to the device. - ,

" In the event that the current in the two tube
circuits is above normal, but not sufficient to
_-cause the switches 18a or 22a to become heated
to the point of opening the circuit but which cur-
rent demand in both circuits acting together is
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sufficient to overheat the primary, then the switch

« 26a will be heated and open the circuit.

%

3

While I have described the heat-responsive
switches as bimetallic arms, it is to be under-
stood that there may he other types, such as ex-
pansible chambers or fusible elements, which will
permanently open the ecircuit,

By the use of the bimetallic arm in both the
current-responsive switch and the heat-respon-
sive switch, I have provided a means which will
open the circuit upon an abnormal condition ex-
isting and which, upon cooling, will again close
the circuit, -

If the short eircuit or other disturbance is of
a temporary nature, then when the circult is
again closed by the current-responsive or heat-
responsive switch means cooling off, the tubes
will again function in their normal manner. On
the other hand, if the trouble is of g permsnent
nature, the switch means will operate to protect
the apparatus until the permanent trouble has
been located. - :

It is to be understood that g single current-
responsive switch or heat-responsive switch can
be employed in the cireuit, or a combination of

' these switches can be connected in the same cir-

cult if the demand requires it.’
Another difficulty occurs in the circuit when
during the deactivating process of the tube, at

.Which time the tube fails to are over between the

Alaments thereof upon the opening of the start-
er circuit, the starter switch is caused to repeat-
edly operate in an effort to start the energiza-
tion of the tube. This continued operation causes
the automatic starter to become overheated and
also places an unnecessary load on the circuit.
Accordingly, I have provided a heat-responsive
switch to be operated in accordance with the
temperature of the starting means.

One form of this invention is shown in Fig. 3,
wherein a fusible element 30 is located within
the can 35 and is connected in series with one
of the contacts of the starter switch and is pro-
vided with a heating coil 3i connected in the
cireuit. :

When the light. circuit is closed, the starter
switch will are over between contacts 32 and 33
enclosed in tube 36 and the current passing there-
through will cause a bimetallic arm 34 carrying
contact 33 to flex and move the contacts and ex-
tinguish the arc, causing the starter circuit to be
opened and the tube to arc over. However, upon
the failure of the tube to arc over, the voltage will .
still be impressed on the starter circuit to cause
it to again are over and again go through the op-
eration necessary to start the fluorescent tube,
This continued operation will cause the starter
means to heat up.,

In order to insure that the starting circuit will
be cpened upon overheating therein, the fusible
element in this form of the invention is positioned
closely adjacent the starter switch and the heat- -
Ing coil is so arranged with respect thereto as to
Insure destruction of the fusible element; only
after a predetermined interval of time sufficient
to cause the starter to become abnormally heated
and open the circuit. Care must be taken to pre-
vent the material of the fusible element from
shorting the turns of the heater coil.

In the form of the invention shown in Fig, 4,

‘the starter can 35 has mounted therein & pair of

contacts 40, 41, connected in the heater circuit,
which are normally biased into open-circuit posi-
tion. The contacts, however, are held together
by a fusible member 42 disposed adjacent the
starter switch. Upon the heating of the fusible
member, through increased operation of the
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starter switch, the fusible element will become

destroyed and the contacts will sgparate and

open the circuit.

Also, if the contacts 32, 33 of the switch means
should become permanently shorted so thai the
heat-responsive member eannot return them to
their normsl positions afier extinguishing the
arc, then the starter means will glso heat up and
the increased temperature will operate the heat~
resporsive means. .

Tt is t0 be understood that the hest-responsive
switch means can be placed in various types of
gutomatic starting means to be operated by over-
heaiing of the same. N

In the broader aspects of my invention, I have
provided & means for protecting the tubes, which
operaie on critical voltages and currents, against
abnormal currents which may be due to short
eircuits or the like in the lamp circuits.

Variations and moedifications may be made
within the scope of this invention and portions
of the improvements may be used without others.

I claim:, L

i.'In a fuorescent tube circuit, & fluorescent
tube; automatic starter meansin the filament cir-
cuit of the tube for temporarily closing said cir-
cuit to heat the filaments and to cause the tube
to become conductive; means for supplying, a
proper voltage to the
conductive, said means being abnormally heated
upon improper operation of said tube circuit; and
means disposed in heat-receiving relation with
and responsive to the temperature of said last-
named means for disconnecting the means for
supplying voltage to the tube.

2. I a fluorescent tube circuit, a fluorescent
tube; switch means for temporarily closing the
heating circuit for the filaments of said tube to
eause the tube to become conductive and for
thereafter opening the heating circuit; means
having a supply circuit for supplying a proper

tube to maintain the. tube’
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voltage to the tube to maintain said tube con-
ductive; and bimetallic switch means in said sup-

‘ply eircult adjacent and in heat-receiving rela-

tion with said means ior supplying a proper volt-
age to be heated thereby to open the circudt
thereto upon an overload of said means by the
failure of said switch mesns to properly open said
heating circuit.

3. In @ fuvorescent lamp circudt, 2 plurality of
fluorescent tubes; automatically operated switch
means in each tube circuit for temporarily clos-
ing the heating circult for the fAlaments of sald
tube to cause the tube to become conductive and
for thereafter opening the heating eircuil; a
transformer connected to & power supply for sup-
plying power to operate the tubes and maintain
the tubes conductive; and heat-responsive swilch
means disposed in the power supply circuit and
responsive to the temperature of the transiormer
upon overload of the circuit thereof by the failure
of the automatically operated switch means to
properly open the fllament circuit for disconnect-
ing said tubes from the power supply.

4. In a fuorescent lamp circuit, a plurality of
fluorescent tubes; automatically operated switch
means in each tube circuit for temporarily clos-
ing the heating circuit for the filaments of said
tube to cause the tube to become conductive and
for thereafter opening the heating circuit; a
transformer connected to a power source naving
a primary and & plurality of secondaries, one
each connected to a tube circuit for supplying
power to operate the tube and maintain the tube
conductive; and & heat-responsive switch dis-
posed adjacent each of the secondaries and the
primary in heat-receiving relation therswith for
independently opening the circuit between said
power source and said tramsformer upon either
of the secondaries or primary becoming over-
heated due to an overload in sald lamp circuit.

ARTHUR, SLEPIAN.



