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This invention relates to negative load trans-
formers and more particularly concerns trans-
formers suitable for energizing luminous display
signs employing gaseous discharge tubes as the
luminous elements.

One of the objects of my invention is to provide

simple, practical and thoroughly reliable trans-
former apparatus which is well adapted to with-
stand the many varying conditions of load and
whole or partial short-circuit encountered in ac-
tual practical use. -
" Another object is the provision of power trans-
former apparatus which is exceedingly compact,
highly efficient and particularly economical in
construction, installation and operation, enjoying
low copper and iron losses, a high rate of heat
dissipation and good operating power factor.

Still another object is to provide a transformer
having shunt core members which can be manu-
factured inexpensively and which are so designed
that after assembly the shunt paths of which they
form parts will have the correct predetermined
magnetic reluctances.

Other objects will be in part obvmus and in part
pointed out hereinafter.

The invention accordingly consists in the com-
bination of elements, features of construction and
arrangement of parts, the scope of the applica-
tion of which is indicated in the claims at the end
of the specification.

In the accompanying drawings, Figure 1 is a
diagrammatic representation of a core-type trans-
former embodying certain features of my inven-
tion.

Figure 2 is a similar representation of a shell
type transformer also embodying certain features
of my invention.

Figure 3 is a detail view of one pair of the core
shunt pieces used in the transformer of Figure 2,
showing the means for securing them in position,
and

Pigure 4 is a side view of the parts shown in
Figure 3.

Like reference characters denote like parts
throughout the several views of the drawings.

As conducive to a more thorough understand-
ing of my invention, it may be noted that in the
operation of a luminescent sign employing one or
more luminescent gas filled tubes high potential
electrical energy is required. The desired high
potential electrical energy ordinarily is supplied
by alternating current transformer apparatus
connected to a standard single phase sixty cycle
source at either one hundred and ten volts or two
hundred and twenty volts. The high potential
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‘electrical energy has a maximum value of about

fifteen thousand volts across the terminals of the
tubes or about seven thousand five hundred volts
to ground. This is approximately the max1mum
value permitted by the Fire Underwriters.

In the operation of-even a single luminous sign -

~ or display, it often is necessary to use a plurality
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of luminescent tubes. Since the maximum voltage
to ground permitted by the Fire Underwriters is
approximately seven thousand five hundred volts,
and consequently the maximum permissible volt-~
age across any secondary circuit is approximately
fifteen thousand volts, tubes whose striking po-
tential is in the neighborhoogd of fifteen thousand
volts may not be connected in a series circuit.
Also, due to their different striking potentials and
negative load operating characteristics they can
not be operated in g parallel circuit. Accordingly,
each tube must have its own separate transformer
secondary winding. In order to aveid the high
costs of transformer .equipment and installation
which would be incurred in using a separate trans-
former for each tube, transformers have been de-
signed which have a plurality of secondary wind-
ings on one core.

In order that the current flowing through the
secondary coil sections of such transformers may
not exceed a maximum safe value, the trans-
formers are provided with magnetic by-passes in-
cluding air gaps of high réluctance through which
the major portion of the energizing flux is shunted

- when current is flowing through the secondary

coil sections. These by-passes have, in the past,
been formed in a number of different manners.
My invention has as one of its objects the pro-

-vision of shunt paths which are so formed that

many advantages are achieved in the manufac-

. ture and operation of the transformers in which
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they are incorporated.

In heretofore known and/or used multiple sec-
ondary circuit transformers, the shunt pieces have
been formed either as integral parts of a core leg
or as parts separate from the main core. Where
the shunt pieces are integral parts of a core leg,
their manufacture is expensive, because a special
die.must be used for each transformer having a
different current output. Likewise, the manufac-
ture of previously used shunt parts which are
separate from the main core, and of transformers
in which such parts are incorporated, has been
attended with difficulties. This is due to the fact
that such parts have been assembled in such a
manner that the butt joint formed between the
part and the main core was parallel to the flat
surfaces of the air gap. Thus, when heavy pres-
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sure was applied in order to secure a good butt
joint, the length of the air gap was varied enough
to make accurate control of the shunt path reluc-
tance difficult, if not impossible. Moreover, a
special die was necessary for each shunt part de-~
signed for a secondary of different current output.
That was true because the part had to be varied in
width or length in order to vary the reluctance of
the air gap.

It is a further object of my invention, there-
fore, to provide a multiple secondary. circuit
transformer whose magnetic shunt parts may be
made inexpensively, without requiring a new die
for each transformer of different current output
and yet which shunt parts will provide magnetic
by-passes of the proper reluctance for all trans-
formers of nearly the same rating in which they
are used. Moreover, it is my aim to provide a
transformer in which the reluctances of the
magnetic shunt paths can be accurately con-
trolled.

Referring now to the practice of my invention
and directing attention to Figure 1, it will be
seen that my transformer consists of a core com-
prising two legs 10 and il interconnected at their
ends by members 12 and (3. Primary coil sec-
tion P is mounted on the leg I8 and extends over
substantially the entire length of that leg. Sec-
ondary coil sections Si, Sz, S3 and 5S4 are mounted
on the leg 1. The core members are preferably
formed of laminated magnetic steel and they are
held together by core bands 14 and 15, which are
preferably of magnetic material. The care also
includes a T-shaped shunt member {6 abutting
the leg 11 at about its midpoint and two L-
shaped shunt raembers {T and 18 which abut the
leg If on opposite sides of its midpoint. The
secondary coil sections are mounted on the leg
iI in such a manner that a separate magnetic
shunt path is formed around each coil section
by the T-shaped member 16 and/or one of the
L-shaped members 1T and {8, The L-shaped
member 17 extends closely toward but does not
abut the leg 12, forming therewith an air gap
G1 of high magnetic reluctance. Similarly air
gaps G2 and Gs are formed between the T-shaped
member 16 and the L-shaped members 1T and
18 respectively, and air gap G« is formed be-
tween L-shaped member 18 and the leg {3.
Where the secondary coil sections Si, S2, Sz and
S: are of like current and voltage ratings, the
air gaps Gi, G2, Gz and G: have equal reluc-
tances. This condition normally obtains where
the loads of the coils are substantially equal. On

the other hand, where the loads are unequal and -

the current and voltage demands on the second-
ary coils vary accordingly the air gaps are ad-
justed so that the power delivered by each coil
section will correspond to the need of its load.

The manner of securing the members 16, {1, and -

18 in place is not shown in Figure 1 but is similar
to that which will be described later in connec-
tion with Figures 3 and 4. Like the main core
. members, the shunt members are. preferably
made of laminated magnetic steel.

The primary coil P is energized through leads
19 and 20 from a suitable source of alternating
current electrical energy 21, such as a standard
single-phase 60-cycle source of supply at 110
volis. As the current in the coil P rises and falls
between a maximum positive and a maximum
négative value in conformity with the alterna-
tions of the electromotive force impressed across
its terminals, an alternating magnetomotive force
is induced in the transformer core. This magneto-
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motive force causes the rise and fall of a mag-
netic flux which traverses the ecore and links the
coil sections of the secondary windings.

The coil sections comprising one secondary
winding have their one terminals grounded, the
grounded terminals preferably being those whose
grounding places the ceils in series, their other
terminals being connected across the load of the
winding. With this arrangement, the voltage
across the load is approximately double that
across the terminals of any one coil section and
yet the voltage to ground at no point exceeds
the maximum safe value approved by the fire
underwriters, Thus the coils S: and Sz have
their one terminals grounded to the core at 22
and 23 and their other terminals are connected
across a negative load, such as the fluorescent
luminous tube Ty illustrated, by the leads 24 and
25. Similarly the one terminals of the coils 83
and Ss are grounded to the core at 28 and 27 and
their other terminals are connected across the
terminals of the luminescent tube T2 by the leads
28 and 29. The core itseli is preferably con-
nected to ground, as at 30.

The transformer preferably is enclosed in a
casing 21 having a cover 32. A suitable way
of supporting the transformer in the casing is .
by resting it on the bases 33 and 34, the bases
in furn resting on the bottom of the casing. The
casing preferably is then filled with an insulat-
ing compound to prevent the destructive effects
of moisture and ozone cn the core and coils.

As the flux induced in the main core by the flow
of current in primary coil P rises and falls in
value, electromotive forces are induced in the
secondary coils. When the potential across the
terminals of the tube T is sufficient to ionize the
gas therein, a current at once flows through the
tube and its winding, which comprises coils Si
and S:. The current flowing through coils S:
and Sz sets up a magnetomotive force which,
opposes the coursing of the main flux. Accom-
panying this back magnetomotive force, a por-
tion of the main flux is diverted around the
coils S: and Sz through a magnetic shunt path
of high reluctance. Assuming that the flux is
coursing in the direction of the arrows, as seen
in Figure 1, that is, in a clockwise direction, at
the moment under discussion, this shunt path
will be from the leg {0 through leg 12, air gap
G1, L-shaped member 17, air gap G, T-shaped
member 16, leg 11 and leg {3, back to leg 10
when the tube T2 is not-operating. All the main
flux will still link the coil sections Sz and 81 at
this time. Similarly, when tube T2 becomes
ionized, but tube T1 has not yet become ionized,
the main portion of the main flux will be diverted
through a shunt path through leg 10, leg 2, leg
{1, T-shaped member 16, air gap Gs, L-shaped
member 18, air gap Gs, and leg 13, back to leg
10. Thus the main flux will still be linking the
coil sections S1 and S:. -When both tubes become

. ionized, the major portion of the main flux will
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be diverted through a shunt path comprising leg
{0, leg 12, air gap Gi, L-shaped member {1, air
gap G2, T-shaped member. 16, air gap Ga,
L-shaped member 18, air gap G4, leg 13 and back
to leg 10. Although in the conditions of opera-
tion set forth above the major portion of the
main flux is by-passed around the secondary
winding or windings, enough flux still links the
coil sections of the operative winding or wind-
ings to maintain a steady flow of current through
tubes T: and T .

It may happen that one secondary winding be-
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comes grounded. Such a condition may be
caused by.the formation of a conductive film of
moisture, atmospheric impurities, matted insect
bodies,
tube load or between terminals and a grounded
part of the system. When such a condition éxists,

and the like between the terminals of the -

3

From an inspection or Figure 1, it will be ap-
parent that it is a very simple matter to vary
the lengths of the air gaps. The legs 12 and 13

and the members 16, {1, and 18 can be moved
either to the right or to the left a sufficient

_amount to vary the reluctances of the air gaps

the operation of my transformer will be the same -

as that obtaining when the Joad is ionized and
conductive while operating normally. Thus, if
the tube Ty is grounded, the current induged in
its secondary coil sections S; and Sz will gener-

10

ate a back magnetomotive force opposing the .

coursing of the main flux and causing it to seek
a path of high reluctance
shunt path, including leg {2, air gap Gi, member
11, gap Gz, member 16 and leg 1. Excessive
current will therefore not be generated in the coil
~ sections S! and S: and overheating of these coil
sections, with consequent destruction of their
Insulation, will be prevented. - The shunt con-
struction provided for the coil: séctions S3 and S
will likewise protect those coil sections from ex-
cessive current, and consequent overHeating, if
the winding which they form becomes grounded.

Where one winding becomes open-circuited, as
for example, by the breakage of the tube or tubes
in its load, the other winding will continue to
operate normally. Thus, if the tube T1 becomes

broken, no current will flow in the coils S; and Sz

comprising its secondary winding. The main

through the magnetic -
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flux will continue to link those coils and also the -

coils Sz and Ss until the tube T: becomes ionized,
as in normal operation. A similar condition wiil
obtain if it is the tube T which breaks, the other
tube T: continuing to operate normally,

Where one of the coil sections becomes open-
circuited, its whole winding will of course be
inoperative but the other winding will continue
to operate in a normal manner as is more par-
ticularly described in the preceding paragraph.

Should one coil, say the coil Si, become
grounded, its winding will be rendered inopera-
tive but no dangerous condition of excessive cur-
rent flowing through it will exist, and the other
winding will continue to operate in a normal
manner. The voltage induced in the other coil
Sa will be insufficient to ionize the gas in the tube

&2
o

40

43

"T1, hence no current will flow in tube Ty, or the -

coll S2. The current in the grounded cofl S: will

not reach an excessive value because a counter 5

magnetomotive force will be generated by that
coil as the short-circuit current begins. to flow
init. This back magnetomotive force diverts the
main flux around the coil S through a shunt
path of high reluctance from leg 10 through leg
12, air gap G, L-shaped member | 1, leg (1, and
member 13 back to leg 10. Similarly, individual
magnetic shunt paths are provided for each of the

other coil sections and prevent an excessive short- -

circuit current from flowing in them should they
become grounded. In fact,in my transformer the
short-circuit current is about the same as the
normal load current. -

" It will be understood that the operation of my
transformer under the various conditions enu-
merated above will be the same during the other
half cycle of the impressed electromotive force.
The flux will then be coursing in a direction op-
posite to that indicated by the arrows, but the
paths it follows will be identical for the same
condition of operation. Due to persistence of
vision, the luminescent tubes, which are rendered
ionized and luminous 120 times a second where
a 60 cycle source of electromotive force is used,
will appear to be continually lighted,
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G1, Gz, Gs, and Gq as desired. Because of this,
it is not necessary that members {6, IT and 18
be made to different sizes for transformers of
different ratings. For this reason, different dies
are not needed for manufacturing the shunt
‘parts for different transformers and thus an item
of expense in manufacture is eliminated.

It will further be observed that in forming a
tight butt joint between the members 16, 11, and
I8 and the leg i1, the reluctance of the air gaps
Gi1, G2, G and G4 is not varied since the force
exerted to move the shunt members firmly
against leg I{ is applied in a direction parallel
to the surfaces of -the air gap faces. The force
used for this purpose is ordinarily hetween ten
and forty tons and is necessary to crush the
burrs of the laminations, the small imperfections
due to cutting and dirt particles on the joint
surface. Where the ordinary type of shunt part
is used, the length of the air gap is frequently
varied as much as 0.005 inch and its reluctance
is changed accordingly, In practical construc-
tion and operation this constancy of air-gap in
spite of differences in securing the shunt mem-
bers is an exceedingly important factor. It as-
sures controlled operation of the transformer.

My transformer has also many advantages in
operation. A shunt path is provided for each
secondary coil section, so that danger of over-
heating any coil section is avoided. Flexibility is
thus achieved since any grouping of secondary
coil sections is possible without dangar of over-
heating. A high degree of efficiency is achieved
since the flux by-passed around each secondary
coil when there is current flowing through it
nevertheless continues to link the as yet un-
operated coil sections, )

It will be understood that my transformer is
capable of being modified in various ways. Thus,
where the load of each secondary winding is
grounded at its mid-point, the coil sections may
be connected in opposition, a complete cireuit
being formed between each half of the load and
the corresponding coil section. With such a con-
nection, the grounding or open-circuiting of one
coil section or of the half of the load correspond-
ing to one coil section will not render the other
coil section and its half of the load inoperative.
With the coils connected in opposition, however,
the maximum potential difference available for
energizing a load is about seven thousand five
hundred volts. Oniy tubes which are half or less
than half the size of the largest tubes energizable
by a series circuit can be used in such a circuit,

Also, as has been previously indicated, the coil
sections may be connected in any grouping.
Thus coil 8; may be grouped with coil S: and

.coils Sz and S3 may be united to form the two
' secondary windings.

It is also possible to form
one winding of the coils S; and S; and the other
of coils Sz and Ss. A still further possibility is to
have each coil constitute a complete and separate
winding.

It is to be understood that my invention is not
I'mited to a transformer having two secondary
windings but may have only one or more than
two windings, up to a reasonable number.

Where tube loads and coil sections of different
voltage ratings are employed, the corresponding
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air-gaps are adjusted to vary the reluctance of
the shunt paths in accordance with the relative
operating voltages of the various secondary coils.
Thus, if the tube T: has a higher voltage rating
than the tube T2, the series-connected coil sec-
tions S; and Sz will have a greater number of
turns than the coil sections Sz and S: and will
operate at correspondingly higher voltages. In
order that sufficient voltage may be induced in
coil sections S; and Sz to maintain the tube T1
in an ionized condition after it has struck and
current is flowing through the circuit, the air
gaps Gi1 and G: are adjusted so as to have a
higher reluctance than the gaps Gz and G4 As
has already been indicated, this is merely a mat-
ter of changing the relative positions of leg 2
and shunt members I7 and {6 to increase the
lengths of air-gaps.

Considering now another embodiment of my
invention, attention is directed to Figure 2 in
which I have shown a shell type transformer
embodying my invention. The transformer com-
prises a core with primary and secondary wind-
ings mounted-on the core. The core comprises
outer legs 35 and 36 and a centrally disposed
core leg 21 parallel to the outer legs. Between
the ends of the leg 35 and the ends of leg 37 are
- interposed short bars 38 and 39. Likewise, short
bars 40 and 41 are positioned between the ends
of leg 26 and the ends of leg 81. The parts are
held in firmly abutting relationship by the core
bands 43 and 42. The core preferably is ground-
ed as at 44. Magnetic shunt paths of high re-
luctance are formed by the L-shaped members
4546, 41—48, 4950, 5(—52, 53—54, and
5556, which are so disposed as to abut the cen-
tral core leg 37 at their one ends. Each L-shaped
member extends around a secondary coil section
and forms an air-gap with one of the short bars
38, 39, 40, and 41 or with the adjacent L-shaped
member. The air-gaps so formed are indicated
by the reference characters Gi, Ga, G3, G4, Gs, Gs,
G1, Gs, Gs, Gio, Gu and Giz, as shown in the
drawings. .

The members 45 and 47 may be placed in back
to back relationship with a space A separating
‘them, as shown, or if desired, they may be made
in gne T-shaped integral piece, or the member
45 may be turned around so that its tip will form
an air gap with member 41. Likewise, the mem-
bers 45 and 48 may be in ‘back to back relation-
ship and separated by a space B, as illustrated,
or they may be integral, or member 46 may be
turned around. Illustratively, the magnetic
shunt pieces are secured to the central core leg
31 to insure silent operation in the manner
shown in Figures 3 and 4. The shunt parts 5%
and 56 illustrated are enclosed in a m\etul clamp
61, and insulating pad 68 being interposed be-
tween the clamp and the shunt parts. The clamp
has two ears 69 and 710 drilled to receive a bolt
71. Washers 13 and 74 insulate the bolt head
and the nut 72 from the ears 69 and 10. The
nut 72 is turned until the clamp 67 holds the
parts firmly together. It will be understood that
any other suitable manner of securing the shunt
parts to the core may be employed, the one
shown being merely illustrative. ) i

The primary winding consists of two elengated
coil sections P: and P2 connected in series by
a lead 57 and mounted on the legs 35 and 36
respectively. These primary coils are energized
from a source of alternating current electrical
energy 58, such as a standard 110-volf 80-cycle
source. through leads 59 and 60. The construc-
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tion noted is compact and assures excellent
transference of heat produced under operating
conditions. Where desired, P: and Pz may be
connected in parallel.

Three secondary windings are formed by the
coil sections Si, Sz Sz, S S5, and Se, all of
which are mounted on the central leg 37. Coils
S: and Sq: connected together in series form one
winding energizing the tube T: through leads 6t
and 62. A second winding is formed by serially-
connected coils S and S: and energizes tube
T, through leads 63 and 64. The third winding
comprises series-connected coils S5 and Ss and
energizes tube T3 through leads 65 and 66. The
secondary coils are preferably grounded at their
interconnections. Where the load of a winding
is grounded at its midpoint, however, the coils
may be connected in opposition, a complete cir-
cuit than being formed including each half of
the tube load and the corresponding secondary
coil.

When the transformer is used indoors, it need
not be enclosed in a casing. In outdoor use, how-
ever, a casing is necessary. For the sake of
clarity in the drawing, none is shown in Figure
2, but a casing similar to the one shown in Fig-

" ure 1 may be used where desired.

30
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The operation of this transformer is similar
to the operation of the transformer of Figure 1
which has already been described, with the ex-
ception that two main magnetic paths are pro-
vided and there are two magnetic shunt paths
associated with each secondary coil section.
Thus, assuming that the flux is coursing in the
direction of the arrows, it will consist of two
parts going from the legs 35 and 36 respectively,
through the bars 38 and 40 respectively, into the
central leg 37, where the two parts unite and
link the secondary coils. At the right hand end
‘of the member 37 the flux separates into two

_ parts again, traversing the bars 39 and &1, re-
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spectively, and returning to the legs 35 and 36
respectively. In normal operation, as the tube
T, becomes ionized and conductive due to the
rising of the electromotive force induced in its
secondary winding coil sections S1 and Sz under
excitation of the primary winding by the poten-
tial impressed across its terminals, a counter
maghetomotive force is generated by the current
flowing in the coils S1 and S2. This forces the
major portion of the main magnetic flux to seek a
path of less reluctance. Two such paths are
provided, from the leg 35 through bar 38, air-
gap Gi, L-shaped member 45, leg 37, member
41, air-gap Gs, member 49, member 37, and bar
39, back to leg 35, and from leg 36 through bar
40, air-gap Gz, member 46, leg 31, member 48,
air-gap Gs, member 50, member 37, and bar 41
back to leg 36. The flux at this time continues
to link the other coil sections S3, S, S5, and S,
but passes around the coils 81 and Sz as outlined
above, so that an excessive current does not flow
jn those coils. Similarly, the coil sections com-
prising the other windings will be by-passed
when their lcads are operating. Should all the
loads be operative at the same time, the major
portion of the main flux will pass through two
paths of high reluctance excluding the member
371 and including all the L-shaped shunt members
and their associated air-gaps. '

As explained more fully in connection with
Figure 1, safe operation of the transformer will
be assured under conditions of grourding or
open-circuiting of a whole secondary winding or
of one coil section of that winding,
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As in the transformer shown in Figure 1, the
shunt parts in the embodiment of Figure 2 need
not be of a different size for each transformer
Wwhich varies slightly in current output. The re-

of each shunt path is possible
because, in tightening the buit Joint between the
shunt part and the Mmain core member 31, any
change of position of the shunt part will not vary
the length and reluctance of the air-gap. In-
stead, such movement of the shunt part will be
in a direction parallel to the surfaces of the gir-

ing three secondary circuits, it is to be under-
stood that any other number of circuiis may be

reasonable number,

It will be seen that there has been provided in
my invention a system and apparatus for the i-
lumination of luminous tubes or for the opera-
tion of other negative loads in which the.various
objects hereinbefore» set forth, together with
many practical advantages, are successfully
achieved, The apparatus includes simple parts
Which are inexpensively manufactured and which

sipation is high. Operation of the apparatus is
characterized by safety, flexibility ang efficiency.
As many possible embodiments may be made of
Iy invention and as many changes may be made
in the embodiments hereinbefore set forth, it will
be understooq that all matter described herein,
or shown in the drawings, is to be interpreted
as illustrative and not in a limiting sense.
" Iclaim:
1. A constant current transformer comprising,

in combination, a main magnetic core having two

- comprising a T-shaped magnetic shunt core por-
tion and two or more L-shaped magxiet;c shunt

2. In electrical transformer apparatus of the
character described, in combination, g primary

<t
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5

one or more secondary windings each
comprising two coil sections, i

& pair of secondary coil sections as a group for
the main portion of the magnetic flux,

3. In electrical transformer apparatus of the
character described, in combination, a core type
transformer core; an elongated primary winding

- mounted on one leg of saig core; one or more
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secondary windings mounted on the opposite leg

terminals grounded to place saiq coil sections
and T-shaped magnetic shunt
parts, abutting a portion of the core and spaced
between adjacent secondary coil sections and ex-
tending substantially byt not completely around
thereby forming magnetic

they are operating under
closed-circuit or short-circuit conditions,

4. A constant current transformer compris-
ing, in combination, a

and forming with the first-mentioned shunt -core
Dbortion and the majn magnetic core a magnetic
path with two includeqd air-gaps to shunt the
prineipal portion of the magnetic flux around
both coil sections and thereby regulate the cur-
rent of the two secondary coil sections as a

group. ‘
'CHARLES PHILIPPE BOUCHER,




