Nov. 14, 1939. F. McCURTAIN 2.179.795

TRANSFORMER
Filed March 10, 1937 2 Sheets—Sheet 1
2
2]
N
y ‘ ’ \ /6
/ /
A =
[F ) ] 10 n
6 13 14
17 | s
3ol 3 o Ly
5‘~\. YNEN ——

—_—— . 4 . 24 ? 22
- 25 —0 23

20

I
If - ) |
I I 15 /6
< ‘l‘ N ///
[ q \
6 12 32/5 l 1 c\.___ I /0
3~ 33t 7
It (\ ]
30\ /7\<1' Nt /B\ "T L
N (_ - L3/
=
—_— 7, 2 '
22
: Ay
25 0 26 23
INVENTOR

ool Tb i




Nov. 14, 1939. F. McCURTAIN 2,179,795

TRANSFORMER
2 Sheets—Sheet 2

Filed March 10, 1937

== .
47 49 48 [ 46 I
fam |uﬁ;nu

ik 53
55 =

i —————

—L—]
Fr

INVENTOR

rntt o Cotdir




atented Nov. 14, 1939

UNITED STATES

2,179,795

PATENT OFFICE

2,178,795
TRANSFORMER

Frank MecCurtain, Los Angeles, Calif., assignor
to Specialty Engineering Company, Les An-
geles, Calif., a corperation of Califernia

Application March 10, 1937, Serial No. 136,679
1 Claim. (CL 171—119)

This invention relates to a high reactance
-ansformer for the supply of current fo current
;sponsive devices of unstable nature. Typical
f such loads are the gaseous conduction lighting
1bes, in which connection the invention is illus-
rated herein in its preferred embodiments. It
12y, however, be adapted to and used in con-
ection: with electric welding and various other
sads of the variable resistance type.

The main object of the invention is to provide
. transformer suitable for delivering current to
nstable load devices, the mean Vvalue of which
urrent may be controlled over a wide range of
alues. In connection with gaseous conduction
ighting tubes, this implies that the transformer
7ill develop on each current pulse a voltage suf-
icient to break down the resistance of the gas
olumn regardless of the mean current flow, the
nean current flow being independent of this ini-
jal voltage and depending on the transiormer
.djustment.

Various attempts have been made to produce &
ransformer suitable for lighting gaseous dis-
harge tubes to variable and controlled intensity.
\ need exists for such a device for stage lighting,
lisplay and general illumination comparable to
‘he uses of dimming with incandescent lamps.

Adaptation of the typical high reactance trans-
‘ormer of the discharge tube lighting art have
10t been successful for this purpose, which may
»e ynderstood from a consideration of the func-
;ion thereof. Such a transformer consists typi-

»ally, of a primary and a secondary winding fair-
ly loosely coupled to each other on a core struc-
ture in which a high reluctance magnetic shunt
bridge provides a path for the flux alternate to
that through the secondary winding. Since very
little current Sows in the secondary before the re-
sistance of the gas column of the load is broken
down .there is very little counter motive force
developed and consequently the shunt bridge does
not materially effect the voltage across the ter-
minals of the tube. After current flow has been
established through the tube, the counter motive
force developed by the secondary winding causes
a part of the flux to take the path through the
shunt bridge, thus restricting the secondary volt-
age and preventing excessive current flow. The
transformer in one respect acts as a choke coil.
The power factor is necessarily low and & heavy
wattless current flows in the primary circuit.

Any impedance inserted in the primary circuit
to regulate the mean current value will also in-
terfere with the development of the minimum
initial voltage necessary to establish current flow

through the tube. The degree of this interference
will vary with different settings of impedance.
There will be a value in each case which will de-
termine the range of adjustment. This value
will be that primary impedance which resiricts 8
the secondary voltage below the point at which a
self sustaining discharge is set up in the tube.
The tubes will light below this point, but with

a flickering operation and accompanied with vio-
lent voltage surges and high frequency effects. 1¢
Such conditions are highly destructive to the tube
electrodes, the insulationn and the transformer,
and are to be avoided in commercial work.

It has been found alsc, with this type of in-
stallation, that the tendency of the tube to os- 3
cillate with its connected apparatus enters as a
limiting factor in the design. The typical high
reactance shunt bridge transformer has been de-
veloped to modify the voltage curve within the
limitations of several variables. The degree to 20
which the secondary voltage may be reduced
through the shunt bridge action is conditioned by
the fact that if the veltage is reduced too far,
the discharge is unstable and the tube forms an
oscillation generator with the transformer. 25

The use of regulating impedances with trans-
formers properly designed for steady operation
results in carrying the operation into the danger
range. - To design & transformer of this type for
operation in connection with regulating imped- 30
ances results in bulky and expensive construction.

It is an object of this invention to provide a
transformer which will develop the minimum
striking voltage over a wide range of mean cur-
rent values without flicker or undue high fre- 35
quency . effects and without sacrificing the light
and efficient construction necessary for commer-
cial purposes.

Tt is known in the art to construct iransform-
ers having shunt bridges with windings thereon, 40
the windings being in series with impedances
forming circuits independent of the primary or
secondary circuits. In such a transformer, en-
ergy is drawn off in the shunt bridge coil circuit,
thus reducing the energy available for the sec- 45
ondary. It has been found that this circuit forms
an oscillating couple with respect to the rest of
the device. Ab some point in the regulation curve
s violent oscillation appears and may be strong
enough to extinguish the tube. The more loosely 50
coupled the bridge coil is with the primary and
secondary, the more definite this efiect will be.
The regilation curve must naturally be limited to
exclude this state of operation, thus placing a
severe limitation on the appleation of this type gg
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of device. Tt is an object of this invention to
provide g transformer for this service im which
211 the windings are in forced condition with re-
spect to $he impressed voltage end im which
there are no clements in g state free to set up
nergy transfers in accordance with any other
de.
- & further object of the invention is to elimi-
naie elements within the transformer case which
Hect regulation of currant by consuming energy.
ne important condition in transformser design
to dissipate the minimum of energy around
1¢ windings, which object is complied with in
ccordance with this disclosure. The use of reg-
dsting windings within the transformer must
always be aitiended with comparatively large
consunption of energy in such windings and cor-
responding generation of heat., This heatf, by the
nature of the case, is developed at the point most
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disadvaniageous for transformer operation and
must ke taken inio consideration in the com-
mercial design. In my transformer the windings

re not charged with the duty of dissipating any
eat other than that incidental to the normal
currents of this work. Thus, transformers made
according to my invention may be constructed in
the usual manner of gaseous tube lighting trans-

' @

formers, sealed in wax and installed without any -

suecial cooling provisions.

Further objects of the invention will become
apparent from the following specification in con-
nection with the accompanying drawings.

In the drawings the same numeral is used
throughout to indicate the same or equivalent
part when found in several views.

Figure 1 is a diagrammatic representation of g
transiormer constructed according to this inven-
tion, provided with a fashing switch and con-
nected t0 & gaseous conduction lighting tube load.
Pigure 2 is a representation of a similar trans-
former provided with windings on the shunt
bridges to accentuate the bridge action. .

Figure 3 is a diagrammatic representation of
a similgr transformer modified by the use of a
winding on one bridge only and shown connected
tc an impedance regulator for continuous varia-
tion of the tube brilliancy.

Figure 4 is a diagrammatic representation of a
transforimer having a double balanced secondaiy
winding and primary windings modified accord-
ingly. Figure 5 is a representation of the same
transformer modified by the addition of windings
on two of the shunt bridges.

In Figure 1 I have shown a transformer made
according to this invention connected to a gas-
eous discharge tube. The tube, indicated by nu-
meral 2, wili be understood to represent any of
the various types of glow, vapor arc or positive
column tubes common in the art. The trans-
former, indicated by numeral {, is shown some-
what diagrammatically, in & fashion conductive
to clear representation and without regard to
rhysical proportions or ratic of turns in the
windings.

The core proper consists of the main legs 4
and 5 and the end bars § and 7, which form a
closed magnetic circuit. 'The structure is formed
of € shaped and straight laminations interstacked
in the joints 3¢ and 3{. In practice these lami-
nations will be riveted, bolted u. clamped to-
gether. On the leg 8 are positioned the primary
windings 10 and {{ and the secondary winding
1Z2. The magnetic shunt bridge {4 is positioned
between the windings {0 and ({ and provides a
path for the flux developed by winding {0 alter-
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nate to the path through the secondary winding,
The magnetic shunt bridge 18 is positioned be-
tween windings {{ and {2 and prevides s path for
the flux developed by both primsry windings al~
ternate to the path through the secondary wind-
ings.

The reluctsnce of the shuni bridses should
ke comparaiively high as compared with the re-
luctance of the path through the secordary wind-

ing before current flow hes been established in

the secondary ecircuyit. ‘There ars various ways
of consiructing the bridges. I have represented
them as constructed of stacks of iron laminations
wedged in between the legs ¢ and § of the core
preper and separated therefvom by ithe non-
magneiic blocks 18, 16, 17 snd (8. The lami-
nations may, however, be driven in bebtwesn the
corz Jegs in direst contact therewith and re-
liance placed on the nature of the contact thus
formed {o develop the necessary reluctance. The
laminaiions moy b2 riveted together, heid by
wrappings of insulating paper or otherwise bound
in a solid stack. ‘

The terminals 22 and 22 of the primary wind-
ing 10 are shown connected to the line. The ter-
minal 28 of the winding 11 is shown comnecied
thirough the switch 26 to the line, while the other
terminal 24 is connected direcs to line. FEnds 28
and 2{ of the secondary winding are shown con-
nected to the tube load. In practice these ter-
minals are brought out in high tensicn posts set
in the fransformer case.
secondery winding may be grounded as indl-
cated 2t 9. In practice this is done by ground-
Ing the coil to the ¢ransformer core and €ase,
it being understood that the case will be con-
nected to ground when installed.

The elements of this transformer are so pro-
bortioned that, when connected to the tube load
for which it is designed and the primary winding
{9 alone is energized, the tube will be lighted in
the typical manner to the minimum brilliancy
value desired. In this respect the transformer
functions in the same manner as the typical
shunted bridge transformers of the art, the two
bridges in this case acting in the same fashion.
When the primary coil {{ is also connected in
circuii the tube will be lighted to the maximum
brilliancy’ value desired. The tube may be
flashed between these two brilliancy values by
means of the switch, the coil 18 remaining in
circuit continuously.

I prefer to wind both primary coils so that they
will be capable separately of developing a voltage
in ¢the secondary winding sufficient to ignite the
tube. This means that they should have about
the same number of turns, although this may be
deviated from in certain cases. However, since
the primary 8 in this case is always in circuit
during operation, it may be charged with the
duty of igniting the tube and the primary (! in
response to other demands wound so that it will
not, of itself, sufiice for this duty.

Since there is a greater leakage for magnetic
flux for coil 12 it may be wound with finer wire
than coil t{. In the proportioning of the bridges
the same general conditions prevail as in the case
of the typical shunt bridge transformers of the
art. Close coupling between primary and sec-
cndary windings makes for definite voltage rise
on each current pulse which is desirable from
the viewpoint of ignition of the tube. Leakage
through the bridge is desirable from the view-
point of current regulations. The necessities of
insulation also enter the proklem by setting cer-
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tain minimum spacing between primary and sec-
ondary winding.

In each type of installation these considera-
tions may be met by a particular selection of
design features. However, for loads which have.
a strong negative resistance behavior, a modi-
fication of the invention shown in Figure 2 may
be used. In this view windings are suppied on
the shunt bridges. The winding 33 on bridge 14
is in series with primary winding 10. The wind-
ing 32 on bridge I3 is in series with primary
winding 1i. The function of these windings is
to intensify the bridge action and increase the
spread between the igniting voltage and the
burning voltage of the tube. In the application
of this feature, the proportions of the trans-
former may be altered. The coils-may be much
closer coupled and the section of the bridges
reduced. This feature is disclosed and claimed
in my copending application, Serial No. 78,153,
filed May 6, 1936. :

A modification of this construction is shown
schematically in Figure 3, in which view a trans-
former is provided with a bridge coil only on the
bridge between the coils 11 and {2. Inasmuch
as this bridge carries the heavier flux, it will
suffice for some purposes to limit the extra wind-
ing thereto.

In this view I have shown a variable impedance

in place of the switch. The choke coil 40 is con-
nected in series with the primary winding 1.
Tt is provided with a movable armature 41 by
mesans of which the intensity of the tube may
be continuously varied between the extreme val-
ues. It is to be understood that this type of
variable impedance, or any other type, may be
substituted for the switch in the various views
in the drawings. ’
While I prefer to construct the transformer
so that each primary winding will have sufficient
turns to develop the minimum striking voltage
by itself in the secondary winding, this may be
deviated from in certain cases. One such case
is illustrated in Figure 3. The winding {0 may
be considered together with the effective phase
of winding {1 at its lowest adjustment as devel-
oping the minimum striking voltage since the
winding (1 is never completely out of circuit.
In the transformer shown in Figure 4 I have

-provided a double balanced secondary winding.

The secondary is indicated by the numerals 45
and 46, and consists of two coils separated by
the double primary #71 and 48 and the single
primary winding 49. The primary 49 serves to
voltage for both

3

secondary coils. The primary 47 and 48 serves
to develop the major current flow. Four shunt
bridges 50, 51, 52 and §3 are provided and func-
tion in the same fashion as in the previously
described transformers.

In Figure 5 I have shown the preferred man-
ner of applying shunt bridge windings to the
transformer of Figure 4. The windings 54 and
55 are in series with the double primary and
correspond in their function to the bridge wind-
ing of Figure 3. It is to be understood that
the disposition of the bridge coils in all the views
may be varied in accordance with the various
factors controiling the design of transformers
for specific purposes.

Having thus deseribed my invention, what I
claim is:

Means for selectively controlling the current

in a load circuit of varying resistance compris-

ing a source of alternating current, a load cir-
cuit of varying resistance, a transformer con-
nected between said source of alternating cur-
rent and said load circuit, said transformer em-
bracing as its essential parts a closed core strue-
ture on which are positioned in the order named

a single secondary winding which is connected.

to said load circuit and two primary windings,
both of which are adapted to induce current in
said secondary winding, a high reluctance mag-
netic shunt interposed between said secondary
winding and the adjacent primary winding, and
a high reluctance magnetic shunt interposed be-
tween sald primary windings to thereby pro-
vide a single shunt around said secondary wind-
ing for the flux developed by the adjacent pri-
mary winding and parallel shunts around said
secondary winding for the flux developed by the
primary winding remote from said secondary
winding, and one of said primary windings being
connected to sald source of alternating current
and so designed as to send sufficient flux through
the core of said secondary winding to cause suf-
ficient current to flow through said secondary
winding and consequently through said load cir-
cuit to supply a predetermined current io said
circuit and means for connecting the other of
said primary windings to sald source of alter-
nating current, said last mentioned primary
winding being so designed as to cooperate with
said first mentioned primary winding to send
sufficient additional fiux through the core of said
secondary winding to cause & substantial addi-
tional current to flow through said load circuit.

FRANK McCURTAIN.
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