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@ Improvements in safety insulated transformers.

&) A safety insulated transformer where there are at 16 |_____2

least three layers of safety approved insulating ma- 777 //\)(/ 777777
terial between any parts of the wires forming first
and second windings. The first winding is wrapped
torroidally with a strip of safety approved insulating
material, the successive layers of that wrapping
overlapping to form at least two of the required
layers of safety approved insulating material, and ]2/
either overlapping to form all three required layers or

at least one of the wires having a coating of safety
approved insulation. Preferably the ends of the wire
of the first winding have end insulation comprising
coiled overlapped layers of safety insulation, and a
glayer of additional safety insulation material of at
least two superimposed thicknesses makes a mini- //
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FIG.1.

® mum of one and one half turns transversely of the 20
coil of the first winding around the coil in the region 30—
or regions where the ends leave the coil.
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IMPROVEMENTS IN SAFETY INSULATED TRANSFORMERS

This invention relates to safety insulated trans-
formers in which electrical energy from a primary
or input coil is transferred to a secondary or output
coil. In order to improve the coupling of energy
from a primary coil to a secondary coil, a core of
magnetic material such as ferrite is provided.

Frequently transformers are provided in a cir-
cuit to provide isolation of two parts of the circuit
and so safety requirements to ensure electrical
isolation dictate the provision of cerfain minimum
levels of insulation between the primary and secon-
dary coils. For example, according to IEC 380
safety requirements of systems working at 130 fo
250 VAC, both basic insulation and supplementary
insulation are required in one case between a pri-
mary winding and a secondary winding. A basic
insulation can be of any thickness which can with-
stand 1250 VAC and must have a creepage - 3-
tance, that is to say the minimum surface distance
over the insulation from a primary wire {0 a secon-
dary wire, of at least 3 mm. A supplementary
insulation should consist of two layers of insulation
of any thickness which can withstand 2500 VAC or
a minimum of 1 mm thick insulating material and a
minimum of 4 mm creepage. In another case, a
reinforced insulation can be used to replace both
the basic and supplementary insulation. In this way
the primary and secondary wires can be separated
by a minimum of 2 mm thick reinforced insulation
and a minimum creepage of 8 mm.

Generally therefore transformers have been
made by winding a primary coil of enamelled wire
on a bobbin whilst the secondary coil, also of
enamelled wire, is wound on another bobbin which
is then assembled concentrically with the bobbin of
the primary coil. The minimum insulation require-
ment is met by the wall thickness of the bobbins
between the two windings, whilst the minimum
creepage distance is achieved by the design of the
bobbins and control of the position of the windings
on the bobbins.

In practice this limits the minimum radial dis-
tance between the primary and secondary coils to
over 1 mm. However, the larger the spacing be-
tween the primary and secondary coils naturally
the larger the flux leakage or loss in the transfer of
energy from one 1o the other.

Also during each AC cycle applied to the pri-
mary coil, the energy initially has to overcome
leakage inductance before any energy transfer oc-
curs to make a current flow in the secondary coil.
This wasies time during the cycle since, during the
initial part of every cycle no energy transfer occurs,
and the higher the frequency the greater and the
more significant is this time loss and so the lower
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the efficiency of the transfer.

It is therefore an object of this invention o
reduce the flux leakage from such transformers and
so improve the efficiency of energy transfer of a
fransformer.

According to the invention there is provided a
transformer comprising a first winding formed by a
coil of insulated wire, a magnetic core, a thin strip
of safety approved insulating material wrapped as a
torroidal coil around the first winding with an over-
lapping of successive layers of the wrapping to
form at least two layers of insulation, a second
winding formed by a coil of insulated wire wound
over the wrapped first coil, there being at least
three layers of safety approved insulating material
between any parts of the wires forming the first and
second windings.

In this way the transformer meets the existing
regulations without requiring change in the regula-
tions. Thus the three layers of safety approved
insulation fulfil the requirements for basic and sup-
plementary insulation.

Either of the first or second windings can the
the primary or secondary winding of the trans-
former when it is in use.

The thin strip of safety approved insulating
material wrapped as a torroidal coil around the first
winding will typically have a thickness of 0.02 to
0.4mm. More generally, however, it will have a
thickness of 0.025 to 0.1mm. Examples of pre-
ferred readily available materials have thicknesses
of about 0.05 or about 0.025mm and so even if the
strip is wound so as o overlap three times, the
fotal thickness of such insulation will only be
0.15mm or 0.075mm, respectively, in contrast with
a typical thickness of at least Tmmm for the bobbin
of the secondary coil for conventional transformers.
It is therefore possible to reduce the spacing be-
tween the first and second coils and so reduce flux
leakage and energy losses.

The wire of either of the windings can be of
safety insulating material in which there need only
be two superimposed layers in the overlapping of
the wrapping. However, if neither of the wires of the
windings has a safety insulating covering, eg both
wires are enamelled wires, then there need to be at
least three superimposed layers in the overlapping
of the wrapping.

According to a preferred embodiment of the
invention there is additionally provided end insula-
tion for the ends of the wire of the first coil in the
region where these ends leave the coil, the end
insulation comprises a roll or coil of overlapped
layers of safety insulating material wrapped around
those ends, and a piece of additional safety insula-
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tion material giving a minimum of 4mm creepage
between the first and second windings by, for ex-
ample, making at least one and preferably at least
one and one half turns transversely of the coil
around the coil in the region or regions where the
said ends of the wire leave the coil, that piece of
additional insulation material being comprised of at
least two superimposed layers of safety insulation.

Preferably the two ends of the wire leave the
coil at about the same circumferential position so
that only one piece of additional insulation is nec-
essary.

The invention also extends to a method of
making a transformer in which the end portions of a
length of insulated wire to form a first winding are
wrapped with a roll of safety insulation, one end is
passed substantially transversely across a bobbin
on which the first winding is to be supported, a
rectangular piece of safety insulation of at least two
superimposed layers of safety insulation is placed
over the transverse length of that end with flap
portions ending beyond the width of the bobbin,
the first winding is formed by coiling the wire
around the bobbin and over the piece of insulation,
and the other end passed under the piece of in-
sulation and out of the side of the bobbin substan-
tially coincident with the said one end, one flap
portion is bent over the coil and the other flap
portion bent over the said one flap portion, and a
strip of safety approved insulation is wound as a
torroidal coil over the assembly of coil and bobbin
with at least two layers of the sirip superimposed
everywhere, and thereafter a second winding is
formed by winding a coil of a further length of
insulated wire over the resulting assembly, the ar-
rangement being such that there are at least three
layers of safety approved insulating material be-
tween any paris of the wires forming the first and
second windings.

In an alternative embodiment the invention ex-
tends to a method of making a transformer in
which the end portions of a length of insulated wire
to form a first winding are wrapped with a roll of
safety insulation, one end is passed substantiaily
transversely across a bobbin on which the first
winding is to be supported, a first recytangular
piece of safety insulation of at least two superim-
posed layers of safety insulation is placed over the
transverse length of that end with flap portions
ending beyond the width of the bobbin, a second
rectangular piece of safety insulation of at least two
superimposed layers of safety insulation is placed
over the bobbin in the region where the final end of
the wire is to leave, the first winding is formed by
coiling the wire around the bobbin and over the
pieces of insulation, and the other end passed
under the second piece of insulation and out of the
side of the bobbin, one flap portion of each of the
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first and second pieces is bent over the coil and
the other flap portion of each of the first and
second pieces is bent over the said one flap por-
tion, and a strip of safety approved insulation is
wound as a torroidal coil over the assembly of coil
and bobbin with at least two layers of the strip
superimposed everywhere, and thereafter a second
winding is formed by winding a coil of a further
length of insulated wire over the resulting assem-
bly, the arrangement being such that there are at
least three layers of safety approved insulating
material between any paris of the wires forming the
first and second windings.

The invention will now be described, by way of
example, with reference to the accompanying
drawings, in which:

Figure 1 is an upright section through an
example of a transformer according to the inven-
tion;

Figure 2 is a section on the line 2-2 of
Figure 1;

Figure 3 is an elevational detail of a first
winding during its manufacture;

Figure 4 is a sectional diagram taken on line
4-4 of Figure 3 showing a further stage during
manufacture;

Figure 5 is an enlarged detail taken on the
line 5-5 of Figure 3;

Figure 6 is an elevational detail of the first
winding during its manufacture;

Figure 7 is a sectional diagram taken on the
line 7-7 of Figure 6; and

Figures 8 and 9 are views similar to Figures
6 and 7 of an alternative embodiment of trans-
former.

The transformer 10 according to the invention
comprises a first winding 12 and a second winding
14. These are positiongd within a ferrite block 16
made of two identical halves 16a and 16b and
including a central cylindrical core 18.

As is conventional in such transformers the first
winding 12 is wound around a cylindrical bobbin 20
whilst both windings are positioned within a thin,
outer, open-topped plastics housing 22. The halves
16a and 16b of the ferrite block 16 are supported
in an outer plastics casing 24. This has four lugs
26 each carrying a pin 28 to act as terminals
including terminals, for the ends of the wires con-
stituting the winding 14.

The first winding 12 is made by coiling a
length of enamelled wire 30, i.e. a wire core 32 with
its own enamelled coating 34 (see Figure 5), ar-
ound the bobbin 20. Before making the first turn,
however, the ends 36 and 38 of the wire 30 are
provided with an extra wrapping of insulation 40
(see Figure 5). This insulation 40 is in the form of a
thin, eg 0.05mm thick, rectangular sheet of safety
insulating material, such as Teflon or polyester, and
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is wrapped or coiled three and a half turns around
the ends 36 and 38. This provides multi-layered
insulation to meet the safety requirements of sup-
plementary insulation, namely two layers of insula-
tion and sufficient creepage distance.

A length 36a of the end 36 is initially laid
transversely across the bobbin and then bent at a
point 36b to start the circumferentially wound coil.
Over the length 36a is placed a shest of insulation
42 formed by itwo pieces of safety insulation ma-
terial stuck together face to face, the two piece
being required to meet the regulation of two sepa-
rate layers so that if one fails the other will still be
available o act as insulation. Each piece of safety
insulation material can be of similar material and
thickness fo the insulation 40. This sheet 42 has a
larger flap portion 42a and a smaller flap portion
42b with a central portion 42¢ extending across the
width of the bobbin 20. The first winding is then
formed by coiling the wire 30 around the bobbin 20
in a conventional manner, covering the central por-
tion 42c.

In the example shown there is one layer o the
winding 12 but this is purely an example and there
may be more layers depending upon the particular
requirements for the transformer 10.

As the winding nears completion, the end 38 is
slipped under the flap 42a and the end portion 38a
is bent out of the side of the bobbin, parallel with
the length 36a.

Next the smaller flap 42b is folded over the
turns of the winding 12 in the direction of the arrow
48 in Figure 4 and after that the larger flap 42a is
folded over that flap 42b in the direction of the
arrow 50 in Figure 4.

Finally as best shown in Figures 6 and 7, fo
insulate the winding 12, a sirip of insulation 52 is
forroidally wound over the bobbin and coil of wire
30. The arrangement of the winding angle x and
the width w of the sirip 52 is such that everywhere
there are at least two overlapping thicknesses of
safety insulation and sufficient creepage.

The second winding 14 is now formed over this
structure by coiling a length of safety insulated wire
56 over the wrapped winding 12. In the example
shown, there are two layers of coils but again this
will depend upon the actual structure of the trans-
former required.

The whole of the resulting structure is then
placed within the housing 22, the ends 36 and 38
of the winding 12 passing through a hole 64 in the
housing 22. Finally the two halves 16a and 16b of
the ferrite block 16 are assembled around the
housing 22 and the block positioned within the
casing 24. Assembly is completed by joining the
ends 60 and 62 to their respective pins 28 to
provide ferminal connections for the transformer.

In the example shown the wire 30 is enamelled
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whilst the wire 56 covered with a high quality
insulating coating of Teflon (Registered Trade
Mark). Such wire is readily available from many
sources including the American company known as
Alpha. Because of its high quality it can be rela-
tively thin yet still meet the safety requirements for
basic insulation. Over the major portion of the wind-
ing 12, the layers of the sirip 52 overlap and so the
minimum safety requirements of supplementary in-
sulation of two insulating layers between the first
winding 12 and the second winding 14 are met.

The strip 52 need be no thicker than say 25
microns. As a result the overall radial thickness of
the insulation could be say 75 microns, i.e. 0.075
mm, which is much less than plastics bobbins with
insulation thicknesses of over 1 mm. As a result
the winding 14 can be radially closer to the winding
12 and so flux leakage will be reduced.

The strip 52 can for example be a polyester
tape, eg poly (ethylene ferephthalate) or poly
(butylene terephthalate), or other materials such as
polyvinyl chloride or Teflon which is available in
various grades as polyietrafluoroethylene, per-
fluorinated ethylene-propylene copolymer or poly-
chlorotrifluoroethylene.

In addition the arrangement meets the creep-
age requirements since the overlapped surface di-
mension for the wrapping 52 is high, i.e. the length
y with a wrapping 52 of a width w of 10 mm can
be, for example, a minimum of 5 mm, which is well
above normally required minimums.

The arrangement of the invention also main-
fains the necessary safety margins of insulation at
the regions of the ends 36 and 38 where these
leave the bobbin and where they cannot be cov-
ered by the layers of the strip 52. Thus, the flaps
42a and 42b ensure two layers of insulation and a
safety creepage distance hetween the first winding
and the second winding whilst the coiled wrapping
of insulation 40 maintains the necessary safety
insulation and a safety creepage distance for the
ends 36 and 38.

In the embodiment shown in Figures 1 to 7, the
requirement of at least three layers of safety ap-
proved insulation is achieved firstly by choosing as
the coating for the wire 56 of the second winding a
coating of Teflon which is an approved safety in-
sulation, and secondly by providing overlapping of
at least two layers of the strip 52 plus superim-
posing iwo thicknesses for the sheet 42 in the
region of the ends 36 and 38.

In an alternative embodiment shown in Figures
8 and 9, the wire 56 is a simple enamelled wire
whose insulation properties do not meet the re-
quirements of safety insulation. To compensate for
this, the strip 52 is wrapped over the first winding
in such a way that, as best seen in Figure 9, there
are at least three overlapping layers of the strip 52.
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This is achieved by, for example, using a wider
strip 52 with a larger dimension w or by choosing a
narrower angle x than in the case shown in Figure
8. Additionally, to achieve the necessary three lay-
ers of safety insulation everywhere, the sheet of
insulation 42 is formed by three superimposed
pieces of material stuck together face to face.

Claims

1. A safety insulated transformer comprising a
first winding formed by a coil of insulated wire, a
magnetic core, a thin strip of safety approved in-
sulating material wrapped as a torroidal coil around
the first winding with an overlapping of successive
layers of the wrapping to form at least two layers of
insulation, a second winding formed by a coil of
insulated wire wound over the wrapped first coil,
there being at least three layers of safety approved
insulating material between any parts of the wires
forming the first and second windings.

2. A transformer as claimed in Claim 1 in which
the insulation on the wire of the one or other
winding is safety approved insulation, and in which
there is overlapping of at least itwo successive
layers of wrapping forming the torroidal coil.

3. A transformer as claimed in Claim 2 in which
the insulation on the wire of the first winding is
non-safety insulation and the insulation on the wire
of the second winding is safety insulation.

4. A transformer as claimed in Claim 1 in which
the wires of the first and second winding are non-
safety insulated wires, and in which there is over-
lapping of at least three successive layers of the
wrapping forming the torroidal coil.

5. A ftransformer as claimed in Claim 3 or
Claim 4 further comprising end insulation for the
ends of the insulated wire of the first winding in the
region where these ends leave the coil, the end
insulation comprising coiled overlapped layers of
safety insulating material wrapped around those
ends, and a layer of additional safety insulation
material of at least two superimposed thicknesses
making more than one turn transversely of the coil
around the coil of insulated wire in the region or
regions where the said ends of the insulated wire
leave the coil with sufficient overlap to meet creep-
age requirements of a minimum of 3 mm.

6. A transformer as claimed in Claim 5 in which
the said layer of additional safety insulation ma-
terial makes a minimum of one and one half turns
fransversely of the coil.

7. A transformer as claimed in Claim 5 or
Claim 6 in which the ends of the wire for the first
winding leave that winding together at approxi-
mately the same circumferential position between
the same overlapping layers of the wrapping.
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8. A transformer as claimed in any preceding
claim in which the strip of safety approved insulat-
ing material is of a thickness of from 0.02mm to
0.4mm.

9. A transformer as claimed in Claim 8 in which
the said thickness is from 0.025mm to 0.1mm.

10. A method of making a transformer in which
the end portions of a length of insulated wire to
form a first winding are wrapped with a roll of
safety insulation, one end is passed substantially
transversely across a bobbin on which the first
winding is to be supported, a rectangular piece of
safety insulation of at least two superimposed lay-
ers of safety insulation is placed over the trans-
verse length of that end with flap portions ending
beyond the width of the bobbin, the first winding is
formed by coiling the wire around the bobbin and
over the piece of insulation, and the other end
passed under the piece of insulation and out of the
side of the bobbin substantially coincident with the
said one end, one flap portion is bent over the coil
and the other flap portion bent over the said one
flap portion, and a strip of safety approved insula-
tion is wound as a torroidal coil over the assembly
of coil and bobbin with at least two layers of the
strip superimposed everywhere, and thereafter a
second winding is formed by winding a coil of a
further length of insulated wire over the resulting
assembly, the arrangement being such that there
are at least three layers of safety approved insulat-
ing material between any parts of the wires forming
the first and second windings.

11. A method of making a transformer in which
the end portions of a length of insulated wire to
form a first winding are wrapped with a roll of
safety insulation, one end is passed substantially
transversely across a bobbin on which the first
winding is to be supported, a first recytangular
piece of safety insulation of at least two superim-~
posed layers of safety insulation is placed over the
transverse length of that end with flap portions
ending beyond the width of the bobbin, a second
rectangular piece of safety insulation of at least two
superimposed layers of safety insulation is placed
over the bobbin in the region where the final end of
the wire is to leave, the first winding is formed by
coiling the wire around the bobbin and over the
pieces of insulation, and the other end passed
under the second piece of insulation and out of the
side of the bobbin, one flap portion of each of the
first and second pieces is bent over the coil and
the other flap portion of each of the first and
second pieces is bent over the said one flap por-
tion, and a strip of safety approved insulation is
wound as a torroidal coil over the assembly of cail
and bobbin with at least two layers of the strip
superimposed everywhere, and thereafter a second
winding is formed by winding a coil of a further
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length of insulated wire over the resulting assem-
bly, the arrangement being such that there are at
least three layers of safety approved insulating
material between any parts of the wires forming the
first and second windings.

12. A method as claimed in Claim 10 or Claim
11 in which the wire of the second winding has a
safety insulated covering and in which there are
two overlapping layers of the strip in the torroidal
coil.
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