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Description

[0001] This invention concerns the design of power
transformers to facilitate the construction of isolated
power supplies that exhibit very low AC leakage cur-
rents between the primary and secondary sides.
[0002] The term Power Transformer is intended to
mean a transformer utilised to transfer power in a power
supply circuit. In particular it operates with primary and
secondary voltages on its windings, normally greater
than 1 Volt. This statement is intended to distinguish the
application from that of Current Transformers which are
used for measurement purposes and are intended to op-
erate with very low winding voltages. Power supplies are
used in many applications and are usually concerned
with the conversion of voltage from an input level such
as mains voltage or a DC voltage such as 12 Volts com-
monly present in motor vehicles to an output level re-
quired to operate the circuits or equipment to be pow-
ered.

[0003] Thus a power transformer in accordance with
the invention will normally comprise primary and sec-
ondary windings having different numbers of turns to
provide a step up or step down of voltage. In many cases
the output of a power supply is required to be electrically
isolated fromthe input for safety or other reasons related
to measurement and these types incorporate a trans-
former, commonly referred to as the power transformer,
to provide both the necessary voltage and current con-
version and the isolation. In some cases a plurality of
outputs is required where each is isolated from the other
and the invention is easily extended to this application.
[0004] High isolation and very low leakage current is
often required in power supplies used to operate sensi-
tive measuring equipment or safety critical equipment
such as that used in patient monitoring.

[0005] Mosttransformers and isolated power supplies
exhibit a leakage current that flows through the capaci-
tance between primary and secondary sides and is driv-
en by the AC voltages present at the primary and sec-
ondary windings. For well constructed small (< 10
Watts) line frequency transformers this is typically in the
region of .1 to 100 microamperes. For switched mode
applications where higher frequencies are used this
leakage current is often several milliamperes at the
switching frequency and its harmonics. Such high levels
of leakage current can interfere with sensitive measure-
ments and in some cases can even constitute a safety
hazard.

[0006] It is possible to minimise the leakage current
by careful construction of the transformer, in particular
by utilising electrostatic screens around the windings in
a manner well known to those versed in the art. Howev-
er, with conventional transformer construction it is diffi-
cult and expensive to achieve near perfect (fully enclos-
ing) screens. Furthermore, because of space limitations
and efficiency considerations the screens tend to be
separated by a thin layer of insulation which results in
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quite high capacitance between primary and secondary.
[0007] This is often a disadvantage where the trans-
former is used to supply power to measurement circuits
because the capacitance between each screen also
provides a low impedance leakage current path for any
voltages induced onto the screens from external con-
nections.

[0008] One way often used to minimise some of these
problems is to use two transformers in series as shown
in the schematic of Fig. 2. This allows the secondary
side transformer to be driven with a lower voltage than
otherwise if the primary side is of the step-down type.
However, with normal construction, there is fairly high
capacitance between the coupling winding and the sec-
ondary and there will be voltage present on the coupling
winding, depending on the turns ratio. This induced volt-
age is also electrostatically coupled to the windings and
screens and therefore itself causes leakage currents to
flow. By reducing to a single turn a minimum non zero
voltage will be present in the coupling winding but con-
sequently high currents will flow, perhaps resulting in ex-
cessive stray magnetic fields and losses due to power
dissipation in the coupling winding.

[0009] A power transformer is known, see Canadian
Patent No.982667, that comprises at least two inde-
pendent magnetic paths provided by relatively high per-
meability magnetic cores each of which is surrounded
by one or more windings individual to that core, and at
least one coupling winding comprising one or more turns
forming a closed circuit that encloses at least two of said
magnetic paths. In this construction the coupling wind-
ing is of variable impedance and is intended to enable
variation of the output voltage of the transformer. Other
forms of transformer are also known that comprise such
a coupling winding, but,in general, these are either not
power transformers or are not intended for applications
where electrostatic screening is a prime consideration.
[0010] It is accordingly an object of the invention to
provide a practical, low cost means for constructing
power transformers and hence power supplies that ex-
hibit very low levels of leakage current induced by the
winding voltages.

[0011] The invention accordingly provides a power
transformer of the known kind referred to characterised
in that each said core together with the winding or wind-
ings individual thereto is enclosed by an electrostatic
screen that is in turn enclosed by the or each coupling
winding that encloses the respective magnetic path.
[0012] Each core can thus be separately screened
with an almost totally enclosing layer of conductive or
slightly resistive material. For this purpose the slightly
resistive material of say 0.1 10 500 Ohms per square has
the advantage that it does not significantly increase
losses when it constitutes what is generally known as a
"shorted turn" whereas highly conductive materials such
as metal foils need to have a gap or insulated overlap
which generally lessens screening efficiency. The sep-
arate wound and screened cores are magnetically cou-
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pled to provide transformer action by the coupling wind-
ing. This arrangement allows almost ideal electrostatic
screens to enclose each winding and the windings to be
separated by a far greater distance than if they were
both on one similarly sized core. Using this method of
transformer construction reduction of leakage currents
to afew picoamperes is possible in line frequency trans-
formers (50Hz-60Hz) and to a few nanoamperes in
transformers used in switching supplies operating at
3kHz or above.

[0013] The invention is illustrated by way of example
in the accompanying drawings, in which:

[0014] Figure1is across sectional drawing of a power
transformer in accordance with a preferred embodiment
of the invention.

[0015] Fig. 2isaschematic representation of two con-
ventional screened power transformers connected in
series.

[0016] Fig. 3 is a schematic representation of an ar-
rangement in accordance with the invention.

[0017] Fig. 4 is a schematic representation of three
conventional power transformers connected in series,
and

[0018] Fig5 is a schematic representation of a further
arrangement in accordance with the invention.

[0019] Referringto Fig 3, there is shown diagrammat-
ically an arrangement according to one embodiment of
the invention. This resembles the schematic of figure 2
but differs in that the coupling winding is a single or mul-
tiplicity of conductive turns or paths that are closed
around two or more separate magnetic cores as sym-
bolically indicated. Since this winding encloses both
magnetic cores and is a short circuit, that is its start is
electrically connected to its finish, it tends to force the
magnetic field in the secondary core to counterbalance
that in the primary core such that the no load current in
the coupling winding is minimised. Thus if a primary
winding is around one core and covered with an enclos-
ing electrostatic screen and driven by a voltage that
causes an alternating magnetic field to be present in that
core then the coupling winding will cause an opposing
field in the secondary core which will induce a voltage
in the secondary winding. The coupling winding is
closed and encloses the vector sum of the flux in the
two cores which approximates to zero and therefore has
no net voltage induced regardless of the number of
turns, which means that minimal currents flow into the
primary or secondary screens or windings due to volt-
ages induced in the coupling winding electrostatically
coupling through the capacitance between coupling
winding and either of the screens.

[0020] Since the action of the coupling winding is to
maintain a net null magnetic field within itself it does so
regardless of the number of turns. The transformer ac-
tion is thus between primary and secondary in the man-
ner normal for conventional transformers. Therefore the
turns ratio is simply the ratio of the number of turns of
the primary to the number of turns of the secondary re-
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gardless of the number in the coupling winding.

[0021] InFig. 1 of the drawings, there is shown across
section depicting a practical construction of a power
transformer embodying this principle of construction. It
utilises two independent toroidal cores 7,8 of the type
commonly used in transformer manufacturing. Each
core is surrounded by one or more windings 1,4 in the
manner well known to those versed in the art of trans-
former or inductor manufacture and each is further en-
closed by a conductive or resistive electrostatic screen
as previously described. Henceforth we will refer to core
7 as the primary core carrying the primary windings 1
and screen 2 and core 8 as the secondary core carrying
the secondary windings 4 and screen 5. The object of
the construction is to provide near normal transformer
behaviour between primary connections 9 and second-
ary connections 12 with minimal electrostatic coupling
of the primary and secondary voltages to each other or
of the primary voltage to secondary screen 5 or second-
ary voltage to primary screen 2. Insulation 3 is placed
on top of the windings 1,4 and conductive screens 2,5
placed on top of the insulation 3. Each screen can be
resistive in the range 0.1 to 500 Ohms per square as
previously described or of very low resistivity material
such as Copper but it willthen need to be broken around
its circumference and ideally overlapped with interven-
ing insulation such that it does not constitute a shorted
turn. An example of a resistive screen may be a material
such as conductive paint that has sufficiently high re-
sistance to be a negligible load on the transformer when
it encloses the core to give a shorted turn around the
single core, but sufficiently low to be an effective elec-
trostatic screen. A connection 10,11 is made to each
screen and can be brought out for connection to an ex-
ternal circuit as shown or can be connected internally to
apointon a winding. Normally another layer of insulation
3 is placed over the screens 2,5 to protect them.
[0022] The two wound, screened cores are then
stacked, as shown in Fig. 1, with insulation 3 between
them. This can be fairly thick to minimise the capaci-
tance between the screens of the two cores. A coupling
winding 6 is then wound around the two stacked cores,
as if they were a single core as shown in Fig. 1, and the
end of the coupling winding is connected to its start re-
gardless of the number of turns. The current in the cou-
pling winding is inversely proportional to the number of
turns and so its resistivity should be chosen to minimise
losses caused by that current dissipating power in the
resistance of the coupling winding.

[0023] In order to minimise the amount of insulation
required on top of each screen the coupling winding may
be of the type having an insulating coating or sleeve,
preferably of a very high voltage breakdown and low di-
electric constant material such as Polytetrafluorethyl-
ene (PTFE or "Teflon") or Polyethylene.

[0024] It will be appreciated that many other versions
of the basic construction are possible including side by
side placing of the cores and use of other (non-toroidal)
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shapes of core such as "E", "C", "EFD", "ETD", "U" and
other cores where the basic construction of screening
and coupling is possible. The magnetic paths may also
be provided by a special type of "E" core known as "pla-
nar" and using planar windings such as traces on a print-
ed circuit board or metal sheet for primary, secondary
or coupling windings. The electrostatic screens may al-
so be moulded from approprately resistive synthetic
plastics material.

[0025] In some cases it may be beneficial to utilise a
plurality of coupling windings.

[0026] It may also be useful to use an intermediate
core such that the primary core is coupled to the inter-
mediate core with one coupling winding and the second-
ary core to the intermediate core with another coupling
winding. It then becomes useful to make connections to
the coupling windings such that they may be used for
electrostatic screeningin addition tothe aforementioned
electrostatic screens. In this particular, 3 core, embodi-
ment the use of one or both of the two coupling windings
as screens may allow the aforementioned electrostatic
screens to be simplified or omitted altogether whilst still
keeping the electrostatic coupling current very low. Fig-
ure 5 shows the schematic of such an arrangement uti-
lising the invention whereas Figure 4 shows an inferior
arrangement which uses an additional transformer in
known manner. The latter arrangement has a higher
voltage induced in the intermediate windings for a sim-
ilar number of turns which then leads to additional elec-
trostatically coupled current flow between primary and
secondary.

Claims

1. A power transformer intended for power coupling,
comprising at least two independent magnetic
paths provided by relatively high permeability mag-
netic cores (7,8) each of which is surrounded by one
or more windings individual (1,4) to that core, and
at least one coupling winding (6) comprising one or
more turns forming a closed circuit that encloses at
least two of said magnetic paths, characterised in
that each said core (7,8) together with the winding
or windings (1,4) individual thereto is enclosed by
an electrostatic screen (5) that is in turn enclosed
by the or each coupling winding (6) that encloses
the respective magnetic path.

2. A power transformer according to claim 1 wherein
the said cores (7.8) are toroidal cores.

3. A power transformer, being a modification of the
transformer according to claim 1 or 2, wherein the
or each said coupling winding (6) is replaced by two
coupling windings and an additional magnetic core
(Fig. 5), such that one or more of said magnetic
paths and the additional core are enclosed by one
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of said two coupling windings and the additional
core and one or more further ones of said magnetic
paths are enclosed by the second coupling winding.

4. A power transformer as claimed in any of claims 1
to 3, wherein said electrostatic screens (5) are
formed of resistive material having a resistivity of
0.1 to 500 ohms per square.

5. Apower transformer as claimed in claim 4, wherein
said resistive material comprises conductive paint.

6. A power transformer as claimed in claim 4, wherein
said resistive material comprises a synthetic plas-
tics material.

7. Apower transformer as claimed in claim 4, wherein
said resistive material comprises a moulded syn-
thetic plastics material.

Patentanspriiche

1. Leistungstransformator zur Leistungskopplung, mit
mindestens zwei unabhangigen Kraftlinienwegen,
die von zwei Magnetkernen (7, 8) mit relativ hoher
Permeabilitat bereitgestellt werden, die jeweils von
einer oder mehreren Wicklungen (1, 4) umgeben
sind, die dem jeweiligen Kern individuell zugeord-
net ist bzw. sind, sowie mindestens einer Kopp-
lungswicklung (6), die eine oder mehrere Windun-
gen aufweist, die einen geschlossenen Kreis bil-
den, der mindestens zwei der Kraftlinienwege um-
schlief3t, dadurch gekennzeichnet, dass jeder Ma-
gnetkern (7, 8) zusammen mit der bzw. den ihm zu-
geordneten Wicklung(en) (1, 4) von einer elekiro-
statischen Abschirmung (5) umschlossen ist, die
wiederum von der bzw. jeder Kopplungswicklung
(6) umschlossen ist, welche den jeweiligen Kraftli-
nienweg umschlieBt.

2. Leistungstransformator geman Anspruch 1, wobei
die Kerne (7, 8) als ringférmige Kerne ausgebildet
sind.

3. Leistungstransformator, der eine Abwandlung des
Transformators gemaB Anspruch 1 oder 2 bildet,
wobei die oder jede Kopplungswicklung (6) durch
zwei Kopplungswicklungen und einen zusatzlichen
Magnetkern (Fig. 5) ersetzt ist, so dass einer oder
mehrere der Kraftlinienwege und der zusatzliche
Kern von einer der beiden Kopplungswicklungen
umschlossen sind und der zusétzliche Kern und ein
weiterer oder mehrere weitere der Kraftlinienwege
von der zweiten Kopplungswicklung umschlossen
sind.

4. Leistungstransformator geman einem der Anspri-
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che 1 bis 3, wobei die elektrostatischen Abschir-
mungen (5) aus einem widerstandbehaiteten Mate-
rial mit einem spezifischen Widerstand von 0,1 bis
500 Ohm pro Quadrat gebildet sind.

Leistungstransformator geman Anspruch 4, wobei
das widerstandsbehaftete Material einen leitenden
Anstrich aufweist.

Leistungstransformator geman Anspruch 4, wobei
das widerstandsbehaftete Material ein syntheti-
sches Kunststoffmaterial aufweist.

Leistungstransformator geman Anspruch 4, wobei
das widerstandsbehaftete Material ein geformtes
synthetisches Kunststoffmaterial aufweist.

Revendications

Transformateur de puissance destiné au couplage
d'énergie, comprenant au moins deux chemins ma-
gnétiques indépendants fournis par des noyaux
magnétiques a relativement haute perméabilité (7,
8) entourés chacun d'un ou de plusieurs enroule-
ments (1, 4) propre(s) a lui, et au moins un enrou-
lement de couplage (6) comprenant une ou plu-
sieurs spires formant un circuit fermé qui entoure
au moins deux desdits chemins magnétiques, ca-
ractérisé par le fait que chaque dit noyau (7, 8), avec
I'enroulement ou les enroulements (1, 4) propre(s)
a lui, est entouré d'un écran électrostatique (5) qui
est lui-méme entouré du ou de chaque enroulement
de couplage (6) qui entoure le chemin magnétique
correspondant.

Transformateur de puissance selon la revendica-
tion 1, dans lequel lesdits noyaux (7. 8) sont des
noyaux toroidaux.

Transformateur de puissance résultant d'une modi-
fication du transformateur de la revendication 1 ou
2, dans lequel le ou chaque dit enroulement de cou-
plage (6) est remplacé par deux enroulements de
couplage et un noyau magnétique supplémentaire
(fig. 5), de fagon qu'un ou plusieurs desdits chemins
magnétiques et le noyau supplémentaire soient en-
tourés d'un desdits deux enroulements de couplage
et le noyau supplémentaire et un ou plusieurs
autres desdits chemins magnétiques soient entou-
rés du deuxiéme enroulement de couplage.

Transformateur de puissance selon l'une des re-
vendications 1 a 3, dans lequel les écrans électros-
tatiques (5) sont constitués d'une matiére résistive
ayant une résistivité de 0,1 & 500 ohms par carré.

Transformateur de puissance selon la revendica-
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tion 4, dans lequel ladite matiére résistive est une
peinture conductrice.

Transformateur de puissance selon la revendica-
tion 4, dans lequel ladite matiére résistive est une
matiére plastique synthétique.

Transformateur de puissance selon la revendica-
tion 4, dans lequel ladite matiére résistive est une
matiére plastique synthétique moulée.
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