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(54) ELECTRICAL TRANSFORMER AND METHOD OF MANUFACTURING AN ELECTRICAL 
TRANSFORMER

(57) An electrical transformer and method of manu-
facturing an electrical transformer. The electrical trans-
former comprises a set of primary windings comprising
first and second primary windings connected in parallel
and first and second sets of secondary windings. Each
of the first and second sets comprises a plurality of sec-
ondary windings that are connected in parallel. The sec-
ondary windings of the first set are electrically isolated

from the secondary windings of the second set. The set
of primary windings and the first and second sets of sec-
ondary windings are arranged in a stacked structure in
which the secondary windings of the first set are inter-
leaved with the secondary windings of the second set,
and at least one secondary winding of the first set and/or
at least one secondary winding of the second set is ar-
ranged between the first and second primary windings.
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Description

Technical Field

[0001] The present disclosure relates to an electrical
transformer. Particularly, but not exclusively, the present
disclosure relates to an electrical transformer for use in
wireless power transfer systems. The present disclosure
also relates to methods of manufacturing an electrical
transformer.

Background

[0002] Wireless power transfer (WPT) relates to the
wireless transmission of electrical energy from a primary
(transmitting) side to a secondary (receiving) side. Ener-
gy may be transferred via electromagnetic induction from
the primary side to the secondary side. The primary side
may be situated in a charging station, for example, and
the secondary side may be electrically coupled to a
chargeable battery. Wireless charging may be used in
many applications, such as the charging of electrically
powered vehicles. For example, a forklift truck may have
an on-board battery pack which may be charged wire-
lessly when the forklift truck is positioned sufficiently
close to a charging station for near-field, or inductive,
coupling to occur.
[0003] Some WPT systems have comparable input
and output voltages. However, some applications may
require significant differentials between input and output
voltages. For example, a battery of an electrically pow-
ered vehicle may operate at a relatively low voltage (e.
g. 36 volts), whereas the charging station may be pow-
ered at a much higher voltage (e.g. 600 volts). Therefore,
such WPT systems may be required to step-down the
operating voltage. Further, such a voltage difference may
mean that substantial currents are involved for high pow-
er charges. For example, 115 amps may be needed for
a 5 kilowatt charge of a 36 volt battery for a forklift truck.
Handling such high currents may be difficult, particularly
on the secondary side of the WPT system, since the sec-
ondary side may be included in a battery pack or other
portable device. As the secondary side of the WPT sys-
tem may be included in a battery pack, the size and/or
weight of the secondary side may also be a particular
concern. Moreover, the secondary side of the WPT sys-
tem may have to withstand environmental factors, such
as moisture, vibrations, heat, etc.
[0004] The present disclosure seeks to address the
above-mentioned problems. Alternatively or additionally,
the present disclosure seeks to provide improved elec-
trical transformers.

Summary

[0005] According to a first aspect, there is provided an
electrical transformer, comprising: a set of primary wind-
ings comprising first and second primary windings con-

nected in parallel; and first and second sets of secondary
windings, each of the first and second sets comprising a
plurality of secondary windings that are connected in par-
allel, the secondary windings of the first set being elec-
trically isolated from the secondary windings of the sec-
ond set, wherein the set of primary windings and the first
and second sets of secondary windings are arranged in
a stacked structure in which: the secondary windings of
the first set are interleaved with the secondary windings
of the second set, and at least one secondary winding of
the first set and/or at least one secondary winding of the
second set is arranged between the first and second pri-
mary windings.
[0006] According to a second aspect, there is provided
a battery pack equipment for an electrically powered ve-
hicle, the battery pack equipment comprising at least one
rechargeable battery, the battery pack equipment com-
prising an electrical transformer according to the first as-
pect.
[0007] According to a third aspect, there is provided a
method of manufacturing an electrical transformer, the
method comprising: providing a set of stackable primary
windings comprising first and second primary windings;
providing a plurality of stackable secondary windings;
grouping the plurality of secondary windings into a first
set of secondary windings and a second set of secondary
windings; stacking the set of primary windings and the
first and second sets of secondary windings; connecting
the first and second primary windings of the set of primary
windings in parallel; connecting the secondary windings
of the first set in parallel; and connecting the secondary
windings of the second set in parallel, wherein the set of
primary windings and the first and second sets of sec-
ondary windings are stacked such that: the secondary
windings of the first set are interleaved with the secondary
windings of the second set, and at least one secondary
winding of the first set and/or at least one secondary wind-
ing of the second set is arranged between the first and
second primary windings.
[0008] It should be appreciated that features described
in relation to one aspect of the present disclosure may
be incorporated into other aspects of the present disclo-
sure. For example, a method aspect may incorporate any
of the features described with reference to an apparatus
aspect and vice versa.

Description of the Drawings

[0009] Embodiments of the present disclosure will now
be described by way of example only with reference to
the accompanying schematic drawings of which:

Figure 1 shows a circuit diagram for a wireless power
transfer system;
Figure 2A shows an exploded view of an electrical
transformer according to embodiments of the
present disclosure;
Figures 2B to 2D show different parts of the exploded
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view of the electrical transformer shown in Figure 2A;
Figures 3A to 3C show an electrical transformer ac-
cording to embodiments of the present disclosure;
Figure 4 shows a circuit diagram for an electrical
transformer according to embodiments of the
present disclosure; and
Figure 5 shows a flow diagram depicting a method
of manufacturing an electrical transformer according
to embodiments of the present disclosure.

Detailed Description

[0010] Referring to Figure 1, there is shown an electri-
cal circuit diagram 100 for a wireless power transfer
(WPT) system. Such a WPT system may be used to wire-
lessly charge a battery pack. The WPT system may be
suitable for charging the battery of an electrically pow-
ered vehicle, e.g. a forklift truck. In such an application,
the secondary side 120 of the WPT system may be in-
cluded in or coupled to a battery pack of the vehicle. The
primary side 110 of the WPT system may be arranged
at a charging station, for example.
[0011] The secondary side 120 of the WPT system is
arranged to manage a reduction in operating voltage.
This is because the secondary side 120 is arranged to
receive a high voltage from the primary side 110 (e.g. up
to 650 volts), and may need to charge a battery at a low
voltage (e.g. at 24, 36 or 48 volts). Due to the substantial
difference between these voltages, very high currents
may be involved for high power charges. The secondary
side 120 of the WPT system may include a High-Voltage
Low-Voltage (HVLV) transformer 130, or alternatively a
buck converter (also known as a step-down converter),
to manage the voltage reduction. An HVLV transformer
130, for example in the form of a center-tap full-wave
rectifier, may manage losses more effectively than a buck
converter.
[0012] However, when some known transformers are
used in the secondary side 120 of the WPT system, un-
desirable leakage inductance may occur. Such leakage
inductance may primarily occur on the primary side of
the transformer, but may additionally or alternatively oc-
cur on the secondary side of the transformer. Such leak-
age inductance can affect the voltage regulation sensi-
tivity of the WPT system, and/or may cause or increase
overvoltage ringing on diodes that are downstream of the
transformer. Further, leakage inductance can reduce the
coupling factor of the WPT system, thereby decreasing
the charging efficiency of the WPT system, and/or po-
tentially reducing the ability of the WPT system to effec-
tively and efficiently charge a low voltage battery.
[0013] Embodiments of the present disclosure, provide
an electrical transformer which has a reduced leakage
inductance compared to known transformers. In partic-
ular, the transformer according to embodiments de-
scribed herein comprises a stacked structure in which
secondary windings of a first set of secondary windings
are interleaved with secondary windings of a second set

of secondary windings, and in which at least one sec-
ondary winding of the first set and/or at least one sec-
ondary winding of the second set is arranged between
first and second primary windings. By arranging second-
ary windings between primary windings in the stacked
structure, and by interleaving secondary windings from
different sets (the secondary windings from different sets
being electrically isolated from each other, and each set
comprising secondary windings connected in parallel),
leakage inductance in the transformer is reduced, there-
by enabling an increase in the efficiency of the transform-
er, and consequently of the WPT system as a whole. By
reducing the leakage inductance of the transformer, volt-
age regulation sensitivity and/or overvoltage ringing on
downstream diodes may be reduced, and high currents
may be managed effectively and efficiently. Further, such
a stacked structure enables the transformer to be rela-
tively flat, compact and structurally robust, and thereby
particularly (though not exclusively) suitable for use on
board an electrically powered vehicle, e.g. coupled to or
within a battery pack for the vehicle.
[0014] Referring to Figure 2A, there is shown an ex-
ploded view of an electrical transformer 200 according
to embodiments of the present disclosure. The transform-
er 200 may be used on the secondary side of a WPT
system, such as the WPT system described above with
reference to Figure 1. In embodiments, the transformer
200 can be used in a battery pack equipment for an elec-
trically powered vehicle. Such a battery pack equipment
may comprise at least one rechargeable battery. Such a
battery pack equipment may be configured to be ar-
ranged within the electrically powered vehicle during
charging of the battery, or may be configured to be ar-
ranged separately from the vehicle during charging of
the battery. In embodiments, the transformer 200 com-
prises an HVLV transformer.
[0015] As shown in Figure 2A, the transformer 200
comprises a stacked structure having a plurality of layers.
Some or all of the layers may be substantially planar such
that the layers can be stacked in a mechanically stable,
spatially efficient and compact manner.
[0016] The transformer 200 comprises a first primary
winding 202 and a second primary winding 204. The first
primary winding 202 is connected to the second primary
winding 204 in parallel. In this embodiment, each of the
primary windings 202, 204 comprises one or more Litz
wires. The use of Litz wires for the primary windings 202,
204 may reduce a skin effect compared to a case in which
Litz wires are not used for one or both of the primary
windings 202, 204. Further, Litz wires may be particularly
suitable for potting, such that losses can be readily dis-
sipated wherever the winding is within the transformer
200. In alternative embodiments, however, Litz wires are
not used for one or both of the primary windings 202, 204.
[0017] In this embodiment, each of the primary wind-
ings 202, 204 comprise 18 turns. The 18 turns are ob-
tained by providing 2 layers each having 9 turns. In al-
ternative embodiments, each primary winding comprises
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a single layer. Different numbers of turns and/or layers
may be used in alternative embodiments.
[0018] The transformer 200 also comprises a first set
of secondary windings 210, 214, 218 and a second set
of secondary windings 220, 224, 228. The first set com-
prises a plurality of secondary windings 210, 214, 218
that are connected in parallel. The second set comprises
a plurality of secondary windings 220, 224, 228 that are
connected in parallel. In this embodiment, the first set
and the second set each comprise three secondary wind-
ings connected in parallel. Providing two sets of three
parallel secondary windings may facilitate a reduction in
leakage inductance (and consequently an increase in
coupling factor), and/or a reduction in AC losses inside
the windings, compared to a comparative case in which
fewer secondary windings are used. The first set and/or
the second set may comprise different numbers of sec-
ondary windings in alternative embodiments. In embod-
iments, the first set and the second set are nonoverlap-
ping. That is, the first and second sets do not have any
windings in common. As such, the first and second sets
may comprise discrete pluralities of secondary windings
in parallel.
[0019] In embodiments, each of the secondary wind-
ings 210, 214, 218, 220, 224, 228 comprises one or more
busbars. Busbars may be more robust than other forms
of winding. In particular, busbars may be better suited to
handle high currents (e.g. 115 amps) in the presence of
non-trivial environmental conditions, such as vibrations
and shocks, that may occur on-board an electrically pow-
ered vehicle. In this embodiment, each of the secondary
windings comprises two turns. Each of the two turns com-
prises a busbar. In some examples, a single busbar en-
compasses more than one turn. Each of the secondary
windings may comprise one or more layers in the stacked
structure. In this embodiment, each of the secondary
windings comprises two layers (e.g. corresponding to two
busbars). Different numbers of turns and/or layers may
be used in alternative embodiments. The number of turns
per secondary winding and/or primary winding may be
determined based on a desired performance character-
istic of the transformer 200. Such a performance char-
acteristic may comprise a desired voltage reduction, a
desired charging power, a desired current-transfer capa-
bility, etc.
[0020] The secondary windings 210, 214, 218 of the
first set are electrically isolated from the secondary wind-
ings 220, 224, 228 of the second set. In this embodiment,
a polymer layer (not shown) is disposed on a surface of
a secondary winding of the first set and/or of the second
set. The polymer layer insulates the secondary windings
from one another. That is, the polymer layer separates
a given secondary winding from an adjacent secondary
winding in the stack. In some examples, the primary wind-
ings are electrically isolated from the secondary wind-
ings. A similar polymer layer may be used for such elec-
trical isolation. An example of such a polymer is polyim-
ide, which may be applied as a film. In some embodi-

ments, Kapton™ is used as the polymer layer. Polyimide
film may be relatively thin and/or light compared to some
other insulators (thereby allowing the transformer 200 to
be relatively flat and compact). This can also facilitate a
reduction in the separation between primary and second-
ary windings, which may therefore reduce leakage in-
ductance and increase coupling. Additionally or alterna-
tively, polyimide film may be stable over a wider range
of temperatures compared to some other insulators. The
secondary windings of the first set may be electrically
isolated from the secondary windings of the second set
in other ways (i.e. not using a polymer layer) in alternative
embodiments, and similarly the primary windings may be
electrically isolated from the secondary windings in other
ways.
[0021] In embodiments, at least one secondary wind-
ing of the first set is connected in series with a secondary
winding of the second set. In this embodiment, every sec-
ondary winding of the first set is connected in series with
a respective secondary winding of the second set. Al-
though the secondary windings of different sets may be
connected in series, such connections are provided to
enable a common output of the secondary windings, rath-
er than for a current to flow from a secondary winding of
the first set to a secondary winding of the second set, or
vice-versa. Such connections may be made outside of
the stacked structure (as described in more detail below).
As such, the secondary windings from different sets may
be electrically isolated from one another within the
stacked structure, but may be connected (e.g. via com-
mon outputs) outside the stacked structure.
[0022] The secondary windings of the transformer 200
are stacked such that the secondary windings 210, 214,
218 of the first set are interleaved with the secondary
windings 220, 224, 228 of the second set. This facilitates
a reduction in leakage inductance compared to a case
in which the secondary windings from different sets are
not interleaved. In some embodiments, some of the sec-
ondary windings of the first set are interleaved with sec-
ondary windings of the second set, and some of the sec-
ondary windings of the first set are not interleaved with
secondary windings of the second set.
[0023] At least one secondary winding of the first set
and/or at least one secondary winding of the second set
is arranged between the first and second primary wind-
ings 202, 204. This facilitates a reduction in leakage in-
ductance compared to a case in which secondary wind-
ings are arranged on either side of primary windings but
not between primary windings (or in which only one pri-
mary winding is used).
[0024] In embodiments, at least one secondary wind-
ing of the first set and at least one secondary winding of
the second set are both arranged between the first and
second primary windings. For example, in this embodi-
ment, a secondary winding 214 of the first set and a sec-
ondary winding 224 of the second set are both arranged
between the first and second primary windings 202, 204.
Arranging a secondary winding from each set between
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the two primary windings may facilitate a further reduction
in leakage inductance, and/or may increase the coupling
efficiency of the transformer 200 by reducing an average
distance between primary windings and secondary wind-
ings in the transformer 200. In some embodiments, more
than one winding of the first set and/or more than one
winding of the second set is arranged between the first
and second primary windings 202, 204.
[0025] In embodiments, the first primary winding 202
is arranged between a first winding group and a second
winding group, and the second primary winding 204 is
arranged between the second winding group and a third
winding group. Each of the first, second and third winding
groups comprises one or more secondary windings of
the first set and one or more secondary windings of the
second set. In this embodiment, the first winding group
comprises a secondary winding 210 of the first set and
a secondary winding 220 of the second set, the second
winding group comprises a secondary winding 214 of the
first set and a secondary winding 224 of the second set,
and the third winding group comprises a secondary wind-
ing 218 of the first set and a secondary winding 228 of
the second set. Stacking the primary and secondary
windings in such an order facilitates a reduction in primary
leakage inductance.
[0026] In this embodiment, the first primary winding
202 is arranged between a secondary winding 220 of the
second set and a secondary winding 214 of the first set,
and the second primary winding 204 is arranged between
a further secondary winding 224 of the second set and
a further secondary winding 218 of the first set.
[0027] The secondary windings 214, 224 that are ar-
ranged between the primary windings 202, 204 are
shown in greater detail in Figure 2B. The secondary wind-
ing 214 comprises two busbars 215-a, 215-b, each of
which encompasses one turn. The two busbars 215-a,
215-b are soldered together (as depicted by a dashed
arrow in Figure 2B) to form the secondary winding 214.
The two busbars 215-a, 215-b may be connected togeth-
er by other means in alternative embodiments. Similarly,
the secondary winding 224 comprises two busbars 225-
a, 225-b, each of which encompasses one turn, and
which may be soldered together (as depicted by a dashed
arrow in Figure 2B) to form the secondary winding 224.
The two busbars 225-a, 225-b may be connected togeth-
er by other means in alternative embodiments.
[0028] The secondary winding 214 of the first set has
a first output connector 216. The first output connector
216 is for connecting to a first transformer output 219 (as
depicted in Figure 2A). The first transformer output 219
may comprise a busbar, for example. The first transform-
er output 219 may act to connect the secondary windings
210, 214, 218 of the first set to one another. Further, the
first transformer output 219 conveys an output from the
secondary windings 210, 214, 218 of the first set. The
secondary winding 224 of the second set has a second
output connector 226. The second output connector 226
is for connecting a second transformer output 229. The

second transformer output 229 is different to the first
transformer output 219. The second transformer output
229 may comprise a busbar. The second transformer
output 229 may act to connect the secondary windings
220, 224, 228 of the second set to one another. Further,
the second transformer output 229 conveys an output
from the secondary windings 220, 224, 228 of the second
set.
[0029] Additionally, in this embodiment, the secondary
winding 214 of the first set has a third output connector
217, and the secondary winding 224 of the second set
also has a third output connector 227. The third output
connectors 217, 227 are for connecting to a third trans-
former output. The third transformer output 230 is differ-
ent to each of the first transformer output 219 and the
second transformer output 229. In embodiments, the
third transformer output 230 comprises a busbar. The
third transformer output 230 may act as a common output
channel connecting the secondary windings of the first
and second sets, e.g. outside of the stacked structure.
The third transformer output 230 may correspond to a
center tap for the transformer 200. Providing the third
transformer output 230 enables the average separation
between primary windings and secondary windings in
the transformer 200 to be reduced, thereby facilitating a
decrease in leakage inductance and an increase in cou-
pling efficiency. Further, providing a third transformer out-
put 230 which is common to every secondary winding
allows the overall transformer 200 to handle relatively
high currents, as required in many WPT applications for
charging low voltage batteries.
[0030] The use of busbars for the first, second and/or
third transformer outputs 219, 229, 230 may provide for
relatively simple, flexible and/or robust electrical connec-
tions between the various secondary windings. Further,
the busbars may be readily adaptable for use with differ-
ent downstream electrical connections. Moreover, bus-
bars may be adapted to handle relatively high currents.
[0031] In embodiments, each of the output connectors
216, 217, 226, 227 comprises a slot configured to allow
a busbar to pass through. This provides a structurally
robust electrical connection between a given output con-
nector and a corresponding transformer output. Some or
all of the output connectors 216, 217, 226, 227 may take
different forms in alternative embodiments.
[0032] In embodiments, the transformer 200 compris-
es a printed circuit board (PCB) 240. This is shown in
more detail in Figure 2C. The PCB 240 is configured to
interconnect the primary windings 202, 204. In this em-
bodiment, the first primary winding 202 can be connected
(e.g. via soldering) to the PCB 240 at first connection
points 242. Similarly, the second primary winding 204
can be connected to the PCB 240 at second connection
points 244. The PCB 240 also comprises a first primary
power connection 246 for providing power to the first pri-
mary winding 202, and a second primary power connec-
tion 248 for providing power to the second primary wind-
ing 204. In alternative embodiments, a single power con-
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nection is provided for both the primary windings 202,
204.
[0033] In embodiments, the transformer 200 compris-
es casing structures 252, 254. The casing structures 252,
254 may be made from plastic or any other suitable ma-
terial. The casing structures 252, 254 are configured to
enclose and/or protect the internal components of the
transformer 200. For example, the casing structures 252,
254 may be arranged to protect the internal components
of the transformer 200 from environmental conditions, e.
g. moisture. The casing structures 252, 254 may also
provide impermeability to facilitate potting of some or all
of the internal components of the transformer 200.
[0034] In embodiments, the transformer 200 compris-
es a PCB maintaining structure 232. The PCB maintain-
ing structure 232 is configured to maintain the PCB 240
in the transformer 200. The PCB maintaining structure
232 may maintain the position of the PCB 240 in the
transformer 200, and/or may maintain the functionality
of the PCB 240. In embodiments, the PCB maintaining
structure 232 is arranged to protect the PCB 240 and/or
other components from environmental factors, e.g. mois-
ture or other corrosive agents. The PCB maintaining
structure 232 may be formed of rubber, or any other sub-
stantially impermeable and/or elastic material. The cas-
ing structure 254 depicted in Figure 2C may be exposed
to the environment of the transformer 200 in some em-
bodiments (e.g. to allow the primary side of the trans-
former 200 to receive a power input). Therefore, the PCB
maintaining structure 232 provides impermeability to pro-
tect the PCB 240 and/or the power connections 246, 248
from the environment.
[0035] In embodiments, the transformer 200 compris-
es ferrites 262, 264. The ferrites 262, 264 are arranged
to transfer magnetic flux within the transformer 200. In
this embodiment, the ferrites 262, 264 comprise ELP
102/20/38 ferrite core sets. Other types of ferrites and/or
different numbers of ferrites may be used in other em-
bodiments.
[0036] As shown in Figures 2A and 2D, the transformer
200 comprises one or more supporting structures 272,
274. The supporting structures 272, 274 are configured
to encapsulate some or all of the internal components of
the transformer 200. The supporting structures 272, 274
may be made from plastic or any other suitable material.
The supporting structures 272, 274 may be configured
to prevent the internal components of the transformer
200 from moving relative to one another, thereby provid-
ing a robust structure which is resilient to external vibra-
tions, for example.
[0037] The transformer 200 also comprises a move-
ment absorbing element 280, e.g. a sponge. The move-
ment absorbing element 280 may be disposed on the
supporting structure 272. The movement absorbing ele-
ment 280 is arranged to absorb movement of the internal
components of the transformer 200, e.g. the ferrites, pri-
mary windings, and secondary windings. As such, the
movement absorbing element 280 may ensure that the

positions of the internal components of the transformer
200 within the transformer 200 do not change. Therefore,
the effects of possible vibration, shock or other move-
ment may be mitigated. By ensuring the correct position-
ing of the internal components of the transformer 200,
encapsulation of such internal components by the casing
structures 252, 254 is facilitated. This can make manu-
facture of the transformer 200 more efficient.
[0038] In embodiments, a potting agent is applied with-
in the transformer 200. An example of such a potting
agent is resin, e.g. epoxy resin. Other solid or gelatinous
materials may be used instead of resin in some cases,
e.g. thermosetting plastic or silicon rubber gel. The pot-
ting agent facilitates the fixing of the relative positions of
the internal components of the transformer 200. Further,
the potting agent may facilitate thermal dissipation to the
baseplate 285 of the transformer 200. Additionally or al-
ternatively, the potting agent may protect the internal as-
sembly of the transformer 200 from moisture and/or cor-
rosive agents. The potting agent may be applied via the
secondary side of the transformer, in some examples. In
alternative embodiments, a potting agent is not applied
within the transformer 200.
[0039] The transformer 200 may comprise more, fewer
and/or different components in alternative embodiments.
[0040] Referring to Figures 3A to 3C, there is shown
the transformer 200 fully assembled, with the casing
structures 252, 254 encapsulating the internal compo-
nents of the transformer 200.
[0041] As shown in Figure 3B, the first and second pri-
mary power connections 246, 248, for delivering power
to the first and second primary windings 202, 204, re-
spectively, are provided via respective holes in the casing
structure 254.
[0042] As shown in Figure 3C, the corresponding out-
puts of the secondary windings are connected via bus-
bars. In this embodiment, such connections are provided
outside of the stacked structure. Some or all of such con-
nections may alternatively be provided within the trans-
former 200.
[0043] In this embodiment, each secondary winding
210, 214, 218 of the first set has a first output connector
for connecting to a first transformer output 219. The first
transformer output 219 connects the first output connec-
tors for each of the secondary windings 210, 214, 218 of
the first set. Similarly, each secondary winding 220, 224,
228 of the second set has a second output connector for
connecting to a second transformer output 229. The sec-
ond transformer output 229 connects the second output
connectors for each of the secondary windings 220, 224,
228 of the second set.
[0044] In embodiments, the first transformer output
219 and/or the second transformer output 229 is adapted
for use with diode circuitry, e.g. an isotop diode package.
This can enable the transformer 200 to be used on the
secondary side of a WPT system, such as that depicted
in Figure 1 (e.g. with a diode package arranged down-
stream of the transformer 200). The first transformer out-
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put 219 and/or the second transformer output 229 may
take other forms in alternative embodiments, and/or may
be useable with different types of downstream compo-
nents.
[0045] In this embodiment, each of the secondary
windings of both the first and second sets has a third
output connector for connecting to a third transformer
output 230. The third transformer output 230 is thus a
common output for all of the secondary windings of both
sets. The third transformer output 230 comprises a bus-
bar in this embodiment. The third transformer output 230
may also be adapted for use with particular downstream
circuitry. The third transformer output 230 may take other
forms in alternative embodiments.
[0046] Referring to Figure 4, there is shown an electri-
cal circuit diagram 400 for the transformer 200, according
to embodiments of the present disclosure. As shown in
the circuit diagram 400, the primary side of the transform-
er 200 comprises two primary windings arranged in par-
allel, and the secondary side of the transformer 200 com-
prises two sets of three secondary windings, the second-
ary windings of each set being arranged in parallel. Each
of the six secondary windings has two output connec-
tions. One output connection connects the secondary
windings of a given set (e.g. along the top or bottom of
the secondary side of Figure 4). The other output con-
nection connects all six secondary windings (e.g. along
the center of the secondary side of Figure 4).
[0047] Referring to Figure 5, there is shown a method
500 of manufacturing an electrical transformer according
to embodiments of the present disclosure. The method
500 may be used to manufacture the electrical transform-
er 200 described above.
[0048] At item 510, a set of stackable primary windings
is provided. The set of primary windings comprises first
and second primary windings. The primary windings may
be substantially planar, and therefore readily stackable.
[0049] At item 520, a plurality of stackable secondary
windings is provided. The secondary windings may be
substantially planar, and therefore readily stackable.
[0050] At item 530, the plurality of secondary windings
is grouped into a first set of secondary windings and a
second set of secondary windings.
[0051] At item 540, the set of primary windings and the
first and second sets of secondary windings are stacked.
The windings are stacked so as to form a stacked struc-
ture. Such a stacked structure may be relatively compact
and/or mechanically robust compared to a non-stacked
structure.
[0052] The set of primary windings and the first and
second sets of secondary windings are stacked such that
the secondary windings of the first set are interleaved
with the secondary windings of the second set. Further,
the primary and secondary windings are stacked such
that at least one secondary winding of the first set and/or
at least one secondary winding of the second set is ar-
ranged between the first and second primary windings.
Therefore, leakage inductance in the transformer may

be reduced.
[0053] At item 550, the first and second primary wind-
ings of the first set of primary windings are connected in
parallel. The primary windings may be interconnected
via a PCB, for example.
[0054] At item 560, the secondary windings of the first
set are connected in parallel. The secondary windings of
the first set may be connected via a first busbar, for ex-
ample.
[0055] At item 570, the secondary windings of the sec-
ond set are connected in parallel. The secondary wind-
ings of the second set may be connected via a second
busbar, for example.
[0056] By providing a plurality of stackable secondary
windings (e.g. in the form of busbars), a given secondary
winding may be readily interchanged with another sec-
ondary winding in the stack before the inter-connections
are made. That is, each secondary winding may be con-
structed separately (according to a standard specifica-
tion), before being stacked in a particular order, thereby
making the manufacturing process more efficient. Fur-
ther, individual secondary windings may be readily added
or removed from the stack as desired, e.g. to modify the
current-carrying capabilities and/or the physical dimen-
sions of the transformer.
[0057] The steps of the method 500 may be performed
in a different order in alternative embodiments. For ex-
ample, one or more of the connecting steps 550, 560,
570 may be performed prior to the stacking step 540 in
some cases.
[0058] Whilst the present disclosure has been de-
scribed and illustrated with reference to particular em-
bodiments, it will be appreciated by those of ordinary skill
in the art that the present disclosure lends itself to many
different variations not specifically illustrated herein. By
way of example only, certain possible variations will now
be described.
[0059] In embodiments of the present disclosure, the
electrical transformer 200 is for use in a wireless power
transfer system. In alternative embodiments, the electri-
cal transformer 200 is for use in other applications. The
electrical transformer 200 may be used in any application
which requires a relatively high current to be managed.
[0060] In some embodiments, the electrical transform-
er 200 is for use in a forklift truck. In alternative embod-
iments, the electrical transformer 200 is for use in differ-
ent types of vehicle. For example, the electrical trans-
former 200 may be used in electrically powered cars,
buses, scooters, aircraft, marine vehicles, etc.
[0061] In embodiments, each of the primary windings
202, 204 comprises one or more Litz wires. In alternative
embodiments, one or more of the primary windings 202,
204 comprise one or more of a PCB, busbar, flexible
busbar, etc.
[0062] In embodiments, each of the secondary wind-
ings comprises one or more busbars. In alternative em-
bodiments, one or more of the secondary windings com-
prise one or more of a PCB, Litz wire, flexible busbar, etc.
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[0063] In embodiments, the transformer 200 compris-
es an HVLV transformer. In alternative embodiments, the
transformer 200 comprises a Low-Voltage High-Voltage
(LVHV), or ’step-up’, transformer.
[0064] In embodiments, at least one secondary wind-
ing of the first set is connected in series with a secondary
winding of the second set. In alternative embodiments,
the secondary windings of the first set are not connected
in series with secondary windings of the second set.
[0065] In embodiments, the transformer comprises two
primary windings connected in parallel. In alternative em-
bodiments, the transformer comprises more than two pri-
mary windings.
[0066] In embodiments, the transformer comprises two
sets of secondary windings, each set comprising a plu-
rality of secondary windings connected in parallel. In al-
ternative embodiments, the transformer comprises more
than two sets of secondary windings, each set comprising
a plurality of secondary windings connected in parallel.
[0067] In embodiments, each secondary winding com-
prises two turns. In alternative embodiments, one or more
of the secondary windings comprises a different number
of turns. Different secondary windings may have different
numbers of turns from one another in some embodi-
ments.
[0068] In embodiments, each primary winding com-
prises 18 turns. In alternative embodiments, one or more
of the primary windings comprises a different number of
turns. Different primary windings may have different num-
bers of turns from one another in some embodiments.
[0069] In embodiments, each secondary winding of
both the first and the second set has an output connection
to a common transformer output. In alternative embodi-
ments, the secondary windings of different sets do not
have output connections to a common transformer out-
put.
[0070] Where in the foregoing description, integers or
elements are mentioned which have known, obvious or
foreseeable equivalents, then such equivalents are here-
in incorporated as if individually set forth. It will also be
appreciated that integers or features of the present dis-
closure that are described as preferable, advantageous,
convenient or the like are optional and do not limit the
scope of the independent claims. Moreover, it is to be
understood that such optional integers or features, whilst
of possible benefit in some embodiments, may not be
desirable, and may therefore be absent, in other embod-
iments.
[0071] The features of any dependent claim may be
combined with the features of any of the independent
claims or other dependent claims. Features described in
relation to one example or embodiment may be used in
other described examples or embodiments, e.g. by ap-
plying relevant portions of that disclosure.

Claims

1. An electrical transformer, comprising:

a set of primary windings comprising first and
second primary windings connected in parallel;
and
first and second sets of secondary windings,
each of the first and second sets comprising a
plurality of secondary windings that are connect-
ed in parallel, the secondary windings of the first
set being electrically isolated from the second-
ary windings of the second set,
wherein the set of primary windings and the first
and second sets of secondary windings are ar-
ranged in a stacked structure in which:

the secondary windings of the first set are
interleaved with the secondary windings of
the second set, and
at least one secondary winding of the first
set and/or at least one secondary winding
of the second set is arranged between the
first and second primary windings.

2. An electrical transformer according to claim 1,
wherein the at least one secondary winding of the
first set and the at least one secondary winding of
the second set are both arranged between the first
and second primary windings.

3. An electrical transformer according to claim 1 or
claim 2, wherein at least one secondary winding of
the first set is connected in series with a secondary
winding of the second set.

4. An electrical transformer according to any of claims
1 to 3, wherein every secondary winding of the first
set is connected in series with a respective second-
ary winding of the second set.

5. An electrical transformer according to any of claims
1 to 4, wherein the first set and the second set each
comprise three secondary windings that are con-
nected in parallel.

6. An electrical transformer according to any of claims
1 to 5, wherein the first primary winding is arranged
between a first winding group and a second winding
group, and the second primary winding is arranged
between the second winding group and a third wind-
ing group, each of the first, second and third winding
groups comprising one or more secondary windings
of the first set and one or more secondary windings
of the second set.

7. An electrical transformer according to any of claims
1 to 6, wherein each of the secondary windings of
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the first and second sets comprises 2 turns.

8. An electrical transformer according to any of claims
1 to 7, wherein each of the secondary windings of
the first and second sets comprises at least one bus-
bar.

9. An electrical transformer according to any of claims
1 to 8, wherein each of the first and second primary
windings comprises 18 turns.

10. An electrical transformer according to any of claims
1 to 9, wherein each of the first and second primary
windings comprises at least one Litz wire.

11. An electrical transformer according to any of claims
1 to 10,
wherein each secondary winding of the first set has
a first output connector for connecting to a first trans-
former output,
wherein each secondary winding of the second set
has a second output connector for connecting to a
second transformer output, different to the first trans-
former output, and
wherein each secondary winding of the first and sec-
ond sets has a third output connector for connecting
to a third transformer output, the third transformer
output being different to each of the first transformer
output and the second transformer output.

12. An electrical transformer according to claim 11,
wherein each of the first transformer output, second
transformer output and third transformer output com-
prises a busbar.

13. An electrical transformer according to any of claims
1 to 12, comprising a polymer layer disposed on a
surface of a secondary winding of the first set and/or
of the second set.

14. Battery pack equipment for an electrically powered
vehicle, the battery pack equipment comprising at
least one rechargeable battery, the battery pack
equipment comprising an electrical transformer ac-
cording to any of claims 1 to 13.

15. A method of manufacturing an electrical transformer,
the method comprising:

providing a set of stackable primary windings
comprising first and second primary windings;
providing a plurality of stackable secondary
windings;
grouping the plurality of secondary windings into
a first set of secondary windings and a second
set of secondary windings;
stacking the set of primary windings and the first
and second sets of secondary windings;

connecting the first and second primary wind-
ings of the set of primary windings in parallel;
connecting the secondary windings of the first
set in parallel; and
connecting the secondary windings of the sec-
ond set in parallel,
wherein the set of primary windings and the first
and second sets of secondary windings are
stacked such that:

the secondary windings of the first set are
interleaved with the secondary windings of
the second set, and
at least one secondary winding of the first
set and/or at least one secondary winding
of the second set is arranged between the
first and second primary windings.

15 16 



EP 3 826 038 A1

10



EP 3 826 038 A1

11



EP 3 826 038 A1

12



EP 3 826 038 A1

13



EP 3 826 038 A1

14



EP 3 826 038 A1

15



EP 3 826 038 A1

16



EP 3 826 038 A1

17

5

10

15

20

25

30

35

40

45

50

55



EP 3 826 038 A1

18

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

