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(57) Abstract: The invention relates to a coil assembly for producing or receiving alternating magnetic fields, comprising at least 
© one primary coil having at least one winding, and at least one secondary coil having at least one winding, said secondary coil being 

provided for selectively influencing the resonance behaviour of the coil assembly, and the primary coil comprising a main conductor 
and a shielding conductor that at least partially surrounds said main conductor. The shielding conductor is electrically conductively 
connected to the main conductor and comprises at least one section that is electrically interrupted.  

(57) Zusammenfassung: Eine Spulenanordnung zur Erzeugung oder zur Aufnahme von Magnetwechselfeldern umfasst wenigstens 
N4 eine Primrspule mit zumindest einer Windung und wenigstens eine zur selektiven Beeinflussung des Resonanzverhaltens der Spulen-
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anordnung vorgesehene Sekundrspule mit zumindest einer Windung, wobei die Primirspule einen Hauptleiter und einen den Haupt
leiter zumindest abschnittsweise umgebenden Abschirmleiter aufweist. Der Abschirmleiter ist mit dem Hauptleiter elektrisch leitend 
verbunden und weist zumindest einen Abschnitt auf, der elektrisch unterbrochen ist.
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Coil assembly 

The present invention relates to an apparatus for generating or for receiving 

5 alternating magnetic fields. Such apparatus are generally known and respectively 

comprise an electric coil that has current applied by means of an alternating 

voltage to generate an alternating magnetic field. The coil can, however, also 

serve the reception of an alternating magnetic field in that the voltage that is 

induced in the coil due to the alternating magnetic field flowing through the coil is 

10 tapped at the terminals of the coil.  

Apparatus of the above-named kind that can also be called magnetic antennas, 

are used e.g. for an electrical power transmission, in particular for a wireless 

electrical supply of electric consumers driven by batteries respectively 

15 rechargeable batteries. Further applications can be found in communication 

technology (transmission of communication signals) and in metrology (e.g.  

magnetic field probes).  

A problem of said apparatus is the electromagnetic losses that occur in operation 

20 and that can e.g. negatively influence the efficiency of an electrical power 

transmission. In other words, the respective efficiency of the apparatus is not 

satisfactory. For this reason, attempts are being made by means of suitable 

circuits to influence the resonance behavior of a respective apparatus such that 

the efficiency of the apparatus is increased at least at the bias point (e.g. at a 

25 specific alternating voltage frequency). In the ideal case, the frequency at which a 

so-called resonance rise of the apparatus adopts its maximum value coincides 

with the alternating voltage frequency at which the apparatus should be operated.  

An electronic circuit for generating a desired resonance rise, for example, 

30 comprises a rotary capacitor that is coupled to a coil provided for generating or for
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receiving alternating magnetic fields. Additional capacitors and inductances can 

furthermore be used to enforce a specific resonance rise. The costs for such an 

electronic "resonance optimization circuit" and the effort for calibrating this circuit, 

however, represent a substantial disadvantage so that there is a need for a 

5 simpler and less expensive solution for resonance optimization.  

A reference herein to a patent document or any other matter identified as prior art, 

is not to be taken as an admission that the document or other matter was known 

or that the information it contains was part of the common general knowledge as at 

10 the priority date of any of the claims.  

In accordance with the invention, a coil assembly is proposed that comprises at 

least one primary coil having at least one winding and at least one secondary coil 

provided for a selective influencing of the resonance behavior of the coil assembly 

15 and having at least one winding. The primary coil has a main conductor and a 

shielding conductor at least sectionally surrounding the main conductor, wherein 

the shielding conductor is electrically conductively connected to the main 

conductor and has at least one section that is electrically interrupted, and wherein 

the primary coil and the secondary coil are not electrically connected to one 

20 another.  

The primary coil can also be called a useful coil, with the secondary coil acting as 

an auxiliary coil to selectively influence the resonance behavior of the total coil 

assembly, in particular of the primary coil. In this connection, "selective influence" 

25 is understood as a direct change toward a desired state. This also includes an 

optimization with reference to predefined criteria, e.g. a resonance rise in a 

specific frequency range or a maximum impedance to be observed. In other 

words, the selective influencing can be adapted to an improvement of the quality 

of the primary coil or of the so-called Q-factor or quality factor. It is e.g. possible
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with the coil assembly in accordance with the invention to improve the quality 

factor from a typical value of Q = 0.5 to values in the range of Q = 5.  

Both the primary coil and the secondary coil can each be configured as simple 

5 single winding or multiple winding conductor loops ("ring antennas"), with the



3 

conductor e.g. being circularly bent back on itself. The primary coil is preferably at 

least sectionally electrically insulated, whereby unwanted electrical contacts of the 

primary coil are inhibited.  

5 The coil assembly in accordance with the invention combines a plurality of 

advantages. On the one hand, the coil assembly manages without any complex 

resonance optimization circuit. One or more secondary coils are used, in particular 

exclusively, to influence the resonance behavior. This solution has provided 

surprising effectively and has the advantage of low costs and of simple 

10 implementability. The in particular inductive impedance of the primary coil can 

furthermore be lower than with a conventional influencing of the resonance 

behavior by means of a separate electronic circuit. In the latter case, the vibration 

in the coil has so-to-say be enforced against the small efficiency of the coil (high 

damping). With the coil assembly in accordance with the invention, in contrast, the 

15 efficiency is directly increased in that the damping of the vibration itself is reduced.  

The power losses can thus be considerably reduced. Losses converted into waste 

heat are in particular lowered so that the coil assembly in accordance with the 

invention heats up less in operation than conventionally resonance-optimized 

coils.  

20 

On the other hand, the inventive solution is characterized by a skillful configuration 

of a main conductor and of a shielding conductor. The shielding conductor in 

particular has the task of liberating the electromagnetic field emanating from the 

main conductor from the electrical field component so that an alternating magnetic 

25 field that is as pure as possible and that represents the useful field remains remote 

from the shielding conductor. At the same time, the shielding conductor can act as 

an electric terminal of the primary coil from that point onward at which the main 

conductor is connected to the shielding conductor. An electric alternating voltage 

can, for example, be applied between the main conductor and the shielding 

30 conductor to generate an alternating magnetic field. The electrically interrupted
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section of the shielding conductor is preferably positioned such that the shielding 

conductor does not form an electrically short circuited ring in the coil to avoid 

unwanted short circuit currents. The secondary coil is also preferably configured 

such that short circuit currents in the secondary coil are avoided. The terminals of 

5 the secondary coil can be open for this purpose. This has proven to be a 

particularly efficient measure to achieve the desired resonance behavior. The coil 

assembly is preferably operated at correspondingly high alternating voltage 

frequencies or at alternating magnetic field frequencies so that the so-called skin 

effect in the shielding conductor comes into force to suppress the electric field, e.g.  

10 at frequencies of 1 MHz and more. The advantages in accordance with the 

invention can also already be achieved at lower frequencies in suitable 

configurations.  

As mentioned above, the secondary coil is provided to selectively influence the 

15 resonance behavior of the coil assembly. The kind and the degree of the influence 

can be dependent on at least one of the following parameters: number of windings 

of the primary coil and/or of the at least one secondary coil; diameter of the 

primary coil and/or of the at least one secondary coil; position of the at least one 

secondary coil relative to the primary coil (e.g. spacing between the secondary coil 

20 and the primary coil); alignment of the at least one secondary coil relative to the 

primary coil (e.g. coaxial (parallel), slanted); number of secondary coils. It is 

understood that these parameters can be selectively varied independently of one 

another to form the resonance behavior in a desired manner. The only 

requirement is that the secondary coil is configured and is arranged in spatial 

25 proximity to the primary coil such that it can cooperate with the primary coil - at 

least at a desired bias point, e.g. at a specific alternating voltage frequency.  

The quality and the configuration of the main conductor and of the shielding 

conductor can be named as further parameters that have an effect on the 

30 resonance behavior. On the one hand, the respective diameter of the main
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conductor and of the shielding conductor plays a great role. On the other hand, the 

spacing between the main conductor and the shielding conductor as well as the 

surface of the shielding conductor are of significance. It is understood that existing 

insulation material, in particular its relative permittivity, is also relevant. In 

5 particular that insulation material has been found to be particularly relevant that 

extends between the main conductor and the shielding conductor since the 

capacitance between the two conductors and thus the resonance behavior of the 

total coil assembly can hereby be substantially influenced.  

10 The primary coil can be selectively configured in different manner for a selective 

influencing of the resonance behavior. Detailed examples for this - in particular 

with respect to the connection between the main conductor and the shielding 

conductor and to the electrically interrupted section of the shielding conductor - will 

be provided further below.  

15 

As already mentioned, the coil assembly can comprise both a plurality of primary 

coils and a plurality of secondary coils, with these being able to be designed and 

arranged differently independently of one another. All the coils of the coil assembly 

in particular do not necessarily have to be arranged symmetrically. If a plurality of 

20 primary coils are provided, they can be connected, i.e. electrically connected to 

one another, in parallel or in series. A common voltage tapping can thus e.g. be 

provided for all the primary coils or an alternating voltage can be applied to all the 

primary coils via a common electric terminal.  

25 Advantageous embodiments of the invention are described in the description, in 

the dependent claims, and in the drawings.  

In accordance with an embodiment, the at least one secondary coil has a main 

conductor and a shielding conductor at least sectionally surrounding the main 

30 conductor. Differing from the primary coil, the shielding conductor of the secondary
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coil can be electrically insulated from the main conductor and/or can be configured 

as free of interruption. However, this does not absolutely have to be the case.  

In general, the primary coil and the secondary coil can have a similar or even 

5 identical design. It must, however, be noted that the secondary coil is preferably 

operated as a purely passive element, i.e. without any feed voltage or voltage 

tapping. The secondary coil can accordingly e.g. be configured without any electric 

terminals. It is understood that the primary coil and the secondary coil should not 

be electrically connected to one another. In accordance with the invention, only a 

10 substantially magnetic field-based inductive cooperation is aimed for between the 

two coils or coil groups.  

In accordance with a preferred embodiment, the primary coil and/or the secondary 

coil is/are configured at least sectionally as a coaxial cable or as coaxial cables, 

15 i.e. the main conductor (core) is arranged coaxially in the shielding conductor that 

is configured as hollow cylindrical. Electrical insulation material can be provided 

between the main conductor and the shielding conductor. The shielding conductor 

can additionally be surrounded by insulation material. In general, the coaxial cable 

provided for the primary coil and/or the secondary coil can be configured as 

20 commercial coaxial cable that is available practically without restriction and 

inexpensively on the market. Commercial coaxial cables are as a rule flexible so 

that a coil can be produced particularly simply from them and can be easily 

adapted to the dimensions of a housing as part of a later installation. In general, 

however, less flexible or even rigid coaxial cables or coaxial conductors can also 

25 be considered. It in any case does not necessarily have to be a commercial 

coaxial cable of a known design. Coaxial cable-like conductors are also 

conceivable that e.g. comprise an insulated conductor with a subsequently wound 

shield.
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In accordance with a further embodiment, the at least one secondary coil is 

arranged coaxially to the primary coil. The construction of the coil assembly can 

hereby be configured as comparatively compact. The at least one secondary coil 

can in particular be - directly or indirectly - fastened to the primary coil. The 

5 secondary coil can, for example, be directly fastened to the primary coil using 

known cable ties, with an electrical contact between the primary coil and the 

secondary coil being able to be precluded due to an insulation at least surrounding 

the shielding conductor of the primary coil. An indirect fastening can e.g. be 

implemented by a common frame to which both the primary coil and the secondary 

10 coil are fastened - in particular at a well-defined spacing from one another. The 

arrangement of the coils with respect to one another can thus be implemented 

simply and inexpensively.  

A particularly compact construction can be achieved if the diameter of the 

15 secondary coil is at least substantially the same as the diameter of the primary 

coil. The degree of influencing of the resonance behavior by the secondary coil 

can hereby likewise be improved.  

The invention furthermore relates to a system having at least one first coil 

20 assembly for generating alternating magnetic fields and at least one second coil 

assembly for receiving alternating magnetic fields, wherein the first and/or second 

coil assemblies are configured in accordance with at least one of the above

described embodiments. In accordance with an advantageous embodiment of the 

system, the resonance behavior of the first coil assembly and the resonance 

25 behavior of the second coil assembly are matched to one another, with a mutual 

influencing of the two coil assemblies also being able to be taken into account.  

The respective resonance behaviors are preferably substantially the same so that 

the two coil assemblies can be resonantly inductively coupled and so that a 

particularly high overall efficiency results.  

30
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To improve the magnetic flux between the first and second coil assemblies, a 

plurality of first and/or second coil assemblies can be provided that can each be 

configured differently and do not necessarily have to be arranged symmetrically.  

The total efficiency can be increased again by the use of a plurality of first and/or 

5 second coil assemblies, with the individual alternating magnetic fields being able 

to be superposed to form a useful field predominantly flowing through the coil 

assemblies. The first and second coil assemblies are preferably arranged relative 

to one another such that the "magnetic field lines" extend at least predominantly in 

the same sense through all the coil assemblies, i.e. are not oriented against one 

10 another. It is understood that the coil assemblies are preferably operated 

synchronously, i.e. that the primary coils in particular have a current applied 

simultaneously or that an induced voltage is tapped at all the primary coils at the 

same time.  

15 A further subject matter of the invention is the use of a coil assembly in 

accordance with at least one of the above-described embodiments for a wireless 

supply of an electrical energy store, in particular of a mobile electrical or electronic 

apparatus, with electrical energy. In other words, the coil assembly can be used 

for the inductive charging of mobile electrical or electronic consumers, in particular 

20 of purely electric or hybrid motor vehicles or mobile communication devices, e.g.  

smartphones or tablets.  

The invention further comprises the use of a system of the above-described kind, 

wherein the primary coil of the first coil assembly is coupled with an electrical 

25 supply network and the primary coil of the secondary coil assembly is coupled with 

an electrical energy store, in particular with a mobile electrical or electronic 

apparatus. In other words, said use for inductive charging can also take place with 

the system in accordance with the invention. It is understood that the coupling of 

the first coil assembly to the electrical supply network does not have to be 

30 configured such that an electrically conductive connection is present between the
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first coil assembly and the supply network. An inductive coupling can also be 

provided instead of such a connection. The same applies to the coupling between 

the second coil assembly and the electrical energy store (e.g. battery respectively 

rechargeable battery).  

5 

Advantageous applications for a coil assembly in accordance with the invention or 

for a system in accordance with the invention can also be found in an electrical 

connection of closed systems that can or should not be supplied in a wired 

manner, e.g. by means of an electric plug. This generally relates to "sealing 

10 systems" that have a specifically adapted pressure in a housing or should include 

or keep away a medium, e.g. a liquid medium, (e.g. waterproof cellular phones or 

cameras). The energy supply of electrical implants that are implanted in the body 

of a person or of an animal can also be effected wirelessly with the aid of the 

invention.  

15 

In addition, a coil assembly in accordance with the invention or a system in 

accordance with the invention can also be used to transmit data. In a 

corresponding embodiment of the coil assembly, the secondary coil can be acted 

on by a data signal and/or can be configured for the reception of a data signal. A 

20 corresponding system comprises at least two such coil assemblies. The secondary 

coil of the first coil assembly is, for example, coupled to a data source and the 

secondary coil of the secondary assembly is coupled to a data receiver, and vice 

versa. Such a system also enables, in addition to the energy transmission, the 

transmission of information that can, for example, be used to control the energy 

25 transmission. In general, however, other kinds of data can also be transmitted.  

The invention will be explained only by way of example in the following with 

reference to the drawings in which Figs. 1 to 7 each show a coordinate system in 

which at least one experimentally determined curve of the magnetic inductance is 

30 shown over the frequency, also called a resonance spectrum in the following - with
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respect to the determination of the resonance behavior. Different embodiments of 

the primary coil are shown in Fig. 8. There are shown in detail: 

Fig. 1 a resonance spectrum of a single-winding primary coil without a 

5 secondary coil; 

Fig. 2 the resonance spectrum of Fig. 1 and resonance spectra of different 

coil assemblies in accordance with the invention each having a 

primary coil having one winding and having different secondary coils: 

10 

Fig. 3 resonance spectra of different coil assemblies in accordance with the 

invention each having a primary coil having two windings and having 

different secondary coils; 

15 Fig. 4 further resonance spectra of different coil assemblies in accordance 

with the invention each having a primary coil having two windings 

and having different secondary coils; 

Fig. 5 resonance spectra of different coil assemblies in accordance with the 

20 invention each having a primary coil having three windings and 

having different secondary coils; 

Fig. 6 resonance spectra of different coil assemblies in accordance with the 

invention each having a primary coil having four windings and having 

25 different secondary coils; 

Fig. 7 resonance spectra of different coil assemblies in accordance with the 

invention each having a primary coil having five windings and having 

different secondary coils; 

30
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Fig. 8a a perspective view of a coaxial cable; 

Figs. 8b cross-sectional views of different variants of a RF-coax-B 

to 8f field coil; and 

5 

Figs. 9a systems in a schematic representation each having at least one 

to 9d first and at least one second coil assembly.  

Parts that are the same or similar can be marked by the same reference numerals 

10 in the following.  

Fig. 1 shows a resonance spectrum 10a of a primary coil having a winding (n = 1, 

coil not shown). The resonance spectrum 10a is entered in a coordinate system 12 

that provides the dimension "alternating voltage frequency" on the x axis 14 and 

15 the dimension "magnetic induction factor" on the y axis 16. The x axis 14 

comprises a range from 0 to 6 MHz. The magnetic induction factor indicated with 

respect to the y axis 16 is the ratio of the induced voltage to the voltage fed in. The 

fed in voltage is that alternating voltage that is applied to the primary coil to 

generate the alternating magnetic field. The induced voltage is that voltage that is 

20 e.g. caused by the generated alternating magnetic field in a magnetic field probe 

(at a defined spacing from the primary coil). The magnetic induction factor 

therefore ultimately indicates how efficiently the feed voltage is converted into an 

inductively measured magnetic field (B field). The magnetic induction factor will 

also be called the efficiency in the following.  

25 

The resonance spectrum 10a comprises a plurality of discrete measurement 

points 18, with the resonance spectrum 10a between the individual measurement 

points 18 being interpolated. As can easily be recognized in Fig. 1, the resonance 

spectrum 1Oa does not have any resonance rise, i.e. the resonance spectrum 1Oa 

30 is substantially flat in the measurement range so that the efficiency is equally low
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substantially independently of the frequency. To influence the resonance behavior 

of the primary coil, i.e. to change the resonance spectrum 10a, at least one 

secondary coil (not shown) can now be brought into the near field of the primary 

coil so that a coil assembly (not shown) in accordance with the invention results.  

5 Correspondingly resulting resonance spectra 10b to 1Of are shown in Fig. 2, with 

the resonance spectrum 1Oa of Fig. 1 likewise being entered in Fig. 2 to facilitate a 

comparison of the spectra 10a to 10f.  

The resonance spectrum 1Ob results for the case of a secondary coil having two 

10 windings (m = 2), with a slight resonance rise being achieved in the range about 

4.2 MHz. The resonance spectra 1Oc to 1Oe result for the cases of a secondary 

coil having 3 (m = 3; 10c), four (m = 4; 10d), and five (m = 5; 10e) windings. As 

can be recognized, resonance rises having higher maxima can be reached with an 

increasing number of windings m of the secondary coil, with the range of the 

15 resonance rise being displaced toward lower frequencies as the bandwidth 

reduces.  

The resonance spectrum 1Of results for the case of two secondary coils each 

having two windings (2 x m = 2). As can be recognized, the resonance spectrum 

20 1Of differs from the resonance spectrum 1Od (a secondary coil having four 

windings (m = 4). The range of the resonance rise in the specifically used coil 

assembly is thus at approximately twice the frequency in the resonance spectrum 

1Of in comparison with the resonance spectrum 10d, with the maximum being 

approximately halved. The bandwidth is furthermore approximately doubled.  

25 Different rises or displacements can result with other coil assemblies.  

Resonance spectra 20a to 20f for the case of a primary coil having two windings 

(n = 2) are shown in Fig. 3. The resonance spectrum 20a differs from the 

resonance spectra 20b to 20f in that no secondary coil was located in the near 

30 field of the primary coil in the determination of the resonance spectrum 20a. The
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resonance spectra 20b to 20f were in contrast determined with an assembly of a 

secondary coil having one (m = 1; 20b), two (m = 2; 20c), three (m = 3; 20d), four 

(m = 4; 20e), and five (m = 5; 20f) windings in the near field of the primary coil (n= 

2). It is striking that the resonance spectrum 20a is almost unchanged for the case 

5 of an m = 1 secondary coil (cf. 20b). A slight resonance rise at approximately 5 

MHz only appears on a use of an m = 2 secondary coil (20c). As the number of 

windings m of the secondary coil increases, the range of the resonance rise is 

displaced toward lower frequencies, with the respective maximum increasing and 

the bandwidth decreasing.  

10 

The resonance spectrum 20d of Fig. 3 (n = 2 primary coil and m = 3 secondary 

coil) is shown again in Fig. 4. In comparison to this, resonance spectra 20d' and 

20d" are shown that have likewise been found for the case of an n = 2 primary coil 

and an m = 3 secondary coil, but with differently dense packing. To determine the 

15 resonance spectrum 20d, the primary coil and the secondary coil are only loosely 

placed next to one another (as also in the other resonance spectra 1Oa - f, 20a - c, 

and 20e - f). To determine the resonance spectrum 20d', the primary coil and the 

secondary coil were packed into a common tube having a tube diameter of 

approximately 5 cm. The resonance spectrum 20d" was determined for an 

20 assembly in which the primary coil and the secondary coil are firmly tied together 

by means of cable binders. As can be recognized, the amount of the resonance 

rise decreases in the resonance spectra 20d' and 20d" in comparison with the 

resonance spectrum 20d.  

25 Resonance spectra 30a to 30e are shown in Fig. 5 for assemblies having an n = 3 

primary coil. The resonance spectrum 30a differs from the resonance spectra 30b 

to 30e in that no secondary coil was located in the near field of the primary coil in 

the determination of the resonance spectrum 30a. The resonance spectra 30b to 

30e were in contrast determined with a secondary coil having one (m = 1; 30b), 

30 two (m = 2; 30c), four (m = 4; 30d), and five (m ) 5; 30e) windings in the near field
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of the primary coil having three windings. In a similar manner as with the 

resonance spectra 20a to 20f of Fig 3, the resonance spectrum 30a is only 

noticeably changed from a secondary coil onward having m > 1 (cf. resonance 

spectra 30a, 30b with 30c).  

5 

Resonance spectra 40a to 40e for assemblies having an n = 4 primary coil are 

shown in Fig. 6, with the resonance spectrum 40a having been determined without 

a secondary coil. On the measurement of the resonance spectra 40b to 40e, there 

was a secondary coil having one (m = 1; 40b), two (m = 2; 40c), three (m = 3; 

10 40d), and five (m = 5; 40e) windings in the near field of the primary coil having n= 

4.  

Fig. 7 shows resonance spectra 50a to 50e for the case of a primary coil having 

five windings (n = 5), with the resonance spectrum 50a having been determined 

15 without a secondary coil. On the determination of the resonance spectra 50b to 

50e, there was a secondary coil having one (m = 1; 50b), two (m = 2; 50c), three 

(m = 3; 50d), and four (m = 4; 50e) windings in the near field of the primary coil 

having n = 5.  

20 Different variants of "RF-coax-B field coils" 22 are shown in respective longitudinal 

sectional views in Figs. 8b to 8f. Each of the shown RF-coax-B field coils 22 can 

act as a primary coil of a coil assembly (not shown) in accordance with the 

invention. A respective RF-coax-B field coil 22 is produced from a coaxial cable 24 

of which a section is shown perspectively in Fig. 8a. The coaxial cable 24 

25 comprises a main conductor 26 and a hollow cylindrical shielding conductor 28, 

wherein electrical insulation material 32 extends between the main conductor 26 

and the shielding conductor 28. The shielding conductor 28 can furthermore be 

surrounded by an electrically insulating jacket (not shown), e.g. plastic. It is 

understood that the shielding conductor 28 is preferably closed peripherally, i.e.  

30 around the main conductor 26.
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In the RF-coax-B field coil 22 of Fig. 8b, the main conductor 26 is electrically 

connected to the shielding conductor 28 after one winding. The shielding 

conductor 28 has two sections 34 and 34'that are electrically interrupted. In the 

5 RF-coax-B field coil 22 of Fig. 8c, the main conductor 26 is electrically connected 

to the shielding conductor 28 after half a winding. The shielding conductor 28 in 

turn has a section 34 that is electrically interrupted. In contrast to the case of Fig.  

8b, the limb of the shielding conductor 28 at the left side (half winding) is 

electrically connected to the right limb of the shielding conductor 28. In contrast, 

10 the main conductor 26 in the left limb is not connected either to the shielding 

conductor 28 or to the main connector 26 in the right limb.  

In the RF-coax-B field coil 22 of Fig. 8d, the main conductor 26 is again electrically 

connected to the shielding conductor 28 after one winding (as in Fig. 8b). The 

15 shielding conductor 28 has a section 34 that is electrically interrupted after half a 

winding. Furthermore, the limb of the shielding conductor 28 (half winding) at the 

left side is electrically connected to the right limb of the shielding conductor 28 (as 

in Fig. 8c).  

20 In the RF-coax-B field coil 22 of Fig. 8e, the main conductor 26 is electrically 

connected to the shielding conductor 28 after one winding (as in Fig. 8b). The 

shielding conductor 28 has an electrically interrupted section 34' after one winding.  

The section 34 is therefore missing here in comparison with the embodiment 

shown in Fig. 8b.  

25 

The RF-coax-B field coil 22 of Fig. 8f corresponds to the RF-coax-B field coil 22 of 

Fig. 8d, with the main conductor 26 additionally being connected to the shielding 

conductor 28 after half a winding.
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The respective electrically interrupted section 34, 34' does not necessarily have to 

be arranged at the position shown in the respective embodiment. The section 34 

of e.g. Fig. 8b in particular does not have to be positioned after half a winding.  

5 It is understood that the explained RF-coax-B field coils 22 are shown only by way 

of example with respect to their basic design. The number of windings can 

naturally be increased with an otherwise unchanging design. All the resonance 

spectra 10, 20, 30, 40, 40 shown in the Figures were determined using a 

respective primary coil of the type of the RF-coax-B field coil 22 of Fig. 8d (having 

10 different numbers of windings and a coil diameter of 60 cm; the secondary coil 

being placed, with the exception of the spectra 20d', 20d", loosely at the primary 

coil).  

The determination of a respective resonance spectrum 10, 20, 30, 40, 50 can 

15 comprise an averaging of individual measurement instances (individual 

measurement of a resonance spectrum). The resonance spectra shown in the 

Figures thus have an experimental character, i.e. the specific configuration of the 

resonance spectrum can in individual cases differ from the shown curves, 

depending on the measurement conditions. As, however, familiar to the skilled 

20 person, the shown resonance spectra documents the effect in accordance with the 

invention, namely selectively influencing the resonance behavior of a coil 

assembly by at least one secondary coil.  

Different systems 35 are respectively shown in Figs. 9a to 9d with at least one first 

25 coil assembly 36a for generating alternating magnetic fields and with at least one 

second coil assembly 38a for receiving alternating magnetic fields. Purely by way 

of example, the coil assemblies 36a, 38a each comprise a primary coil P and two 

secondary coils S. The assembly "SSP" (seen from above) shown in Fig. 9a can 

be different, that is "SPS" or "PSS" both in the first and in the second coil
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assembly 36a, 38a. The applies in an analog manner also to the embodiments of 

Figs. 9b to 9d.  

It generally applies that each coil assembly 36a - 36e, 38a - 38d can be 

5 individually adapted (e.g. with respect to the number and design of the coils P, S 

and their relative arrangement) to optimize the properties of the respective system 

35.  

The coil assemblies 36a, 38a are arranged coaxially with respect to one another in 

10 Fig. 9a, with a large portion of the alternating magnetic field extending through the 

coil assemblies 36a, 38a running outside the coil assemblies 36a, 38a, which is 

indicated purely schematically by magnetic field lines 40.  

The system 35 of Fig. 9b corresponds to the system 35 of Fig. 9a, with a further 

15 first coil assembly 36b and a further second coil assembly 38b additionally being 

provided that can each be operated synchronously (e.g. connected in parallel or in 

series to the adjacent coil assembly 36a, 38a). The system 35 of Fig. 9a is thus 

doubled so-to-say, with the coil assemblies 36a, 36b and 38a, 38b each being 

able to be rotated by 1800 so that the common magnetic field extends in the same 

20 sense through all the coil assemblies (see magnetic field lines 40 provided with 

arrows in Fig. 9b). An advantageous increase in the magnetic flux can thus be 

achieved that promotes the system efficiency. This can also be recognized from 

the changed shape of the alternating magnetic field (cf. schematic magnetic field 

lines 40) that extends largely in parallel with the "direction of transmission" 

25 (transversely to the auxiliary line A) in comparison with the system 35 of Fig. 9a.  

It is understood that the first and second coil assemblies 36a, 36b and 38a, 38b in 

Fig. 9b do not necessarily each have to be rotated by 1800 to achieve the same

sense magnetic field. The direction of current application of the primary coils P can
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alternatively also be changed. The assembly of the primary coils P and secondary 

coils S can therefore also be specularly symmetrical.  

The portion of the alternating magnetic field that extends through the coil 

5 assemblies 36, 38 and is thus effectively usable can be further increased in that 

the system 35 is supplemented by further coil assemblies 36c, 38c. A further first 

coil assembly 36c and a further second coil assembly 38c, that can each be 

connected in parallel, are arranged at an angle of 900 relative to the coil 

assemblies 36a, 36b, 38a, 38b in Fig. 9c. An advantage of this variant is that the 

10 coil assemblies 36a to 36c and 38a to 38c at most slightly mutually influence one 

another with respect to their resonance behavior at an angle of 900. It is shown in 

Fig. 9d that the recognizable effect of a "contracted magnetic field" can be further 

amplified in that the system 35 is supplemented by additional first and second coil 

assemblies 36d, 36e and 38d, 38e that are each arranged - purely by way of 

15 example - at an angle of 450 relative to the other first and second coil assemblies 

36ato36cand 38a to38c.  

Where any or all of the terms "comprise", "comprises", "comprised" or "comprising" 

are used in this specification (including the claims) they are to be interpreted as 

20 specifying the presence of the stated features, integers, steps or components, but 

not precluding the presence of one or more other features, integers, steps or 

components.
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Reference numeral list 

10a - f, 20a - f, 

30a - f, 40a - e, 

5 50a - e resonance spectrum 

12 coordinate system 

14 x axis 

16 y axis 

18 measurement point 

10 22 RF-coax-B field coil 

24 coaxial cable 

26 main conductor 

28 shielding conductor 

32 insulation material 

15 34, 34' section 

35 system 

36a - e first coil assembly 

38a - e second coil assembly 

40 magnetic field line 

20 

A auxiliary line 

P primary coil 

S secondary coil
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The claims defining the invention are as follows: 

1. A coil assembly for generating or for receiving alternating magnetic fields, 

5 said coil assembly comprising: 

at least one primary coil having at least one winding; and 

at least one secondary coil provided for a selective influencing of the 

resonance behavior of the coil assembly and having at least one winding, 

wherein the primary coil has a main conductor and a shielding conductor at 

10 least sectionally surrounding the main conductor; and 

wherein the shielding conductor is electrically conductively connected to the 

main conductor and has at least one section that is electrically interrupted; 

and wherein the primary coil and the secondary coil are not electrically 

connected to one another.  

15 

2. A coil assembly in accordance with claim 1, wherein the at least one 

secondary coil has a main conductor and a shielding conductor at least 

sectionally surrounding the main conductor, in particular with the shielding 

conductor not being electrically conductively connected to the main 

20 conductor and/or not having any electrical interruption.  

3. A coil assembly in accordance with claim 1 or claim 2, wherein the terminals 

of the secondary coil are open.  

25 4. A coil assembly in accordance with any one of the preceding claims, 

wherein the primary coil and/or the secondary coil is/are at least sectionally 

configured as a coaxial cable or as coaxial cables.
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5. A coil assembly in accordance with any one of the preceding claims, 

wherein the at least one secondary coil is arranged coaxially to the primary 

coil.  

5 6. A coil assembly in accordance with any one of the preceding claims, 

wherein the at least one secondary coil is - directly or indirectly - fastened to 

the primary coil.  

7. A coil assembly in accordance with any one of the preceding claims, 

10 wherein the diameter of the secondary coil is at least substantially equal to 

the diameter of the primary coil.  

8. A coil assembly in accordance with any one of the preceding claims, 

wherein the secondary coil can be acted on by a data signal and/or is 

15 configured to receive a data signal.  

9. A system having at least one first coil assembly for generating alternating 

magnetic fields and having at least one second coil assembly for receiving 

alternating magnetic fields, 

20 wherein the first and/or second coil assemblies is/are configured in 

accordance with at least one of the preceding claims.  

10. A system in accordance with claim 9, wherein the resonance behavior of 

the first coil assembly and the resonance behavior of the second coil 

25 assembly are adapted to one another.  

11. A system in accordance with claim 9 or claim 10, wherein the first and 

second coil assemblies are configured for transmitting a data signal in each 

case in accordance with claim 8.  

30
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12. Use of a coil assembly in accordance with any one of the claims 1 to 7 for a 

wireless supply of an electrical energy store, in particular a mobile electric 

or electronic apparatus, with electrical energy.  

5 13. Use of at least one coil assembly in accordance with claim 8 for transmitting 

a data signal.  

14. Use of a system in accordance with claim 9, 

wherein the primary coil of the first coil assembly is coupled to an electrical 

10 supply network and the primary coil of the second coil assembly is coupled 

to an electrical energy store, in particular to a mobile electric or electronic 

apparatus.  

15. Use of at least one coil assembly in accordance with claim 1 for transmitting 

15 data signals, wherein the secondary coil of the first coil assembly is coupled 

to a data source and the secondary coil of the second coil assembly is 

coupled to a data receiver, and vice versa.
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