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(57) Abstract: There is provided a magnetic tield sensing probe (100) comprising a ferromagnetic material (120), a sense coil (135),
and electromagnetic shielding (110, 115). The ferromagnetic material comprises a base portion (121), a coil portion (125) extending
from the base portion, and at least one flux portion (122, 123) extending from the base portion. The sense coil (135) comprises sense
coil windings that encircle the coil portion (125) about an axis (136). The electromagnetic shielding comprises an electrically con -
ductive can (110) within which the ferromagnetic material (120) and sense coil (135) are housed, the electrically conductive can
having sides (113), a base (112) at a first end, and an opening (114) at a second end opposite the first end. The sense coil is rotation -
ally orientated with the axis (136) of the sense coil windings directed through the second end. There is also provided a magnetic
field sensing apparatus (500) comprising the magnetic field sensing probe (100) and a signal processing circuit (510)..
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A MAGNETIC_ FIELD SENSING PROBE

Technical Field of the Invention

- This invention relates to a magnetic ficld sensing probe, in particular to a magnetic field

sensing probe to assist in determining the cause of the magnetic field.

Background to the Invention

Electrical deviees typically emit and are sensitive to electromagnetic fields, and S0 varioue
electrofnagnetic compatibility (EMC) rules exist specifying the levels of electromagnetic _'
interference that devices may emit, and that devices must be capable of opera‘ting.wi'thin.
EMC tests on the emission Jevels of a device often compmsc tests on the magnetic fields that
are present outside of the device, to check that they fall within Spe01f1ed limits. If an”
excessive magnetic field outside of the dCVICC is detected, then the device needs to be re-

deS1gned to reduce the level of external magnetlc fleld

However it can be dlfflcult to dete1 mine the root causes of the excessive magnet1c field

outsxde the device so that appropuate action can be taken to reduce it.

There 1s therefore a need fox a magnetic field sensing probe that can help an operator identify

the cause of-an excessive magneétic field frorn out31de of the device.

Summary of the Invention |

| According to an enibodiment of the invention, there is prov.‘ided a magnetic field sensing
i)r'obe comprising a ferromagnetic maieﬁal, a sense ceil, and electromagnetic shielding. The
ferromagnetic material comprises a base portion, a coil portidn eXtending from the base
portion, and at least one flux pofﬁén extending from the base portion. The sense coil
comprises sense coil windings that encircle the coil portion about an axis. The '
elect1omagnet1c shielding compmes an elecmcally conductive can within Wthh the

fenomagnetlc material and sense coil are housed. The electrical ly conductlve can has sides, a
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" base at a first end, and an opening ata second end opposite the first end, and the sense coil is
rotationally orientated with the axis of the sense coil Wmdmgs directed through the second -

end. The axis of the sense coil wmdings mady also be- directed through the first end.

This configuration provides a directional probe that is sensitive to magnetic fields primarily
in the direction in which the opening of the elect'rical'ly conductive can is pointed, so that the
areas of a device from which a magnctic field is emanatin0 can be accuratcly determmed by

- movmg the probe around and pomting it in various diffeient directions.

Accordingly, an operator may determine the areas of the device that are emitting the
magnetic field and therefore mvestigate the device component(s) in that area W1th a v1ew to

modifying them so that they do not emit excessive magnetic fields.

The electromagnetic shielding helps prevent any stray electric fields from influencing the
sense coil, and to improve the directionality of the probe.»Preferably, the sense coil is entirely .
- within the volume of the electrically conductive can to improve the shielding of the sense

coil. -

The electrically conductive can may for eXample be a metnl can, or.rnay-ha've a metallic or
other electucally conductive coatmg The sides of the electrically conductlve can typically

- form a pipe, with the base at one end of the pipe (first end) and the opéening at the other end
of the pipe (second end) Prefer abiy, the electrically conductive can has a high magnetic

- permeabihty to help 1 improve the directionahty of the magnetic field sensing probe, fOi
example a relative magnetic permeability of equal or greater than 10,000, or more prefer ably

‘a relative magneuc permeability of equal or gieatei than 50,000.

The ﬂuxlpo’rtion(s) of the ferromagnetic material attract lines .of magnetic flux into the
ferromagnetic materlal by virtue of the ferromagnetic material’s higher pelmeabihty relative
" to the surroundino air, and the lines of flux pass into the coil portion of the ferrornagnetic

* material to induce a current in the sense coil. Fer_romagnetic materials in the context of this

document are considered to include ferrimagnetic materials, such as for example ferrite.
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The base portion may extend adjacent the extension of the at least one flux portion such that
the sense coil windings are preserit between the coil portion and the at least one flux portion.
Ther, the flux portions help magnetically shield the sense coil from magnetic fields

orientated 'perpendicular to the flux portions and sense coil axis, iniproving the directionality

of the probe. .

The directions of extension of the coil portion and at the least one flux portion may be wnhin
45 degrees of one another for.example substantially parallel to one another The coil portion
may extend from the base portion in a direction towards the second end of the electrically
conductive can, for exémple so that the base portion is adjacent the first end (base) of the
'electrically conductive can. This provides improved performance over orientating the
ferronlagnetic material with the base portion adjacent the opening and the coil portion

" extending towards the base.

The base portion of the ferromagnetic material preferably contacts the base of the electrically -
conductive chn or is connected to the base of the electrically conductive can via further
ferrornagnetic material, to help form a magnetic crrcuit through the ferrornagnetic material
and electrically conductive can. Then flux lines that exit the flux portions of ferromagnetic
material in directions that are angled away from the sense corl axis will loop more easily back
o the electucally conductive can, improving the directionality of the’ magnetic field sensmg

probe towards the sense coil axis.

. Advantageously, the magnetic field seiising pi‘obe may further comprises an electrically
conductive cap portion the electrically conductive cap portion bcmg at the axral end of the
sense coil that is closest to the second end, and covering over an 1nter101 region of the sense
coil. The covering over of the region inside of the sense coil with the electrically conductive

' caip porti’on provides electrostatic shielding that can he‘lp prevent stréiy electric fields from
entering this region via the opening and interfering with the detectlon of the magnetic field.

A Preferably, the cap portion also covers over the depth of the sense coil Windmgs at the axial
end of the sense coil, as well as over the 1nter101 iegion 1n51de the sense coil wmdings 50 that ’

" the sense coil windings are also electiostatically shielded
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The electrrcally conductwe cap portion and the electrrcally conductive can are prefer ably held
at the same electric potentral to prevent electrrc frelds from exrstmg between them The

" electrically conductive cap portron may be electrrcally connected to the base of the-
electrically conductive can by a connecting portion, and the connecting portion may be
located through a slot in the at least one ‘flux portion of ferromagnetic rnaterial, or between
two of rhe at least one flux portion of ferromagnetic material. The placement of the
-cormecting portion through the slot or between two of the flux portiohé of fer_rbmagnetic
material helps the connecting portion shield the, portrons of the sense coil adjacent the slot or
adjacent the boundary between the two of the flux portions of ferromagnetic material from
electric frelds Alternatively, the electucally conductive cap portion may be formed as part of

the second end of the elecmcally conductive can,

Preferably, the flux portions of the ferromagnetic material are not covered by the electrically
conductive cap portion or the electromagnetic shielding, so that lines of magnetic flux can

flow into the ferromagnetic material via the opening in the electrically conductive can.

Advantageously; the at least one. flux portion of ferromagnetic material may comprise two
flux portions of ferromagnetic material, t{he.,, two flux portions being diamerrically opposed to
one another with respect to the coil portion. The use.of two diametrically opposed flux _
portions helps "rncrease' the directivity of the probe, as the spatial width of sensitivity of the'

‘probe in a direction perpendicular to the direction between the two flux portions is reduced.

~ The use of the phrase “diametrically opposed® with respeet to the coil portion dees not place
any reétriction on the cross-sectior_r of the coil portion or thé flux portions, but simply
indicates that the ﬂuxportions oppose one another along an axis that passes through the coil
portron The cross section of the coil portron may be circular, but could altematrvely be other .

shapes for example triangular or rectangular

The statement that the sense coil windings encircle the coil portion does not require that the
windings form a cylindrical or circular shape; the windings may for example encircle the coil
portion in a triangular or rectarigular shape, for example if the coil portion has a triangular or

rectangular cross section and the windings are wound directly onto the coil portion.
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The magnetic field sensing probe may corlnprise' more than one of the above-described’
ferromagnetic material and corresponding sense coil. For examiple, a plurality of the -
ferromagnetic materials may compfiSe at least five of the ferromagnetic materials, aﬁd a
plurality of the sense coils may comprise at least five of the sense coils. The ferromagnetic
materials and the corresponding sense coils may all be housed tbgeﬁher within the same
electrically conductive can. The use of a fnulti’pie ferromagn'eti'c materials and corresponding
sensé coils can help heighten the sensitivity of ‘th'e.pro.be in a particular difection (depending
on the configuration of the ferromagn@tic-materials and sense coils). Preferably, the aies of

the sense coils windings are éllx parallel to one another.

Advantageously, two flux pOIthﬂS of a first one of the plurality of ferromagnetxc materials

may be opposed to one another along a first axis, and the two flux portions of a second one of

the plurahty of ferromagnetlc materials may be opposed to one another along a second axis,

. the first axis and the secondraxis beh1g in different directions to one another, for e‘kample
perpendicular to one another. Each ferromagnetic material is most sensitive to magnetic field -

- polarisations that are in the direction of the axis of opposition between the two flux portions,
and so using different directions for différent ferromagnetic materials can help improve
Sensitivify to different. mégnetic field polarisations. Using two ferromégnétic material ﬁaving
directions that are perpendicular to one another can help to provide good sensitivity to a wide 4

variety of pola:isatibns that are t;r’ansvefse to the axis of the sense coils. -

According to another embodiment of the invemiqh, there is provided a magnetic ﬁeld sensing -
apparatus comprising the magnetic field seming probe as hereinbefore described, and a signal
I;Locessmg circuit connected to the or each sense coil. The 51gna1 pwcessmg circuit 1s
conflgured to output a s1gna1 representative of the magmtude of current mduced in the or
each sense coil by a magnetic field. The magnetic field sensing apparatus may compnse, a
speaker and/or visual display may be provided to indicate the strength of the magnetié field.
For example, the output 51gnal may be used to drive a speaker to prov1dc an audxble '
indication of the strength of the magneue f1eld and/or the output signal may be used to drive

a display to provide a visual indication of the strength of the magnetic field.-
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Brief Description of the Drawings

Embodiments of the invention will now be described by Way of example only and with

reference to the accompanying drawings, in which:

Fig. 1 shows a schematlc cross-sectional dragram of a magnetic field sensing probe accordmo
to a first embodiment of the invention; -

F1g 2 shows a schematic plan dlaaram of the magnet1c field sensing probe of Flg 2 taken
from direction A marked on Flg L

Fro 3 shows a schematic plan dlaﬂram of a magnetic freld sensing probe havm0 a plurality of ~
ferromagnetic materials arranged | in a grid array configuration according to a second

| mbodrment of the invention; and |

Fig. 4 shows a schematic plan dragr am of a magnetrc fleld sensing probe having a plurality of
ferromagnetic materials arranged in a c1rcular array confrouratron according to a third
. embodiment of the invention.
Fig. 5 shows a schematic dragram of a magnetic field .s'ensing apparatus including'th'e .

magnetic field sensing probe of Fig.-1 and a signal processing circuit.

'

Detailed Description

A first embodiment of the invention w1ll now. be descrrbed with 1efercnce to Frg 1 and F1g 2,
which show schematic Cross- sectlonal and plan. dragrams reSpectrvely of a maonetlc fleld
sensmg probe 100 The schemanc plan draor am of Fig. 2is taken looking in a dlrectron A~

. marked on Fig. 1, and, the schematlc cross-sectional diagram of Flg 1 rs taken along the line

B- BmarkedonFrg 2 - : " e

Referring to Frg 1; the magnetic field sensing probe 100 has an output cable 102, a handle
105, and an electrrcally conductive can 110. The electrically conductive can 110 has a base _
112, srdes 113, and an open end 114 opposite the base 112 The base 112 of the eleculcally

5 conductwe can 110 is connected to the handle 105.

Inside the can 110 there is a ferromagnetrc material in the.form of a femte 120. The ferrrte

120 has a base portion 121 contacting the base 112 of the- can 100, and the ferrite also has a
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~ coil portion 125 and two flux portions‘122"and' 123 that al:l extend petpendicular from the

base portion 121, and substantially parallel to one'another towards the open end 114. The coil

' portion 125 1s central to the two flux portlons 122 and 123 to provide a fair degree of
magnetic shielding by the flux portions. The fenomagnctlc material is symmetncal about thc

extension of the coxl portton 125 10 balance the magnetic flux from each of the flux porttons

A sense 0011 135 is wound around a bobbin 130, and the bobbm is held on the coil portion

125 so that the sense coil wmdmgs encircle the coil p01t10n about an axis 136 of the sense -
coil windings. The sense coil windings therefore r_un in between the coil portlon 125 and the
flux pottions 122 and 123. The ceil portion 125 of the ferromagnetic material is rotationally

~ori¢ntated so that the axis 136 is directed thro_ugh_the open end 114 of the can 11 0. |

An electrically conductive cap‘bortion 115 prevides electrostatic shielding. The electrically
cohductive cap portion 115 is' placed at the axial end of the sense ct)il 135 closest the open
end 114 of the electrically conductive cah,’ and covers the interior tegion of the sense coil (the
- space ihside the windings w‘he_re the winding surface of the bobbin and the coil portion 125
are preseﬁtj.' The electrically eond_{letive cap portion 115 also extends beyond the depth of the
sehse coil wihdings and ends hefore the ﬂux‘portiqns 122 and 123, the depth of the sense clloi-l

~ windings being the depth to which the bobbin is wound.

The cable 102 is a coaxial cable that passes into the handle 105. An outer sheaf of the coaxial
cable 102 is connected to the base 112 of the metal can 110 and a 51gnal conductor of the

coax1al cable 1s connected to the sense 0011 135

Referring to Fig. 2 that shows a plén diagram looking from direction A of Fig. 1, the flux
pottions 122 and 123 are substantially semi-circular and surround the coil portion 125. The
-flux portions 122 and 123 are diametrically Qpposed' about the coil portion 125 along the line
- B-B, and have gaps between them so that theielectrically conductive cap portion 115 can be |
, electricélly connected to the base 115 of the can via connécting pértions 116. The connecting
porttons 116 therefore extend alongside the extension of the ﬂux porttons 122 and 123 down
to the base 112 of the can, and ate)omed to the base 112 of the can at)omts 117, for example

by soldering.
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The bobbm 130 and sense coil 135 are shown in dotted lines beneath the elecmcally
conductlve cap portion 115, and the sense coil terminates with wires 136 and 137 that pass
over the ﬂux portions and down to the handle 105. One of the wires 136 and 137 is connected
- to the base 112, and the other of the wires 136 and 137 is connected to the signal coriductor of
the co-axial cable 102. Other possible routes for the wires 136 and 137 will be apparent to

‘those skilled in the art.

In this embodiment, the second end of 'the,e‘lectrically conductive can is constituted by the
~open end. 114, which is fully open, a'l.though iﬁ alternate embodiments that second end may
not be fﬁlly open, for example the second end may corﬁ;)rise one or more opénings in
electromagnetlc shielding for exposing the at least one flux portion to an external magnetlc
.~ field. The second cnd may on]y be open at posmon(s) conespondlng to the position(s) of the
~ at least one flux portion(s). The electrically conduct;ve cap portion 115 may be formed as
part of the second end. - R
In. thlS partlcular embodlment the electncally conductwe can 110 s a metal can of high
" magnetic. permeablhty, f01 example a metal can made from a nickel alloy material such as
Mumetal ™. The hxgh'magnetm permeability helps shield the ferromagnetxc material from

magnetic fields that are not orientated in the direction that the probe is pointed in.

A second ¢mbodiment of the invention will now be described with reference to Fig. 3, which
shows a schematic plan diagfam of another magnetic field sensing probe 300.‘T'he‘ second |
embo‘dbime'nt is similar 1o thé first erﬁbédimerit, except for'thép nine 321 - 329 of the
K ferroma‘gnet;ic, materials 120 and nine correSan'dving sense coils 135 are all incorporated
together in a single electriéally conductive can 310. The nine ferrdlmagnetic materials 321 ~
329 and coneéponding sense coils are arranged in an array of three rows and three columns,‘ '
:'and they act together to increase the sensitivity and directionality of. the magnetlc field
sensing probe. The signal magnitudes from each one of the sense coﬂs ‘may for example be

added together to give a combined ou_tput signal representative of the level of magnetic field.

~ The ferromagnetic materials 323-and 327 have flux portions that diametrically oppose one -
another in a direction D1, the ferromagnetic materials 324 and 326 have flux portions that

diametrically oppose one another in a direction D2, the férromagnetic'materials 321 and 329
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have flux portlons that diametrically oppose one another in a dlrecuon D3, and the
ferromagnetic materlals 322, 325, and 328 have flux portions that diametrically oppose one

another_m a direction D2. The directions D1 and D3 are. perpend:cular to one another, and the

- directions D2 and D4 are perpendicular to one another.

Since each ferromagnetic material has the broadest angle of sensitivity in the direction thztt
the flux portions oppose one anothet, and hés the greatest sensitivity to magnetic field
'polarlsatxons that are orientated.in hne with the direction that the flux portlons Oppose one
another, the set of orientations shown in Fig. 3 provide g good d1rect1v1ty, and sensitivity to

* different magnetlc field polarisations.

- The schematic plan diagram of Fig. 4 shows a magnetic field sensing probe 400 according to
a third embodiment of the invention, which is similar to the second embodiment, except for
. that the ferromagnetic materials are now arranged in a citcular configuration instead of a grid

configuration.

" Fig. 5 shows a schematic diagram of a nqagnetic field sensing apparatus 500 including the

- magnetic field sensing probe 100 of Fig. 1 and a signal processing circuit 510. The signal
processmg circuit receives the smale from the sense coils 135 via the cable 102, and
measures the magnitude of the mduced current to determine the magnetic field strength The
strength of the magnetic field is dlsplayed on an LCD display 530, and a speakez 520 is |
“driven to give an éudib‘le signal that gets louder the stronger the magnetic field strength.
Accordingly, an operator may use the apparatus 500 to determine whereabouts the magnetic

fields atoun'd a device are the strongest,

Various alternate embodiments of the invention falling within the scope of the appended
claims w1ll be apparent to the skilled person. The features recited in the various dependent
" claims are not essential to vauous different embodiments of the invention that will be )
~ apparent to those skilled in the art. For example, although the specific embodlments have
 focussed on ferromagnetlc materials having two flux pomons other embodiments having

only one flux portion or three of more flux portions are also p0531ble.
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The coil portipn may be at the centre of thevférromagneticA material, and/or central to the at _
least one flux portions, énd/or élong a centre axis of the electrically condLlctive can, however B
may not be one of more of those things. depending on the pafticulal‘ embodiment. For ‘
exarhple, in one embodiment a U shaped ferromagnetic mziteﬁal may be used with one arm of
the U supporting the sense coil, the other arm of the U acting as the at least one flux portion,

- -and the base of the U acting as the base portion.
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CLAIMS
1 - A magnetic field sensing probe comprlsrng a ferromagnetic materral a sense corl

and electromagnetrc shreldmg, wherein: .
- the ferromagnetic material comprrses a base-portion, la coil _nortion extending from the -
base portion, and at least.one flux portion extendino from the base portion"
- the sense coil comprises sense coil wmdrngs that enerrcle the coil pornon about an
axis; and A
- . the electromagnetic shielding comprises‘ an electr‘ically conductive can within which
4 the ferromagnetic material and sense coil ztre housed, the electrically conductive can _‘
havrng srdes a base at a first end, and an opening at a second end opposite the fnst
_ end, the sense coil being rotatronally orrentated with the axis of the sense coil

‘'windings directed through the,seeond end.

2.+ The magnetic field sensing probe of claim 1, wherein the base portion extends
adjacent the extension of the at least one ﬂux portion such that the sense c01l windings are

present between the coil portron and the at least one flux portion.

3, The magnetic field sensing probe of claim 1 or 2; wherern the coil portron and at the A‘

:

least one flux portion are within 45 degrees of one another.

4. The magnetic field sensing probe of claim 1, 2 or 3, wherein the coil portion extends
from the base portron in a direction towards the second end of the electrrcally conductive can.
5. The magnetic field sensing probe of claim 4, further comprising an electrically -
conductrve cap portron the electrically conductrve cap portion being at an axial end of the
sense coil windings that is closest to the second end and coverrng over an interior region of _

the sense cod

6. The magnetlc field sensing probe of clarm 5, wherern the. electrrcally conductive cap
portion is electrrcally connected to the base of the electucally conductive can by a connectmg

‘portion.
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7. The magnetic field sensing probe of claim 6, wherein the connecting pOrtiori is
located through a slot in a flux portion of the at least one flux portion, or located between two

flux portions of the at least one flux portion.

8. - The magnetic field sensing probe of claim 5, wherein the electrically conductive cap

portion is-comprised in the second end of the electrically conductive can.’

_9. The magnetic field sensing probe of elaim 5, 6, 7, or 8, wherein the at least one flux .

portion is not covered by the electrically conductive cap portion.

‘ 10.  The magnetic field sensing probe of any preceding elaim wherein the at least one flux
portion is unshielded to external magnetic fields entering through the opening in the second

_end of the efectrically conductlve can.

11.  The magnetlc field sensmg pIObC of any pxecedmg clalm wherein the at least one flux
pomon of ferromagnetic material comprises two flux pomons of fenomagnetlc rnatenal the

two flux portions being diametrically opposed to one another with respect to the coil pornon.

12.  The magnetic field sensing probe of ény preceding claim, wherein the ferromaénetic; :
material is‘one ofa plurality ef ;he ferromagnetic materials, and wherein the sense coil is one
of a plurality of the sense coils, each one of the sense coils associated with a respective one of
the ferromagnetic materials, the plurality of the ferromagnetic materials and the plurality of
sense coils all bemg housed within the elecu ically conductwe can.

13.  The magne_tic field sensing probe of claim 12 when appended to claim lll, whereih the
two flux portions of a first one ofjthe plurality of ferromagnetic materials are opposed to one-
another along a first axis, wherein the two flux portions of .a second one of the plurality of
ferrOinagnetic materials are opposed to one another aloﬁg a second axis, and wherein the first
axis and the second axis are in different directi‘ens to_one another, for example pexpendicular:

to one another. -

14.  The magnetic field sensmg probe of claim 12 or 13, wherem thc axes of the plLuahty

of sense coil windings are all pa1a11e1 to one another.
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15, ° A magnetic field sensing apparatus comprising the magnetic field sensing probe of
any preceding claim and a slgnal processing 01rcu1t connected o the or each sense €oil and

- conﬁgured to output a 51gnal 1epresentat1ve of the- magmtude of current mduced in the or

each sense coil by a magnetic field.

6. A magneuc field sensing probe substantially as descnbed herein with 1efe1 ence to the

accompanymg dr awmge
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