2265010 MOTI ON TRANSDUCER The invention relates to notion transducers. The
typical use of a notion transducer is in a gas nodul e OL:&E? ' S I n
Eur opean Patent Application No. 91 306159.4 (Publicatio 6§E§834Ttﬂrn
that application a slamshut val ve i§f§hpmn which is connected by a cable
to a re-set shaft carrying a handl e. e transducer finds application in
measuring the axial displacement of that handle during closure of the

sl am shut val ve. The object of Ndy&oiMtaNEb@tEri S t0 provide a notion
transducer having an out put which is unaffected by rotation or displacenent
of the longitudinal axis of such a shaft or equivalent elenment. A notion
transducer, according to the invention, conprises magnetised ferronmagnetic
mat er i The ihventios relatiekctomohiin amapstiicens. array of Hal | - ef f ect sensor%—
positioned at points on a circle, said notion being along a straight axi's
transverse to a plane in which said circle lies, said axis being

di spl aceable froma true position normal, to said plane through the centre
of sai @beityeieak yse of &prelionctransducer df iR eness dadvlepfcthe kind shown
magnet i sed nmat eri al of hol i ndrical m conpyri Si externa

. bei | far |
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slam-shut valve,

The object of the invention is to provide a motion transducer having an
output which is unaffected by rotation or displacement of the longitudinal

axis of such a shaft or equivalent element.

A motion transducer, according to the inventipn, comprises magnetised
ferromagnetié_material which is capable of motion past an array of
Hall-effect sénsors.positioned at points on a circle, said motion being
along a straight axis transverse to a plane in which said circle lies, said Q;;
axis being displaceabie from a true position normal to said plane through
the centre of said circle to a displacement position within said circle,
said magnetised material being of hollow cylindrical form comprising
external and internal faces and said material being magnetised so that said
external face everywhere presenﬁs a magnetic pole of a first polarity and
said internal face everyvwhere presents a magnetic pole of a second polarity,
said motion comprising end-wise motion with respect to said cylindrical
form, each sensor having an output when the magnetised material moves past

the sensors and the transducer also comprising means by which said output



-2- may be conbined with each other said output to yield a conbined out put
representative of said notion, the value of which conbined output is not
affected by any rotation of said magneti sed material about said.axis either
in said true position or in said displaged position, said sensors being in
positions in the array such that said output is equal to each other said
out put i n mHspercombinedsditl euchi cthef|sand cuput 8y iydeld aSeombiigdusutpasi tion and
sai d conmbi ned output not being affected by said notion along said axis in
sai d di spl veprdsgrastivieoof said motiongathe valueasfl vhichpcimbinednoutipyut sisnsatr or
sensors closer to said displaced position of said axis bei ng conpensated
for by redatfegted by anyi rosationsef  said sagnatised paterial abonust said avdsseither

di spl gcenent position of said axis, Preferably, said npgnetised material is
in thefor R éPi‘itFP?ﬂ?s igp oT Y spHb ddsplaced pOFirdansm 58 6?&?%&3??11% dde,
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a second polarity oppositée to sal ere are’ preferabply

four senso i t ag ' | kat r
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invention ¥did diplakkl pudeidn)CshydIndtRise® Ancsdddukpitd Fhow 8hye'seRser 6P the
acconpanyi ng drawings, in which:- Figure 1 is a side elevation of a notion
t ransducer sersogsifcRoskri to saiibdisplated positien pfcsaidnaxis hdiag compenishtdd i n
Figure 1; and S

\_/ for by reduced output from a sensor or sensors more remote from said

displacement position of said axis.

Preferably, éaid.magnetised material is in the form of a first piece and
there is ﬁiovided a second such piece, said first piece being magnetised so
tha; its exfetnal faﬁe.everywhere presents a magnétic pole of a first
polarity and said second hiece is magnetised so that its external face
everyvhere p;esehts a magnetic pdle of a second polarity opposite to said

first polarity.

(N There are preferably four sensors in said array at points on said circle

which points are equiangularly distributed around said circle.

An embodiment of the invention will now be described by way of example with

reference to the accoﬁpénying dravings, in which:-
Figure 1 is a side elevaﬁion of a motion transducer;

Figure 2 1s a horizontal cross-section on the line II-II in Figure 1; and



-3- Figure 3 is block diagram show ng summ ng of the outputs of the sensors
shown in Figures 1 and 2. Figure 1 shows-the main conponents of the notion
transducer which are: a holow, cylindrical nagnet 10 and a sim|ar magnet
12, which are nounted around a shaft 314; the nmagnet[err]s 10, 12 are
novable with the shaft 14 along an axis 16; and four Hall-effect sSensors
18, 20, 22, 24 arranged as an array 26. The Hall-effect sensors are each
avai | gbB‘é’%ﬁd%ﬁ blpgk %}ﬁ%"@ba@‘ﬁmﬁ““wm ([ the) PETRIERS| oEdhe MRSt ens
Limted, nmponents G o Charl es Square Bracknel |, Berkshire RGlL2 1EB.
The sé& %‘8? §nl lgures, 1, HE&H ed at points at equiangular intervals on a
circle having its centre coincident with the-axis 16. The sensors 18-24 t
are mounted on a plate 28 having a circular aperture 30 through whi ch
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Wi th ying'inap tangent he Clrcle at points ¢

of Wninghlod h%yfﬁ{&%%él %sné@qatﬁﬁ aTJhmaf &.ﬁgﬂ@&r&at vhick'$2d mhateyer the
nunber of sensors in th e array may be. The plate 30, in the application of

the tRRpSEHIGEEhdfe 84 0ahe MAGHEE s 110, MPUBEE oVabTe WELH RBe BhASE UK SRshgyas
space above the bul khead 14 shown in Figure 1 of Patent Publication

No. 04&82&éis 1be andafdurlHallsefféctngenkors 181220222, i Pakrranged dwahhe

sl am shut val ve reset handl e. Wen the slamshut valve closes, it pulls on
the calskay [26.WThehHall-effextnaendord 41@ bheh ayailable Tindes |t syngt codel ve
ascends in its closing notion and the notion is .transferred through the
cabl e LOBET Hd FfromjHenéywell £ontrol Systems Limited, Components Group,

Charles Square, Bracknell, Berkshire RG12 1EB. o/

The sensors 18-24 are mounted at points at equiangular intervals on a circle
having its centre coincident with the axis 16.. The sen;ors 18-24 are
mounted on a plate 28 having a circul#r aperture 30 through which the
magnets 10, 12 are movable with clearance. Each sen#or 18-24 is arranged
with its faée iyihg in a piane which is tangential tﬁlfhe circle at points
of which the sensors are locatéd. Th%s.arrangement is used whatever_thg
number of sensors in the array may be. The plate 30, in the application of
the transducer to a gas module, is mounted outside the pressufised gas space &‘d
above the bulkhead 14 shown in Figure 1 of Patent Publication No.0473264.
The shaft 14 is intended in that appiication to be the slam-shut valve reset
handle. When the slam-shut valve closes, it pulls on the cable by which it
is connected to the handle. The_slam—shut valve ascends in its closing
motion and the motion is transferréd through the caBle to the handle ie. to
the shaft 14 shown in Figures 1 and 2. The resultant downward motion of the

shaft 14 is measured by the transducer.



the shaft 14 shown in Figures 1 and 2. The resultant downward notion of the
shaft 14 is neasured by the transducer. -4- The transducer produces a
conti nuous conbi ned output fromwhich the Iength of stroke of the shaft 14,
its velocity at any point in its notior %and its acceleration at any point
can be derived. The transducer can thus detect changes in these paraneters,

whi ch are i cal ,of mal function (gwing to djrt, for exanple), In this way
the t ransa{]%gtrmf‘ﬁﬁfﬁelro?&“&ge’b&r F°‘§)tfm&°‘gq £gmed (wtpyt (Fxpm M Eh dhe ie"tgﬁb gas
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sensors 18-24 are | ocated and whi ch passes through the centre of that

circle. H@i@ﬂﬁfor?é@m?lé)s. Ofn BBk Gy €he itPamddiebs Fanctiond! 48 port of a

di spl acenent, typically for exanple, the displacenent [err] is angul ar
bei ng equidiagmistié® systén lapphiddnos Hhei gasiRodilel. cThHehBdllaeffdct s¥nsors are

di spl acenent parallel to the ideal position at 16 is taken into account by
t he desi giveoy seneitivantelwhenge Thethendisitant® Dromstlet magieta l,et2. oHowdverxj bl e
ferrite material avail able under the type code TPFF00865 from Magnetic.
Devel opnerthe senspredoonot impose; any| fgno® romh they haft 14| ardatherefprmase tnot a

Sw ndon, WIltshire, SN6 7NA, Engl and.
source of effects which has to be taken into account.

—
The shaft 14 moves endwise ideally along the axis 16, which lies at right
angles to the plane of the circle on which the sensors 18-24 are located and
wvhich passes through the centre of-that circle. Howevef, the axis of motion
is, in practice, liable to displacement, typically for example, the
displacement. typieally-for—example—the-displacement is angular being
. equivalent to a tilt, although in general either a tilt or displacement
parallel to the ideal position at 16 is taken into account by the design of

the transducer.

The magnet 10 consists of a piece of flexible ferrite material available
under the type code TPFF00865 from Magnetic Developments Limited of Unit 17,
Highworth Industrial Park, Highworth, Swindon, Wiltshire, SN6 7NA, ﬁngland.
Originally, the piece of material was flat and was magnetised so that a
south pole was preSent.evérywhere.at one face and a north pole was présent
everywhere at the opﬁosite face. These faces were the majbr faces of the
pieée and the minor faces.were the four edge faces of the-piece. The piece
of material is very flexiblé and it wis readily bent around the shaft 14 to

producé'the holiow, cylindrical shape shown at 10. The material is then



Oiginally, the piece of material was flat and was nagnetised so that a
south pol e was present everywhere at one face and a north pole was present
everywhere at the opposite face. These faces were the major faces of the

pi ece and the m nor faces were the four edge faces of the piece. The piece
of material is very flexible and i€ s readlly bent around the shaft 14 to
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everywhere at the internal face 52" of the magnet. The ot magnet 12.Wyas

produse ff timigiets akEnsEthepdlal vas piébent®D eférybhereH@taterinteeidi ng-in this
case was such that a north pole was presented everywhere at the external '

cyl i nBadech? dfathe mdgref.t he nagnet and a south pole was presented everywhere
at .the internal face, which is not visible in the drawi ngs. As the external
south pole 10 noves downwardly past the array 26 of sensors along the axis

16 the outputs of the sensors, each of which is vol tage, ‘i ncreases in the

negat The: O8kATs Bagnstalh ias AFAduged; fromthe. mnwwiﬁesmwmrel and t hen
oxt or REevEby RISty Fhi, cSre 3re ok A AP ute REHHERR ¢ of ¢ he
Magneloctoundie A0 tnE dxtbhdh SAThirRA} €al0%%5of PAL IBLHLY ahi% QbR
pole was presented everyvhere at the internal facé, which is not visible in \-)
the drawings.

As the external south pqlé 10 moves downwardly pasf-the array 26 of sensors
along the axis 16 the outputs of the sensors, each of which is a voltage,
increases in the negative sense to 5 maximm at the mid-point of the south
pole and then decreases in the negative Sense to a zero output at the join
of the external south pole of the magnet 10 and the external north pole of
the magnet 12. As the external north pole moves downwardly the output
increases in the positive sense to a maximum at the mid-point of the
-external north pole and then decreases back to zero gt.the top edge of the
face 54 of the magnet 12.l The net fesult'is an output which has the form of

one cycle of a sinusoidal wave.

The voltage outputs of the sensors 18-24 are summed as shown in Figure 3 by

means which in this case is a summing amplifier 60. The amplifier 60 gives

L P

a combined output vhich can be linearised if required. However, in this
application the working range of the transducer is the centre part of the
sinusoidal wave mentioned above. In that vay the output is approximately a

linear one proportionately repreéehting travel of the magnets 10,12.



I ncreases in the positive sense to a nmaxi rum at the m d-point of the
external north pole and then decreases back to zero at the top edge of the
face 54 of the magnet 12. The net result is an output which has the form of
one cycle of a sinusoidal wave. The vottéage outputs of the sensors 18-24
are sumred -as shown in Figure 3 by nmeans which in this case is a sunm ng

anplifier 60. The anplifier 60 %ives a conbi ned output which can bg
| i near i scthisf combdned oytpylodewnaifected b rap#fiioB 25 Shet e thothki n® F8fige of

the t d is th t t t he .si i dal ' d_ab :
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representin trave#haq:f nghcq’fﬁggq%t? t]ag &1?1: ut occlr Thi s conbi ned output is
Shart 14 th

unaffeG_.te'H1 VnPgPa i 'on of e shaft rotates the nagnetic
field“experienced by the sensors 18-24 remains uniformso that no change in
tootal output occurs. Furthernore, the conbined output is unaffected by

di spl acenpilthefmdrBe #hel Sombfinéd ARVBYS 18/ urld¥ féddeldi by dabpldtement of 1the As the
shaft 14 tilts the magnetic field strength will be increased acting on the

Sensors i kxiE16sidbweyd of byatilviagusetheuxibclesanks ahewhiaforid biltsetbors it
noves further from As a result there will be no change in the total

conbi ned magnetic Fieldastsenmgthneildnpé iihiceeaseéd. acEing cam phe sensonscit awwves s
18-24 can be varied by altering the spacing between the sensors and the
magnet s 1€lok@rovp ehé redugéed by theheans,amenntf e bhehtensens ditsmeves Epribepe

varied by altering the length, along the axis, 16, of .
from. As a result there_will be no change in the total, combined output of

k,/ the summing amplifier 60.

The output of the sensors 18-24 can be varied by altering the spacing
between fhe sensors and tﬁe magnets 10,12 on the shaft 14, The output from
the sensors can also be varied by altering the length, along the axis 16, of
magnetic material in the hagnets 10, 12. The shaft 16 can be of either

ferrous or non-ferrous material.

Although four sensors 18-20 are described above, a different number could be
used. Whatever number is used, the sensors will be arranged at points on a
circle. Also, they will be equiangularly distributed about the centre of

the circle; or else groups of sensors will be equiangularly distributed.

- Preferably, there will be an .even number of sensors. However, that is not
essential. For example, three sensors may be used. The aim is to
compensate for tilt or sideways displacement of the axis 16, and also to

v cater for rotation of the magnets 10, 12, so as to give a combined output
under all conditions which is unaffected by tilt, or sideways displacement

or rotation of the magnets 10, 12.



magnetic material in the magnets 10, 12. The shaft 16 can be of either
ferrous or non-ferrous material. Al though four sensors 18-20 are descri bed
above, a different nunber could be used. Watever nunber is used, the
sensors will be arranged at points on7a circle. Also, they will be

equi angul arly distributed about the centre of the circle; or else-groups of

sensors. will be equiangular|ly distributed. Preferably, there will be an
even peh itve pagnets 10, k% are dergribed abaveesiteiisi pessible toxusminlyt hree

sensors may be usgd. The aimis to conpensate for tilt or sideways
di spl a%'é%%?“%f‘ tﬁ\‘? gﬁ’rtl%m%t,m&ﬁ&faf%h tBomedrtded iiransdicer; wonlds be ioalymgnet s
10, 12 s i . onbi-ned out put under all conditions which is .
naldvE 48, VR TR Repter <, 10,
|l e

D

unaf f ect'ed r I*'spl acenment or rotation of the magnet3s;
12. -7- Although two magnets 10, 12 are described above, it is posgh%
to use only one nmagnet. The working range of such a nodified transducer ¢

woul d be only half what it is using two magnets. “CLAIMS 1. A notion
transducer. [err] = conprising magnetised ferromagnetic material which is
capabl e of notion past an array of Hall-effect sensors positioned at points
on a circle, said notion being

¥



along a straight axis transverse to a plane in which said circle H-es;7—sai

axi s being displaceable froma true position nornmal tosaid plane
the centre of said circle to a displacement position wit “ﬁ w “Bg‘\ﬂﬂ‘\
said magneti sed material being of holl owdcylindrical for R‘\m

external and internal faces and said material being magnett séd So that said
external face everywhere presents a magnetic pole of a first polarity and
said internal face everywhere presents netic pole of a second
polarity, said notion conprising end-wise notion with respect to said
‘cylindrical form each sensor having an out put when the magnetised mat eri al

neves past theA §n§e ggﬁg&ggac%et n ducer SQ._C %ﬁéem h

sai d put may I ne ther sard ou i ned

out put 1 " epresentabine ofe aldh gwhq h {8 g@dlueopfmot@arp aggoutsmly oy put s

ndt ‘affected by any rot atron of sald nagnetised materia Xi s

ei ther in sai diafi)UerrReE | denBbrePpositisaedl ai SHintscsh aoa:tﬂen,sa&ausbt%ﬂss&ﬁ
being in positionsin the array such that said output is equal to each ot

sai d out put i rnaloAgwBtfaight Sddid tiinstérst €6 pdask dnivhich saiiddcirdle 11es,
posi tion and said conbi ned output not being affected by said notion al ong
said axis in smiid skispbeingddizplatcable from & nouegsesitiors actnalutp aifirglnany
sensor or sensors closer to said displaced position of said axis being
conpensat ed f othroygh slieceedtoriofusaiidr chwclestmgodisnlagemantr posigdeon mitbire from
sai d displaced position of said axis. ~ 2. A transducer according to
claim 1, said saig§neincded said magnetisefpptiefial being of hollow cylindrical form

~ comprising external and internal faces and said material being
magnetised so that sgid external face everywhere presents a magnetic
- pole of a firsf_poiarity.and said internal face everywhere presents a
magnetic.pole of a second polarity, said motién comprising end-wise
motion with respect to said cylindrical form, each sensor having an
output when the magnetised material moves past the sensors and the
' transducér also comprising means by which said output may be combined
with each other said autput té yield a combined output representative
of said motion, the value of which combined output is not affected by
) - . any rotation of said magnetised material about said axis either in said
true position or in said disélaced position, said sensors being in
positionsin the array such that said output is equal to each other said
butput in response to said motion along said axis in said true position
and said combined output not being affected by said motion along said
. . axis in said displaced position, any increase in said output from &ny
sensor or sensors closer to said displaced position of said axis being
compensated for by reduced output from a sensor or sensors more remote

from said displaced position of said axis.



the formof a first piece-and there is provided a second such piece, said

first piece being magnetised so that its imgﬂm“nﬂmm,mr ywhere presents
a magnetic pole of a first polari t)Lq bei ng. magneti sed -
so that its external face everywhere 'presents a ma dhet’i c*pol e of a second
polarity opposite to said first polarity. 3. A transducer accordi'ng to

cl ai m [2.0r & tpdngddcert duzoedingi vt clodar 15 asasd magnetised saterial beingddant s on
said circle which points are equiangularly distributed around said circle.
4, A trarthdufoam ofcsdilash piece ehdithere 18 mvaiedtmesemglnsudhsp&qeat erial, or
each piece of nagnetised material, conprisi n%f | exi ble material. 5. A

transducer saééfilosthgiecs Wspweeﬁﬁssg 89 thaf %Gx\?ﬁi'gﬂbtfﬁé%(?"ﬁﬁt"éﬂ%l Qr

each piece of nagnetised rrat ei n or,med d a comon shaft
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reference t‘nei.t h%aﬁae%?srg%a 5 'tﬂgt qrtg xtefnal face everywhere presents a
magnetic pole of a second polarity opposite to said first polarity.

3. A transducer according to claim 1 or claim 2, there being four sensors
in said array at points on said circle which poimﬁs are equiangularly

'distributed around said circle.

4. A tr}ansducer according to claim 1, 2 or 3, the mag:metieed material, or

each piece of magnetised mate.rial, comprising 'flexibl_e material.

5. A transducer according to any preceding claim, the magnetised
material, or each piece of magnetised material, being formed around a

common shaft.

6. A transducer according to claim 1 substantially as herein described

vith reference to the acconpanying dtawings. ot/
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