-1- DESCRIPTION MAGNETIC POLE DETECTION SYSTEM AND MAGNETIC POLE DETECTION
METHOD 5Field of the Invention [0001] The present invention relates to a magnetic pole detection
system and a magnetic pole detection method, e.g., used for detecting a position of a moving vehicle.
10Background Art [0002]  The inventors developed a system adopting a combination of a magnetic
pole array including a plurality of magnetic poles arranged in a straight line, and a coil array including a

plurality of coils for detecting a position based on the _rqggnetic pole array 15(e.g., Patent Publication I:
IP2009-276827A). In the system, the magnetic poles are arranged at the same pitch such that magnetic

poles of N and S are arranged alternately, Le., ABECEMMagnetic poles have the opposite polarities N
and S. The coll araxeiisie polliasi hacofbAdberBRERRINARINE NS RRBR R IgUmbers of the

magnetic poles in the magnetic pole array cannot be determined from the coll array. In 20this regard, the
signal from the coil array changes cyclically for el B2 magnetic poles. Therefore, using this
information, the number of cycles in which the signal from the coil array changed is counted to determine
the pitch numbers of the magnetic poles. However, in the method, in the case where data of the pitch
numbers & the Fisiffttbedotestiorost due to-an instantaneous power failure or the like, restarting
operation 25bec%ﬁ difficult.

The present invention relates to a magnetic pole detection system and a magnetic

pole detection method, e.g., used for detecting a position of a moving vehicle.

10 Backgrouna Art
[0002]

The inventors developed a system adopting a combination of 2 magnetic pole
array including a plurality of magnetic poles arranged in a straight line, and a coil array
including a plurality of coils for detecting a position based on the magnetic pole array

15 (e.g., Patent Publication 1: JP2009-276827A). In the system, the magnetic poles are
arranged at the same pitch such that magnetic poles of N and S are arranged alternately,
i.e, the adjacent magnetic poles have the opposite polarities N and S. The coil array
detects a phase based on the magnetic pole. In this approach, pitch numbers of the
magnetic poles in the magnetic pole array cannot be determined from the coil array. In

20 this regard, the signal from the coil array changes cyclically for each of the magnetic
poles. Therefore, using this information, the number of cycles in which the signal from
the coil array changed is counted to determine the pitch numbers of the magnetic poles.
However, in the method, in the case where data of the pitch numbers of the magnetic
poles is lost due to an instantaneous power failure or the like, restarting operation

25 becomes difficult.
[0003]

Detection of the pitch numbers of the magnetic poles of the magnetic pole array



[0003] -2- and detection of the phase relative to the magnetic pole can he used, e.g., for controlling a
linear motor, in addition to detecting a position of a moving vehicle. For example, a linear synchronous
motor is used as the linear motor, the pitch numbers of the magnetic poles of the magnetic pole array and
the phase relative to the magnetic pole are detected, 5 and feedback control is provided for the linear
motor. In both of the control of the linear motor and position detection of the moving vehicle, if the pitch
numbers of the magnetic poles in the magnetic pole array are found without counting cycles of the signal,
control can be implemented without any significant troubles. Summary of the Invention [0004] An object of
the present invention is to make it possible to identify"&'pitch of a magnetic pole in a magnetic pole array

without any datd%Adetestan et theophess tsiaHiSHn difonasneticasla eepbeatiradntmr fof cyeteadling§0005] The
present inventiog,(e1aies.i0;3 IRAAREYS &%é&ﬂg%gﬁ&ﬂﬁé%ﬁ%@ﬁ!#@mﬁ.”%a&Q%&l%é’é"& array, a magnetic

sensor array, a phase detection head, and a pitch identification unit. The magnetic pole array includes a

plurality of magtiatier poiehroddisanct@ anseigpsdialimnambto e piagmetiheangohamaynéneludes a plurality
of magnetic 20sensors for detecting a magnetic,pole of the magnetic pole array. The phase detection
rfes 0?6( n(i rﬁeoﬁearr cltlp gas q {.ﬁ g Ki.ﬁree gﬁP

head detects a Bﬂase asedon ot mag efic polein’t & fﬁgﬁne |cef)% éngtr'rgagf.’ St fentification unit

identifies & pitchumifedibraf anershignetidqacie ch (rblyrheing Geietiedby dherBlagnrtimegnsor array, in
the magnetic pole arrg‘y based onlz on current detection data regardless of historical detection data.
25[0006] -3- motor and position detection of the moving vehicle, if the'pitch numbers of the magnetic

poles in the magnetic pole array are found without counting cycles of the signal, control

can be implemented without any significant troubles.

10 Summary of the Invention
[0004]

An object of the present invention is to make it possible to identify a pitch of a
magnetic pole in a magnetic pole array without any data that requires storage of
information such as a repeat number of cycles.

16 [0005]

The present invention relates to a magnetic pole detection system including a
magnetic pole array, a magnetic sensor array, a phase detection head, and a pitch
identification unit. The magnetic pole array includes a plurality of magnetic poles of N
and S arranged alternately. The magnetic sensor array includes a plurality of magnetic

20 sensors for detecting a magnetic pole of the magnetic pole array. The phase detection
head detects a phase based on one magnetic pole in the magnetic polec array. The pitch
identification unit identifies a pitch number of one magnetic pole currently being detected
by the magnetic sensor array, in the'magnetic pole array, based only on current detection
data regardless of historical detection data.

25 [0006]

In the present invention, the pitch number of the magnetic pole is identified

regardless of data detected in the past, e.g., data indicating how many cycles of magnetic



poles have been counted. Therefore, the pitch number of the magnetic pole in the magnetic pole array
can be detected reliably without being affected by a power failure or the like. [0007] 5Preferably, the
magnetic pole detection system further includes a plurality of marks arranged in parallel with the magnetic
pole array and changing in units of magnetic poles of the magnetic pole array, and a mark sensor array
including a plurality of mark detection sensors provided in parallel with the magnetic sensor array. The
pitch detection unit identifies a pitch number of the magnetic pole in the magnetic pole array based on a
10series of signals from the mark detection sensors. In_this manner, the pitch number of the magnetic
pole can be identified based on a series of signals frofitthe marks arranged in parallel with the magnetic
pole array. IdentreinYsderst soraedn Iwee ity tba nitehgigmabfroithe magnetik pbletimdee based on the

series of signalsm'gglﬁrﬁ,j fﬁe- i g%egt%b e h@t 1e amount af informatiop, from each ark is small Thus,
the magnetic pole pitc %5nu%rn%}(fr %:anebg{fcfé%tﬁ?ela% L%si‘ﬁlégg%pfén %grlﬁcs’t%‘l;%aﬁ’a?\ﬂﬁg}g@ﬁ?ﬁf amount of
information. [00®®Y] like. In particular, preferably, the marks are configured at least by the magnetic poles of
the magnet arra extjnded in a first direction perpendicular to a second direction in which the magnetic

poles of the ma A% rray are arranged and magnetic poles of the 20magnet array un-extended in the first

direction. & this manne¢ciitgsRakARRG EQIOMRARASEAR IIRDRLARACL Higmadgetic pole is

extended or not. In the embodiment by combining information indicating whether the magnetic pole is
extended or notmamsaErsekstiny raraliel mitlythstioasoksictheleatynes d tilaeginggmetitspdleageride identified

by the marks. AE atively, withaut considering,the polarity of the . magpetic 25pole, there are only two
types of marks i S|%a%ﬁ§%vtﬁgﬁ%}ctﬂ%?emaggaﬁ’eaf® o éB |% sé’)?%éﬁ%ﬁé’r‘cg'g{g a@ﬁg&g’gﬂ%\ﬂﬁgﬁﬁn this case, the
marks can be fodmedidntagraly puividbbinpeaicin i amnayaRrddhamaks e herelsusd simply. A
portion detected by the. -4- magnetic sensor array in the magnetic pole array is referred to as the first

magnetic pole afFAy IsAifigsfopiioh Prorherad the s HAis PYE R Hhedragretaritramebasedan gecond
magnetiaole aikRys brsahie FORSIAEN Bablied UstBoneHEROIERK Al NG Rs s Tagnetic pole

array are arranged in parallel with each other in the longitudinal 5direction of the magnetic pole array.
magnetic pole can be identified based on a series of signals from the marks arranged in
parallel with the magnetic pole array. Identification is not made based only on the signal
from one mark, but made based on the series of signals. Therefore, it is acceptable that
the amount of information from each mark is small. Thus, the magnetic pole pitch
15 number can be identified using simple marks each having a small amount of information.
[0008]

In particular, preferably, the marks are configured at least by the magnetic poles
of the magnet array extended in a first direction perpendicular to a second direction in
which the magnetic poles of the magnet array are arranged and magnetic poles of the

20 magnet array un-extended in the first direction. In this manner, the mark can be
configured based on whether or not the magnetic pole is extended or not. Inthe
embodiment, by combining information indicating whether the magnetic pole is extended
or not and the polarity of the magnetic pole, three types of the magnetic poles can be
identified by the marks. Alternatively, without considering the polarity of the magnetic

25 pole, there are only two types of marks indicating whether the magnetic pole is extended
or not may be provided. Inthis case, the marks can be formed integrally with the

magnetic pole array, and the marks can be configured simply. A portion detected by the



[0009) Preferably, the magnetic pole detection system further includes an offset correction unit for
converting data regarding the pitch number of the magnetic pole in the magnetic pole array into a
reference position of each magnetic pole, and converting the 10phase into a shift from the reference
position to output an absolute position, [0010) Further, the present invention relates to a method of
detecting a magnetic pole of a magnetic pole array including magnetic poles of N and S arranged
alternately with a magnetic sensor array including a plurality of magnetic sensors. The method comprises
15the steps of: detecting a phase based on one magnetic pole in the magnetic pole array using a
phase detection head; and identifying a pitch number of one magnetic pole currently being detected

by the magnetic SEREHT SRS AMAHR MS GRERIS BRleavay itksiged shanthedistimagnetiaArlebased 200nly on
current detectiopdaladegpeteauathisieyeal Hﬁ?ﬁ%@%ﬁﬁ@? lQ&?&éH%&KEﬂQ%‘coﬂﬁsc“pﬂon regarding
to the magnetic pole detecti

the magnetic pole detection system is directly applicable e ction method. [0011]
Preferably, a plthegR§tismelaatsrdtoambrieehsitgradhed thitfirth e meagivgtidepotey2mentay, the marks change

mark detection Sonome e s A At DS A Sar 5 TPy ing step
includes @entifyingraopitdhiewmperiofpok-array.
[0009]

Preferably, the magnetic pole detection system further includes an offset
correction unit for converting data regarding the pitch number of the magnetic pole in the
magnetic pole array into a reference position of each magnetic pole, and convertiné the

10 phase into a shift from the reference position to output an absolute position.
[0010]

Further, the present invention relates to a method of detecting a magnetic pole of
a magnetic pole array including magnetic poles of N and S arranged alternately with a
magnetic sensor array including a plurality of magnetic sensors. The method comprises

18 the steps of.

detecting a phase based on one magnetic pole in the magnetic pole array using a
phase detection head; and

identifying a pitch number of one magnetic pole currently being detected by the
magnetic sensor array, in the magnetic pole array, using 2 pitch identification unit, based

20 only on current detection data regardless of historical detection data. In the specification,
description regarding the magnetic pole detection system is directly applicable to the
magnetic pole detection method. |
[o011]

Preferably, a plurality of marks are arranged in parallel with the magnetié pole

25 array, the marks change in units of magnetic poles of the magnetic pole array, and a mark
sensor array including a plurality of mark detection sensors is provided in parallel with

the magnetic sensor array. The identifying step includes identifying a pitch number of



the magnetic pole in the magnetic pole array based on a series of signals from the mark detection

sensors. Brief Description of the Drawings 5[0012] [FIG. 1] FIG. 1 is a block diagram showing a

magnetic pole detector according to an embodiment. [FIG 2] 10FIG. 2 is a diagram schematically showing

a magnetic pole array and output from a phase detection head, [FIG. 3] FIG. 3 is a plan view showing

the magnetic pole array according to the embodiment. 15[FIG. 4] FIG. 4 is a table showing

determination of a central position in a traveling direction of the phase detection head. [FIG. 5]

FIG. 5 is a flow chart showing an algorithm of detectingsan absolute position 20according to the

e bodiment oo HagnerdFibiib R HAHSIEHR AN VS & TEADOH SR BT mark 9 ¢
detection sensors.

Brief Description of the Drawings

5 [0012]
[FIG. 1]
FIG. 11is a block diagram showing a magnetic pole detector according to an
embodiment.
[FIG. 2] N
10 FIG. 2 is a diagram schematically showing a magnetic pole array and output from

a phase detection head.
[FIG. 3]
FIG. 3 is a plan view showing the magnetic pole array according to the
embodiment.
15 [FIG. 4]
FIG. 4 is a table showing determination of a central position in a traveling
direction of the phase detection head.
[FIG. 5]

FIG. 5 is a flow chart showing an algorithm of detecting an absolute position

20 according to the embodiment.
[FIG. 6]
FIG. 6 is a block diagram showing a moving vehicle system utilizing the
embodiment.
[0013]
25 Hereinafter, an embodiment in the most preferred form for carrying out the

present invention will be described. The scope of the invention shall be determined

according to understanding of a person skilled in the art based on the description of the



25Hereinafter, an embodiment in the most preferred form for carrying out the present invention will be
described. The scope of the invention shall be determined according to understanding of a person skilled
in the art based on the description of the -6- claims in consideration of the description of the specification
and techniques known in this technical field. Most preferred embodiment [0014] 5FIGS. 1 to 6 show an
embodiment and its application. FIG. 1 shows a magnetic pole detector 2. The magnetic pole detector 2
includes a phase detection head 4 for detecting a phasérelative to each of magnetic poles of a magnetic

pole array, and a gliiRhsdetailiaian e aduesippasiarie RRciRaiSe RDRg-A RICRBWRer of a

magnetic Pole which is currently being detected regardless of historical detection data, and an 10offset

correction unit 8. %Tﬁ‘i&%‘éld@{éction head 4 includes an alternating current power supply 10 and a coil

at-ray made up o%&lggfy&gf e.g.,dfour coils 11 to 14. The coils 11 to 14 are connected to resistors RI to
e Col

R4, respectively. arra);3 l1;%1(‘5'eén%\e’?‘nagnetic pole array 30 shown in FIG. 3 to detect the phase based

on the magnetic goba4n the magnetic pole array. Reference numerals P1 and P2 denote operational
amplifiers for 15collecting signals as shown in F7G. |, a denotes a phase relative to each magnetic pole of
the magnetk pole array! biadsheurrervmdiodimentendatiapplioaton. JoGer sopply memsexpressed by

sinmt, and two si Qﬁlﬁe?(';c%@%x inrlrﬂtaalnr‘l3 | casa x sincot are oé)tain d from the operational amplifiers P1,
P2. These signalS are processed by an operato T%%éllﬂ%!?’ frnhag detsetioy Brad Gifty the phase of the

signal of sina k sidetedting62plasd R G6 SIEIObIneRRic AR dPY AHPHRESIBN XG9SEA lg:ﬁ&'ﬂa X sincot,
sin(a cot) is obtained by addition theorem. The coil array is an example of a maghetic sensor array, and
the pitch determif&i¢Em1BANICE uih foxdetastaininp pitcidibfitifigatiptohumitnf@Oas] magnetic
‘ pole which is currently being detected regardless of historical detection data, and an
10 offset correction unit 8. The phase detection head 4 includes an alternating current power
supply 10 and a coil array made up of a plurality of, e.g., four coils 11 to 14. The coils 11
to 14 are cormected to resistors R1 to R4, respectively. The coil array faces a magnetic
pole array 30 shown in FIG. 3 to detect the phase based on the magnetic pole in the
magnetic pole array. Reference numerals P1 and P2 denote operatianal amplifiers for
15 collecting signals as shown in FIG. 1. o denotes a phase relative to each magnetic pole
of the magnetic pole array. The output current of the alternating current power supply 10
is expressed by sinat, and two signals of sina. x sinot and cosa x sinot are obtained from
the operational amplifiers P1, P2. These signals are processed by an operational
amplifier circuit 16, e.g., by delaying the phase of the signal of sinc x sinet by /2 to
20 produce sina. x cosot. Then, by adding sina x coset to sino, X sinot, sin{a + ot) is
obtained by addition theorem. The coil array is an example of a magnetic sensor array,
and the pitch determination circuit 6 is an example of a pitch identification unit.
[0015]
A counter 20 counts a clock signal (not shown). For example, the counter 20 is
25 reset when a zero crossing detector 18 or the like detects that the phase of the output
current from the alternating current power supply 10 becomes 0. Though the zero

crossing detector 18 has been mentioned for the purpose of explaining operation of the



A counter 20 counts a clock signal (not shown). For example, the counter 20 is 25reset when a zero
crossing detector 18 or the like detects that the phase of the output current from the alternating current
power supply 10 becomes 0. Though the zero crossing detector 18 has been mentioned for the purpose
of explaining operation of the -7- circuit, the zero crossing detector 18 may not be provided physically.
For example, in the case where a D/A converter or the like is used for the alternating current power
supply 10, the counter 20 should be reset when the in[%ut to the D/A converter becomes zero. By

counting a period of time, e.g., froman. =0to a cot =- 0, by the counter 20 based on 5sinc.t, sin(a rt.- an)
= 0 or the like, et TR ANEAS datsetqsHEseasetatibe poovidedphgsietitypdler aitepidhe ttenter of the

coil array 14 fac he magneti le, a becpmes 0, and when the center of the coil array 14
faces the other gﬁ%(f g’ﬁ fﬁg gm]%;é& hetic Tol%?é? %*r{)egiﬁaé’rﬁspﬁles?ﬁfé]éggrﬁ%%rww& FUFROS @ATEEE yBENIoN at the

center of the coil @reiey ity 20eHAATBRGERH /A& ehe AN IS IETOMOR IR G IR dohi 1&&rgprovided for
detection of the phase of the magnetic pole in the embodiment, a magnetic sensor array having a plurality

other magnetic SEWEHIS sneficdrhtime|eme iminmbgHdrordsitiive, bifdet samsersimgheto-impedance
e sorges 08 900y SR ESIPUINE Eeb el b e e e ol o

magnetic sensors or a set of two magnetic sSensors are arfrange

(one pitch) of theapaghaiistgoRehar ey dhadplonse: @RMea £arlIBAOBRIGMAGHRRARE sftected_ The
drive circuit shown in FIG. | is merely an example Various other circuits are known as circuits for detecting

the phase relatifePfSIRETHagpbwbesoheenntenal sos eoif ayraa O 6273 the other end of the magnetic

pole, for example, o becomes 27, o represents a position at the center of the coil array
relative to the magnetic pole.
10 [0016]

Though the coils 11 to 14 are provided for detection of the phase of the magnetic
pole in the embodiment, a magnetic sensor array having a plurality other magnetic
sensors such as hall elements, magneto-resistive effect sensors, magneto-impedance
effect sensors arranged in an array may be provided. For example, in the case where a set

15 of four magnetic sensars or a set of two magnetic s;ansors are arranged within the width
of one magnetic pole (one pitch) of the magnetic pole array, the phase relative to each
magnetic pole can be detected. The drive circuit shown in FIG. 1 is merely an example.
Various other circuits are known as circuits for detecting the phase relative to the
magnetic coil from the coil array.

20 [0017]

The logic circuit 24 includes 2 plurality of hall elements 22. For example, the
number of the hall elements 22 is 5. Alternatively, the number of the hall elements is 3,7,
9, 1, or the like. For the purpose of explanation, the hall elements are denoted by
alphabets A, ... E. A plurality of the hall elements 22 are arranged in a line at the same

25 pitch as the poles of the magnetic pole array. A combination of signals that can be
determined uniquely depending on the position of the magnetic pole array is outputted.

In the embodiment, though the hall elements 22 can identify three types of states N, S, or



The logic circuit 24 includes a plurality of hall elements 22. For example, the number of the hall elements
22 is 5. Alternatively, the number of the hall elements is 3, 7, 9, 1, or the like. For the purpose of
explanation, the hall elements are denoted by alphabets A,E. A plurality of the hall elements 22 are
arranged in a line at the same 25pitch as the poles of the magnetic pole array. A combination of signals
that can be determined uniquely depending on the position of the magnetic pole array is outputted. In the
embodiment, though the hall elements 22 can identify three types of states N, S, or -8- no polarity in the
embodiment, it is sufficient that the hall elements 22 can identify two types of the states, Le., the presence

or absence of the mag‘r;.eti_c pole. Further, instead of the hall elements, magnetic sensors such as cails,
magneto-resistiveCTPEEIE dh S8remhesinets ot bifcbe dellsbmentagberu sbsaltiff tveo magnetic
sensors such asthe hall,a glements 22 rranged den in comparison with the magnetic poles of
the magnetic poltémarsray, e.g., at 1/2 tp%téﬁgg?% eeoégrgéﬁ%cgrﬁ%n pitch %ﬂ%pr%%g%%ﬁ%"ﬁd%?i‘ﬁ e magnetic

pole array, temptrahatiigiemenas thezpitthsensarb enchtah@ i@ phpRSeHE 7 Rerderdaeiyween magnetic poles
will not occur. [0018] 10The combination of signals from the five hall elements A to E can be detemined

uniquely dependPREBHHRASALES A5 FrOsCBITAYARR useit [Hghe mpgantisseassvasushabtbcdiathe like showing
correspongence éPﬁﬁ‘é’ﬁ@Eﬁ&@@lﬁgﬁ%@d?“r‘nﬁ!gﬁlﬁiﬁﬂ%m?h%%@g&ﬂ gﬁgs%ﬂﬁ]ee%%ﬁf‘ fo E and.

positions on the magnetic pole array, and outputs the pitch number on the magnetic p gg\:rray, le., the
number of the megiaetieypele.pitdl? NIET hithabiaigeneakaimiptheahigeasidesoanveningdixe combination of

the signals from tQi% Qr%lsl element§ Astso E n@'gﬁ the Fﬁﬁq&?tic pole pitch, The pitch number of the magnetic
pole is inputted 10 comtonar 42 &1 & Iear Rt BRHRG ETE 05PIBRIDT AHBREEFESRection unit 8

converts data ingiegibig porshvinagnetiepole array is 20currently being detected (in the case where a
plurality of magnetic pole arrays are present) and the pitch number of the magnetic pole in the magnetic
pole array into a nce position in each magnetic pole, e.g., an absolute position at an end of the

magneticygole. In the orbagimiali i convETRan s Wenario s e lseloprigslion; Lo example. the
offset correction unit 8 stores an offset for each of the magnetic poles,
uniquely depending on the position on the coil array. The logic circuit 24 stores a table
or the like showing correspondence between combinations of the signals from the
individual hall elements A to E and positions on the magnetic pol<;. array, and outputs the
pitch number on the magnetic pole array, i.e., the number of the magnetic pole pitch.
15 The table is an example of means for converting the combination of the signals from the
hall elements A to E into the magnetic pole pitch. The pitch number of the magnetic pole
is inputted to a controller 44 of a linear motor 42 shown in FIG. 6.
[0019]
An offset correction unit 8 converts data indicating which magnetic pole array is
20 currently being detected (in the case where a plurality of magnetic pole arrays are
present) and the pitch number of the magnetic pole in the magnetic pole array into a
reference position in each magnetic pole, e.g., an absolute position at an end of the
magnetic pole. In the embodiment, this conversion is referred to as the offset correction.
For example, the offset correction unit 8 stores an offset for each of the magnetic poles,
25 or an offset for each magnet array. Assuming that the magnetic poles are arranged at an
equal pitch in the magnet array, the width of the magnetic pole is stored. The phase o of

the magnetic pole is represented by converting the ratio of the shift of the current position



25 or an offset for each magnet array. Assuming that the magnetic poles are arranged at an equal pitch in
the magnet array, the width of the magnetic pole is stored. The phase cc of the magnetic pole is
represented by converting the ratio of the shift of the current position relative to the reference position of
the magnetic pole which is currently being detected to the width of the magnetic pale into an angle in a
range of 0 to 360'. Further, the width of the magnet pole can be determined based on a difference or the
like between the offset of the magnet which is currently being detected and the offset of the next magnetic
pole. 5The offset correction unit 8 outputs the absolute-position based on the combination of the ID (data

indicating whichdagaelioaie-eiiayisibReril BERGISRE G 10,0386 Whsre,a PlurAllty of magnete
pole arrays are present), the pitch number of the magnetic pole which is cuyrenﬂﬁ %elng detected, and the
phase a in the t¥4gridthcob8ie reapstispofe inttrea asgleiheemelyiibRetc 0600 Ifrthe, ihe aidimotor is

implemented, the gffset correction nit 8 i t required. {0020 FIG. 2 is a graph showing the
relationship between tht% ar an%%rrﬁé%tﬂ?)tf t egﬁgﬁﬁ%tﬁn&%’e&s%ﬁnglrﬂﬁ (i%t!fg B‘?ﬂ’éeﬁ?r'ﬁ’? %ﬁ%ftoutput from a
phase detectioreftbashagnstantachieutnetipagihefiterpolel aiaihs Ofisehiree WpkPfnaPndirgietic poles. The
magnetic.15pol ed at the same pitch such that magnetic poles of N and S are arranged

are arran
alternately, i.e.ﬁﬁ%oaéféggﬁ?%%ﬁ%‘ﬁg BRshg Abmbts Rositins Rreacambimtivnefithagnetic poles
has the same sipe(dataiadiestisiviRivi ez ibec P RAYS PelrRAls QUiRNaetkiNE Richpetween the

magnetic poles, i.e., the interval between the central lines of the adjacent magnetic poles is referred to as
the pitch of the YRSTFHRIBHIR OF MagsRHG BOl0 Gt RRcRRIAY WA eh recdgnifahwhiegnetiagnetic pole is
currently being glaiepiesh iaeshemp s P anhase (rialyGIadiemagnetc pole which is cyrrently being
detected, as a phase, e.g., in arange c?f 0 to 360'. [002?] Flgf.zléq §1ov% se{t)rlﬁgtouygé %‘f%?ﬁrfa{'glnetic pole array
30. The magnethé prsreveiers Bty i eiovielad by bumbinitg ikingpleragmedstBEtehcbrvirgna large size in a

directiong unit 8 is not required.

[0020]

FIG. 2 i5 a graph showing the relationship between the arrangement of the
magnetic poles in a magnetic pole array and output from a phase detection head. For
example, the magnetic pole array 30 is made up of 20 magnetic poles. The magnetic

15 poles are arranged at the same pitch such that magnetic poles of N and S are arranged
altemnately, i.c., the adjacent magnetic poles have the opposite polarities N and S. The
magnetic poles has the same size in a direction in which the magnetic poles are arranged.
The pitch between the magnetic poles, i.e., the interval between the central lines of the
adjacent magnetic poles is referred to as the pitch of the magnetic pole. The phase

20 detection head cannot recognize which magnetic pole is currently being detected, and
outputs the phase relative to the magnetic pole which is currently being detected, as a
phase, e.g., in a range of 0° to 360°,

[0021]

FIG. 3 shows structure of a magnetic pole array 30. The magnetic pole array 30 is

25 formed by combining long magnets 36 each having a large size in a direction
perpendicular to the longitudinal direction of the array 30 and short magnets 38 each

having a small size in the direction perpendicular to the longitudinal direction of the array



perpendicular to the longitudinal direction of the array 30 and short magnets 38 each having a small size
in the direction perpendicular to the longitudinal direction of the array -10.. 30, For example, the number
of the magnets 36, 38 is 20 in total. The pitches at the magnetic poles are identified into three types of
polarities, the polarity of N at the long magnet, the polarity of S at the long magnet, and no polarity at the
short magnet. The short magnet having the reduced size does not show any polarity at the position
5where the long magnet protrudes. Identification of three types of polarities are used as magnetic marks.
The hall elements are mark sensors for detecting thed@-marks If the types of five pitches are detected by

the five hall elersenipblitagNiahdaiRtaibre el sl SI AR R nROSTRIS Fibnguons of possible

signals. After inappropriate signals are eliminated from the combinations, oPlecxampIe, several tens to 100
arrangements ofegesticraglghatdqsotifipitthe shomrtipesideptifisides] herefiermiiRe pitshantiiber on the
magnetic pole ara rggmngtet'denﬁiﬁed utrgcgje% Lf)ased on the combination of the outputs from the five hall
elements. It should’ be Roted tHat eveR iPthd Ut erasnprantearieatgheshopamessatay 30 is increased,

the pitch numbereambeddgnifiedinpiauriiderisseRaingiRGRHRPEEREGA flements; 15(0022]  The

magnets 36, 38 of the magnet pole array 30 are arranged such that the adjacent magnets 36, 38 have the
opposite Folariti¥aeme thelerstmedenigiotnisiestJB6tHwationef shecgiceofptheilingiisidisabgirection of the

array 30, and haye different sizes in direction perpendicular to the longitudinal direction of the array
30. It can be cons grgeg ffﬁ'aztle!ﬁelh %nﬂ;%errl’é 58 e‘gﬁ#;%?%’%f%ﬁﬁ&ﬂ'w%?ram- dftg magnetic pole

array 32 and a spesnd ivagheiie pelasaday By Rasalial M%ﬁg@,@@ﬂ}ﬁ{c}{\d@tm}{j&%girection of the
moving vehicle, The first magnetic pole array 32 is the secondary side of the linear motor, and used for

detecting the pHSBIRE ATadrearsibsiembingtions pherssitlometion It idippreptaadignalgnetic pole

array 34 identifigg the Rite s4mber d q netic 25 pole array using the magnetie sensors such as
the hall elements. The first magnetic%}) g‘é@?é%i g‘ﬁ SPrESen ‘fﬁr% tﬁ?ﬁﬁ%% AT EEBSAERMine indicated by

arrows siown ithE t@gBetinibisiekeons badgngifepofaERie M PRISAEAbIR G R ligRARAVe the border
line. [0023] In this manner, the_first magnetic pole array 32 and the second magnetic pole array 34

are provided in {5 ?Mvﬁﬁﬁbédéﬁ’ﬁfﬁér‘?‘aﬂ‘é? 1 BeisFeRn fscararisatinasof the putatitenoftiy, 5, and no
polarity in the sg¢oRghiRHAGHC RIS AN Qé(x;}bltleﬂtcﬁaggv{?%g%%eeﬂgﬂiber of pitches in the magnetic

pole array 30 is increased, the pitch number can be identified uniquely by increasing the
number of hall elements.

15 [0022]

The magnets 36, 38 of the magnet pole array 30 are arranged such that the
adjacent magnets 36, 38 have the opposite polarities. Further, the long magnets 36 have
the same size in the longitudinal direction of the array 30, and have different sizes in the
direction perpendicular to the longitudinal direction of the array 30. It can be considered

20 that the magnetic pole array 30 is formed by arranging a first magnetic pole array 32 and
a second magnetic pole array 34 in parailel with each other in a moving direction of the
moving vehicle. The first magnetic pole array 32 is the secondary side of the linear
motor, and used for detecting the phase in the magnetic pole using the phase detection
head. The second magnetic pole array 34 identifies the pitch number in the magnetic

25 pole array using the magnetic sensors such as the hall elements. The first magnetic pole
array 32 is present in a portion below a border line indicated by arrows shown in FIG. 3,

and the second magnetic pole array 34 is present in a portion above the border line.



5 by the five hall elements. The second magnetic pole array 34 is formed by combining the long magnets
36 and the short magnets 38 to simplify the structure of the array 30. The magnetic poles used in the
second magnetic pole array 34 and the magnetic poles used in the first magnetic pole array 32 may be
separated physically. [0024] 10If the length of the magnetic pole array 30 is increased much more, and
the second magnetic pole array 34 is formed as one line array as shown in FIG. 3, it may become difficult
to identify the pitch number of the magnetic pole. In such a case, the second magnetic pole array 34
should have two or more lines. For example, long magréts, middle magnets, and short magnets are
arranged such thpgae second magnetic 15pole array 34 includes magnet poles arranged in two parallel
lines. In the line adjacent to the first magnetic pole array 32, the long magnets and the middle magnets
are considered as the sHhi&is atdese Wistirygmekaetit onlehoshit ambigretsoin thegaent ok, the long

magnets are dist ished from the, middle magnets and the short magnets. In the embodiment, the
magnetic pole array %O is the gglc%?]é%&?%gl é%‘%@h&a %é’g%errh%{' rt.[fgk%m?ﬁlgfﬁ?%'ﬁﬂ%gnetic pole array
30 may be providedhsicpardtilysiram toepsReoN e 6in o MR JROIREyF MR REHSEL iPr
recognizing the position of the moving vehicle regardless of the linear motor. [0025] FIG. 4 shows a

pattern of SutputSfrBhiike i elmsnis T hetseont meaguatie polsarerriish dorneddyatativirshipthetween the
center of the phqggéjglt&qm Read ﬁ{édsﬁgﬂ Qliggge@&gg%rsﬂ éng?' %%%E%Q& lchglg,ﬁnghia(J:Th ?Pf' ces the center of
e owIT in

the detection head. Based on the layout of the'second magnetic pole array 34's 0FI 3, a signal for
uniquely - 1 2- defigistjdipelmsagebimiblesdetad mdgnytibeqbaseyiBieaiaidaaghas-SMRiBdRIC. 4 is
obtained .

the first magnetic pole array 32 may be separated physically.

[0024]1 -

10 If the length of the magnetic pole array 30 is increased much more, and the
second magnetic pole array 34 is formed as one line array as shown in FIG. 3, it may
become difficult to identify the pitch number of the magnetic pole. In such a case, the
second magnetic pole array 34 should have two or more lines. For example, long
magnets, middle magnets, and short magnets are arranged such that the second magnetic

16 pole array 34 includes magnet poles arranged in two parallel lines. In the line adjacent to
the first magnetic pole array 32, the long magnets and the middle magnets are considered
as the same, and are distinguished from the short magnets. In the next line, the long
magnets are distinguished from the middle magnets and the short magnets. In the
embodiment, the magnetic pole array 30 is the secondary side of the linear motor.

20 Alternatively, the magnetic pole array 30 may be provided separately from the secondary
side of the linear motor, or may be used for recognizing the position of the moving
vehicle regardless of the linear motor.

[0025]
FIG. 4 shows a pattern of outputs from the hall elements A to E. The output

25 pattern shows the relationship between the center of the phase detection head and the
pitch number of the magnetic pole which faces the center of the detection head. Based on

the layout of the second magnetic pole array 34 shown in FIG. 3, a signal for uniquely



[0026] FIG. 5 shows processing in the embodiment. The pitch number of the magnetic pole in the
magnet array is detected by the hall element array. In the coil array, the phase relative to the magnet pole
which is currently being detected is determined. Based on combination of these items of data, the
absolute position of the moving vehicle is determined. Further, based on the relationship between the
pitch number of the magnetic bole and the phase, a control signal for controlling the linear motor is
generated. 10[0027] FIG. 6 shows a moving vehicle 40 utilizing the embodiment. A plurality of magnetic
pole arrays 30 are arranged along a travel route of thgpmoving vehicle 40. For example, a linear motor 42

is a linear synchraugizali ok Matas Ahihgike. Rotions. of f}[e irst magnetic pale arrays in the magnetic pole
arrays 30 are used as %he segéond%ry side&fgggﬂggrﬁ%séég ?é lﬁglléc e%f—:&éS?’p ,"hFrIgla itfe position relative to

the magnet pole @lr&i8e80 is determined, Then, the linear motor 42 is controlled by the controller 44, and
the absolute pos'%g& f the moving vehicle 40 is determined. Further, data indicating which magnetic pole
array is currently"being detected is stored in a flash memory or the like to prevent loss of the data by a

power failure. In the casgs0f M§mﬁg%%§ﬁﬁﬁlﬂ%§w% a8 gu(t)lﬁagg_itg?r position, the interval

between the adjacent magnetic pole arrays 30 is reduced. Further, in‘'the case?/\maéf@tlf‘nly the control of
the linear Motor R9lqdnithe aeret camLitdiderof thembetldtepasition B B d@rEg dinb pifag. embodiment,

though the linear, r42 and the magnetic pole detector 2 are provided on the moving vehicle 40,
alternatively, the ingﬁt%ofo?ﬁgfﬁgl?rgé%}éhﬁ%gﬁﬁn QS%‘BEI‘&&TB*F itgipringdoBatsd em the ground, and

the 25magnetic poibiastiy Bﬂmytmsmdﬁ,eﬁﬂmmﬁtmym%?Hi&'ﬁc?;gp%e]yqﬁ% ing vehicle is not limited to
il venhicle.

. : : . 1 .
a transportation vehicle such as an overhead traveling vehicle or a ra Eor example, the moving

vehicle may be 4%/5Imited Fistheschased erthd rshationsigp beoreimghmpiothnendrendf RS HaiiON apparatus for

transporting a wgg[gqjgg:gi (028110 mx%lemb iment :ﬁ]ef llowing advantages are ebtained. (1) is
possible to determine thee;?ilt’aﬁ number gllgﬂ%%q%g‘é"r% |é"5§f§q8}eﬁ$é“°t°r Is generated.
10 [0027]

FIG. 6 shows a moving vehicle 40 utilizing the embodiment. A plurality of
magnetic pole arrays 30 are arranged along a travel route of the moving vehicle 40. For
gxample, a linear motor 42 is a linear synchronization motor or the like. Portions of the

 first magnetic pole arrays in the magnetic pole arrays 30 are used as the secondary side.
15 By a magnetic pole detector 2, a relative position relative to the magnet pole array 30 is
determined. Then, the linear motor 42 is controlled by the controller 44, and the absolute
position of the moving vehicle 40 is determined, Further, data indicating which magnetic
pole array is currently being detected is stored in a flash memory or the like to prevent
loss of the data by a power failure. In the case of determining the absolute position at an
20 arbitrary position, the interval between the adjacent magnetic pole arrays 30 is reduced.
Further, in the case where only the control of the linear motor 42 is intended, calculation
of the absalute position is not required. In the embodiment, though the linear motor 42
and the magnetic pole detector 2 are provided on the moving vehicle 40, alternatively, the
linear motor 42 and the magnetic pole detector 2 may be provided on the ground, and the
25 magnetic pole array 30 may be provided on the moving vehicle. The moving vehicle is
not limited to a transportation vehicle such as an overhead traveling vehicle or a rail

vehicle. For example, the moving vehicle may be a transfer apparatus, a head of a



5magnetic pole any 30 which is currently being detected, and provide feedback control for the linear
motor.  (2) The magnetic pole array 30 can be configured simply by combining the long magnets 36
and the short magnets 38 for providing the first magnetic pole array 32 and the second magnetic pole
array 34. 10(3) In the case of determining the pitch number in the longer magnetic pole array, the second
magnetic pole arrays 34 should be arranged in parallel with each other in two or more lines, or the
number of magnetic sensors such as the hall elements should be increased, [0029] 15It should be noted
that the hall elements A to E may be arranged in a ditstion perpendicular to a direction in which

magnetic poles ofsaenpagaehoPeia Wﬁfﬁﬂﬁﬂmﬁgfmgﬁm %tlﬁoﬁﬁf Kl optical mark or the like
cho

having an amount of data corresponding to 5 bits may be provided for ea the magnetic poles.
However, in this &928] the marks realized simply by combining the long magnets 36 and the short

magnets 20 36 need tg be r&gjggg%é;y W types of marks inefficiently. The components such as the
computation circuit 16, theecountelr , t‘t&S?ﬁ'}g‘é’%P g%‘l’taﬂt&?%ﬁ%r %ﬂ%&?’&é:rection unit 8 or the like may be

provided as discrete cif¢bdtss pdssitiativedyeriies ene peRGNRBES HRaK BRNQNIFSd Gsiomputer structure
made up oé hardware and foftware. 25Description of the numerals [0030] 2: magnetic pole detector 4:

phase detéction Raay & IR AT ANkt Rty Beintrdeteeisirand orruidh feedbaionoatin current power
supply 511 to 14teaik linear motor.

(2) The magnetic pole array 30 can be configured simply by combining the long
magnets 36 and the short magnets 38 for providing the first magnetic pole array 32 and
the second magnetic pole array 34.
10 (3) In the case of determining the pitch number in the longer magnetic pole array,
the second magnetic pole arrays 34 should be arranged in parallel with each other in two

or more lines, or the number of magnetic sensors such as the hall elements should be

increased.
[0029]

15 ' It should be noted that the hall elements A to E may be arranged in a direction
perpendicular to a direction in which magnetic poles of the magnet pole arrays are
arranged, and a magnetic mark, an optical mark or the like having an amount of data
corresponding to 5 bits may be provided for each of the magnetic poles. However, in this
case, the marks realized simply by combining the long magnets 36 and the short magnets

20 36 need to be replaced by twenty types of marks inefficiently. The components such as
the computation circuit/IG, the counter 20, the logic circuit 24, the offset correction unit 8
or the like may be provided as discrete circuits. Alternatively, these components may be

provided as computer structure made up of hardware and software.

25 Description of the numerals
[0030]

2: magnetic pole detector



16: computation circuit 18: zero crossing detector 20: counter '22--. hall element 1024: logic circuit 30:
magnetic pole array 32: first magnetic pole array 34: second magnetic pole array 36: long magnet 1538:
short magnet 40: moving vehicle 42: linear motor 44: controller Rl to R4: resistor 20PI, P2: operational
amplifier -15- WHAT IS CLAIMED IS; 1. A magnetic pole detection system comprising: a magnetic
pole array including a plurality of magnetic poles of N and S arranged 5alternately;

10

15

20

4. phase detection head

6: pitch determination circuit
8: offset correction unit

10: alternating current power supply
11 to 14: coil

16: computation circuit

18: zero crossing detector

20: counter

‘22': hall element

24: logic circuit

30: magnetic pole array

32: first magnetic pole array
34: second magnetic pole array
36: long magnet

38: short magnet

40: moving vehicle

42: linear motor

44: controller

RI to R4: resistor

P1, P2: operational amplifier

-14-



a magnetic sensor array including a plurality of magnetic sensors for detecting a magnetic pole of the
magnetic pole array; a phase detection head for detecting a phase regarding one magnetic pole
Currently being detected by the magnetic sensor array in the magnetic pole array 10according to a signal
from the magnetic sensor array; and a pitch identification unit for identifying a pitch number of the
magnetic pole currently being detected in the magnetic pole array, based only on current detection data
regardless of historical detection data 152. The magnetic pole detection system according to claim 1,
further comprising: a plurality of marks arranged in pggallel with the magnetic pole array, changing
synchronously withgherpegneliafaieg of the magnetic pole array; and a mark sensor array including
a plurality of mark detection sensors provided in parallel with the magnetic sensor array, 20the pitch
detection unit identifying the pitch number of the magnet pole in the magnet pole array based on a
combination of signals from the mark detection sensors 3. The magnetic pole detection system
according to claim 2, the ThaTRE RIS PRSI AG S iRgUFEINAIRRERINE the magnetic poles of the magnet array

extended in a first direcuqﬁaggaﬁrgm%wn@uaiﬁ%gm ﬂlf?%m evt‘{@igco éQ wﬁqﬁg 5%35 of the
ed inthe

magnet array are arranged and magnetic poles of the magnet array un-exten &ffection -16-
4. The maghetic pétanatsisction system according to claim 2, further comprising an offset correction unit
for converting data regardir;g the ?itch numberrc?f the magnetic pole in the magnetic pole array into a

R PR Lt a7 DA AR IR, AR e SREY Gsemsatfrivhdetectiserence position

reference position of eac

to output an absalaghEROSHIOBS the Ragheniehrid Q;ac}gtecting a magnetic pole of a magnetic pole array
comprising magnetic poles of N and S arranged alternately with a magnetic sensor array including a

plurality of magnetic sefSbasedestiomberddondatsictipgrepbespseghirding one magnetic pole

currently being detected by the magnetic sensor array in the magnetic pole array )
10 according to a signal from the magnetic sensor array; and
a pitch identification unit for identifying a pitch number of the magnetic pole

currently being detected in the magnetic pole array, based only on current detection data

regardless of historical detection data.

15 : 2. The magnetic pole detection system according to claim 1, further comprising:
a plurality of marks arranged in parallel with the magnetic pole array, changing
synchronously with the magnetic poles of the magnetic pole array; and
a mark sensor array including a plurality of mark detection sensors provided in
parallel with the magnetic sensor array,
20 the pitch detection unit identifying the pitch number of the magnet pole in the

magnet pole array based on a combination of signals from the mark detection sensors,

3. The magnetic pole detection system according to claim 2, the marks each being
configured at least by the magnetic poles of the magnet array extended in a first direction
25 perpendicular to a second direction in which the magnet poles of the magnet array are

arranged and magnetic poles of the magnet array un-extended in the first direction.



10detecting a phase regarding one magnetic pole currently being detected by the magnetic sensor array
in the magnetic pole array by a phase detection head; and identifying a pitch number of the magnetic
pole currently being detected in the magnetic pole array, by a pitch identification unit, based only on
current detection data regardless of historical detection data. 15. 6. The method according to claim 5, a
plurality of marks being arranged in parallel with the magnetic pole array, the marks changing
synchronously with the magnetic poles of the magnetic pole array, a mark sensor array including a
plurality of mark detection sensors being provided in pargdiel with the magnetic sensor array, 20the

identifying step including identifying the pitch number of the magnetic pole in the magnetic pole array
based on a combinationgbﬁ?g]ﬁi@%ﬂ?rﬂ‘ﬂ?quﬂéﬁﬁmﬁ@@ﬁgﬁ@° claim 2, further comprising

an offSet correction unit for converting data regarding the pitch number of the magnetic
pole in the magnetic pole array into a reference position of each magnetic pole, and
converting the phase into a shift from the reference position to output an absolute

5 position,

3. A method of detecting a magnetic pole of a magnetic pole array comprising
magnetic poles of N and § arranged alternately with a magnetic sensor array including &
plurality of magnetic sensors, the method comprising the steps of

10 detecting a phase regarding one magnetic pole currently being detected by the
magnetic sensor array in the magnetic pole array by a phase detection head; and
identifying a pitch number of the magnetic pole currently being detected in the
magnetic pole array, by a pitch identification unit, based only on current detection data

regardless of historical detection data.

15.

6. The method according to claim 5, a plurality of marks being arranged in
parallel with the magnetic pole array, the marks changing synchronously with the
magnetic poles of the magnetic pole array, a mark sensor array including a plurality of
mark detection sensors being provided in parallel with the magnetic sensor array,

20 the identifying step including identifying the pitch number of the magnetic pole in

the magnetic pole array based on a combination of signals from the mark detection

Sensofs.



