The invention relates to a notor or position indicator (position sensor)
accordlngfto the preanble to daiml. In this case, the term ' notor' wll
al so for exanple enbrace a |inear notor of which it is desired to detect
the position. Both a rotary notor and also a |inear notor conprise a rotor
as their noving part. Various types of pgsition sensors are known. These
are used for exanple for detecting the position of notor el enents. In nopst
cases, there is an associated |inear acting principle for a rotary acting
principle. The no | nt cl &S of such osition tr.
position indicat o?fshea[rgl ag.'el B Iaets"lh‘_’l efsoltl oW né’q-'(? V|°Ee§°slg’os ?tltn%lé:ﬁg’g?:
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Opt oel ectronic, position sensors: Light barriers, tosensors
optical i nterfigiaaic dafais @ifs wich Ng'gr#éi Senized &9 @%@é’lﬁ/&#@nﬁ@ﬁ‘éﬁ#@}‘

position sensors: Hall effect sensors (based on Hall generators), Wegand
ef fect sensors, tostrlctlve Sensors n resi stive sensors

El ect romagnetic g%llt tl@é’s(ﬂqﬁerag?&@d "&?tarremoeéggn§8p‘§’ns
differenti al totansfay rtﬂ'rea.xd)movnEigaqianU:.al position sensors: Capacitatively
acting position sensors, mcrowave di stance neasuring instrunments.

Various types of position sensors are known. These
are used for example for detecting the position of motor

o elements. In most cases, there is an associated linear
acting principle for a rotary acting principle. The most
important classes of such position transmitters or position
indicators are based on the following devices:

Position sensors with direct contact with the movable
element:

— - a) Mechanical contacts.

Position sensors with means which operate without
contact:

a) Optoelectronic position sensors:

Light barriers, differential photosensors,
optical interference sensors

b) 'Magneto-electronic (galvanomagnetic)
position sensors: _

Hall effect sensors {(based on Hall
generators), Wiegand effect sensors,
magnetostrictive sensors, magnetoresistive
sensors,

c) Electromagnetic position sensors:
Resolvers, eddy current sensors,
differential transformers

d) Electrical position sensors:
Capacitatively acting position sensors,
microwave distance heasuring instruments.



-2- This list represents only the nost inportant classes and constitutes
only:a-shall selection of the sensors for rotary or |inear neasurenent

probl ens which are in practical use. The position detection nethods will be
expt ai ned hereinafter in so far as they are used in electric notors which
operate on a linear or rotary basis. Heregnafter, reference will be nmade to
the electrical angular position. This is neasured in electrical degrees,
e.g. 20[err] el. In the case of a two-pole notor, in which the pole nunber

=1, th | t d t d t
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met hods accord| 0 the invention respect agree wt range of
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categories. A fII’St cate(;;plory uses generator pro erti ‘ot or coi

posTtion i s RS MHRET N baltBe ekectrigrk dnonses Rf ShemotT of the

integral of tgwsigeien aé@drefsﬁ»dmga:caa:we fEHArOICf dddfeessO i1n O Rse
possible to d%gucqm§ggf with four poles (p = 2), the rotor, when it
rotates through 360° mech, passes through a total p x 360°

el, in other words 720° el, etc.

The described measuring methods according to the
o/ invention respectively agree within a range of 360° el,
i.e. they determine the electrical angular position of the
rotor. For example, in the case of a four-pole motor (p =
2), the measured electrical angular position 90° el may
denote a rotor position of 90° el or of (90 + 360)° el,
which is however unimportant for commutation control.

In addition to the methods which detect a position in
motors by means of external sensors (for example with Hall
effect sensors, with light barriers, with magnetoresistive
sensors), there are methods which are intended to detect
the position of a motor by means of components within the
motor. These methods can be substantially subdivided into
two categories.

A first category uses generator properties of motor
coils. A position is determined dynamically. As a function
of the extent or of the integral of the generated voltage
as a function of time, so it becomes possible to deduce the



-3 - position of the rotor. This class is characterised by different areas
of applsication and the nost widely di verse constructions. As an exanpl e of
the relevant state of the art, the followi ng patent |iterature nay be
cited: US 4 495 450 EP-B 0171635 DE-OS 27 52 880 DE-PS 30 13 550 EP-A
0316077 In this respect, it is inmaterialzwhether the nmagnetic field of the
rotor i s generated by permanent magnets or by el ectromagnets. Therefore,
here or hereinafter, where nention is made of permanent magnets, such

reference wl ogkg@gﬁ bEcLyde sLgpt romagnet s unl ess anything to the
contrary is stated. In the sane way, it is possible functionally to

I nterchange rotating and stationary parts of the electric notor, i.e. the

nvention is equal iyigubiabheid OEnaPACEaRlaER 0y - AYPEITIO Sredd S ch the
per manent magnet_totor rotates and the w nding of the rotor renains

stationary or2BBhiEREEPY #BEoFRe | Hofki idely divRFsy ePNIHEUGHIORS  otAS es

and is supplisd skahpTer6£nthé OFe BEREME Esvh e SO Pehié NESt ANthéd Neo PESWRRG Nt

magnetic part_remains,stationary and other_constructions of notor, as

i|lustrated h@ g?ﬂgff%$e¥?F%ﬁfé¥?y ¢} e¥Lt ence to exanples. In a second

category, the position recognition nethods are based on the fact that the

nmotors in question are gt idga495!4€? that despite constant and inprinted
vari abl e

el ectrical quantities, usuall position or angul ar
EP-B 171635

DE-0OS 27 52 880
— DE-PS 30 13 550
*EP-A . 0316077

In this respect, it is immaterial whether the magnetic
field of the rotor is generated by permanent magnets or by
_ electromagnets. Therefore, here or hereinafter, where
o/ mention is made of permanent magnets, such reference will
always include electromagnets unless anything to the
contrary is stated.

In the same way, it is possible functionally to
interchange rotating and stationary parts of the electric
motor, i.e. the invention is equally suitable for internal
rotor-type motors, in which the permanent magnet rotor
rotates and the winding of the rotor remains stationary or
conversely motors in which the winding of the motor rotates
and is supplied with current for example via slip rings and
the permanent magnetic part remains stationary and other
constructions of motor, as illustrated hereinafter in
detail with reference to examples.

In a second category, the position recognition methods
are based on the fact that the motors in question are not
ideal, i.e. that despite constant and imprinted electrical
quantities, usually variable position or angular



-4- dependences of the nechanical quantities can be established. In this
case; therefore, those physi cal effects are of interest which are based on
t he position-dependent variation in electrical or electromgnetic
paraneters of the notor and which can be experienced by being checked with
solely electrical neans. Such a check or.gmeasurenent of interesting
paraneters can be carried out for exanple in that one or a plurality of
suitabl e additional measuring coils is or are provided at one or at a

plurality of 4 As alar_units, the coils have
conpl.ex resist %r S %é""aérﬂ; e(}har acc{ﬂ?-’lrl Sad a&‘ﬁ-’ﬁ\tclelseﬁaé]t Bfces and

i nduct ance va@@Rligheatk conpl ex resistors are usually al so

frequency- dependent. \Wen choosing a suitable location within the notor,
one or a plurality of the said uantltles wi || be dependent upon whi chever
is the assumed positt itdHSHicass fane.t [Fioses physisialh@f fedtisneae of a

rotary notor irf@restanglich tateeﬁars@wdh RIHRE ipes 149 1o~ gemeof the
i nduct ance of__the neasuri %;ﬁca l.s IS p055|ble t o . deduce the p05|t|on of
qhrdgal,

the rotor, at' et qd a r‘?@l‘%@%ﬁ“ﬁ%‘ﬁ igs PexpMEtREd 2F the
outset. A di sdcyamitage and whislr espedle iexpehidiencest ®9dbefingn ctxickiedal | y
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resistance arghah@red 5y @(ﬂl&ﬂ@i 25%:5%%&‘1‘:%1%' 3841588 SA39P A%y

th/p0|Is nmust be used as measur quantit Then, there are vari us
p055|b|I|t|e§qa%stiﬁﬂ9ﬁu§¥ﬁn2ﬂ%ﬁ gtoPne or at a PluralltY of

locations w1th1n the motor.

As bipolar units, the coils have complex resistors
which are characterised by ohmic resistances and inductance
values. These complex resistors are usually also
frequency-dependent.

When choosing a suitable location within the motor,
one or a plurality of the said quantities will be dependent
upon whichever is the assumed position of the rotor, in the
case of either a linear or a rotary motor.

For example, by extremely precise determination of the
inductance of the measuring coils, it is possible to deduce
the position of the rotor, at least its electrical angular
position, as explained at the outset. A disadvantage in
this respect is that instead of an externally mounted
sensor, a sensor has to be provided in the form of at least
one additional measuring coil inside the motor.

Where a plurality of such measuring coils are
provided, then in addition to the complex input resistance
and the complex output resistance, also the coupling ratio
of two coils must be used as a measured quantity. Then,
there are various possibilities for combined measurement of



the position-dependent quantities. In addition, also different frequencies
or, mxtures of frequencies may be used. A nethod of this type is described
for exanple in Gernman Patent Specification 26 16 552. It is advantageous
that in this respect the inductances of the coils can be so designed that
al so higher-frequency test signals can besused without difficulty. In the
case of a technically inproved procedure, there is no additional fitting of
neasuring coils inside the notor. Instead, the inductance val ues of the
motor’s own 'Eﬁécﬁé§§€§QnLHe§éH§énED §nﬁ¥€1§§ranﬂ§ é%@gﬁ cﬁl 8"5 of
the notor are also used rocéss of neasurenen o be
performed. SiAtet ?ﬁe?ﬁefEQQEeB?l%ﬁe°¥d@%xﬁ%ﬁ%$d%%dftgm@@ﬁﬂyesﬁHEQEdgbrs in
~addition to theefdecessary sensor electronics, no additional structural
_conplication is necessary, all nenbers of this category enjoy a potentially
' substantial cost advantage while at the same tinme the reliability of the
‘nmotor is inproved. AEnatmbésof)ftbilshtwe a:hgaimttﬁilaéd? £lbs cdaostmsiL e NidEP- A

251785 or EP-éy r nt accord to EP-
251785, essentlaii éﬂ%hgsagfffl%%ﬁ S%%E#?ggiggs e"hette %%E?g?ﬁﬁﬁrol
the notor phaeat: h@ $ EeSpene thecinductanpeemmd tatgeed:cei:ls ora od o

operating th Hongw €. t range
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i ndi sti ngui sHEPFS YhHYRRt (Ai48bFeltY- el each. This is based on the fact

that symmetrically with the angle of O[err] eI or 180[err] el, in the
subsgequent range Olerr to 36 . function va s are found
mﬁ?ﬁﬁ are of equaF{ﬂégaét%%% %%.% TR %é: %ﬁéﬁ there

is no additional fitting of measurlng coils inside the
motor. Instead, the inductance values of the motor’s own
inductances, in other words the strands (phases) or coils
of the motor are also used for the process of measurement
which is to be performed.

U Since in the case of the last-mentioned category of
sensors, in addition to the necessary sensor electronics,
no additional structural complication is necessary, all
members of this category enjoy a potentially substantial
cost advantage while at the same time the reliability of
the motor is improved.

Examples of such arrangements are disclosed in EP-A
251785 or EP-A 171635. 1In the case of the arrangement
according to EP-A 251785, essentially only the additional
power stages are needed to control-the motor bhases, as
well as some special components as electronics for
operating the motor. However, the circuitry has the
drawback that a range of 360° el which has to be measured
is divided into two indistinguishable ranges of 180° el
each. This is based on the fact that symmetrically with
the angle of 0° el or 180° el, in the subsequent range of
180° el to 360° el, function values are found which are of
equal magnitude. This means that no-one knows whether a



-6- basic value of O[err] el or one of 180[err] el has to be added to the
cal cul ated rotor position (Fig: 22A). In addition, the accuracy of ,
precision detection is limted to about 60[err] el. An arrangenent for and
a method of circunventing this problemare indicated in a work by Watanabe,
Isii and Fuji (1ECON 87, pp. 228 - 234).-6Fhe solution in this case is based
on the fact that according to the pole position of the pernmanent magnet of
the rotor, through the pernmanent magnet pre-magnetisation, an individual

stator coil Nifsfc WI@nlopassed (i i df RN MU Ml aduq Ty ©
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direction. THE|® IO RRIIOR Highe22Mt 4 orlit ddidean sttihe of
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resul ting induyctance variation in the coil through which current Tl ows.
+This circuit gives a position determ nation of the rotor within a range of
360[err] el without anbiguity. Certainly, here, too, the accuracy of
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attai nabl e accur a?&ﬂ %ﬁﬂrﬁ‘%meéﬁ \(;t%% %f&erér %%%O%\#er%{ﬁug%vﬁ&ﬁlﬁgs this
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i nduced in the CQ%IS b coq; so great that_they can only be use& or

"dynami c" detAIRhAR ﬁ%f 3%t tg%?rﬁnﬂ‘%ﬁqliﬂ%% FSs thed Pl eapasidden oF to

hi gher angul ahe genmiarieast inmagiassSidd ehel Hiotorgt ahrouRee Ehed peralanestchange
bef ween posi tiQ 1 ] hy . a.static nethod to.a nani c thod is

| i Kewi se des?:dral gf&ﬁ@%&ﬁ&%ﬁqrbn&? EPdAv3gpads shagor coil has a

current pdssed through it either more rapidly or more

slowly in the case of a reverse pole position or current
application direction. '

This is based on the non-linear magnetisation
characteristic of the participating soft magnetic coil
W, cores or magnetic circuit and the resulting inductance
variation in the coil through which current flows. This
circuit gives a position determination of the rotor within
a range of 360° el without ambiguity.

Certainly, here, too, the accuracy of position
determination still leaves much to be desired. The
typically attainable accuracy is limited to + 15° el.
Nevertheless, this precision is sufficient for one to be
able to rotate a suitable motor in a controlled manner.
Above a certain angular velocity, then, the voltages
induced in the coils become so great that they can only be
used for "dynamic" determination of the commutation times
and an acceleration to higher angular velocities is

possible.

This rotary speed-controlled change between position
recognition by a static method to a dynamic method is
likewise described in the aforementioned EP-A 251785 and



-7- the above-nentioned citation of Watanabe, Isii and Fuji. Further

met hods: by position-dependent variation in the coil inductances, it is

al so possi bl e under suitable conditions to use the transformer coupling
rati o between two coils in order to determ ne the position of the rotor. In
addition to analysing the anplitude behavi-our, it is also possible to

anal yse the tine behaviour. The |ast-nentioned nethod is referred to in
JP-PS 60-207489 and in Ishii and Wat anabe, Mem Fac. Eng., Csaka City

Uni versity, MohdiNEbfe-tbht Edned 651 E4E985 -of rWafH:H‘F{ ﬁ%hcaa[r{d% gut, all
the nethods referred to usually require the use conprehensi ve éﬁectronlc
aids. Methods of this type are particularly used in commutator- |ess direct

current electric rmistler Byethddsie dy tﬂ‘tﬁéirtfdr{miébérﬁié%{t! el iQit i strhe
resul ting ady, rns of rel.iabi and efficienc t hese _have

nt a
enj oyed w des%} a‘%ﬁa’s %"-e?ﬂ‘feaif c’otnﬁﬁear?t%o(ﬂ os§itH & LBt et or s
.are: magnets, cqndiGJQmstﬁp(nseMuhﬁnnransﬁanmenxna@glnnynﬂaumm:hﬁtwﬁéh

ccontrol ling g #Qg£51 ' a t hese notors
are controllgﬁﬂ%y ga vgﬁg%%gﬁgélcal y oper i g 3%%. |é%13gﬁ§§' ro_%f Hal |

‘generators, whereby, as controlling magnets for these position sensors,

al so the wor ki ng N eI tfort N DNy SHg R :ht!?;&ét R WA ¢ '16‘8 r

rotor magnets, this case t he rellab|I|ty of an arrangenert

however Ii ni t’e%l q ROFTARLA)i 49 APy seh S igne é’tﬁh&dﬁé}\‘trs- e r feed
line and by tlestopesrmiicited engrtal W 1ff e to aRd JTUHY o RGeS and

N\ in Ishii and ‘Watanabe, Mem. Fac. Eng., Osaka City
University, Volume 26, pp. 57 - 65 (1985).

In order to be carried out, all the methods referred
to usually require the use of comprehensive electronic
aids.

] Methods of this type are particularly used in
commutator- less direct current electric motors. By virtue
of their simple construction and the resulting advantages
in terms of reliability and efficiency, these have enjoyed
widespreéd use.

Essential components of such commutatorless motors
are: magnets, coils (with or without an iron core),
position sensors, controlling and ?ower electronics. Under
normal circumstances, these motors are controlled by
galvanomagnetically operating position sensoré, e.g. Hall
generators, whereby, as controlling magnets for these
position sensors, also the working magnets of the motor may
be used, in other words their rotor magnets. 1In this case,
the reliability of such an arrangement is however limited
by the reliability of the sensor components, their feed

- line and by the operating temperature of sensors and
control magnets.



Therefore, in order to inprove the reliability of such devices, it is
advantageeus entirely to dispense with external position sensors. |In order
to determine position by using the notor's own conponents, therefore, it is
necessary to use the notor coils jointly as the system s own sensor
elements, in parallel with their functiagi.ng to drive the notor. An

advant age which is achieved at the sane tinme nust be regarded in the fact
that by dispensing with external sensor elenents, e.g. the Hall generators,

structural vol ume a |.er_ overall es _are |bIe For
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det er m ned wwiltinm exteanalr sepsor eledjeats), €.g.1 thendeldr geaseratorspay for
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ex{renely accurate neasured values wit very short measuring tine so
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of generi cal Isgatgpicfala motor (actuator), and then back into the

condition of a sensor etc.

ibility

_ However, it proves to be relatively difficult to

N\ detect the position when the motor is stationary. 1In
particular, the difficulties reside in generating
sufficiently accurate position data from a minimum of
measured data within the absolutely shortest measuring time
and signal processing time. In a simple case, it is
sufficient to use a reduced accuracy to establish only
commutation times for which it is necessary to change the
current flow conditions of the motor. According to the
motor operation requirements, so it is possible for the
position of the rotor to be determined within an accuracy
of + 10° el. In another case, it may for example be
necessary, for the purpose of controlling the motor, to
obtain extremely accurate measured values within a very
short measuring time so that it is possible to achieve a
desired speed correction or position check. This problem
imposes increased demands on the performance of the
associated electronics and on the software used. 1In the
case of the known methods, a further difficulty resides in
reliably excluding the possibility of generically typical '



-9- phase errors of + 180[err] el when determ ning the position of the
rotor. *Such errors nean that when the rotor is rotated on through 180[err]
el, 360[err] el etc., the typical position data is in each case
substantially unaltered in conparison with the original position.

Therefore, one object of the invention i-®-to provide accurate and
nevert hel ess i nexpensive and insensitive sensors for rotary novenents or

| i near novenents. A further problemon which the invention is based resides

i n providing grldeal&-dPy & APargfd @ %ér?ﬁ%?&?li%ﬁ??é%% %sﬁrt‘l%‘?l;%%s- A

further objecCt of the invention is to bring a ured-startin
di rection of FRATor s SUGR £EERTFMER 0GRt pRem Fig TOFOT HEs @aFadieidens

are resol ved dry throumasgees dindizatedl rtd.gi Mhel 378 3. pbQ tilbwe JHaiten
-al so nmakes it, passible ta enhanc%thﬁ€H1eful rnange Of. speeds o ared with
the state of thé P ARSIt FHA LY, Mnalss: 105 GOpRa3sen ¥4 ove
accuracy wheftheetcerigimalg peesiittiioon by enpl oyi ng m croel ectronics and the
software used so that the relative errors are restricted. Further details
and advant ageous further devel opnents of the invention will energe fromthe
exanpl es of enbodiTherefgxsyr idped dpdesitn ift dheadavendion dst te peroyidenyi ng

draw ngs and slc@h@at@d ddl it nedled 3nBipe iRe atii@ Wn3esiflide 1 Shows
the basic structure of the control electronics for a nmotor, Fig. 2 shows

the basic st SEIEREE FHOLa TOSRAY MAVIRPSHLSe OFs drinepry MOYeRRHNS -t hé& non- | i near

behavi our foffurther problem on which the invention is based resides in .
—/ providing reliable motor operation by reliable commutation'
processes” A further object of the invention is to bring
about a secured starting direction of such motors.

In accordance with the invention, these problems are
resolved by the measures indicated in Claims 1 and 37. The
invention also makes it possible to enhance the useful

L range of speeds compared with the.state of the art.
According to the invention, it is possible to improve
accuracy when determining position by employing
microelectronics and the software used so that the relative
errors are restricted.

'Further details and advantageous further developments
of the invention will emerge from the examples of
embodiment described hereinafter and shown in the
accompanying drawings and referred to in the sub-claims.
In the drawings: |

Fig. 1 shows the basic structure of the control
electronics for a motor,

Fig. 2 shows the basic structure of a commutating
processor,

Fig. 3 shows the non-linear behaviour for



-10- ferro-magnetic core materials for coils and relative perneabilities or
i nductances, Fig. 4 shows the field pattern for a DC notor when it is in
no-l oad operation, Fig. 5 shows the field pattern for a DC notor when
current is being applied to it, Fig. 6 shows the diagramuatic construction
of a reluctance notor with six coils andig-rotor with -quad symmetry, Fig. 7
shows a 3-T armature notor with three coils and two nagnetic poles, Fig. 8
shows a stator of an external rotor-type notor with stator plates and

SUtor phaseoseFi8ndssUoNe S5eeRELe: PO Sha ol KEAQURLDT (VPe

nmotor with four pol es” and six stator phases,
accordi ng t o EREReaphlitkss Hr cdpfuctareesne magnetic flux in different
-stator elenments, Fig. 1l A shows a further flux pattern for a non-

symmetrical rotor positjon of the nmpfor_ according to Fig. 9, Fig. |1B shows
‘the construction o%'qhe‘l r%’i‘%"(sf{)\?e- gto’f?iﬂ E’ﬂﬁ"tﬁn%viﬁ‘ﬂ:a?d?q et when it
‘construction 8 imdio+lhed oméxatimies, Fig. | 1C shows the construction of
arotor simlar to Figs. 8 tolIlAwith a differing nmagnetisation of

i ndividual rotor poles, Fig. 11D shows a notor construction with a

different construcdti®dn Dfshows gelpe bisielsbrpatting dicrt s5tDQ orotunt eeherfi g. | 1E
di agrammat i CaddpretOVEs K1 ' Sap 1 S ald Vi |

. Fig. 6 shows the diagrammatic construction of a
-/ reluctance motor with six coils and a rotor with quad

symmetry, °

Fig. 7 shows a 3-T armature motor with three coils and
two magnetic poles,

Fig. 8 shows a stator of an external rotor-type motor
W with stator plates and stator phases,

Fig. 9 shows the field pattern of an internal rotor
type motor with four poles and six stator phases,

Fig. 10 shows the motor according to Fig. 9 by way of
explaining the magnetic flux in different stator elements,

Fig. 11A shows a further flux pattern for a non-
symmetrical rotor position of the motor according to Fig.
9,

Fig. 11B shows the construction of the rotor for a
flat motor with a different construction of individual
rotor poles,

Fig. 11C shows the construction of a rotor similar to
Figs. 8 to 11A with a differing magnetisation of individual .
rotor poles, ’



ways of generating saturation in the stator iron, Fig. 12 shows the current
appl i cat'ion pattern for obtaining measured values Fig. 13 shows the
derivation of a nean froma plurality of neasurenents, Fig. 14 shows the

| i nrear disposition of a plurality of position-dependent nean val ues, Fig.
15 shows the conparison of positions of-1awo phase-di spl aced curves, Figs.
16A to 16C show different ways of conducting position conparison between
two phase-di spl aced curves, Figs. 17A and 17B are a spatial representation
of a measured reswyit. c ' f r its
eval uation, Fig. Litlggshg\r}/? Hga%v\% (?H%é)%g éoq%:t?ﬁ%ggl nnﬁg't%gld%\r/r:ag\tfﬁe?%gt
measur ed resmqnﬂ/ﬁrtqﬁttlmfe&ﬁ ity i P eReety é@@m\fsduérld stl&or pedesat i on,
Fig. 19A is a diagramshow ng the application of current to three coils by
nmeans of si X smntches 19B shows the resulting flow of current in the
coils in Figs. 19A%%r % Jﬁ?é%H%??ﬁﬂﬂ?qﬁﬁ91&Wb§§9W§WW' s BlEerngEivions a
si npl e sequenesofof Warkiating h&tmnmmm&n@t@t}omi&w ated current
patterns, Fig. 19D shows a diagram for ascertai ning the fundanmental wave of
a function, in fact graphically with six values ML to Mb (corresponding to
a notor with thredig. W2 fshowe (et emirirentto appligations pamterar foxanpl e in
Fig. 9), FigomgQiis M e P VY sum cal cul at ed accordlng to the

above calculatlng speciftication according to Fig. 19D,

Fig. 13 shows the derivation of a mean from a

-~/ plurality of measurements,
Fig. 14 shows the linear disposition of a plurality of
position-dependent mean values,
Fig. 15 shows the comparison of positions of two
phase-displaced curves,
—/

Figs. 16A to 16C show different ways of conducting
position comparison between two phase-displaced curves,

Figs. 17A and 17B are a spatial representation of a
measured result consisting of three individual measurements
and its evaluation,

Fig. 18 shows the two-dimensionally orientated view of
a measured result with three individual measurements, and

their evaluation,

Fig. 19A is a diagram showing the application of
current to three coils by means of six switches,

Fig. 19B shows the resulting flow of current in the
coils in Figs. 19A for in each case two closed switches,

Fig. 19C shows a simple sequence of current



Fig, 21 shows a flow diagramfor phase and anplitude determ nation of the
first harronic of a function which is deternined by six supporting val ues,
Fig. 21A shows the approxi mated and periodically continued curved pattern
by six supporting values ML to M6-as well as the phase position of the
associated first harnonic, Figs. 22A, 22B2and 22C are a representation of

I nduct ance- dependent val ues conpared with the electrical angle, Fig. 23
shows the pattern of a correcting function for the correlation of an actual
value with a S851 ACderdrm dr VAl Cadlod Nt dP' QU Iddlberddl 24 shove a
fl ow di agram for the application o urrent 1o a notor or pdsition sensor,
Fig. 25 shows a diagramillustrating various possible ways of controlling

starting and Fig. 2fiyShow shdwovs HAgAR i fsh %déﬂ:éﬁﬁn@ﬁtﬁr@“ of ~ -13-
measur enment ﬁél e rotogv%smlto (aeéternatlng_ with the a i cation of
current int IE‘Q@Ee ¥orot #h é&&%%@@h@%%%ﬁ%n as a
way of resol \&ing ailues Ml emme(:bmwpc?ﬁﬁﬂg‘le:d a Inmlltudigw:iétlli Thre odfo '
nm croprocess typ rent i_cati.on .required for
measuri ng pu(r%%otj’srgs |sq?m %Egr ed %/Laé/meacs;)olpr gles"gj()rfaoong)ex %fsd'rne * and

novel eval uat9lon of the measured val ues are |ikew se carried out by the
m croprocessor with associated interface circuits. However, in this

respect, it must be borne in mnd that inexpensive m croprocessors only
have a | ow Fig. 20 is a view of a vector sum, calculated

. according to the above calculating specification according
— to Fig. 19D,

Fig. 21 shows a flow diagram for phase and amplitude
determination of the first harmonic of a function which is
determined by six supporting values,

Fig. 21A shows the approximated and periodically

Y continued curved pattern by six supporting values M1 to M6
as well as the phase position of the associated first
harmonic,

Figs. 22A, 22B and 22C are a representation of
inductance-dependent values compared with the electrical
angle, '

Fig. 23 shows the pattern of a correcting function for
the correlation of an actual value with a characteristic

value of the rotor position,

Fig. 24 shows a flow diagram for the application of
current to a motor or position sensor,

Fig. 25 shows a diagram illustrating various possible
ways of controlling starting and

Fig. 26 shows a flow diagram indicating the pattern of



conputation speed and in nost cases they are incapable of handling the
problen1mh|ch has to be resolved. In accordance with the invention, it is
possible in order to resolve this particular problemto have the
perform ng, controlling and nmeasuring processes carried out at least in
part by a specially prepared auxiliary pp®cessor. The basic structure of
such an apparatus according to the invention is shown in Fig. 1. In
addition to the actual notor 10, it consists of an associated current

-appl yi ng and (i e iYL NRe 2ot S L ﬁfa%asffgl A egcgfé al so the

controlling or regulating m croprocessor relna ter of the
‘term ni cropr GRRLHFALIPR PE tfénf%?riﬁ pFo e srases afseéd meEQr si npl e and bri ef
.term As shown in Flg 1 for exanple, the motor 10 may be a three-phase
. brushl ess DC not or ver, the in entlon i.s not confined to such notors
but, as shown in I?ﬂ%rt PYGHLG AGGVRLNG (EOrhyhe, | 1Y -1 A%t Ay&RAYSIGF used
‘Wi th other ntﬂesolxﬁngruhﬁlprublém]pmkhdlcnmpnisessﬁﬁb(ﬁukﬂﬁwxﬁg partkt- the
.invention when required to dispense conpletely with notorised drive and to
ruse the notor solely in sensor node in order to determ ne positions. \Were
the out put stage it 6 nicrapregessbr tisd suSesi essthe indvel £ypa todhi ng unit
for applying current t | jently
Cbaﬂeeﬂ@dagﬂdf@aog £ BH FeRNIARRP £dd rde%s%z&g%gf

constructed in conventional tech y, and an” arrangenent of exanpl e
three transistor hal f- RYRREES R MAItAned byt @ FHEHPOLACSSEH | e from
DE-OS 31 06 856. Other constructions, for exanple with thyristor elenents

or{SCR el enents, are i emﬁse concelv bl e. The tput stage . unit 26
conprises a pl uraq? rﬁﬂffglc(‘%i & 2’@6")1% aﬁ%ﬂ%uﬂ?@

values are likewise carried out by the

microprocessor with associated interxface
circuits.

However, in this respect, it must be borne in mind

that inexpensive microprocessors only have a low

&./ computation speed and in most cases they are incapable of
handling the problem which has to be resolved. In
accordance with the invention, it is possible in order to
resolve this particular problem to have the performing,
controlling and measuring processes carried out at least in
part by a specially prepared auxiliary processor.

The basic structure of such an apparatus according to
the invention is shown in Fig. 1. 1In addition to the
actual motor 10, it consists of an associated current
applying and output stage unit 26, a commutating processor
100 and also the controlling or regulating microprocessor
23. Hereinafter, instead of the term microprocessor, also
the term processor is used as a simple and brief term. As
shown in Fig. 1 for example, the motor 10 may be a
three-phase brushless DC motor. However, the invention is
not confined to such motors but, as shown in later
illustrations, it may also be advantageously used with
other motor constructions. 1In addition, it is an object of



el ectronic switches contained in it but not shown in the draw ngs. These
swtches apply current to the notor 10 via the individual phases in
accordance with the attached signal conbination of the switch inputs 261 to
266. The resulting overall nmotor current is neasured via any desired
current sensor, e.g. the neasuring resistge 1011 in Fig. 2 and fed via the
current sensor output 267 to the input 101 of the commutating processor 100
as a neasured signal. Further elenments which are not shown in the draw ngs

may for exa gt of ontrol. i s ur t :
predeterningg %h?%@%?iéfﬁeﬁgfﬁ g% 3F%§ EFQQ % Fﬁ% ﬁggﬁ%?§%%§iglfgd to the
i ndivi dual pRese¥ised Heiye: gndi¢o 9sehtie mepornsiodglyt ipr seasprnagde

currents can jbe cadirered detleriidd@ Rl ibnisng conventional lineally acting
.control stages. However, it may alSo reside in the fact that conventiona

'switching controllers are used for this purpose. -15- Substantially, the
. problem for the comateathreg outpues seagtOlnit RE HECeeoneetnedsnthienser

' signals 267 and, vaol.t i gnal,. s, 1 1 nd. 113.fr.omthe tgre ar
phaces Lo BRSeRtaY 3 Uidctadl ohE 300 SbiibiBR HIErHUE RN
.signal s. |In dadiividualt metoamplieseisng processor 100 has anal ogue and
~digital control and comrunications 102 to 110 to the superior processor 23.
The commut ating processor 100 can by itself, i.e. w thout the
m croprocessor 23Ithids grpedientdy] Gemstanckedh ivheonyepsiosddge unit 26,
provide for @edehnlolcepeadd ah Qrrahgeten® oF) foiowRuiple khrgeaddi tional |y
pogsi ble in a progessor- %pntrqlled node, .to .carry ouf controll ed novenment
patterns transistor half-bridges. Such circuits are known for
example from DE-0S 31 06 856. Other constructions, for
example with thyristor elements or SCR elements, are
likewise conceivable. The output stage unit 26 comprises a
plurality of control inputs (261 to 266) for actuating the
electronic switches contained in it but not shown in the
drawings. These switches apply current to the motor 10 via
— the individual phases in accordance with the attached

signal combination of the switch inputs 261 to 266.

The resulting overall motor current is measured via
any desired current sensor, e.g. the measuring resistor
1011 in Fig. 2 and fed via the current sensor output 267 to
the input 101 of the commutating processor 100 as a
measured signal.

Further elements which are not shown in the drawings
may for example consist of a control unit which ensures
that a predetermined current strength and of a pre-defined
magnitude is fed to the individual phases of the motor 10.
Such an imprinting of pre-defined currents can be achieved
for -example by using conventional lineally acting control
stages. However, it may also reside in the fact that
conventional switching controllers are used for this
purpose.



of the notor and to carry out only one position recognition while
dlspen5|ng with notorised drive. For this purpose, the interaction of
processor 23, conmutating processor 100 and out put stage unit 26 are
needed. One problem for the processor 23 is to use sanple and hol d-

signal ling conductors 105 to establish pgnts in time at which current
sensor signals 267 are to be ascertained. These current sensor signals are
fed to the processor 23 via the power line 102 When needed, the

-conmut ati ng proce o2 I a the
.conduct or 104, %§§§§ g %iagﬂrggt %égéﬁggd Vi Eég g%ﬁ% E%g%xbout ot her
processor aCPEmCBEGQI 108 objeotr@newN3cnurhenprseesgﬁrSZQnaéSsa5§tandiaIIy
.based is to r SQKr 1da a [ h | ate the
correct p03|??§n%§% %E&n%%%oglgr ?ﬁg %ﬁa &§§0E9?h tgeW@ﬁrhgsﬁgg gulated can
'be shown for PERS®S &lonla., dﬁépl(ﬁ'}gunﬁt) aHQ\AEQeFlses tBRMdSPE Rayculasipg

fCO”WUHICatedcb&m%t%%ﬁﬁb'%ﬁgﬁﬁ&EUte&nS&ahgﬁhBﬁr Ehétbahmﬁtaﬁgﬁélng Thi's
position data can via osition conductors 108 to 110, de known to

t he connutatPﬁ&cﬁF§GEé§8§ HgﬁﬁlﬁnpndPﬁFﬁa&aFP9t58} Qn orrect

comut ati on @bmmhﬁlmatdbn3010n tloe 1lnast® ehet Bupettdba. proce&BorA23calhke
seen in Fig S 0. st ub of the
fol |l ow ng unl?@m&%@tﬁ%%”ﬁ% %%g%{&%ﬁ ?%B ﬂ% 1Egg?khgipgocgggggh?ogﬁes
comut at i ng mmgnoprGESSpmbﬁﬁexb@mnaﬂsy pnedendunchéonpwithi & hedéuépﬂéd |n
through the ling 108y 350 @rroidd ¢o! o!»amgeapge«a%%ﬁdofl hbi MBEoklL -
11@J/th|s calcufates initially the point in .e. the next point in
time, at whi &9 -conmutation of the notors is to take place. For this

pur pose, a conmmutatior® switching signal or

However, it is additionally possible in a processor-
controlled mode, to carry out controlled movement patterns
of the motor and to carry out only one position recognition
while dispensing with motorised drive. For this purpose,

, the interaction of processor 23, commutating processor 100

— and output stage unit 26 are needed. One problem for the
processor 23 is to use sample and hold- signalling
conductors 105 to establish points in time at which current
sensor signals 267 are to be ascertained. These current
sensor signals are fed to the processor 23 via the power
line 102. When needed, the commutating processor 100 can
also ask the microprocessor 23 via the conductor 104, to
receive a current measured value or to carry out other
processor activities. The object on which the processor 23
is substantially based is to use current sensor data
acquired in this way to calculate the correct position of
the rotor of the motor 10. The data thus calculated can be
shown for example on a display unit. However, such data may
also be communicated to a superior computer system for
further processing. This position data can via the
position conductors 108 to 110, be made known to the
commutating processor 100 which will in turn carry out a
correct commutation of the motor 10 on the basis of this
data.



actpating signal is generated which is comunicated to the output stage
unit '26 via signal line 261 to 266. Instead of direct transm ssion of
switching signals, it is also possible, naturally, to transmt such signals
in coded form Furthernore, the comutating |ogic 1002 is influenced by a
comutating control unit 1005 which can.{g¢act to different external

signals. Such signals nmay for instance be the start node signal 107 or the
m croprocessor present signal 106. Exception signals Cl to C4 can |ikew se
i nfl uence the contyol Lt 1005 .ln . f.he way, th Qntrol _unit 1005 is
i nfluenced by signal S8 tbaegissee\%nil& are ?2?&\?&“ iy ta&fé‘nﬁmp&pcfﬁs(%i I
‘vol t ages preséft congisrsd muhistatialdyl 1§ the doddowtiagaswdss :such coi l
‘voltages, it is possible to use either coil voltages fromidling node or to
‘exam ne coil voltgges fromcurrent-carrying node. For this purpose, an

‘att enuati ng menberCersgRl SoIRARaRtd ofs |copmug afdngs procepsar 360 dsi t
;%g07 ?nd a Swﬂﬁﬂcdﬁﬂgbgﬁﬂﬂé IH&%%]iﬂfﬁﬁlQﬁ?hﬁé&k@&hthf§§%@F@ﬁ%rF%nb@.%3
.therefore pass ., .-17- firs o] attenuati nme r .~ fro ere to
Lhe Vol 1 agh. ST LerbOR BT CHIIG Mo S8 & A0 R SEgRa) el ay
unit 1006 fr @oidhivedlddyms ateaguaskedrien timeisha 1qormaiat, i ndpilsogiad chid@2eand
to the comut,al.i t i 05.. .ni_s , n_a.suf f:i ci | y high
i nduced vol té'glét%%&é&]i%hoéaté%&ﬁeg}q} "r:]i::,[rrLeg vrj\"n'new \r‘%&% E‘%{}t%op%é?ﬁt ﬁ'él itg tlﬁe(fed

vol t age pr od@desvhaciwicammmtat itan edimhiteamiakersA isutohsakge plegsi.n t he
commut ating processor 100 is the current detection unit 1009. The purpose

of(this is to detect, anplify and process current sensor, signals_267.
For this purpose, a commutation switching signal or

actuating “signal is generated which is communicated to the
output stage unit 26 via signal line 261 to 266. Instead
of direct transmission of switching signals, it is also
possible, naturally, to transmit such signals in coded
form.

— Furthermore, the commutating logic 1002 is influenced
by a commutating control unit 1005 which can react to
different external signals.

Such signals may for instance be the start mode signal
107 or the microprocessor present signal 106. Exception
signals C1 to C4 can likewise influence the control unit
1005. In the same way, the control unit 1005 is influenced
by signal voltages which are derived from the motor 10 coil
voltages present at .the inputs 111 to 113.

In order to assess such coil voltages, it is possible
to use either coil voltages from idling mode or to examine
coil voltages from current-carrying mode. For this
purpose, an attenuating member 1008 is provided as well as
a voltage comparison unit 1007 and a signal delay unit
1006.

The signals from the windings L1 to L3 therefore pass



Thi s happens in that the current sensor signals 267 are anplified and
stored ‘at *given points in time. In this way, it is also possible to a
certain extent to freeze rapidly variable current patterns and feed themto
the m croprocessor 23 via the current output or current signal |ine 102 for
further processing. The pracessor 23 thepyhas sufficient tine to evaluate
these current signals since the stored signals do not initially undergo
further change In addition to the internal swtching neans, the

comut at i ng &#?&H : ly vmﬁ§m| an h as
resistors an lcapaC| tors. ese r}@ t se(le::)r\r/]v?\L |8?f rl%e?r%d fjérther
details of tﬁ@%ﬁﬁjt%ﬁ?ﬁf%ﬁ%é&@& 1Y ans 5f18‘tad-rlm rfgfqlm@lhlelr@t &0 e and

a counter 10%1%:9;1 t&zﬁaapturﬁr@hm%%m Yhi%h RIRSLlard PRSsd BET® the
.conmut ati ng patterns. nentlone t he i ndependent functioning of the

commut ati ng pFrOEBESing d‘%’t‘hd‘tﬂ 2 angk & it FMMILAR IR SORETOT Wallfased
on eval uati oro®fs t hetr rtﬂiﬁcmdvay),l twigaes J D iddi et y1oiigph Ahdse®d 1 to L3,

such as are l,e .un Ioad ndi ti.qn we this
“operating nng'%lq{aa%nl S/ET Vi a rgntftat]‘r{l %ed'tno "(’1\’@0 o] §t° Egea@% n
‘notion. FurtHherdugesl wpltage rodumsst mmmg:qm:r ity qomoetss igmi.| i si ng
these signals requires a noving rotor for correct operation while using

these signals. In the event of the nmotor stopping, either a non-
directional startndurkhaRiewas tia tde gommmtat ing apcesseacildo is

appl i cation thhé?lb”dzeﬂinﬁ @éﬁ&ﬂi‘ﬁrprurﬁftai%d—l Thd 3 sléeeiurthrie ikt to
i Rdi vi dual se currents, be necessary to obfain th ﬁ necessary

rreasurerrent tgec tExag'mmatﬁ or‘?‘rgf REQCE S5 QUSEeISF SeReer &9 dn vary

This happens in that the current sensor signals 267
are amplified and stored at given points in time. In this
way, it is also possible to a certain extent to freeze
rapidly variable current patterns and feed them to the
microprocessor 23 via the current output or current signal

N line 102 for further processing. The processor 23 then has
sufficient time to evaluate these current signals since the
stored signals do not initially undergo further change. 1In
addition to the intermal switching means, the commutating
processor 100 usually has external switching means such as
resistors and capacitors. These are not shown in Figs. 1
and 2.

Further details of the commutating processor 100 are a
starting oscillator 1004 and a counter 1003 for the '
optional generation of preset times or preset commutating
patterns. As mentioned, the independent functioning of the
commutating processor 100 without an associated
microprocessor 23 is based on evaluation of the induced
voltages (EMF) at the motor phases Ll to L3, such as are
generated for example under no-load conditions.

However, this operating mode is only viable if the
rotor of the motor is already in motion. Furthermore, a



widely in form The sinplest possibility resides in evaluating the tine
pattern of the total notor current. In addition, it may according to the

i nvention be advantageous to apply current to a plurality of stator phases
for neasurenent purposes and to record the current intensities at different
times. According to the output strength.-pd-the processors used for this
purpose, i.e. mcroprocessor 23 and/or comrutating processor 100, so
therefore either one or nore current values, particularly maxi mum current

val ues, just _at..sel iﬁ%g i ' s r he points
of time asso |§?§§I§ﬁ%ﬁ93%%%| iESPﬁ%%@%%#ﬁ*&ﬁ?}gﬁﬁgﬂgﬁégg ﬁﬁ. %%% r ecor ded
or one or a plagudlbasy spmaviind moteat form somneclie operatdon wiiller wsSiog tine
and intensityaud Wildha18f erence in each case to a plurality of neasurenent

“points. The values récorded in such a way inplicitly represent nunerical
‘val ues for the sought and rotor position-dependent inductances or mnutual

“i nduct anf:es Iof t hanmhy avaateds ldmfﬁeﬁnottefxt %itI&Fp@.h@i,tie@.Ithert Aeyionmy al ﬁo be
‘nunerical values representing.transformer coupling rati.os. Fi.g. .3 shows,
positi on dat SIEEFUIPT ACAR B, SEYERRry FAY 5 BBpABiLACE 88t B Pon of
current to speldalstagppdi gattdses ofn culratentty tapphe mgtwar phaselsed| $£oofl3

current, the gﬁﬂg Ofs s 2] 2ol C UL i cail s of
t his phase bé—j\lntr)drzgﬂe%re ?%Ett%[e &P?ggq"?%%sla l]jl(réasfei glrLllEgtFBg\gtqungl yl?'% gle

sat ur at ed comqasmryomémi@i ey necies spaya mepsyrenente dataa
participating coil wll alter, since for otherw se constant conditions, the
co{l,formula e[rr] it is generally.only the u which alters and so a%y )
change in rel ati vEXSSRRatdon Of PatterR B pHASLo A TFRLSaCABN VAKY

i nduct ance Lwidelys in"form. The simplest possibility resides in
evaluating the time pattern of the total motor current.

In addition, it may according to the invention be

advantageous to apply current to a plurality of stator

_ phases for measurement purposes and to record the current

o~ intensities at different times. According to the output
strength of the processors used for this purpose, i.e.
microprocessor 23 and/or commutating processor 100, so
therefore either one or more current values, particularly
maximum current values, just at selected points in time may
be recorded or only the points of time associated with
specific threshold current values will be recorded or one
or a plurality of current patterns may be recorded in terms
of time and intensity and with reference in each case to a
plurality of measurement points. The values recorded in
such a way implicitly represent numerical values for the
sought and rotor position-dependent inductances or mutual
inductances of the motor phases.

Under certain conditions, they may also be numerical
values representing transformer coupling ratios.

As Fig. 3 shows, position data can be obtained
successfully by an appropriate application of current to



the case with iron, the non-linear relationship between field strength H
and rmagnetic flux density (induction) B can be used in order to establish
current - dependent effective inductances in the participating stator coils.
However, the inductance of the stator coils is not influenced solely by the
| evel of the coil current but also by tdeopolarity of permanent nmagnets of
a rotor, said permanent magnets being opposite these stator coils. This is
based on the fact that the permanent magnets produce a pre-nmagneti sation of
the coil cor I sarJ h | rrent, so
saturation o%%éﬁ% cgﬁtaS%cC)sfgdtja stt(})oyt ?pqylﬁgrbéor?fgu%agl ggllsorlfrmre sl ow y
than in a ne@urHerndi.t tdg dFon QQmRﬂﬂﬁmﬁﬂzqﬁeﬁnﬁﬁéﬁﬁtﬁﬁgﬁéﬁpélt to which

pre- magnet i SaHedboilid b GO pHIHE Pealonde Sirén bebulghe raeret ite circuits of
notors of the qfnerlc o&ggeneraH&yype t he endeavour in nost cases is to

keep the mag@dRUEARIRR @nSTHRS FrﬁﬁtHﬁﬁﬁﬁﬂeﬁP§dP§F°Below saturation
point in ord@bﬁ@@spdmdﬁngaystmmp'Hcmnlcdmﬁmmmnh&e afnaepbhalbhpatdag1on in
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possi bl e variation 1 n I nductance ove a nmotor, notion ran [er
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modi fied. Optdnd LAdeORiWH R rdon/| @Md Qoh-14REbdN riedln t' dnishli O Beitiveeo |
i nduct ances as, a function of the rotor p05| I on may pOSSIb result in a

reduction i n Ti@lidnFhuaRahh & and ux density (ind hiction)' B

can be uséd in order to establlsh current-dependent

effective inductances in the participating stator coils.

However, the inductance of the stator coils is not
influenced solely by the level of the coil current but also
by the polarity of permanent magnets of a rotor, said

—/ permanent magnets being opposite these stator coils.

This is based on the fact that the permanent magnets
produce a pre-magnetisation of the coil cores so that
according to the polarity of the coil current, so
saturation of the coil core takes place either more rapidly
or more slowly than in a neutral situation, i.e. without
permanent-magnetic pre-magnetisation. With the
conventional design of the magnetic circuits of motors of
the generic or general type, the endeavour in.most cases is
to keep the magnetic flux density in the iron components
far below saturation point in order to minimise stray flux
components.

Since the fluctuation in the stator coil inductances
caused by movement of the rotor and nominal application of
current usually amounts to just a few percent, for
trouble-free measure data acquisition in order to establish
a position, it is important to adopt additional measures to



Therefore, in accordance with the thoughts underlying the invention, it is
advant ageous to apply current not only to one coil but also to nore than
one. Simlarly, it is advantageous to apply a relatively high current
conpared with the normfor a short period, i.e. in the range of a few dozen
m croseconds (e.g. from 10-2000 m crosecgpds). Correspondingly, it is
according to the invention advantageous to apply current to a conbination
of coils in a manner not normally used for driving purposes. |If such an
application o St

significant I%%Iggés‘;?nn&rl%t%ééﬁ?é%{%é\%%%%]%ﬁ]ae{loqﬂ glprgﬁa I on. tnlgzor exarrpl e,
in the case o wekoemetiormanget¢® 3¢l on, it is possible for a very
hi gh level of current to be applled to two stator coils of a three-phase
notor for a short tine, and short current pulse of current bein
applied to the thl*F?Fs‘E%%%rplg@‘PS?n ke sramRiendtNermagatichicino i a

obtained in tthé wélyor Scars Use Iryocmr:Be@nl l@ummidrﬁmlaﬂmwrﬁmve tiataa
obt ai ned by convention neans, and ordln o the tate of t

art. In orderSHS ST aYaler‘n%t’s%r?‘dnblcf? crﬁfl Anghiqn, eful
t heref ore, asthe atetoharaesitbovapray pofdibly mxpilyt ciux raemedtrcismm igf the
exi sting coil ﬁ@g ir ferromagnetic cores are as far as
possi bl e cl os@a%%n%lr{%&f sa{@}ﬁ ar%ésgn range. An additi onal
pre-magnetisation by pernmanent nagnets within the magnetic circuit or
circuits can, as arfepéiond At Bl adCoriades | witd thd WhdugHtY HRIAS ?éirﬂéy a

prgrequisite. In the case of . a potor, Fig. 22A shows the attern o
the invention, it is advantageous to apply current not only

to one coil but also to more than one.

Similarly, it is advantageous to apply a relatively
high current compared with the norm for a short period,
i.e. in the range of a few dozen microseconds (e.g. from
10-2000 microseconds) .

Correspondingly, it is according to the invention
advantageous to apply current to a combination of coils in
a manner not normally used for driving purposes. If such
an application of current is time-limited, then there is no
need to fear any significant losses in motor efficiency
during motor operation.

For example, in the case of one embodiment of the
invention, it is possible for a very high level of current
to be applied to two stator coils of a three-phase motor
for a short time, a high and short current pulse of current
being applied to the third stator coil in the meantime.

The current-time data obtained in this way is usually more
enlightening than comparable data obtained by conventional
means and methods according to the state of the art.

In order to arrive at the said differences in
inductance, it is useful therefore, as stated hereinabove,



coi | inductance over the angle of rotation of the rotor. According to the
nmot or design, so fluctuations in inductance occur over a range froma few
to several percent. As Fig. 22A shows, in the case of this type of notor
this function is periodic, with a cycle of 180[err] el. Wen pernanent
magneti c pre-magnetisation is present, +¥is curve becones asymetric (Fig.
22B) and then has a period of 360[err] el, so that unequivocal neasurenents
are possible in this angular range (360[err] el). The pattern of the curve

|0 Fig. 22B qep a#&mfé}& Y Sonid %ﬁ}%%ﬁ@%@t a e @ﬁ&f Zurrent

per manent nagnet can be further I cation Q
to additionaWa3oithat |theds ;Wam%,chqsow & @Irr &%t Possipiie ed

are to a certcald@;eewmr Iifh Tl rsRith@dt ik rahdfe. shows the sane situation as
in Fig. 22B, in other words the inductance plotted on the pol ar coordi nates

and as a function of the angl e of rotation of the notor. This pattern is
simlar for each @n taddinmicoralc gpres-magmytarsat ivint bya pesimginleoitr magyneitase,

hovever . 2 COHEIONL G AhARY OIdisRlLAf O%Q{%cqﬂlt%' cain, 2l A8 ot ed.

where n denot€s numnbe nDtor ases wever not es

f ol | owi ng comtedEdn bef @ﬁn@mﬁamlhutofla Mot necemsamilandion: | f a

ot or conpri $hedui@sa@! e six phases and if inductance measurenents are
carried out on all” six phases one after another but al nost sinmultaneously,
t hen the nmeasured val ues obtained |ikew se define a curve which can for

exanpl e al so be dri@ivihe) di¥eliofC @0ttt e Fildfi QZAZ%besRQ%@r Patteref dfhe
rof of p05|t|on aII curves abtained i.n t efth ng basi c
ot FoneverSichdpdid dHbte, s s 'S 168 PEc SOERECEST i th a
According to the motor design, so fluctuations in
inductance occur over a range from a few to several

percent. As Fig. 22A shows, in the case of this type of
motor, this function is periodic, with a cycle of 180° el.

\_/ When permanent magnetic pre-magnetisation is present,
this curve becomes asymmetric (Fig. 22B) and then has a
period of 360° el, so that unequivocal measurements are
possible in this angular range (360° el). The pattern of
the curve in Fig. 22B depends upon the intensity of pre-
magnetisation (by a permanent magnet) and can be further
enhanced by the application of current to additional coils.
In this case, the coils to which current is applied are to
a certain extent in saturation. '

Fig. 22C shows the same situation as in Fig. 22B, in
other words the inductance plotted on the polar coordinates
and as a function of the angle of rotation of the motor.

This pattern is similar for each of the motor coils.
Compared with a neighbouring phase, however, a
corresponding phase offset of 360° el. : n will be noted,
where n denotes the number of motor phases. However, this
denotes the following connection, found as a result of the



standard representation, i.e. showing the curve associated with a basic
posi tien.: This phase angle is surprisingly also a nmeasure of the mechani cal
rotor position. It is evident that the dependency of the inductance of one
phase upon the position of the rotor should be as great as possible in
order to be able to performa precise ang-unequivocal neasurenent. In
accordance with the invention; an additional possible way of bringing this
dependency about resides in so designing permanent nmagnets of the rotor
that an 'rregﬂbghkéoﬁlghl%fgeﬁkhxg &bﬁbgléé eBgi-Ned O ﬂgsglge HBEEB! ang
magnets i s acChi eve For I's-can a pen 1T during gnetisation
of the rotor1£nlﬂd@@&ﬁnyehmghsnﬁﬁwﬁnﬁﬁ ﬁﬁgn@ﬁr§aﬁﬁoﬁqu°§cﬁiév§onr i f

af ter magne ngﬁ%b%“ohé SQEBEeta%thteBebﬁtl §1ﬁ\o§Enéﬁ.ﬂhh€Qn€©ﬁBﬂ?¢t thahi on of
i ndi vi dual netic pol es. Another pg@ssib FESIe%ﬁBIn foll ow n

conbi nation & ee@&&ﬁpyegtVéﬁﬁeﬁoppﬁaéﬁﬁdséﬁkﬁ L§Eof ﬁeﬁlsuﬁXFegﬂbﬁh
simlar arrapgemEelr ekawplehalgeeyver draenefihepblue tbekdiatteng{Rigas been
reduced by a é?pstant anount. These rel ationships are explained in greater
detail with PéFérence to Figs. 1IBand IIC 1In Fig. |1C, for - 23-
exanple, the rotor magnetic pole 501 and 502 are nore intensely magneti sed
han the rolor MeREH:iBaLeoR0RraAndoia phasterd Ohid: ther eakuksl Nt ensel y
magnet i sed permanée l'e alternatively or
addltlonalIyObaaugedannaﬁhéﬁg@ﬁyhhaﬂﬁnﬁhﬁsSﬁ@edbﬁﬁéﬁeﬁPFW si BOWe¥PK gaps

1121, 1122. Eﬂ%&Jdiéswwﬁatba EhdoubhPa phaseaBRgehf et compaghisenewiby @sing

an_ay r angenent magnetic partial ‘resistors of different sizes. This can
standard representation, i.e. showing the curve associated

with a badic position. This phase angle is surprisingly
also a measure of the mechanical rotor position. It is
evident that the dependency of the inductance of one phase
upon the position of the rotor should be as great as
possible in order to be able to perform a precise and
unequivocal measurement.

In accordance with the invention, an additional
possible way of bringing this dependency about resides in
so designing permanent magnets of the rotor that an
irregularly high effective field strength in these
permanent magneﬁs is achieved.

For example, this can happen if during magnetisation
of the rotor an unevenly high level of magnetisation is
achieved or if after magnetisatioh is completed, there is a
controlled demagnetisation of individual magnetic poles.

Another possibility resides in following a combination
of equally strong north and south rotor magnetic poles by a
similar arrangement of which however the effective field
strength has been reduced by a constant amount.

These relationships are explained in greater detail
with reference to Figs. 11B and 11C. In Fig. 11C, for



for exanple be set up in'that the ferromagnetic coil cores are of different
sizes or in that yoke elenents of the magnetic circuits are given a

di fferent magnetic resistance, either by varying the I ength or
cross-section or by the introduction of air gaps. The enbodi nent shown in
the draw ngs, Fig. |E, diagramuaticallydddustrates a |inear notor which
as its rotor elenent, has a permanent nmagnet with north poles 1101 and
south poles 1102. Qpposite the magnetic poles is the stator unit 1103 with

stator pole shoes.1104. Speciall d t e g form
(1105) or ShSFFmP&FHIFbeég&E%hﬁégiggﬁg g?%?osb%gﬁgasﬁggsggg ?hggreturn

pl at es 1008. ifitensedyomagsies iskedmtbiane $her sorounnaghericopréspbAdi Agdcoil s
1107. Conparg@ith the nornmal cross-section, the return plates 1103 may
have a reduced cross-section 1109 or an increased cross-section 1110. Even
the incorporation of an air gap 1111 may be expedi ent. The advant age of
these arrangenment gnseeadeofl differeatlyt hatedsedyr faghetdtetinpedimbhenent

| evel s of magnetisati i thin the.magnetic citcui an_additjo

| ocat i on-dep tsdz??fsﬁ c SRSy g‘ﬁc??ﬁ&?‘b?‘?daﬁﬁ?gn?ﬁévﬁ%& o? gor

posi tion senadditGomsddyentd pyse an srpangemeatt comprieiagadidfferpnsdyse and
al so a geonetr.ical l v er, .r.eachi determ nat | f ;RO ti oRqphi ch makes
it possible 51z 4?%f%%%%#%9%ﬁﬁé g%agbsoﬁﬁfg‘g%stpgﬁ %Pt???htgé full angle
of rotation of 360[err] el. The procedure according to the invention

whereby the appli ggd %rdéL JEedat! Q¥elacii@viridl B¢ LisKAgC U BRrasigRmBhtNGESONE
fegrp-magnetic parts of the magnetic circuit to saturagtion or close to

magneti c sat Magnedin pantdaly nesdekosssof daLtexenss sig8set i COFr Caft s
which are eqyiginesaniglle B BEteRp TR ket Qheaferromgnetic coil cores

are of different sizes or in that yoke elements of the
magnetic circuits are given a different magnetic
resistance, either by varying the length or cross-section
or by the introduction of air gaps. The embodiment shown
in the drawings, Fig. 11E, diagrammatically illustrates a

N/ linear motor which, as its rotor element, has a permanent
magnet with north poles 1101 and south poles 1102. Opposite
the magnetic poles is the stator unit 1103 with stator pole
shoes 1104. Specially shaped stator webs of elongated form
(1105) or short form (1106) connect the stator pole shoes
to the return plates 1008.

The stator webs themselves are wound with
corresponding coils 1107. Compared with the normal
cross-section, the retufn plates 1103 may have a reduced
cross-section 1109 or an increased cross-section 1110.
Even the incorporation of an air gap 1111 may be expedient.
The advantage of these arrangements resides in the fact
that as a result of the different levels of magnetisation
within the magnetic circuit, an additional
location-dependent datum (coding) is incorporated into the
motor or position sensor. Consequently, it is possible to
achieve a more precise and also a geometrically farther
reaching determination of position which makes it possible



sufficiently high coercive field strength since the application of current
for position measuring purposes nust not result in any demagneti sation of

t he magnets. Correspondi ngly, when al nico magnets are used, this point
requires particular attention. Wen using nodern magnetic materials such as
for exanple rare earth cobalt material s2&- neodym umiron-boron materials,
no problens arise in this respect. Prior to calculating a current position
of the rotor, it is necessary first to acquire a sufficiently |arge nunber

of neasured val dR¢erilinkS aBXBBdbENte! BosERAAA! fitRENACAYI il Odngie NEASUr €d
values fromthe rel evant _eval uation, so that neasured_val ues are acquired

in the short &9La5d98 Bfe 360 lthe ThEsPEPCRAVTR 0REFOBAIRGLADER® i s al ready
novi ng, the ABkentdbn wheérabiehheorpplstabeonabd hoghhieveBoshdenent .
O herwi se, a_mixing.of neasured val yes_from vari ous positjions_nust b
anti ci pat ed BUERALIRR GREGERTEAP PELBHSEPUE. FERIPSIRBRer bY PRREY GFt h
difficulty otheemagpetieneimrsudkt bgeshturatjpossobl elose tbemagmétati on
phase, time LLELakLa0S 1yt syt BRBsAEBoDEs! PAGCheS0of hilfidlic

a good 1dea‘t | ses o a

Neverthel ess, 1115 ) a ] [he eval uation p
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measur ed dat gyk@3edeaR1y 8 iR e8ekcR9aSERLEaNyEPEhgEh §RASHN €leVal ues per
unit of tinme. -25- FOr acCquisition of the neasured vyalues, the foll ow ng

procedures aPEPLASakIon Ofi CHEFENt,fPRoNgRLIELAB, BAFUT HBYSPRFROSEP FReht i on
of current taok Resdeteidl aay deahgheviBdtienVoththéemaghees. of achieving

high Correspondingly, when alnico magnets are used, this point
requires particular attention. When using modern magnetic
materials such as for example rare earth cobalt materials
or neodymium-iron-boron materials, no problems arise in
this respect.

Prior to calculating a current position of the rotor,

Y _ it is necessary first to acquire a sufficiently large
number of measured values. It is expedient to separate the
acquisition of measured values from the relevant
evaluation, so that measured values are acquired in the
shortest possible time. The faster the rotor of the motor
is already moving, the more care and attention must be paid
to this requirement.

Otherwise, a mixing of measured values from various
positions must be anticipated so that an unequivocal
reconstruction is possible only with difficulty or perhaps
remains altogether impossible. In the evaluation phase,
time limitations of this type are no longer so critical.
Nevertheless, it is a good idea to limit the evaluation
phases to a time-related minimum in order to obtain the
most comprehensive possible measured data based on the
largest pcssible number of measured values per unit of
time.



magnetisation of its ferromagnetic core. - Recording of the current in
this'statqor winding at several points in tinme. This current patternis, for
exanple in Fig. 12, designated by the pul se sequence 1 as 11. For exanple,
along with continuous current registration, it is possible also to observe
just one single neasurenent point ML.. F@5-this, for exanple after a given
time differential t1-tQO the associated current value is determ ned.
Alternatively, at a predeterm ned current value, e.g. half the nmaxi num

current value, itpbg RegaibieibR 6§C€ﬁéath@aé@§ed|\ﬂ£llﬁ@§]}lltﬂ@éi £ &1 dblitng
current torise fromO fo thjs val ue. i gg %? gmntched on at to
and measur edPEPCEEreshREe FBRUSSESSHED }%d ?*ﬁ&ﬁﬁ | RFSTS 1% a ni ni mal
time of fset,pbseiblle:a range from about 10-1000 m croseconds, in a further
stator coil without the first stator coil being switched off. Fig. 12 shows

this tinme-related connection for the application of current to a selected
nunber of three ceils hpp3dcationnofi sudeengnte cal predaeramined sudtamrt her

coils exist, then for ? iHBL & e%&eﬁskﬁg 2&&§'5£Q§cﬂie@%ﬂ one or a
a € app

plurality of addi tion proc sses o led to a
fourth or further stat@aSE@FF§at€ﬁée°§u%F%nieﬁégm%@@% h%p¢?%% to all stator
coils in question, then either they are all conpletely and - 26-

si mul t aneously shut down or, .,as sho Fig. 12 for,the ulse sequences 1,
2 and 3, one cleafly dBPFﬁ€91§Hqudggﬁ BPBE%HEr%nlghb%r?B é&?gn bot h

these cases, it is posatbkéverkgwpsénts ﬁﬁFEQmmtlmlsndﬁnrem:rmatudm
— is, for example in Fig. 12, designated by the
*pulse sequence 1 as I1l. For example, along with
continuous current registration, it is possible
also to observe just one single measurement point
M1. For this, for example after a given time
differential t1-t0, the associated current value
is determined. "Alternatively, at a predetermined
\ current value, e.g. half the maximum current
value, it is possible to ascertain the time
‘required for the current to rise from 0 to this
value.
(The current Il is switched on at t0 and measured at tl1).

This process is repeated in parallel or with a minimal
time offset, i.e. in a range from about 10-1000
microseconds, in a further stator coil without the first
stator coil being switched off.

Fig. 12 shows this time-related connection for the
application of current to a selected number of three coils
whose current is designated I1, I2 and I3. If further
coils exist, then for a more extensive acquisition of data,
so one or a plurality of additional processes of the same
type may be applied to a fourth or further stator coils.
Once current has been applied to all stator coils in
question, then either they are all completely and



measurenents, e.g. the anplitudes M4, Mo, M5 at points in tinme t4, t5 and
t6. respectively. Thus, it is for exanple possible to switch the coils in a
currentl ess manner in reverse order conpared with the connection frequency.
In this way, in a first pul se sequence 1, there is a first set of neasured
val ues which in the sinplest case consi-2& of one single neasured value. |f
two nmeasured val ues are obtained per coil, as is showmn in Fig. 12, then for
a notor with three coils, already six neasured values ML to M6 are

avai | abl e. | piagdichn@dudlly ishutaidewal by, Passishbént @nobtigi n1br ey taéng and
falling flanks_additional neasurenent _points and &o Eave tgenbto i.nf |l uence
further cal cBY3SRoFEIVERTES Y y 2 dmdORGoG-eRFLY BELLBeE, FERErAPYR from

a. pIuraIityp&ﬁﬁﬂdﬂteﬁﬂ&S@E&&d&@bﬂﬁS hngF anfbgmhhthbsereasesceﬁenietiVﬁ.
However, general l.y.it i, et I Npossi .Lo det.ernmine a.pogition on the
basis of a s%ﬁ%ﬁ %#Frgﬁiﬁﬁﬁ %@hg%ﬁig;mFgﬁthPEdZSFpsggilgﬁa?her sets of
measur ed val neaswremendsacguigr.edtheThmpddsudest M4, pM5ceM6r ati podutbi hrd in
Fig. 12 mﬁth¥3g% EQWE%Sa%ﬂd‘Eg!f%%P%HE!%%l | se sequence 2 and pul se

€

sequence 3. This prdcess I's equivafent to that concerned with the said
pul se sequence 1, the application of power starting however with a stator

coi | disposed in ihesyi Githijley flr ERamplel pbssi®ieatBOERL LWLt BhEhE8R16§0I | S,
it is possible for exanple to start b% apg i ng cgrrent to 08|I,2
wher eupon, iR S7currentless manger dn LEVELARE PIAgEprPERargdcyiFRathfqd

then coil 1. copgiectliion \Bridepuieneylr odasthik #@pl, yingacHikeat pdiseng pul se,
seguence 1, then at gi.ven,tines the_application of current he, .
i ndTvi dual  cSeAMeRcE ethere s 2° £ARY &3t QF Reakurtd va&&e& Which
) in the simiplest case consists of one single measured value.
If two measured values are obtained per coil, as is shown
in Fig. 12, then for a motor with three coils, already six

measured values M1 to M6 are available.

_ In addition, it is naturally possible to obtain from
o/ rising and falling flanks additional measurement points and
to have them to influence further calculations.

Generally, the endeavour will be to crystallise from a.
plurality of such measured values just a few which are
representative.

However, generally it is as yet impossible to
determine a position on the basis of a single first pulse
sequence. For this purpose, further sets of measured values
must be acquired. The associated procedure is outlined in
Fig. 12 with the power application curves pulse sequence 2
and pulse sequence 3. This process is equivalent to that
concerned with the said pulse sequence 1, the application
of power starting however with a stator coil disposed in
the vicinity of the coil 1.

For a motor with three coils, it is possible for
example to start by applying current to coil 2 whereupon,



broken off even in the case of pul se sequence 2. In a pul se sequence 3, the
cycl e résunes but commencing with coil 3 followed by coil 1 and
subsequently coil 2. If there are nore than three coils, then conplicated
current application sequences may be perforned. The current application
requirement for virtually sinmultaneous application of current to further
spools wll always relate correspondingly to coils which are at conparable
di stances fromthe initially energised coil. Accordingly, then, since a

start has be @?BL ' C t 1 . f .eX
I medi atel y g%]jrg%lfeiﬁ}[’ b%f(;)l | rr%f&% }(‘Eeﬁvélgég;%a%e%gjrlﬁcegn ta?pp o|l§d63t nl%[ ?:%I%\ever,
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type. For thea%fb%g’él?ﬁ %%r%!%‘f%mblatioa theydindiviigial; k@idso#ddd b€ repeat ed
several tinmesordlben appt ievdn oin afhe Qe e hOFERGRENN B .a dinf er ent
stator coil eaq? time. Data .ac isiti%&his conpl ete when, of, all .the stator
coil's in the Bot3T, SHEHCD neeldtr B Vi SNGHHERTh ¥ Heen
gener at ed cyctothl3 yEdiyldwed sanecqil tlerand Hulegfuenitly Todlls@ .pogEible to
carry out a sl r t ' ' ositdiion with reduyced,accuracy. . For
this, a snalﬁgggéﬁé% Jt@gégrgﬁééyﬁég%éiéﬁﬁhﬁi & SﬁEFE’IﬂdcgﬁF? SPE of
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this case, itcorrasbRtiagfiddto coils which are at comparable distances

from the initially energised coil. Accordingly, then,
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since a start has been made by applying current to one
coil, for example an immediately adjacent coil may likewise
have current applied to it.

W, However, the second current application process may
also relate to a coil which is at some distance from the
initially energised stator coil. The most efficient coil
energising sequence is individual and depends upon the
motor type. For the purpose of complete data acquisition,
the process is repeated several times. The application of
power then commences with a different stator coil each
time. Data acquisition is complete when, of all the stator
coils in the motor, a set of measured values is present
which has been generated cyclically by the same pattern.

However, it is also possible to carry out a simpler
determination of position with reduced accuracy. For this,
a smaller quantity of data is adequate, consisting only of
sets of measured values emanating from fewer stator coils
than corresponds to the number of stator coils actually
present in the motor or rotary transmitter.

For three-phase motors with for example six stator



If the sets of nmeasured values are acquired fromevery second coil. Once a
predetern1ned nunber of sets of neasured val ues have been acquired,

eval uation is undertaken (according to the efficiency of the eval uating
unit, naturally evaluation can be carried out also while the sets of
measured val ues are being acquired). On-zg-basis of the necessary speed at
whi ch even sinply structured sets of data have to be evaluated, so for

anal ysi ng neasured val ues, preferably a special mcroprocessor or

controller 234941594 e ANAKIR ForningRahtel 8! An8dyEE §ligrPenibibon
recognition pr to be resolv whi ¢ ax 0 be use
the same ti mseﬁ:@!r oft aedsurafo Vel ugser atIFlor‘ihllsoFaﬁﬁlvslﬁuﬁ-ﬁoélé"apﬂ'-ag?ous

possi bl e for ;gxafRl &diY G nathaRHRRA1RIERC 830 cgB i el fasR0eve
external ly dlsposed expansion circuit or commutating processor 10

further possﬁQQQHQ/QQ§%C)conblne the units 23 and 100 so that on one and
the sane silicon surface there is a standard processor unit which is

suppl ement ed by cg;toner-éf i.fic ac%€§$ﬁ§§é fu ct|%§ %%'&%asﬁ%@ﬁ %g&ﬁgs
e )

formati on: The ne Sequence,
sequence 1 i hakiegbekh anqummmhdm&aﬂqaummbumedndﬁraakegldgb@ordlng tO

representatiye Je: cg']%lfle‘? lb%mwn t":\'ratl'ﬁ% rﬁ%s%hglgenhag F—ﬁh_iyo%v%fluralﬂgon

i ndi vi dual neasure ere as vary,
| ogical to cmary kmjtcaa?mdgmutng’ilﬂ?eﬁfhltleoéé’@r@@tﬁe@ésﬁ‘&ﬁy‘mtr@df Pt &Snmean

value. This nR\% i RXHBhE FeDi.d€ O o Ha@dlsaloN & hkr %@bb@%a&?a%y‘eéd wdl ues
hAkLp M6 a nean value m,; u3|ng 't he -29- foIIo %h§91sone %ﬁm ar
calTul ati on pRECkseven Fimpdy struckiTat 8qy Hf"@ %
determi ned i reiadilitadd ¥.so for analysing measured values, preferably a
special microprocessor or controller 23 is used the
programme of which is tailored to the position recognition
problem which is to be resolved but which can also be used
at the same time for standard motor operation.

K./ For this purpose, it is possible for example to use a
standard processor 23 with associated externally disposed
expansion circuit or commutating processor 100.

A further possibility is to combine the units 23 and
100 so that on one and the same silicon surface there is a
standard processor unit which is supplemented by
customer-specific accessory function units.

Mean value formation:

The measured values ascertained in a pulse sequence,
e.g. pulse sequence 1 in Fig. 12, are expediently combined
into a single representative measured value. Since the
measurement precision of the individual measured values,
shown there as M1l to M6, will vary, it is logical to carry
out a weighting when it becomes necessary to form a mean
value. This may for example reside in calculating from the
measured values M1l to M6 a mean value ml, using the



e.qg. m =[err] A logical nean value formation with the same coefficients
can be-used for pul se sequence 2, being applied to the neasured val ues

M21- M6 shown there, producing a nean value n2. The sanme applies to the

| i kewi se shown pul se sequence 3, in which, then, the neasured val ues
MB1-M36 | ogically have to be multiplied20y the sanme coefficient, producing
a nean value nB8. The nean values m-nB then inplicitly contain the required

position data which nust still be explicitly calculated fromthis data.
Fig. 14 and Ej 5 [bat.t a : ' ' g t ide,
anpl i tudes ofbgﬁgéggécg#aggggn%gﬁlég?nggi§¥?%%i8$ﬁ§§aéégg'@ﬁgg P

! : : special case, It is
al so possibIbheowehghﬁlng,fﬁﬂtgrﬁQﬁévhﬂgthB@ee@%FeF?lFﬁ@thﬁ?lﬁhggﬁliy'

sequences ar resent, e.g. pulse sequences 4, 5, 6 etc. which are not
8.9.

~shown in the dfawi ngs, then the associ mean | ues have
to be ascertﬂ?néd(Byséﬂﬁpérprémgefhﬁdz;ﬁgs+tﬁe7£@ﬁlﬁa?pgﬁmg?4v§Fﬁg@g)

~ascertained ynethis way has surprisingly shown, any neasured val ue
‘multiplet found in this way can be used to plot a substantially identical
periodic curve K, as shown for exanple in Fig. 14 or as identified by
reference nuneral AlBbgandllG@annvElye fermahzophwsth| bbat F8Meof whi ch nust

however have ' : I cLent.Ly g r val ugaingn this case
for exanple ﬁ¥gﬁg?gﬁgﬂg%n%h?obkeg%ggnE%EepggssgggéggEETS?'g?é?n?Gﬁo. The
measure of pappddedi tp tbe mgpsuredywalyepdMailrMEedSBeWReF Fgﬁce numer al

144 in Fig. ﬁéoducin%oa hean"®asueemef the aforesaid phase di splacenent is
al{eady a characterisStic of the actual position of the
The fame applies to the likewise shown pulse sequence
3, in which, then, the measured values M31-M36 logically
havé to be multiplied by the same coefficient, producing a
mean value m3. The mean values ml-m3 then implicitly
contain the required position data which must still be
explicitly calculated from this data. Fig. 14 and Fig. 15
W, (bottom half) shows in a linear arrangement the amplitudes
of the calculated mean values ml-m3. In a special case, it
is also possible for ml = M1, m2 = M21, m3 = M31 etc.

If further pulse sequences are present, e.g. pulse
sequences 4, 5, 6 etc. which are not shown in the drawings,
then the associated mean values m4, m5, mé etc. have to be
ascertained by comparable methods.

As the evaluation of values ascertained in this way
has surprisingly shown, any measured value multiplet found
in this way can be used to plot a substantially identical
periodic curve K, as shown for example in Fig. 14 or as
identified by reference numeral 161 and 163 in Fig. 15, ‘the
phase location of which must however have varied
sufficiently long for the measured values, in this case for
example ml-m3, to come to rest on the curve (Fig. 15, Fig.
16A) . The measure of periodicity for this curve is
identified by reference numeral 144 in Fig. 14.



notor rotor. Figs. 19A and 19B show a way of acquiring six values ml to nb.
Three nmotor coils L1, L2 and L3 with ternminals R S and T have current
applied to themvia a switch set SW - SW (reference nunerals 178 to 183).
In each case one of the swtches SWA - SWB and one of the sw tches SW -
SWs is closed sinultaneously. In this wa3Q-there is a flow of current from
the supply conductor 175 through the coils and the current sensor 177 to
the earth potential conductor 176, the |evel of current being capabl e of

detection via sensgie GRNED e the HrorRld HiheRH diath ddeithag shoun
in greater detail In qui 19B. At the iIntersections of |nes and_col ums,
e

the associ at e X8adeR MaFRGteHiStds Pl e assmrl dosikdonmiatchde® n this
“way, SiX sSW ifdddy s bilities are available. An application of current

to ascertain the rotor position then passes for exanple as illustrated in
Fig. 19C. Firstly, the current flowil is created by S\ and SW and it-
i ncreases in accorRiag‘s:e MA faml s shdW ankvalPf tEveruintiersistix ofalwesch is

d aft 93
pr ecet er m nedi i B aoRoren ot SC IR MRl bingta

swi t ched of f Ray Sopmd ) hawe swnnsids appidathéa ¢hem via 2 switclowets | ank
191. This prg,gﬁce k. tdﬁ { f’&:‘e‘fﬁ!é’ ﬂﬁ@z%l%"ht?%ht@" 1339 di SGORRREG! IRkl | Mes

is, in accor he ot her sw tch conbinations shown in Fig. 19B,

repeat ed for QRS @f Hdle fEWAEchas S apH aidoeng oL the sHEhsF Si4each
case after tigws |iapsalddtd élh\&l%%’i%uﬁl vaﬂw&rﬁ% Wiy, hdre def ectradwand

b £0 00 Rk O Skl (B VA ol RS

m, n2, n8, tdhmel atiratyreit rsﬁmrorpdﬂ?t |umtdxeteranttm1poments.al conductor
176, the level of current being capable of detection via
sensor conductor 184. The resulting current flows are
shown in greater detail in Fig. 19B. At the intersections
of lines and columns, the associated current flow is in '
each case shown for two switches. In this way, six

o switching possibilities are available. An application of

current to ascertain the rotor position then passes for
example as illustrated in Fig. 19C.

Firstly, the current flow il is created by SW1 and SW5
and it increases in accordance with a rising flank 190, the
intensity of which is measured after time lapse 193 and it
delivers a value ml. Once a predetermined current
application time has been reached, the current is switched
off by opening the switches, and the result is a shut-down
flank 191. This process with relatively rapid switch-on
and disconnection times is, in accordance with the other
switch combinations shown in Fig. 19B, repeated for a
further five current applications i2 - i6, whereby in each
case after time lapse 193, the associated value m2, m3,

., m6 is detected and is stored on an intermediate basis
for further evaluation. Although this method is somewhat
more expensive than the acquisition of just three values
ml, m2, m3, the accuracy of rotor position determination is



-31- however enhanced. As already nentioned, the object of nmeasured val ues
obtai'ned in such a way is to plot an al ready known curve, the phase being
however so displaced that the nmeasured values lie on or as close as
possible to the curve. There are various ways of arithmetically cal cul ating
this phase displacenent. For exanple, ofElof these possibilities lies in
firstly determning a curve K which provides an opti mum connection of the
nmeasured val ues to one another. This procedure has the advantage that when

conparing a fHidraiiatthaMdda .2 el eRERAIVC wWekRidneRl) Role @BHXck bew but any
desired nunber of 0|nt%_canﬁgglqonpaned m%%ﬂ one anot her Elg. 14). In .
this way, th&S3ih a-LY55 ames AguSEu R #ayalt St ken PIOTdPTpl aced i n

fi neI st eps uraatljﬂedﬁychcﬂdmﬂe AVt thel phesseMiiedihga hwewrelte seodispidcedc upy
an al nost coingi t pROsitio I.n.aorder., then, from.a_set of re

val ues conpr i%%g% “é%?a%’rﬁe? R EESr 1§ 2P & ﬁ%PSﬁEgﬁ ?glg%g%g& ?rtos, to
generate t he theatumw=. possi bl e curve, various prior art cal cul ating
procedures nmay be enployed. One of these calculating procedures resides in

usi ng obtained nmean values ml-mn as input values for a_Fourier analysis.
In this case, thes@ansaRLmIVAES e WaYISt ifl jaad thpetdicedBlve cadepilaking

coefficient Stkﬁ.-eﬁ-pﬂdl% i ARRnRH.S ForuRixanpaRd ¥ne bicdelsed to a
conpl ex summation. |I.n per se known rmanner, the nethod is carrledﬁgéf
3 UHsoKe e

i ndi vi dual | y BassiRiliddes Jdies dih ddmtdy

- 32- provides an optimum connection of the measured values to
— one another.

This procedure has the advantage that when comparing a
found curve with a reference curve, then not only a few but
any desired number of points can be compared with one
another (Fig. 14).'

Y In this way, the individual points on a found curve
can then be displaced in fine steps until such time as both
curves which are to be compared occupy an almost coincident
position.

In order, then, from a set of measured values
comprising for example three or six or further mean value
points, to generate the smoothest possible curve, various
prior art calculating procedures may be employed.

One of these calculating procedures resides in using
obtained mean values ml-m n as input values for a Fourier

analysis.

In this case, these mean values are multiplied by
suitable complex coefficients, e.g. the ntP cube roots of
unity and are subjected to a complex summation. In per se
known manner, the method is carried out individually for
all spectral components. These spectral components are



al ready sine or cosine terns by nmeans of which it is possible to construct
a relatively snooth connecting function through the neasurenent points. The
exact functional representation of the connecting curve is however obtained
i n known manner by a so-called inverse transformation. According to the

i nvention, however, it is extrenely usefi@- according to relevant prior art
cal culating instructions, to show a so-called spline function which
constitutes an optim sed continuous connection between .all points of the

set of nmeasupad-AsdMeSnESTeRdsAey tdrfi B9 ReahikoBrOlhieahitungt i ons _
differs fromthe first-nentioned nethod in“that the ggcertalned spectrumis

nmodi fied i n ROSHHIS 150 RRFHENS & FelRMVEHY FRRCLRoRSNRPELAPEr oxi mat ed,
for exanpl e Euridbich degioeghp ¥henaidaiRirement phintway, Thel ewated nunber of
points nl... nmof. a set_of nean al ues I convert%d to_a_desi.red nunber
of points of S G PEGIEERE A hPE OFn Bhen COPREF T BIaEEEN T A8 t he
- char act er i st howeatare dbdraimed [dos knicom, namaerebyr ense-cailledléhvandet he
~actual curve | current neasured val ues have to be conpared
‘W th each otﬁ%%%fgﬁébﬁﬁgf?MThis is carried out as follows: Both curves,
‘hereinafter referred to as the neasurement function and the reference
function, are,perWQ$d¥ﬁﬂﬁ§%%MpQE@HE&R%&t&H&E'%%wbb%rﬁeﬁtodbckaréﬁém9 144,
by others having the | engtth of the _periodicity range i44 Bqot h curves are
tested for cSeHYk AFEORAIRT tonFrELARRtoPTdOH PEL CRLCH)RdEs of a
conventional ieftaictiions, Precesdw a so3dalled spline function which

U

constitutes an optimised continuous connection between all
points of *the set of measured values. Essentially, the
generation of such functions differs from the
first-mentioned method in that the ascertained spectrum is
modified in a controlled manner or in that the functions
are approximated, for example by third degree polynominals.
In this way, a limited number of points nl...nm of a set of
o mean values are converted to a desired number of points of
the matching spline function.

'In order to determine the characteristic value for the
position, the reference curve 161 and the actual curve 163
defined by current measured values have to be compared with
each other (Fig. 15).

This is carried out as follows:

Both curves, hereinafter referred to as the
measurement function and the reference function, are
periodically supplemented outside the periodicity range
144, by others having the length of the periodicity range
144 .

Both curves are tested for correlation, i.e.
conformity or similarity, by means of a conventional
calculation process.



According to the invention, this is carried out nost expediently by
applylng t he nmet hod of Ieast squares (Fig. 16B), where the neasurenent
curve is designated 163 and the reference curve as 161, the nmaxi ma 165 and
166 respectively being spaced apart by the distance d, 167. For an agreed
number of function values of measurement3xnd reference function, the

di fference between any two associ ated function values is ascertained and

squared (curve 164). The result is added to an overall total, i.e. the
-curve 164 is inteqAHQ] l?@"ﬂ%e'%}l% %@P\re’htjlonm@:?ntsh'l% cakeyleat iRk Bestcbeen
‘carried out for each pair "of function val ues, i|n1lar|ty I S recognlsed

fromthe tot @xpsq%eqtflw Y SRRLYdRg the f‘}%@%?f faSth ARG ESs (ERE™
integral of tlm)cumr@%heammemﬁta@um g defsh.gﬁtaltéenmsealanfdultmai ons

Totals denot SAEARARAS He. AR (H 161 TRNICE) RS AR SPatsRtERt e

‘"t he ot her hameishpsdusd td]gmm rhyi arhet istanoectd,ol$7i.s smal . It is
understood that at the aforesaid summation, it is necessary over a standard
interval to total O to x1 or to arrive at an integral total which is at

| east as long as tHext agefagraed sumbexmeife fupation srduasc Off HFaSUFMent

Posi tion- chargfd %é&tf&lé@tﬁfdeﬂ%ﬂ ORHeS JiQW eidridel hetuledn afiyC ltwdy Way t hat
after a first sunmation process, urther rocesses ensue.. However_, one of

the two funcssesiat@dGuRFties valigs Ascersained, andyeguaned i n each
case successin&lprd tardd)er ofifes aesult GACAGRRE ty ah Pverelingictali, 1lée.

(RY 199 e %%rv':eouéfafs AR BT, Wl Gag 2 mnimum

Once this calculation has been carried out for each
pair of function values, the similarity is recognised from
the total sum.

_ If the sum found in this way, in other words the

o integral of the curve 164, amounts in fact to nil, then
identical functions are present and their phase difference
is likewise nil.

Consequently, small totals denote considerable
similarity of functions while large totals on the other
hand show that the similarity of functions is small.

It is understood that at the aforesaid summation, it
is necessary over a standard interval to total 0 to X1 or
to arrive at an integral total which is at least as long as
that defined for example by the reference function.

Position-characteristic determination is now carried
out in such a way that after a first summation process,
further processes ensue. However, one of the two functions
including their supplements, on both sides, are in each
case successively further offset, in each case by a phase
angle xi 114 (Fig. 16C). ' -



sunmmation result, the correlation is at its maxi num and correspondingly a
measure of phase di splacenent which is found in this way can be used as a
rotor position characteristic. For exanple, in Fig. 16C, it is possible
with the phase differential xi 4 already to establish a virtually conplete
agreenent between curves 161 and 163. AX¥4adwther nethod lies in displacing
reference and conparison functions in respect of each other until such tinme
as the sum of the absolute amounts of the differences in a nunber of

function val ues Oﬁo&ekﬁf%”% a%@ddﬁgﬁmaEb&EBtfHﬁibhoﬂﬁsl5 ASnSh@ll as
possi ble. This nmethod is shown in wo functions to b

The
conpar ed eacﬁumﬁﬁélgnnﬁﬁﬁH&ﬁl1§§eoF°%§81a?ﬁ8an§s@toFF§eWaF§mFW 85§h case

identified b)éo&re’é@@n@llhbqyeacméalsnrbhaff phatseoalg nacamensuwhdens ist he
resulting to aI urfa % |kemns% u e_of g e con uence.of bot h
functi ons. % e HRYc 588, FOBS 85shafPest 88§ BP@ conpari son
anount , nanebhamhetemusgnal of the function 168 between 0 and 360[err] el,
denotes a ready conformty between the curves. Wen conformty is conplete,
the differential surface dimension amounts to 0. The figures for rotor

posi tion obtai nedFior exagpley émeF6§Vié§§hyi§u5§tﬁﬁﬁﬁab&§ watl &beurate

than gai ned Bna%,%Ca&tf@e@e%&l%lW&&I qum%ba% eb lééEhB!isﬁUQp%B:tﬁal\w' ues of
the function; as _described in - However, the_cal cul ating cost

required to §9WP@@§etﬁE§e@WEPGV t&@@@r&8§V?§ &ﬁéaﬁﬁﬂ dfdce on the one hand

firstly the function values of the spline function have to be ascertained

(e fnterpol at o MRSSRANdRaR i IS SRLETUTIGN YerSaRlbonst b
comparison functlons in respect of each other until such
time as the sum of the absolute amounts of the differences
in a number of function values of reference and comparison
functions is as small as possible. This method is shown in
Fig. 16A. The two functions to be compared each have a
maximum 165 or 166. The phase offset is in each case

K,/ identified by 4. The differences in the function generate

surfaces, the resulting total surface is likewise a measure
of the congruence of both functions.

As in the present case, too, the smallest possible
comparison amount, namely the integral of the function 168
between 0 and 360° el, denotes a ready conformity between
the curves. When conformity is complete, the differential
surface dimension amounts to 0. The figures for rotor
position obtained in this way are obviously substantially
more accurate than gained by ascertaining a maximum value
of various supporting values of the function, as described
in EU-A 251 785. However, the calculating cost required to
achieve this improved accuracy is greater since on the one
hand firstly the function values of the spline function
have to be ascertained from interpolation nodes and
secondly the optimum curve location must be determined by
iterative curve comparison operations.



Bot h processes can be conbined to constitute a possible solution to a
pattern recognition problem However, according to the invention, there are
further solutions to the problemindicated: A further such process is based
on the method of centroid analysis. For this purpose, the values m, nR
etc. are represented in graphic formso-3%at a surface is generated which
takes the formof a regular or irregular polygon. In a particularly sinple
‘case, a position characteristic can be calculated fromjust three val ues,

‘i.e. nmeanval ues MpodH pHtdEbes! RAPR T CRiAhaR 2L TondEGRutiend to the
i nvention for cal, ulatlnqﬁﬁ val ue characteristic qQf ,a position does for

‘this situati & IR IHYHIAT 59 & BRGNS TRCROTE A PFOPLM: 2 and nB8
.as axi al porHaRSsd1, Quedddiery b rBies iigiveintGant, e $hatreC @dediftidtt@®rsyst em

Such a system af coordinates whi | s .spanned by the three unit vectors
(801), | (802° %ﬁ%ﬁ%?ﬁ?&%ﬂ r}’@gc.a%fﬁ*g. this illustration al so
.shows the spatial diagonal 804, which passes through the neutral point and

the point with cogf dNahRs igudn g%ocjeses itsh%a Al o3l cHlegRRPod Sedefined by
the origin of the coordinates systemwth the associated unit vectors i, |

‘and k (801, SEntmyd) ansdusis vedan tdm ipurpose,k the valyes 8deoR@ and

third neasur e valdsee @epﬂ?sedﬁéd)fi;ﬁ rapghi® FGFUEd ahRt B euGFaedsds
plotted in the directjon i, | égmik. n"this way, a rlaE&je 81l i s defined
of which the CRRTHES Wuifth Siakes the farm of &, GFaPdd LFEESIRYg t o
the underlyi ppliygen OfInrenpared oidldiQy; sinfle Waise,dial poisdntidnocati ons of
rolor to be eyaliated 89 JdLeren e id At BRI IEE e I RANGES P

i.e. mean*values ml, m2 and m3.

The associated process according to the invention for
calculating a value characteristic of a position does for
this situation reside in plotting the three measured values
ml, m2 and m3 as axial portions in one three- dimensional

K_/ cartesian coordinates system. Such a system of coordinates
which is spanned by the three unit vectors i (801), j (802)
and k (803) is shown in Fig. 17A. this illustration also
shows the spatial diagonal 804, which passes through the
neutral point and the point with coordinates i, j, k, i.e.
the spatial diagonal is defined by the origin of the
coordinates system with the associated unit vectors i, j
and k (801, 802, 803) and the vector sum i + j + k.

A first, second and third measured value ml, m2, m3 of
a trio of values are in each case plotted in the direction
i, j and k.

In this way, a triangle 81 is defined of which the
(surface) centroid S, 82, is variously located according to
the underlying trio of measured values, since with
different locations of rotor to be evaluated, so different
trios of measured values have to be assessed.



The said surface centroid S can be ascertained graphically or in a
practical’ situation by calculation and lies on a curve 810 (Fig. 17B) which
passes substantially in cycloid fashion around the spatial diagonal 804 and
which is shown on an enlarged scale in Fig. 17B. The spatial diagonal 804
passes through the centre Z, reference #8&reral 83, of the triangle 81.
Together with the centroid 82 which varies as a function of the neasured
val ues, the centre 83 defines on the triangle 81 a straight Iine 805 which,

inrelation to a gherisghly lstrthc@0cheagansceah Be83sapdrainaaner point,
e.g. m of the tri,angl.e 81, .encloses g clearly defined angle 807 in the

pl ane of t he FRPEIS ;YTﬁFél§nGIQIQGF1F§1u§é&E§§18Hp ¥i CROFULALLQR: 8PFsti ¢
for the rotonlipesion @ curte B10Ur(Fier. prejewhedh pbasteadsabsthatially

t hr ee- di nensi,onal Epn t he .sai d Epr e gpasurgd ﬁalues cag gbio Rﬁ

eval uated i n*& (W& CdhEREITA! ﬁf S et BB éS egéﬁggpﬁ n ia. 18). For
this, the thwhdcixds shospaon ame eplajrgeticdcedeoinhFég.s7Bi.ghThei nes whi ch
energe from gl X anas r di.na dyha ul ar
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di rection of numes@la®ds ofdthe &riangler 8ortional to the nean values m,
n2, nB. In this way, a triangle is spanned, the centroid S of which does

not necessarily coincide with the origin 1802 of the three straight |ines.
In known manner, ti99& Mt FENESR: 5@t¥315§ dPawPRg3Er 2by
cal cul ati on. fAmReidn@ft ahchamcaginedndraloaest, i eheokehteg8Bedatedekr bangl e,
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and
angle 807 in the plane of the triangle. This angle 807 is

used as a position characteristic for the rotor position
and is further processed.

W Instead of the three-dimensional form, the said three
measured values can also be evaluated in a two-
dimensionally orientated representation (Fig. 18). For
this, the three axes of space are projected onto three
straight lines which emerge from the origin of a x -
y-system of coordinates and have an angular difference of
120°. Starting from the origin, paths are plotted in the
direction of these axes and which are proportional to the
mean values ml, m2, m3. In this way, a triangle is
spanned, the centroid S of which does not necessarily
coincide with the origin 1802 of the three straight lines.
In known manner, this centroid can be constructed by
drawing or by calculation. According to the form and
location of the generated triangle, so a straight line
between centroid S and the origin of the three axes will
acquire a varying angle 1801 in respect of these three
axes. This angle is then used directly for determining the
position of the rotor of an electric motor. The distance
from the centroid to the origin plays only a minor role and



-37- may possibly be used for the purposes of correcting rotor position
det'erm nhation. The position of the centroid can in known manner be

det er ni ned by constructing the nedian or alternatively by using the
centroid fornula, which nmust in this case be applied for exanple to three
equal -wei ght elenments m, n2 and nB. Ingagccordance with this rule of

cal culation, the portions in the X- and Y-direction (Fig. 18) can be
cal cul ated separately. A closer exam nation of this nethod shows its

arithmetical identit th a furt Qcess t he
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the triangle. I'n another nmul ation, thi's nmeans that the_ vectors
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already points.in a EF{ HkﬁﬁéﬁpICh subs gtlally coincides with the
el ectrical rd€dr G58s eds S6RAXGLEIYght . " Furthermore, the nethod of
centroid anal ysis which has just been expl ained can be taken as a speci al

case Tor all et hadialaags RdIOEiEh RBRLisS bpbheaRbaEmLEnS, Also. T

t he case of such es or rmati propriate vector

sunmat i on isagémhmehm¢aﬂoadﬂm§hwﬂ wdshi a ﬁ@gpb@x Dﬁoﬁﬁﬁﬁltude and phase of
the so-called first harnonic of a function defined by a plurality of

Since in Fig. 18 only the angular location 1801 of the
centroid S in respect of a straight line 1803 emanating
from the origin 1802 is sought, upon arithmetical
establishment of the centroid, the otherwise necessary

- division, in this case a division by three, can be omitted,

\./ so that it is sufficient simply to add the X-values of the
corner points of this triangle in order to ascertain an X
component of the centroid direction. The same applies to
the Y-values of the triangle. 1In another formulation, this
means that the wvectors ml, m2 and m3 which emerge from the
centre 1802 to thé corners of the triangle, have to be
added together and that the resulting vector of the vector
sum already points in a direction which substantially
coincides with the electrical rotor position which is being

sought.

Furthermore, the method of centroid analysis which has
just been explained can be taken as a special case for all
methods based on Fourier analysis or transformations.

Also, in the case of such anaiyses or transformations,
an appropriate vector summation is performed for the values
in respect of amplitude and phase of the so-called first
harmonic of a function defined by a plurality of



-38- interpolation nodes. Together with Fig. 20, Fig. 19D shows a
correspondi ng exanpl e of the evaluation of for exanple three or six stator
coils for which six values m to n6 have been ascertai ned by procedures

whi ch are shown in Figs. 12 and 13. As already explained, m=M, nm=M1,
m8=MB1 etc. Fig. 19D shows the "conpl ex.pgane”, the x-axis corresponding to
the real part while the y-axis corresponds to the imginary part. Fig. 20
can |ikew se be regarded as a conplex'plane. In addition to the coordi nates

of the conpl | .an Fi 19@ shows all six vectors vl to v6 of the sixth
‘unit cubes, lﬁbr‘l tdﬁ:ii} meani ng as usual a solution x which

satisfies the probl emx raised to the power of n = 1. The first harnonic,

.i.e. the sinusoid %%ne,p €, Whi [ ! ed WL th '
‘nunber of neasur e?l\?ta ues of a ggﬁvo&o rFq%ct ﬁgﬁsg?@%a VI egﬁog‘h\ﬁ%
anpl i tude anexFRRle WL ddd eyadswddion of c,f@rpleecﬁm&@béhgeemrs sa#di ti on can

‘be likened tqdig2dHing tﬂﬁetv}iﬂrcrpfs:.‘é@%ru‘ésaﬁﬁ kS FROWAvEObe@KaNPl € in
Fig. 20 for a so- caIIed si x-point. DFT (di,screte Fourier, transfornatlon) | f

fewer or nor @SREIGHIAE Yué)sro(cr%ié%’i?rse FEHCH 6% Sho¥Pe 15 £488:, 1énard

correspondi nglyy. mxH falatkaayo xliEhet) P ML=M1YC fi2an2ar, e m3apsn gtem t he
theory of Fourier transformations. I'n a first stage in this cal cul ation

procedure, firstly the neasured val ues, which are generally present as real
val ues, e.g. as neEgir ddx whose tle Veompizxe pllaned ,c direerd-ackiisnt o t he

correct CO”DQ%&fggﬂﬁﬂéingnﬂdséﬁéf%&aMWQA}tFu%11£9Qhe y-axis corresponds .
to the imaginary part. Fig. 20 can likewise be regarded as
a complex 'plane .

In addition to the coordinates of the complex plane,
Fig. 19D shows all six vectors vl to v6 of the sixth unit
cubes, the term ‘unit cube’ meaning as usual a solution x
which satisfies the problem x raised to the power of n

— - 1.

The first harmonic, i.e. the sinusoidal fundamental
wave, which is associated with a given number of measured
values of a periodic function, is calculated in amplitude
and phase by adding associated complex numbers. This
addition can be likened to the adding together of vectors
and is shown for example in Fig. 20 for a so-called
six-point DFT (discrete Fourier transformation). If fewer
or more measured values (measurement points) are present,
then correspondingly modified procedures apply, such as are
known from the theory of Fourier transformations.

In a first stage in this calculation procedure,
firstly the measured values, which are generally present as
real values, e.g. as measured current values, have to be

converted into the correct complex numbers.

This is shown in Fig. 19D:



-39- If for exanple the six values ml to nb are present, then firstly the
si.x so-called sixth unit roots vl, v2, v3, v4, v5, v6 for which the
equation ( v k) 6 =1 is satisfied are plotted on the unit circle in the
conpl ex plane, where k - 1,2,3,4,5,6 . The angle phi o shown in Fig. 19D
anounts to 60[err], so that the said uniig9<ubes can al so be shown by the
formula exp( k * i * phi o), k being a value from1 to 6. In a further
stage, then, for the six values m to nB6, a linear extension of the unit

cubes is perforﬁEQfI}dyﬂé rgaéﬁggﬁﬁg%alhgsfﬁgttbnmgaggecg§@sgﬁtthe

.relevant factor m™ . ... poi nts are

obt ai ned in ¢m@nuﬂﬁ¥&§@ﬂﬂﬁﬂﬁaSIFh@°w9§l%ﬁ§-éﬁ@ﬁ@lH&lFr§ﬁpFﬁeV3n|§?m B/t he

coordi nates gnd 4 eRM bt %Hl@ﬁ%f@'é&ﬁﬁtfﬂorifq al)e alse ghawn in Fig.
20 but in a dlfferent form _The term "extend unit bes" E%St be
to

“under st ood t F3E&F gt AR & AtEInan ithe é\ﬁ‘ll'ﬁ'y I’fé’ PedPe
n6. For exarr@l@.ne’ N whege 1<9D 1,125 3val,Bg arl. | The eabgde phanolsamlrnt Her ef ore

‘Lhe respectiyg areqly Mloddied Uhd | S AT Ll ALBRLEL L DAL o2y (e

ot her hand, tHerefore thé respecti ve vector
be | ess than a;llsoTrbe \ﬂmvm PynitherEomil anexpis k r’Fﬁlar*ePihde@t Vi &dbgyng

reference nuELah$,Qlrdp 1245 (fner':'ﬁz f%u&wetﬂﬂ%wg@e thidpy e %mw@lbcn a

chai n-1ike juxtaposition in or toillustrate théif vector sum

i|lustrate t V@laesoslattat méal Guldnany eRtensgona Ot Fle: MRt SHhes: |1§n of
these vect or $erfitftined irdhotdi¥iied Heqiictic)0Wh FAadtahe edeh lct-ﬂsedbgs x|,

xzk/yz x3, y3 etc.. The x-conponent at the esult n ctor .i | nated
x7 and is colptss&ELHV %%@%‘? "ns “strow "I so that the po:.n% o

mé in Fig’? 19D are .obtained 1n the complex plane. The
vectors emerging from the origin of the coordinates and
extending to these points ml to mé are also shown in Fig.
20 but in a different form.

- The term "extending the unit cubes" must be understood
K./ to mean that they are multiplied by the respective value ml
to mé.

For example, in Fig. 19D, the value ml is greater than
1 and therefore the respective vector ml (based on its
amount) is greater than 1. On the other hand, if m3 is
less than 1, therefore the respective vector m3 will be
less than 1.

The vectors ml, m2, m3, m4, m5, mé are identified by
reference numerals 201 to 206 in Fig. 20. Furthermore,
they are shown in a chain-like juxtaposition in order to
illustrate their vector sum.

To illustrate the associated calculating rule for
arithmetical summation of these vectors, their x- and
y-portions are shown and are identified as x1, x2, y2, x3,
y3 etc. The x-component at the resulting vector is
designated x7 and is compbsed of the x-portions shown,



-40- while the y-conponent is conposed of the y-portions and is designated
y7. Thi's resulting vector has the end point Z 0. which can in turn be
regarded as a conplex nunber with the real part x7 and the inmginary part
y7. The amount R and the phase phi of this conpl ex nunber can be
ascertai ned by known cal culating rules f4®mmthe real part and inmagi nary
part, for exanple if the anmount of R equals the square root, then fromthe
sum of the squares of real part and imaginary part, in other words [err] An

associ ated ryl for g“b%qﬁaﬁe<H 1Y REYsRd B@etﬁélgﬁEOlebﬂsnﬁnQY1%

di gi tal conputer m croprocessor, is_sh as a flqQw chart in

Fig. 21. As @@Sﬁﬁnﬁﬂedeﬁh s (T SrEiesdd s 106 VR CEORe hagn M6y 678 BPABEIGr es

are possibleg,| RA dH Icdin SheRuS40 be &%g%ﬂzﬁ%@dhskaow&mpalebte&un%e&owﬁﬁh
ascertai ned by anot her programe are.stored in a. stack
mnory. 1 t RS AW ot aney P dT8gSNagy; PEEE qant HEeETEREEGR, e

initial ValueﬁuiIﬁhéﬁpﬁas@ukﬂn.kﬁﬁtﬂ&mnammm@abhsrmmﬁdenﬂdauc@btaacadﬁaes&éb

SUVR and SUM,| [e set eraq_and_co std tut h S

and i magi nar Yp ag'ﬁ:élzl sneqq % 09“ %E? g@n& r% ant [ gjlflgw
val ues are ageert ,t cfor esqaplaec tidd tfhe:)rantdwé:e QEeﬂolel@@lSs&b@ wauaEe be| ng
derived fromthg Vaﬂ}h font ‘%H% sull''$s tHd %tqﬁ%rf%gde firstly the

value m is retrlevec rom st menory and tg the gontent s of
the nenory SEBRATR @Ik HTASINSHYe RATE addumderh¥orsds ¥ (7" rYsidp S45,
then, the value n2 is retrieved fromthe stack menory and di vi ded by two,
T"s-result I s on the one han adqad H? tent% t he nenngy %pM R
whiTe on the An associate caleuiZtion tor protessing t

values ml “to mé by a digital computer, for example a

microprocessor, is shown as a flow chart in Fig. 21. As is
normal with such methods, many other analogous procedures
are possible.

In a first step S40, the already known values ml to mé
Y ascertained by another programme part are stored in a
memory, e.g. a stack memory.

In the following steps S41 and S42, various quantities
are given initial values, in particular the memory cells
with allocation addresses SUM_R and SUM_I are set at zero
and constitute the memories for real part and imaginary
part. In the subsequent steps S43 to S58, substantially
values are added to or subtracted from these memories, said
values being derived from the values ml to mé.

Thus, in step S43 and S44, firstly the value ml is
retrieved from stack memory and then added to the contents
of the memory SUM_R which subsequently assumes the value
ml.

In step S45, then, the value m2 is retrieved from the
stack memory and divided by two. This result is on the one
hand added to the contents of the memory SUM_R while on the



-41: other it is again nultiplied by the factor [err] and then added to the
contents O0f the nenory SUM. This nethod is continued in a simlar manner
in the subsequent steps whereby in steps S51 and S52, the division by the
factor 2 is left out and a simlar procedure adopted as in steps S43 and
S44, whereby certainly md has to be subt4heted fromthe contents of the
menory SUVR. In the other cases, it is in each case necessary first to
divide by two in order to obtain internediate results which are added to or

subt ract ed frdHHéﬁeitUBi@ra\gF{i_Q{ i 1Y i p 13/ oy il FAdHI PV A tife factor
[err] to the y<£§ﬁ%% his totalling of the nenories [err] and SUM up
and/ or down iarsgaér%(’eﬁ FRAF SR 51Qfp thiss memoar i, §Wed -pr methage is
rr?m)[]i es SUI\/I%cﬁmiR _'rﬁié\dF_ A lir Bw%:imﬁpra&:semimﬁﬁ til’neé:%ée dws@@@ww i nﬁnt X7

of the vect-or | i.Q. and,.an _t er_.t he .y-.canponent t he _sane
vect or . Accorwajlefgquiy, thhes?tfelﬁﬁ% @J*Etﬁ%tgt‘i s §'Sd‘r6§§’o%é'i r‘f’éyet Joaﬁtﬁr #1 are
intended to det defimeutharshgl einfiley prossdure adopiteld as tin tsteps $43s
and 0 addi tigin s LAY Nerd AP HAHGE o L SBRT DA Gro0 L

Fig. 1, for ascertaﬂnkgg théi r anount, Ecsntents © t he nmerori es
SUMR and SUMCQIEnbflich dha memoyiya il fhd diethe obhgr icases.ndd fisomnt he

squares. Frogaddi cddd Hlecddiivy eI @ikAde by eRAIIREGrdd & val ue
al ready represents the desiyed anount. of the vectdor and for this reason it

is stored in - FRLE Loyl tee Ml chy agied@ddes &2 OFl ate the phase
angﬁ phi i n sutatdaed Exdde thetticioriyn GUM_IRN oit, € RF 895 Hed ndf tulftipdtiled t he
co nts of the les .S and.SUM are seqd.and the.rel ative signs
of these valts)st %rﬁﬁﬁﬁﬁf Ir1%%gﬁFﬁgﬁﬂ?Rﬁ (0] 1s totalling of the
memories SUM_R and SUM_I up and/or down is then concluded

by step S58.

The values preseht in the memories SUM_R and SUM_I
thus represent on the one hand the x-component x7 of the
vector R in Fig. 20 and on the other the y-component y7 of

Y, the same vector.

Accordingly, the further calculation steps according
to Fig. 21 are intended to determine the angle of this
vector in relation to the x-axis and in addition also its
amount. In accordance with steps S59 to S64 in Fig. 1, for
ascertaining their amount, firstly the contents of the
memories SUM_R and SUM_I are individually squared and then
a total is formed from the squares. From this total, then,
the square root is obtained, which value already represents
the desired amount of the vector and for this reason it is
stored in the BETRAG/amount memory cell. In oxder to
calculate the phase angle phi in relation to the x-axis,
then, in steps S65 to 968, firstly the contents of the
memories SUM_R and SUM_I are accessed and the relative
signs of these values are noted. In accordance with known
trigonometric procedures, the desired main angle value phi
o can be calculated from the quotient of SUM_I/SUM_R and
the arc tan function applied thereto. The final angular



tri,gononetric procedures, the desired main angle value phi o can be
calculated fromthe quotient of SUMI/SU err] and the arc tan function
applied thereto. The final angul ar -42- value is then, in accordance

wi th known transformati ons, determ ned on a basis of the stored sign val ues
within a range fromO to 3600. The situstd-on described here can |ikew se be
descri bed in abbreviated formby the summation fornula [err] and the sum
[err] therefore indicates by its real part and its imaginary part |ikew se

amount and phasg,&fid h&efri I Sitn RRITHHHG Y vfl%@ldm%altﬂ%%omat%h%r wor ds .
the fundamental wave of a periodic function defjned by the neasured val ues

m to nbG. Thldseq%‘tl%&q FedafdthoF CRS SELEF&IGE WdNeSadh {“1 én
procedur es anthrifedFasHeD Oftglizgoeete Fourier transformation (DFT). This is
explained with reference to Fig. 21A, where the values mMl to n6 are shown
at A) as 6 interpolation nodes of a periodic function 230 which is then
repeat ed. Conpari Stire shioasttitat ddsediled deser idae:d lri:ktem:'d;ecm de scagieded

as DFT for ater iﬁgsﬂgﬁj ﬁﬂﬁ §4f i rst harnonic of
this functi onthEi"gJ}:Ill r)Etl ew seh%h%%1 EI&by eqw st ant interpol ation
nodes and which is repeated periodically outside the |nterpolation nodes,
i.e. is contlnqu_lqn#g BIFi#pnilhen, at B), Fig. 21A shows the

ar

ascertained first h nic wth its éhplltude R and its phase angle phi o
whi ch essentially indicates the rotor position and which for exanple is

cal cul ated acafy HiH gl tA)¢ dHerw Ry tindiddtes By its real part and its .
K*’ imaginary part likewise amount and phase of the first
harmonic Sr fundamental wave, in other words the
fundamental wave of a periodic function defined by the
measured values ml to mé.

This last-described method can be compared with
calculation procedures and processes of discrete Fourier
o/ transformation (DFT).

This is explained with reference to Fig. 21A, where
the values ml to mé are shown at A) as 6 interpolation
nodes of a periodic function 230 which is then repeated.
Comparison shows that the last-described method can be
regarded as DFT for determining amounts R and phase phi o
of the first harmonic of this function 230, which is
likewise defined by equidistant interpolation nodes and
which is repeated periodically outside the interpolation
nodes, i.e. is continued in the same form.

Then, at B), Fig. 21A shows the ascertained first
harmonic with its amplitude R and its phase angle phi o
which essentially indicates the rotor position and which
for example is calculated according to the flow chart in
Fig. 21.

As already mentioned, essentially the angle or phase



As al ready nentioned, essentially the angle or phase -43- phi of this
first “harmoni ¢ which is shown graphically in Fig. 20 and 21A and whi ch can
be cal cul ated according to Fig. 1 is of interest and already represents the
desired position characteristic for position of the notor rotor. It is
understood that instead of the enbodi mre#3performed, it is also possible to
use simlar calculation procedures such as are known fromthe theory of
Fourier transformations and generally integral transformations. In

particular, yhthog kglhiaticyeky har@enfenhaschl iEnkrenal gkepghnedesy ih is
possi bl e al sg ,and naturalléfto use.an allygd algﬁr thm which i.s_known by
the name fasFiBoulPePrd: 2h8f 8PFRIRIAR( ERR) PEnGadAPLAtES GFPEBIRITBP saving

on further caligul atiignofoshserdeeoaddnglireatifereprbsdatssbheedesicedve
conditions may need to,be_observed ich_are, however r o] man
skilled in tRPS iland.ChFFaFEErﬂrEEﬁS\é\’g°6f PYELEF n?ﬁgtgﬁeﬁg‘é&%{éae%%ase

| ocation of a function which have been descri bed are conpared, it becones

evident that the R!ha0%qaRsstoon gﬂggggﬁgtteaanssso B! pBsagheRBsed on

centroid anal yses aré characterise .a_consi derabl ;Saving. on cal.cul ation
time. For a pembloamesedfi At PFCOPOSHAbAES R BECOFIRILBEoF2IEREAEABBNL of

R (Fig. 20 oprefddauried sdth &S BRe kaown €#omMVBRe! 6hebgyObft Rorierue to

whet h t d ' I t i sh d | it
Can however SEPRBEAFTRUIARE. SO URBEREL hAnEeREay LERBPLF) R aNer IB

cal cul ati on pagtilculer ,detiehranired atheedygliargki nambetreblieinteepolasedause

feared. 1 henBPE R o SReRTbg e 8 160c AT o Parar Ly 59 ShEDRnCEELidd

det er mi ni ng tAgoxdshn which tise knowor pbyashex pamenfast Fourier
transformation (FFT) and which is suitable for saving on
further calculation costs. According to the methods, so
restrictive conditions may need to be observed which are

however normal for any man skilled in this field.

o If the methods of determining the desired phase
location of a function which have been described are
compared, it becomes evident that the methods based on
integral transforﬁations or based on centroid analyses are
characterised by a considerable saving on calculation time.

For a simple determination of the position of a rotor,
the amount of R (Fig. 20 or S64, Fig. 21) is not required.

Monitoring of this value to see whether it exceeds
previously established upper and lower limit values can
however serve as a check on whether there is a generally
plausible calculation result for determining the angle phi
or whether there is cause to presume the influence of an
error of any kind. If no error need be feared, then the
amount can also be used for correction purposes when
determining the position of the rotor, as explained
hereinafter.



hereinafter. -44- For precisely determning the position of the rotor
wi-th*reldtive errors within a percentage range, it is necessary to have a
substantially |inear rel ationship between actual angle or rotor position
and the cal cul ated angle or position value. Since neasurenent, on the basis
of its principle, is based on non-lineaf4physical effects, the initially
attainable results are normally non-linear and can at the outset only be
described as position characteristics. In accordance with the thought

underlyi ng the inpggat p@éc19é%_ysdéﬁéﬁﬂiﬁgﬁguﬁhéOpesﬂtﬂ@beoﬁotmecrdat\@rval ues
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paths 71 - 78ndceanbatkent bitdetabheyobeCaeseeibedsasApositiog to a known

mat hemat i cal procedure, nore matching strapght |i c i ed
through a nu @FaGFeFﬁ?EFﬁﬁlatFBnaﬁ88§§anFﬁ 8?&& Eﬁ Eh?ﬁﬁétaaﬁ%€§%¥gﬁ
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have coordi nat: At &fsect
also be pfotted in a chart as Fig. 23 shows.

This shows in detail the cartesian coordinates "actual
position" and "position characteristic". The functional
correlation between actual and characteristic values is
provided by the association curve 72, as is illustrated by

o the example of the abscissa and ordinates value of function

value 71.

The association curve 72 will not generally have any
rectilinear pattern and so it differs from a straight line
73 which most resembles the function values. The
deviations of some interpolation nodes of function 72,
shown with regard to the example of the paths 71 - 76, can
be kept in a Table of Corrections. According to a known
mathematical procedure, one or more matching straight lines
can be implied through a number of interpolation nodes.

In order to define a matching straight line 73 which
need not necessarily be characterised by a best match of
the interpolation nodes, it is, as is well known,
sufficient to have coordinate intersections 74 and 75.

For each position value which has been ascertained
according to one of the already mentioned methods, it is



For . each, position value which has been ascertai ned according to one of the
al really’ ménti oned nethods, it is -45- possible then, by using such a
Tabl e of Corrections and nornmal interpolation nethods, to cal culate an
actual position value. For various types of notor, then, instead of a
correction table, it is also possible tet8ndicate a correction formula
which is defined by one or nore sine terns and possi bly associ at ed phase
terms. In practice, maxi mumcorrection values in the range of a fewto a

few dozen degipesHiel theﬁayb@ru%engAshbaleabaﬁabuefleoerebeseaedahay
varyi ng devi ati on_whi ch "has maxi mum of about 20[ err] d which can be

reduced by tHQ?&%%j%95%%9@9@6&09y“§$3995a FQCFEFCYéatPna§ PGFPﬁér
refinement opolshie iew vedileve msueeaoulst ty@eeab@rabtbral &ﬁeﬁQS&hbtéaHO

i ncl ude ot her__paraneter al ¢ atlo S _suc le, t

t enper at ur es °8f & ﬁ@rﬁﬁF§F°80 §18r &Egﬁété sﬂdBP?F&ﬁ&F g8r?3§RFﬁ§ed9ta can
be ascertalne¢rﬁea¢anefbmghéa wadwbniic deftihedbbyi oneeasumedevaline
sequences Whig r.aa e her ei nabove where an
appropriate nu er &gpkeggggggg%%gogqﬁggaa gggga%?EbF Simlarly, it is
possible fromthe anplitude of the first harnmonic to derive a further

correction functieh giracbiieelyRxifith kbirteBte6adYaEucaniAddhki faabe
correction function or chart. i s I’S ui red de5|re I’OtOI’YBOSItIOH i's

then cal cul aPed® &0 Phd¥nGreepnrcgrrgs 28} &nﬂaXna§a§Pt|v@ gypical
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said correctlon by about a factor 10.

In a further refinement of the corrective measures, it
is naturally also possible to include other parameters in
the calculations such as for example the temperatures of
the motor coils or magnets.

Additional correcting data can be ascertained from the
higher harmonic of the basic measured value sequences which
are not considered in greater detail hereinabove where an
appropriate number of measurement points are available.

Similarly, it is possible from the amplitude of the
first harmonic to derive a further correction function of
this type. For this procedure, an additional correction
function or chart is required and the desired rotor

.position is then calculated from the angle phi (Fig. 20)
and an additive or multiplicative correction value which
depends directly upon the amount (amplitude) of the first
harmonic. Correction functions or charts have to be
established by experimentation as is carried out
beforehand.

Commutating stratagem for sensorless motors:



Conmut ati ng stratagem for sensorless notors: -46- The deci si on sequence
as td ‘when the notor needs to be switched is illustrated by the flow chart
in Fig. 24. On the one hand, it nust first be established whether a
start-up i s acceptable as a stepping notor or not since starting up in .a
basi ¢ position can possibly be perfornmedt@®y a non-acceptable direction of
rotation (Fig. 24, Sl). If stepping notor node is acceptable, then for
exanple a stepping pulse is perforned (Fig. 24, S2) which increnents the
counter 1003 (Fig.Tha) -de'dlsiltcﬁp s‘é’ilfudxﬁ% Q@MY &thiend thegimotb@0degedsetat @2 a
new comut atin tter.n i.ch s to the qutput stage |t which in a
step 44 provi%‘g‘g%deéﬁegglﬁ%a&eadﬁg r?%‘[eoﬁa‘olwgc@“ﬁgttsgﬁlsgﬁgénﬁﬁs't e|9n85,

t hen, EMF obssheyatrieothaarl,alilt shuest \hiedstte bet les tdibldcshiedn whiethexr @cti on i s
right. If thigj.s the. &ﬁ%& [ : ' i I j on can
be retained asg:ac#hé&wlgsﬁ%tc 'S n(é]_'(:egs?s%ta%s s?%pg}:%& gigrt%?r o%gr?%&t g’?l&%tgel
sequences whistianiiswlow &1 faipe lich Rasd tdione samo poss ibdyaro Perfigrsied
sequence i s igy td Hdnt JRR{AAA dIHildectiGh MRt dd I(Fig.i Pat, spged rfs
reached. Alternatively, if it is necessary for the mytor to start up

i mredi at el y iSRRI MAQT &?qd&tli%ﬁ%eﬂ%‘tb&ﬁ'oﬁh%éﬁrsteé‘ﬁg‘ P fo S9 are
per f or med. | | Bfeiinp A deesid tpedffdried oFdg.pew,t iS2) addeht dinveenientst ep
S7, as is likewise the ¢ Wi t he \nor mal eraLio fa - conmit, rless
di rect curreft*SStB" et%gﬂﬁj’n Q;h 'eSZ)SB, rﬁ‘ng%%é’c Sa&?%cgaﬁm ‘q"".“nlg} attern
is at the sarimgiard (fheyexteathtarl s migw ahmrudatdmse patd en which tig fed .
thig_correct di | !_IBH' : : ISl Y §Hy3aS
t o whet her t%d;q:(rir{e% ﬁ%l | sE {‘%:agieeerqlené%atieé; ﬁlﬁé}ﬁear %a I m tgs} eed has been
r eached. energising of the motor. In the subsequent step S5, then,

EMF observation establishes whether the direction of
correction is right. If this is the case, then in step S§,
the direction of rotation can be retained as otherwise it

is necessary to provide for commutating sequences which
produce a change in the direction of rotation. This

), sequence is initially repeated until such time as a first
limit speed is reached.

Alternatively, if it is necessary for the motor to
start up immediately in the correct direction of rotation,
then steps S7 to S9 are performed. In fact, as a result of
the rotor position ascertained in step S7, as is likewise
the case with the normal operation of a commutatorless
direct current motor, then in a step S8, the necessary
commutating pattern is at the same time generated and
emitted, to cause the motor to turn in the correct
direction during step S9. In step S10, a decision is taken
as to whether this method is to be repeated or whether a
limit speed has been reached.

Once this first speed limit has been reached, steps
S11 to S14 provide for a farther-reaching acceleration of
the motor.



Once this first speed imt has been reached, steps S11 to S14 provide for
a ‘farther-reaching accel eration of the notor. -47- This is achieved in
that after recognising the zero passages of the notor counter EMF at an
appropriate point in tinme and in accordance with a freshly cal cul ated
comut ation pattern, power is supplied t97the notor. In this way, the notor
IS run up to a nmaxi mum attai nabl e speed. Regul ati on and control of notor
speed or position by nethods according to the invention: The precise
determ nati on of tHE.gdHE tddnefed imttiratusiftgr recvemnied nac ctvedizegot 0 t he
I nvention can,j t e ' t. W syufficientl i gh .
repetition f r‘rbedq%ea%éessc defgﬁlﬁqu%g)u%e%refg%n%t i g%gelp trﬁ'a?‘ggpgf'&t

devi ati ons fAdmtdmesnddpasiagusiansge midhhat dresbilyr cadgulatedder to

qini M se tNem et fith Padtrhe S ARG 1YY Al thokidz1Cl Pl €)
Since the position values can only be deter e& at discrete points in
time, then where this type of control is concerned, it can only be a

scanni ng control . I gHilss Wayg| EhewBtidus d Regpepderd apuRkdigal ons are
known. For SC%&%%E%gﬁpntrO|s it is well known that the attainable quality
of control i & FHRPY he scanning time and also by the various
systemtine constants as well as by the control al gorithm appli ed.

‘Therefore, a furt ' ' ntj i s Lop.of the
posi t1on ot the r CEepiErItn Und ModeRlde tharhy’ 2rds 67 SRR BIHRORST (¢
carry out a &@thasis gficagndiag tbee theedaventiosi:ti on of the rotor. In this

re§32ct, It is possible preferably to use a control

The Precise determination of the position of a rotor
using the method according to the invention can in practice
be carried out with a sufficiently high repetition
frequency, e.g. 100 times per second, in order to register
deviations from a desired position of the motor rotor and
in order to minimise them by taking an active counteraction

W (regulating principle).

Since the position values can only be determined at
discrete points in time, then where this type of control is
concerned, it can only be a scanning control. In this
field, numerous independent publications are known.

For scanning controls, it is well known that the
attainable quality of control is influenced by the scanning
time and also by the various system-time constants as well
as by the control algorithm applied. .

Therefore,-a further object of the invention is to use
determination of the position of the rotor in keeping with
one of the said methods in order to carry out a control of
either the speed or position of the rotor. In this
respect, it is possible preferably to use a control
structure with a PID algorithm cr even with a status
control algorithm.



structure with a PID algorithmor even with a status control algorithm
-48- |'hstéad of regulation, it is naturally also possible to carry out
control. In this case, by a progranme or an external presetting, the
pattern of the speed or sequence of positions which the notor rotor is to
assume as a function of the tine can be$¥edeternined. A further method
according to the invention and relating to the control of speed resides in
perform ng only one neasurenent of the rotor position and subsequently

performng only pawstentdldf atdgul attiagss itTHe dMJt&tﬁanlyOfal'fsbepW\s&ble

application sta | eraII d en on _whe e_next _nmnto

ot ati on S Ekal) Pl oy, O PRt A PR oS i 87 1

accel er at ed. elxtmt&ir aerecse bk irlg ,t h:élet rergiernuode the speede omsequience an

advant ageous J ke 10hen il et %tgief&%?si%rlﬁomé'éﬁnéh%”%m ng, is to
t

take into accou e nunber current applicatiaon cles already appl i ed.

As a rul e, tHangRis of Iqh%é%ﬂa@n&? Eredeteard g rotor speed.

Instead of the pul se shortening being dependent upon a number of current
|an| i t. measure of the tine, the sai d dependency

application pul ses

Ty al S0 be || neaft sPuRkPen HIALHAY FCRFII EUEHE CrFEntASBAItng Lo Fi g
25, anot herI pedsitiing tho an@drcrbmg:dlo qusple@del Helgdd afse 4ind @ rifod rarkign @nnlsrg
current appligation-period. duration |jnea t ai ne
overal | angl &5 G%es%c}:{)esn} | olr%l’fraeg’&éjé)t oé%g:ﬁ%'n %@oﬁ?@%%ﬁ%%%&
relatively | gegfomng rwglhyalpmla‘mrap@ﬂacamoe:ntstagpla cation tine) and in.
kekping with the already

The duration of the power application stages will
generally depend upon when the next motor commutation is to
take place and will shorten constantly as the motor is
accelerated.

In accordance with the thought underlying the
o invention, an advantageous method, when calculating the
necessary pulse shortening, is to take into account the
number of current application cycles already applied. As a
rule, the pulses will be shortened with increasing rotor
speed.

Instead of the pulse shortening being dependent upon a
number of current application pulses as an implicit measure
of the time, the said dependency may also be lineally and
explicitly dependent upon time.

According to Fig. 25, another possibility according to
the invention resides in making the current
application-period duration lineally dependent upon the
attained overall angle of the position reached, for example
(commencing with a relatively large starting value for the
current application time) and in keeping with the already
achieved position, reducing the current application time
continuously and lineally (131) until for example a minimal



achieved, position, reducing the current application tine continuously and
li'neal I'y (131) until for exanple a mini mal -49- value is reached, bel ow
which no further drop will take place. Simlarly, it is possible to perform
the said procedures in a non-linear manner. This can be achieved
particularly in the formof a logarithm4®or hyperbolic dependency (132)
and if necessary, nore conplicated functional dependencies can be enpl oyed.
According to the notor type and the coupled |load, particularly in the case
of a resilieweallypecdsphredchedd, befl owayhhehadvafitagbeuns dropr edlitettke current
application #1@%4}eu0 I n accordance with a tabul ated dependency (Fig. 25,
133), i.e. the necessary current application tinmes are no | onger calcul ated
on the basis of a mathenmatical expression but are instead filed in tabular

form for exanplegifmid 22RO ¥ tCAEPRRRRELIW tB pREEe2f Bdel 8h9H angl e or
wth increasing time, in each cqie new current application duration _data

will be acquPFRFeARERS: A ReRory 1ABRAGHEARRET | s TREEHGET Bl PrBIPYEcarri ed
out until sugartiirmlaslyhénnthemforauoteat 1agakicaienoki kppegboiaehed

whi ch is maintai n o sthat _access to the menory.co nent becones
unnecessary PE%EQ%%§%8V§F§251§£F.lihge Fﬁgayde??FFbg8mﬁiF8Fg§§ove I s shown
in Fig. 26 ifuncsiooah depandenaiesgcam bEoermpioyed.with a starting step
S20 in which there is in particular an initial allocation of initial values

to variable nmenory val ues, then subsequently in step S21 a tinme counter is
set at zero and tRegoFdingdteathe metpzntire pnd tbencoupiledailpradily and.in

a juasi - cont ipAYRUTUTBRAIY inl tle WakB B8£PReUREEIFeARYySBBUbled load, it
may be advantageous to reduce the current application time
(tau) in accordance with a tabulated dependency (Fig. 25,
133), i.e. the necessary current application times are no
longer calculated on the basis of a mathematical expression
but are instead filed in tabular form, for example in a
memory component. With increasing rotor angle or with

K_/ increasing time, in each case new current application

duration data will be acguired from the memory component.
This method is likewise carried out until such time as the
minimum current application time is reached which is
maintained constant so that access to the memory component
becomes unnecessary (Fig. 25, value 134). The method
described hereinabove is shown in Fig. 26 in the form of a

structogram.

Commencing with a starting step S20 in which there is
in particular an initial allocation of initiai values to
variable memory values, then subsequently in step S21 a
time counter is set at zero and then periodically
increments its count automatically and in a
quasi-continuous manner, i.e. with a predetermined short
cycle time.

By means of the methods described hereinabove, in the
subsequent step S22 and without the aid of external



cycle time. By neans of the nethods described herei nabove, in the
subseqiient step S22 and without the aid of external -50- sensors, at

| east the electrical position is determ ned. The subsequent steps relate to
t he runni ng-up phase, during which the kinetic energy of the notor

i ncreases constantly. As a function of TH@-already ascertai ned position
value, in step S23, a suitable commutation signal is generated which in
step S24 is used to apply current to the notor so that an accel eration of

t he notor takengdese ain ldrstiddie el atitneiotdloposihttd caurirse @etieoweined .i s not

at first intef [
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envi saged cur¥ierth dgig ilenebir enprava s $he mater Aerreesesdiospstengly -
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stored in the processor. In the next step S27, one waits until the _ current

appl i cation t3TRP Btdr t3i FtEanl eIt al ion S ImeL i gensrated

current can hin sstdshezh ofd usdd it lapply deﬁfre‘ﬁﬁ'ﬁ toSitMéetrtdﬁbxa@belt&i’aﬁttion
phase lasts only. a ' ther IS I e S29 .a lar?a whet her

t he envi sageaaréc%%cfegf%ﬁaqb]hor% :‘?r% t-thﬁ_l o'sr At é&?eé"&le this
i's not the cabiesectnon st émészmrmntemw CI..S frkm'e\aetr fllrfStt he ti rre t LIM

has been exceﬁf@éjmg%é)\%li ﬁgjﬁr At RSl=AN xel ocity
phase and in step It prow urther comﬂjt gtﬁl n%e?o nal’. tt‘Hn S step
is fol |l oned tgular@ifepﬁcsa&alavrﬁm dh & megertsingde Qj’eﬁegﬁtsé@ Qfmiiah gn |
si ypal provi dase tﬂ@c@%ﬁ%%ﬁj Gd Qéi{v%aﬁéd?%dﬁ%rﬂ APN8IcEtd dnh @ sk or .

In the subsequent, ste there is a erjod as in step 927,, when
t he nmotor cur tig sachpz&asfréqﬁ)(ﬂ%gqqulng to a predetermlned calculation

rule or in accordance with a predetermined table stored in
the processor. In the next step S27, one waits until the
current application time ascertained in S26 has elapsed so
that then the motor current can be switched off initially
in step S28. Since the acceleration phase lasts only a

W certain time, there is in step S29 a check as to whether
the envisaged acceleration time t LIM is already exceeded
or not. If this is not the case, then step S23 is resumed
etc. However, if the time t LIM has been exceeded, then the
programme branches into the constant velocity phase and in
step S30 it provides a further commutating signal. This
step is followed by a step S31 which on a basis of the
generated commutation signal provides the associated
correct application of power to the motor.

In the subsequent step S32, there is a waiting period
as in step S27, when the motor current is to be temporarily
switched off again, which is the case after a time
corresponding to tau o time units, the constant variable
tau o being known to the processor.

Temporary shut-down then takes place in step S33. 1In
the subsequent step S34, there is a check to see whether a
stop signal was generated by any condition.



sw tiched.of f again, which is the case after a time corresponding to tau o
tife units, the constant variable tau o bei ng known to the processor.
Tenpor ary shut - down then takes place in step S33. In the subsequent step
S34, there is a check to see whether a stop signal was generated by any

condi ti on. -51- If this is not the cad¥, then at step S30 there is a
branch into which a new commutation signal is fed etc. In the other case,
in the presence of a stop signal, however, there is a branch at the
programe end, stdﬁ $$as N nott the weiser, thencat istepuSpi edeardishe not or

comes 108 sk lined Bl 83RyPLARGRACBA' ebnah! 1o rahsgcRossi bl e

necessarily fo ¢ e type of position determ nation fronlstatlc i.e
at | ow speeds and by ascertaining the phase |ocation of a f undament al wave,

to dynam c by nmean: ¢het JtHed iFe, An \thee ‘f‘%‘é%ﬁceAB‘foédbEQPt glbhal
invention, this change_can t,ake pl ace dlrecgly after a specgific number of

current appl POMEVET cfbere Ay anh At it eapﬁPSF@&EPs?P@'oFt?Hl§3Past-
menti oned nogR Gurkberanicvor eirreutf e edppl ikdowhdatter fpEoduethes to
friction COﬂdItIOﬂ n nnnents of inertia of the notor and of the

appl i ances df n@f are present so that a premature change cannot take
pl ace and the dynan1c p05|t|on determ nation nethod can work w thout error.

Further fields ofI%pQ% %? cb%i&b&n g@ &ge ggeg %@bhﬁ not

confined to standard connu ator rect currént nD as are used
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phase locdtion of a fundamental wave, to dynamic by means

of counter-emf, or vice versa.

According to the invention, this change can take place
directly after a specific number of current application
cycles. Naturally, it is a prerequisite of this last-

W, mentioned mode of operation that sufficiently known and
reproducible friction conditions and moments of inertia of
the motor and of the appliances driven by it are present so
that a premature change cannot take place and the dynamic
position determination method can work without error.

Further fields of application:

The application of the invention is not confined to
standard commutatorless direct current motors such as are
used for example with 4 or 8 magnetic poles and with fo;
example 6 or 12 coils (Fig. 8, Fig. 9, Fig. 10). '

Instead, the embodiments according to the invention
can also extend to any motors of which the inductance
varies according to the position, e.g. simple motors with
so-called three-T-armatures (Figs. 4, 5 and 7), and in
particular and naturally all kinds of reluctance motors
with or without permanent magnets (Fig. 6).



can also extend to any notors of which the inductance varies according to
the position, e.g. sinple notors with so-called three-T-arnatures (Figs. 4,
5 and 7), and in particular and naturally all kinds of reluctance notors
with or without permanent nmagnets (Fig. 6). -52- The magnetic conditions
are shown particularly in Figs. 4 and 5~.sBiL,g. 4 firstly shows a
conventional so-called three-T-armature 44 which is in the magnetic field
of a pair of magnetic poles with a north pole 40 and south pole 41 and

about which the c o e rrentl ess
Si tﬂat i oln (Fi g. 4)efiltl %he g“ééﬁgoﬁﬁﬁ‘?ﬂt.{‘gn%l%%éers?ﬁ"ﬁféﬁ%’r?‘hﬁpﬁl Y than :
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application loif NES ve a
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magnetlsaflon of the arm 42 when the application of current
is appropriate and can cause an iron part of this arm to
come to saturation with a minimal current than if there
were still no pre-magnetisation by the permanent magnet 40,
41 or if such pfe—magnetisation were only weak, as in the
case with arm 43 in Fig. 5. Correspondingly, however, a

U higher application of current to such a coil 47 is needed
in order to achieve a magnetic saturation of this arm 42 in
the opposite direction. Since current application
processes of this type are by virtue of the initial
inductance which is in each case present are encumbered by
a first time constant, the time required for magnetisation
to the point of saturation will vary with a desired
polarity. |

Similar considerations apply to a case where a series
circuit of coil 47 and coil 48 has current applied to it.
According to the polarity of the current, in particular arm
42 will be either quickly or slowly brought to saturation
which is likewise expressed in a change in the effective
inductance of this coil. It is obvious that these effects
will show up differently according to the angular position
of the armature 44 but that according to the rotation
symmetry of the armature, they will be repeated for the
next coil after a rotation of 120° mech.



circuit of coil 47 and coil 48 has current applied to it. According to the

pol arit’y' of the current, in particular arm42 will be either quickly or
slowy brought to saturation which is |ikew se expressed in a change in the
effective inductance of this coil. It is obvious that these effects wll
show up differently according to the angghar position of the armature 44
but that according to the rotation symetry of the armature, they wll be
repeated for the next coil after a rotation of 120[err] mech. -53- A
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current voltage of any desired polarity. Since the rotor 61 is initially

non- magnetic, it i t i 14 | | ose
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cores of these coils ate also

On the stator pole 62 there are associated coils L1l to

L6 which may be individually wired with a direct current
voltage of any desired polarity. Since the rotor 61 is
initially non-magnetic, it is possible to establish
situations comparable with those shown in Fig. 4 in that

Q_/ the coils L1 and L4 are so connected that the south poles
of the rotor 61 shown in the drawings are accessed. The
simultaneously created north poles of the rotor are then
opposite the south poles of those stator poles created by
the same magnetisation process, on which the coils L2 and
L3 or L5 and L6 are located.

Therefore, the iron cores of these coils are also
pre-magnetised and so influence the current pattern through
these coils when for the purpose of measuring position by
these short test pulses, they are required. Sﬁch test
pulses can naturally and particularly be of differing
electrical polarity and it is also possible to have coil
combinations as pre-magnetisation means, particularly in
serial and parallel connection. '

A similar configuration as in Fig. 7 is shown in Fig.
8 in which the fixed armature 44’ has however twice the
number of stator poles which are provided with associated



pre-magnetised and so influence the current pattern through these coils
when for' the purpose of neasuring position by these short test pul ses, they
are required. Such test pulses can naturally and particularly be of
differing electrical polarity and it is al so possible to have coi

conbi nati ons as pre-nmagnetisation neansy5particularly in serial and
paral l el connection. A simlar configuration as in Fig. 7 is shown in Fig.
8 in which the fixed armature 44' has however tw ce the nunber of stator
pol es which aggipsonided &t h associ at ed -54- coils L1 to L6. Also the
nunber of pernmanent nagnet poles of the rotor 55 is doubled in Fig. 8 and

t he permanent nagnet poles of the magnet 50 are adj acent one anot her,

wi t hout interruptishsoTthe nugvet 6f petmhliyntamadmst ke lofvtileh Bécdhe

sanme tinme seryges:fojl €; . paghet | L rcuit. A _conparahl e arrangenent
with rotati ngé/%u%éi%%@%%{ Jr'rlrérg]%égg ?i%%%r%%t%?@ar}%nc%ﬁ%%ﬁ??% &‘?ajgess ‘gteand
10. In additiohe magret d5vwiregsadihavent commmmotheromiithans when the not or
is idling. The,sdat@btdde. | i kew se has six marked poles with in each case

associated coils L1 to L6. The magnets 912 of the rotor are on an iron yoke
913 and are able to rotate about the centre 914. The stator poles wth the
coils L1, L2, L4 aniéSmagieetis heeldlby @gnstds Jde of wirceiianent
magnets 912. Accor di ngl by the additional application of current to these
coils, they c%?‘f“%??emga%‘?P{/g%et‘BrUW"? o&%t“%‘?ﬁ?% tFEFYE possi bl e when

applying current to the coil L3 or to the coil L6 in the illustrated )
pagition of the rof ofendllifnls AFARSIALAT e S AN g R Sk b Ot Tn
magnets (Ifnner rotors) is shown in Figs. 9 and 10. 1In
addition, these drawings show the magnetic conditions when
the motor is idling. The stator 915 likewise has six
marked poles with in each case associated coils L1 to L6.
The magnets 912 of the rotor are on an iron yoke 913 and
are able to rotate about the centre 914.

The stator poles with the coils L1, L2, L4 and L5
detect the full magnetic flux of the permanent magnets 912.
Accordingly, by the additional application of current to
these coils, they can wmore easily be brought to saturation
than is possible when applying current to the coil L3 or to
the coil L6 in the illustrated position of the rotor.

This is illustrated by section lines 910 and 911 in
Fig. 10. As can be seen, the magnetic flux phi 1 is
represented by a larger number of magnetic flux lines which
cross the section line 910 while there is no notable
magnetic flux (phi 2) present at the intersection line 911.
Naturally, also these conditions are dependent upon the
angular position of the rotor, which is shown in Fig. 114,
where the rotor is shown as having been rotated on by a few
degrees in a clockwise direction in comparison with Fig.
10.



Fig. 10. As can be seen, the magnetic flux phi 1 is represented by a |arger
nunber *of* magnetic flux lines which cross the section line 910 while there
is no notable magnetic flux (phi 2) present at the intersection |ine 911.
Naturally, also these conditions are dependent upon the angul ar position of
the rotor, which is showm in Fig. 11A, whBre the rotor is shown as having
been rotated on by a few degrees in a clockw se direction in conparison
‘with Fig. 10. -55- Wiile the flux through section line 910 has not
changed to any notihi Fe degs e€luk henfdugh tEQUIh SeGtd gy d g WY has

al ready been¢§9nsid rabl¥ reduc%g%ﬁT e associated coil L2 (Fig. 9) nust
t heref ore havEPITYHE? T HOAPR I Haddtr) F1PeUgHqugh wastdan t o
achi eve magnetime s$0urkzds cal teadilsest atdtis e @ably Fredileshowhea
~correspondin ' t of.or W t.h four netic poles 5Q1 to 504.
Pol es 501 an%%@gg"&r%@@rﬁ%{% ?\It'éené%r%/' gﬁ‘é‘ﬁ%e %?aé?ﬁ?oﬁ&v%(% H0oa4.
Those st at or JRVek qfhictrzent @asssd chitmighagitetinc quies 50 hamiceviE) 2
cor r espondi naidiaoss au Rl aNel fediets ety RAREL i sation and can

g

therefore be nore easily brought to a state o netic saturation, i.e.
with less current. However, if the aforenentioned pre-nmagnetisation has to

be overcome by a mg.espml@msampld&ﬁé@brﬁid‘#é&midé?ﬁﬁ JrRdop more
current has to, q§3ﬁﬁ£gleqﬁég§ﬁiln t he case of_ t'hose stator poles which are
si tuated oppd%&itt Fe RIS Yolt 53 and 504. As a result of

this asymetry in magnetisation, which has a periodicity of above 360[err],

theretore, 1t 1s BRSPS G o Urle ke S ERS mdoheddRUd PRV e

poles 503 ®and 504. Those stator poles which are opposite
the magnetic poles 501 and 502 correspondingly receive a
higher degree of pre-magnetisation and can therefore be
more easily brought to a state of magnetic saturation, i.e.
with less current.

(W, However, if the aforementioned pre-magnetisation has
to be overcome by a corresponding application of current,
then naturally more current has to be applied than in the
case of those stator poles which are situated opposite the
permanent magnet poles 503 and 504.

As a result of this asymmetry in magnetisation, which
has a periodicity of above 360°, therefore, it is possible
unequivocally to deduce the rotor position over the entire
mechanical complete angle of 360°.

A surface structure of the rotating permanent magnet,
such as is shown in Fig. 11B, has at one or more poles,
e.g. north pole 117, a retracted surface 116. '

As a result of this geometric asymmetry, there is
likewise an asymmetry in the magnetic flux so that by
virtue of this asymmetry, there is a marked determination
of the rotor position in relation to the entire mechanical



mechani cal conplete angle of 3600. A surface structure of the rotating

per manent’ magnet, such as is shown in Fig. 11B, has at one or nore poles,
e.g. north pole 117, a retracted surface 116. As a result of this geonetric
asymmetry, there is |ikew se an-asymmetry in the nmagnetic flux so that by
virtue of this asymmetry, there is a narked determ nation of the rotor
position in relation to the entire nechanical -56- conplete angle. A
simlar situation is shown in Fig. 11D. The pernanent nagnet with north

pol e 1123 anGouplidtd Ury1kl24 A s & QlcH & L NG GaRELT 915127
-and is situated opposite the stator poles 1126 of the stator 1125. Ar gap
1122 is greater than air gap 1121 and further air gaps not shown. In the

.same way as in ltherrms qxémmiantdemgﬂémlﬁdvmsmortdlﬁrﬁﬂjé :g@lr:v,eraaﬂe@o!uw h: s
‘way a nechanig td r i.ch makes it .possible ui_vacal l'y
'to determne qcﬁeé ri)rrjgi;f lp%gﬁ%eé ne/‘? &% alti??‘{théj%nﬁ %gﬁgﬁi é'é’i% 38 id
-angl e. -SBitRmtd afipositd the mitarompgies (1R iofdithet atatear tilew .ar l y
‘a brushl ess dgjir rr Nt i.Sd i.C _Ci j rovi.ded
wth at | eas?holﬁgéa\lglr:ld%% laﬁr\?\%at E a rﬂoﬁoﬁﬁﬁgg{jg‘d ag%{'si%:d_fl%r?%& \évl\%i ch is
“conti nuous| y SRREeMQh feWn he Inntthedams iwaoasofin the eueviesisdy

progr essi vel \aetiBrsed ash 4y, @ae ofs QuAudids QREHiIORRy Rom rotary

position dependent or pgsition dependéent el ectrical notor “val ues,

char act er | sedi§ghanical /magnetic asymmetry which makes it possible
unequivocally to determine the rotor position in relation

— to the entire mechanical solid angle.



that the notor or position indicator contains nmeans for at |east
approxitndtely determning the rotary position of the rotor by vectorial
conputing operations and/ or by computing operations for conpl ex-val ue
magni t udes and/or by an integral transformati on and/or by a conputing

met hod for determ ning very small square53dns or very snall absol ute
anounts and/or by a conputing nethod for determning centre of gravity
coordinates. 2. A notor or position indicator according to Claim1l,
characterised in that a Fourier -tranpfpefRt #PRiQE Fourier analysis is used
as the integral transformation. 3. A notor or posSition indicator according
to CQaim1l or 2, characterised in that the inductance or counter-inductance

of one or norelnotmrmdumldsthp¢§1thd adidecqesigdirdarandey electric

t I . t d t d to d 3,
Charact ot sed i n AT Eedt Wit Bt o ifir gy @ aghetic
count er -i nduct ancecx)rfcusit Imvldﬂtia widthoratwi elisty aire paisidiirn anwlma'm)ra
winding is used ofoubyciy %wtﬂ&.%&w&f Mamg M ithendly @

360[err] rotation o e rotor or ar ers¥a state
of saturation or i&S¢Rryaingd etrﬁﬁ)r@nat;e%nthxqm afattheatiaier dejag 5.

A motor or positi gy g@@@i\%l}ﬂ%‘éﬂéﬂnﬂﬁlé& B Gniind Ty Rimgdia gy ecedi ng

Cl ai ms, characterise that_the active faces of eX|st|nQ:pernanent
magnets have diff SRHPHRRF LTAM 1Qtare RAFAEian densndent @y Rasiddamn.
6. A notor or posidémendenti csliext AR Moty GralRfe0r dHHr%.cterJ.sed in

-/ that the motor or position indicator contains means
for at least approximately determining the rotary
position of the rotor by vectorial computing
operations and/or by computing operations for

complex-value magnitudes and/or by an integral
transformation and/or by a computing method for
determining very small square sums or very small
&~/ absolute amounts and/or by a computing method for
determining centre of gravity coordinates.

2. A motor or position indicator according to Claim 1,
characterised in that a Fourier transformation or
Fourier analysis is used as the integral
transformation.

3. A motor or position indicator according to Claim 1 or
2, characterised in that the inductance or
counter-inductance of one or more motor Windings is
used as the position-dependent electric motor value.

4. A motor or position indicator according to Claim 3,
characterised in that the position-dependent
inductance or counter-inductance of at least one motor
winding or position indicator winding is'used, of
which the magnetic circuit, during the course of a
360° rotation of the rotor, at least temporarily

A




of , the preceding Cains, characterised in that at |east one nmagnetic flux
path of the notor is converted to the unsaturated or |ess saturated
condition by suitable current in at |east one inductance. 7. A notor or
posi tion indicator according to one or nore of the preceding C ains,
characterised in that pre-conduction cut¥®nts are applied to one or nore

i nductances in order to create pre-nagnetisation conditions. 8. A notor or
position indicator according to one or nore of the preceding d ains,
characterised in temtersha aratentofpaatturatdogh oat ilseast leasti nduct ance of
the nmotor is ascertai }ﬁ%rqhyl%@yhfﬂ.ﬂ%%e RRLE iRt IR and in that the

i nduct ance val ue of Bhis at 2l east one | nductance s asgértalned t herefrom
9. A notor or position indicator accordlng to one or nore of the preceding
G ai ms, charagct er ipsehdt iipddiR il Uela e o¥2 alked rafi ngt tbeeﬁte b¥omore

i nduct ances are ascertai ned as functions of the rotor angle he rotor
and are conbi ned ¥ fHEMPEREe €9 SR8y Fﬁéﬁ@ﬁ&ﬁééSFGnéplGﬁaén&hﬁn t hat
the ascertained i ruﬂiuitv@(f@d‘elm@ﬂ @hlsﬁ:lhl@ebe&hﬁh%ﬁtl Magnéter ageeneans in
the formof a ref e .table. or .Qr & gn I ndi cat or
according to one dng lteﬁrgl&g ed'o,:;guaegfa Y 9&3}%&?’8 P€ed in that

i nt er pol at ed i nt emagphedticsardlomes eit her of the neasured I nduct ance pattern
or of the averaged out inductance pattern are also stored in the storage
means. 11. A notor or position indicator according to C aim 10,

char act eri sed 6i-n #hawotiont emhPpdisidtd o lindd catiorh agcerddng to one or more

W, of the preceding Claims, characterised in that at
leas® one magnetic flux path of the motor is converted
to the unsaturated or less saturated condition by

H

suitable current in at least one inductance.

7. A motor or position indicator according to one or more
of the preceding Claims, characterised in that
U | pre-conduction currents are applied to one or more
inductances in order to create pre-magnetisation
conditions.

8. A motor or position indicator according to one or more
of the preceding Claims, characterised in that the
current path through at least one inductance of the
motor is ascertained at least at one point in time and
in that the inductance value of this at least one

inductance is ascertained therefrom.

9. A motor or position indicator according to one or more
of the preceding Claims, characterised in that the
inductance values of at least two inductances are
ascertained as functions of the rotor angle of the
rotor and are combined to form one averaged-out
inductance function and in that the ascertained
inductance function ié then stored in a storage means
in the form of a reference table.

N ——————
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be interpol ated are ascertai ned by neans of a spline interpolation. 12. A
not of or ‘position indicator according to Caim 10, characterised in that

i nternedi ate values to be interpol ated are ascertai ned based on a sin-cos
series expansion. 13. A notor or position_indicator according to one or
nore of the preceding C ains, charactert32d in that the rotor position to
be found is ascertai ned by seeking the greatest simlarity of functions
whi ch are based on the nmeasured current pul ses on the one hand and on the
val ues stored(.n thenstar age pasiisiam il cttvar .acbbrddmptter cre pas iMoren

I ndi cat or- accordi t | . r riﬂﬁﬂ:' est
simlarity of fung??é%?ﬂé?%gsgiﬂigﬂgﬁﬁﬁﬁ the ﬁg&éﬁ¥éﬁ§pﬁ%q%§§§ smal |
squares or the netHyerRoalsd sifiernadisita evadimmmeithes of mdwor or

posi tion indi cat Omenfel Nthd (e 'pdBtekrPior Mt mr@c%ﬁiéﬁ%@cﬁ'd&
characterised in that the rotor position is ascertained by miltiplying the
i ndi vi dual neasur ePBFTAMIE R Hh A% 13 RR sFFedridydtis fhaxgge

di rectional conmpomesdrss associ ated with them and subsequent
direction-orientated addition of -60- the products. 16. A notor or
position indicator according to Caim15, characterised in that the

pr edet er m ned1di r éctmairo o Eresittsi anr el mikitertom edt doprdimige droalClarigl a9 ,whi ch
are defined by 36 ad 1 i = BT 7 or,
position indicat o?hgagcalocrdcﬁfr?'s%d(; lg]aéﬂn%él]in%%%@eéi&%etrel g’eal&jcﬁer? @’hﬂai{ght t?er%r to
di rectional orientkf dntarmalatied fraggeartainesy byeaeansa®f & ¢pline

o/ interpolation.

-

12. A motor or position indicator according to Claim 10,
characterised in that intermediate values to be
interpolated are ascertained based on a sin-cos series
expansion.

U 13. A motor or position indicator according to one or more
of the preceding Claims, characterised in that the
rotor position to be found is ascertained by seeking
the greatest similarity of functions which are based
on the measured current pulses on the one hand and on
the values stored in the storage means on the other.

14. A motor or position indicator according to Claim 13,
characterised in that the greatest similarity of
functions is established by the method of the very
small squares or the method of very small absolute
amounts.

15. A motor or'position indicator according to one or more
of the preceding Claims, characterised in that the
rotor position is ascertained by multiplying the
individual measured current values by estimated or
predetermined directional components associated with
them and subsequent direction-orientated addition of

L




18.. A.mptor or position indicator according to Claim15, characterised in
that ‘the'directional orientation addition is carried out by the separate
addition of the parts of individual and entirely independent conponents
(err) (Fig. 20). 19. A notor or positiqg i ndi cator according to C aim15,
characterised in that in order to ascert®n the rotor position by the
directional orientated addition of the products the ascertained directional
value (R) is subject to determ nation of an angle by trigononetric
functions, e.g. tHde BxQBCE®Ngent function or inverse sine function. 20.
A nmotor or position indicator according to Caim 15, characterised in that
t he direction%gtconponents are ascertained by controlled novenent of the

rotor and ar &%t ofed95PT Y RO 1R ANAILRtoR fecorddng &8 Gled™ AGircat or
according to oln_e émhamca;eﬁigéaié_ipranﬁﬂ ftgl_eup&ieﬂ%,tde@gﬂ.&@ﬁt @ﬁix‘é%]gﬂ:ibh t hat
current is applied,to it accordi to_a discover evi atign of .rotor

posi tion or PgtorQﬂﬂgﬁ?qﬁtﬁn%fﬁﬂgéﬁe ﬁﬁ%f Yort 9&@éi?5§8§ﬁeg&}c &5&di ng
to a proportional daftiewdlbyera0rat/ s danthdichalnger iit,hm,03,1111111
11111111111 111 11 11111 * cLM S * -61- a condition control
algorithm 22. A notor or position indicator according to one or nore of

t he precedi nd7Gl aifmot@a i RIS Idden Andigatew asgordadngp ter GlrdmmdBor, t he

cycle duration of digRINGEISENIPHISAS the SHHRASMAS oo ikhisliean of the
nunber of energ|3|%%$nUSes, particularly in accordance with a lineally
ext endi ng functiofddition is carried out by vector additionm.

—/

18. A motor or position indicator according to Claim 15,
characterised in that the directional orientation
addition is carried out by the separate addition of
the parts of individual and entirely independent
components (xj,, y,) (Fig. 20).

U 19. A motor or position indicator according to Claim 15,
_characterised in that in order to ascertain the rotor
position by the directional orientated addition of the
products the ascertained directional value (R) is
subject to determination of an angle by trigonometric
functions, e.g. the inverse tangent function or
inverse sine function.

20. A motor or position indicator according to Claim 15,
characterised in that the directional components are
ascertained by controlled movement of the rotor and
are stored in a storage means.

21. A motor or position indicator according to one or more
of the préceding Claims, characterised in that current
is applied to it according to a discovered deviation
of rotor position or rotor speed from a desired
position or desired speed, according to a
proportional-integral-derivative control algorithm or

* c L M H) *
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23. A nptor or position indicator according to one or nore of Claims 1 to
21, tharacterised in that during run-up of the motor, the cycle duration is
shortened as a function of the nunmber of energising pulses in particular
according to a tabulated function. 24. A notor or position indicator
according to one or nore of the precedim®td ainms, characterised in that
during run-up of the notor, after a specified nunber of energising pulses,
there is a switch-over to a type of commutation which is based on the

eval uati on of vol taagesnditdieredcont pilasd gemidinngs of the nmotor. 25. A notor
or position indicator according to one or nore of the preceding d ains,
characterised in that a current signal neasured at the notor or position

i ndi cat or i s ZPostledaiormerpasition indidad@melccanddng tte one @ meper

limt frequency, tde &{Wpldid&tiMy ‘!ﬁ.a@?dé‘g diedald A1 ARAR0 YRR HRY%
‘circuit. 26. A notor or position 1ndicator accordjng to one or nore of t he

“precedi ng d ai ns, BHIUR QK i) B Ahatthsh CYsL endve abigee &fotdhear e provi ded

for the necessary exumyisitricd it GRe o iR e e FunctionA oPttdle OF

“posi tion indicator cord| t o _one or re of the .pr Cl ai s,
‘characterised in t éu£9§59¥ﬁ%ﬂﬂ'3 Seee S qﬁi?étﬁ position, a

_phase determi nati Qan:ccscda&mh fuairtt fee Ifiirrestl llya reeined oy rideoeriton .
‘oscillation) of a function, which function is represented by a plurality of
sanpl e val ues, which sanple val ues are obtained from nmeasurenents of
current, vol t2ige & notiuctamngmsitgions instigater gexiondimg ¢ eMeoPTadeXedi ng

td g aim 27, char aeg &1 8tk 110 dd'ah ! Rhdr@titldri¥ed i35 & hat during run-up
of tile motor, the cycle duration is shortened as a
function of the number of energising pulses, in
particular according to a tabulated function.

24. A motor or position indicator according to one or more
of the preceding Claims; characterised in that during
W, run-up of the motor, after a specified number of
energising pulses, there is a switch-over to a type of
commutation which is based on the evaluation of
voltages induced in phase windings of the motor.

25. A motor or position indicator according to one or more
of the preceding Claims, characterised in that a
current signal measured at the motor or position
indicator is boosted by an amplifier, particularly omne
with a high upper limit frequency, the amplified value
being fed to an analogue storage circuit.

26. A motor or position indicator according to one or more
of the preceding Claims, characterised in that one or
more processors are provided for the necessary
computations and energising sequences.

27. A motor or position indicator according to one or more
of the preceding Claims, characterised in that in

I




determ nation constitutes a direct or indirect neasurenent for the rotor
posi‘tiron which is to be found. 29. A notor or position indicator according
to Claim27, characterised in that for phase determ nation for the first
harnmonic, a sumis forned fromat |east partially multi-conponent sunmands,
t he phase position being cal cul ated from6Z-he conponents of the sum (Fig
21). 30. A notor or position indicator according to Caim?29,.characterised
in that trigononetric or arithmetic functions are used to ascertain the

phase position, tkeseMmeyaceréhihheénsurckerngodsesoh) SO0pREEE _
trigononetric function val ues, the ar%-%%gg§8% function_in particular being

used as the tri gofGHEMRAtI0L 16 use of L1EEEpBRTPPBACI ndi cat or
accordi ng to one dfumdamesitalhesgidtading)Codi as funbaient ewhdedd in that the

anount (R) of thefirst. har ' f al, ' |,0 unction
represented by sa%%?%ﬁééﬁhégp??%E%gggggggg nﬁtgiﬁgéiikg ﬁéagép %% process.
32. A notor or povialues,i mhicht sampdeovdilngst arenebbainedefobmt he precedi ng

Clai s, char act or i iudifle Ui currefi®, SB3MBel By hdudiageLion (o o)

of the first harnmonic (fundanmental oscillation unction represented
by sanple values are ascertained by determning the centre of gravity.

(Figs. 17a, 3@b, 18hmotdd of MRsAtion RASHhebBr Becezbehgaeeordhim bo,one or
nore of the preceding Clains, characterised in that al ue is ascertained

a
for the rotor posit@FRcHeFLSed A% FaeuEeERES 8§c8¥?§ﬁned is corrected

on the basis of adetermination constitutes a direct or indirect
—/ measurement for the rotor position which is to be
founa.

29. A motor or position indicator according to Claim 27,
characterised in that for phase determination for the
first harmonic, a sum is formed from at least
partially multi-component summands, the phase position

k'/ being calculated from the components of the sum (Fig.
21).

30. A motor or position indicator according to Claim 29,
characterised in that trigonometric or arithmetic
functions are used to ascertain the phase position,
the components of the sum being used to compute
trigonometric function values, the arc-tangent
function in particular being used as the trigonometric
function.

31. A motor or position indicator according to one or more
of the preceding Claims, characterised in that the
amount (R) of the first harmonic (fundamental
oscillation) of a function represented by sample
values is used for monitoring the measuring process.

32. A motor or position indicator according to one or more
of the preceding Claims, characterised in that the
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not,or -typi cal or notor-individual correction table in order to obtain a
corrected and better value for the rotor position. 34. A notor or position
i ndi cator according to one of Clainms 1 to 33, characterised in that a
comut ating processor (100) is provided in order to receive current sensor
signals (267) and voltage signals (111, -832 and 113) from phases (L1, L2,
L3) of the notor or position indicator and use themto cal cul ate

comut ating signals, the conmutating processor (100) bei ng connected on the

_ouélpu_t dsi Icle tho an auoymt (RAgEndndiré@bion Q{plﬁDF&)i g@ﬁltilfé (ﬁlélgéﬂ Aﬂfdﬁmtdrﬁ.é he
i ndi vi dual phases r.position indicator. : not or. or
position indicator %a%%(ggﬁ%ﬂ oé%g%]r%%ﬁ?n)ch%fa%t@’rq%@oorf f?ﬁ?%ﬁseé“tfetﬁ)t%r
processor (23) is prmpleedlueshares asperiained hhelemsmiringighe ocessor
(100) and in that thee quytégé@g%ffoc ({40) i C ected to the

C

superior processor (23) via contr an mmini catm on’ corinect’i ons
(102-110). 36. A notor or position indicator according to Claim 34 or 35

characteri se3in thahotde SOIPBEDELNY DEOLABESH z=(c9<99:)ciifh9g1g td&rded!dOWdYE
features: - a connq%ﬁﬁén lQ?“%H%%ggf .in order to calculate from
external |y predet €f'm %q%ﬂ%'? B, CHAraoteriEed iy MR B Vel
-64- vol tages of the astertditfdd afopasid ixvtimdesition ethd N WrEghHd nes
(108-113) the poi 0t i,ch, co tation af fhe tor currents is
to take place; ou?‘?o%jf&? e‘lflﬂ?%g%ssg%%t%]ﬂée orrft S5 ?‘%g‘?’b%%s%i %re
connected to the cuetor-typigaliny (RE)r-dntiiariduelc correct ipos sidile tim
access conmmutati ongsyht ¢ Wbtain a corrected and better value for the
roto® position.

34. A motor or position indicator according to one of

Claims 1 to 33, characterised in that a commutating
processor (100) is provided in order to receive
current sensor signals (267) and voltage signals (111,

Q_/ 112 and 113) from phases (L1, L2, L3) of the motor or
position indicator and use them to calculate
commutating signals, the commutating processor (100)
being connected on the output side to an output stage
unit (26) for application of current to the individual
phases of the motor (10) or position indicator.

35. A motor or position indicator according to Claim 34,
characterised in that a further prdcessor (23) is
provided which is superior to the commutating
processor (100) and in that the commutating processor
(100) is connected to the superior processor (23) via
control and communication connections (102-110).

36. A motor or position indicator according to Claim 34 or
35, characterised in that the commutating processor
(100) has the following features:

- a commutating logic (1002) in order to calculate from
externally predetermined position data or coil
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signals, (261, 262, 263); - input termnals (111-113) connected to the coils
ofc the'notor (10) or position indicator for the application of coil
vol tages; - connected to these input termnals (111-113), a series circuit
of an attenuating nenber (1008) of a voltage conparison unit (1007) and a
signal delay unit (1006), this latter he&@Ang its output side connected to
the commutating logic (1002); - a commutating control unit (1005) which is
adapted to respond to different external signals and to which the
gonngtating Iogicv@&?&@hd o fC ehiae aiotdrand o) @rCpb%&nhodehﬁﬁhbaﬁo&PEbﬁ(1009)
or detecting, amplifyi n repai urrent sensor si. of
not or (10) or pogﬁ %'Qgg%baﬁ%r% ggoggkﬁ3g g?ﬁéﬁF FBr%& ugFlﬁal %nntor
wi t h not or mnnd|ngxxmmxnauﬁomgOﬁothﬁemotoﬂ ammzehtso136ﬁochakecp&aceed by
t he features: u ral t chi.
el ements and out put elr%'mttr??“&% %g ?6(%?‘@% or OH :aL E# qflos% %Etlg"g
nmot or wi ndi ngs (LPreLEonEﬁFtGﬂ Fﬁethét@ptpyﬁ)SﬁﬁgehunsttdZEé é@dtﬁ@lled -
coupled with the Q%h@%tl%taﬁe siniébo Aceedk ebmAhkaRdeneRlyittilh f or
appl yi ng control % s to t Qut put_stage unit (26) in order to aCtuate
the sw tching eleﬁé §eﬁ@éﬁvv§ﬁ§ 35 P being selectively applied to the
notor via the sw tiapurgtetraiiRals, (the-cos)r ebnaecdegetenthelooilbebrg

Const i tuent part. SHet REBBwAS) cH BORALIAG: SPUEeOFoR: ARrobRer ol o
arrangemnment (100)ap9ﬂuhamlonnpflsong voltages;
(7 - connected to these input terminals (111-113), a series
circlit of an attenuating member (1008) of a voltage
comparison unit (1007) and a signal delay unit (1006),
this latter having its output side connected to the
commutating logic (1002);

- a commutating control unit (1005) which is adapted to
. respond to different external signals and to which the
o commutating logic (1002) is connected and
- a current detection unit (1009) for detecting,
amplifying and preparing a current sensor signal of
the motor (10) or position indicator.

37. An arrangement for actuating a motor with motor
windings according to one of Claims 1 to 36,
characterised by the features:

- an output stage unit (26) with a plurality of
switching elements and output terminals (261-266) in
order to supply power to the motor windings (L1, L2,
L3) of the motor (10) which is to be controlled,

- coupled with the output stage unit (26), a control
arrangement (100) for applying control signals to the
output stage unit (26) in order to actuate the
switching elements selectively, power being
selectively applied to the motor via the switching
elements, the control arrangement (100) being provided
for receiving measured value signals (108, 109, 110)

-
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a means (1002) for determ ning paranmeters of a function which is dependent
upon’ t*he' vari abl e i nductance in the notor and established by the sequence
of -neasured val ues, including an arrangenent (23) for carrying out vector
addition or an addition of conplex nunbers, whereby the

par anet er - det er mi ni ng arrangenent (1002)¢%et er mi nes positi on-dependent
and/ or inductance-dependent electrical notor values fromthe paraneters.
11111111 211211721 11111212112112112 * C L M S %

of a constituent part of the power fed to the motor
(10), the control arrangement (100) further comprising
a means (1002) for determining parameters of a
function which is dependent upon the variable
inductance in the motor and established by the
sequence of measured values, including an arrangement
(23) for carrying out vector addition or an addition
‘of complex numbers, whereby the parameter-determining
arrangement (1002) determines position-dependent
and/or inductance-dependent electrical motor values
N\ from the parameters.
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