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1 BRUSHLESS DC MOTOR ARRANGEMENT 5 The present invention relates .
to a brushless dc. notor arrangenent and nore particularly to a g§5ﬁ9@§§t2§5
magnet * dc notor which has field current applied thereto in pul se ' .
controll ed by a senm conductor network in which the timng of the pul ses,
with respect to rotation of 10 the notor, is controlled by a rggfr
position sensor, for exanple a gal vanomagnetic sensor, and typi ly a Hal
generator. Varioustypes of known brushless dc notors are usually suppliﬂi'
froma dc network which may be derived 15 froma battery of a vehicle,
exanple, at 12 or 24 V, the battery of a tel ephone central station at 48 or
60V, or a |owvoltage supply froma control panel. Usually, only a tw pole
or two-terminal dc network is available, that is, a network which has one
earth, chassis,or 20 reference term nal and an active term nal usually
18 1 the positive terminal. Two-termnal dc networks limt the selection
of circuits which can be used to drive dc notors. In this regard, reference
shoul d be nade to an article by Rolf Miller, the inventor hereof, entitled
5 "Zwei pul si ge Kol | ektorl ose G eichstromptoren” in the "asr-digest”, and
especially Figs. 1 to 6 thereof. If a three-terminal dc network is
avail able, for exanple, a 24 V network having a +12 V termnal, earth or
chassis, and a -12 V termnal, then sinple 10 circuits can be used as
shown, for exanple, in Figs. 2 and 5 of the aforenentioned article. Few
probl ens arise with induced voltages which occur when the w ndings of the
notor are de-energized. It is, of course, possible to forma three-pole ‘.
network artificially by 15 connecting two capacitors in series across the
netork supply to provide an artificial zero or centre ternminal. The
capacitors required, however, nust be of Substanti al

1 BRUSHLESS DC MOTOR ARRANGEMENT .

5 The present invention relates to a brushless dc.
motor arrangement and more particularly to a permanent
magnet dc motor which has field current applied thereto
in pulses controlled by a semiconductor network in which
the timing of the pulses, with respect to rotation of

10 the motor, is controlled by a rotor position sensor, for

N example a galvanomagnetic sensor, and typically a Hall
generator.

Various. types of known brushless dc motors are
usually supplied from a dc network which may be derived
15 from a battery of a vehicle, for example, at 12 or 24 V,
the battery of a telephone central station at 48 or 60V,
or a low-voltage supply from a control panel. Usually,
only a two pole or two-terminal dc network is available,
that is, a network which has one earth, chassis,or
20 reference terminal and an active terminal usually
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S|ze For a.25 V notor of 4 Wpower, two capacitors, each Qf 220 [err], 35
V, are needed. There is a danger of 20 short circuit if, as™may occur, -both
ogtput tranmsistors connecting the respective arnature wnndlngs of the notor
are energi zed simyltaneously. Special protective circuit- ry-is necessary 18
to prevent smntchlng over| aps of the output2tTansistors. 25 A

full -wave brldge circuit can be used wth a two-term nal or pole dc
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the refer-  possible to form a three-pole network artificially by
' 15 connecting two capacitors in series across the network
| supply to provide an artificial zero or centre terminal.
The capacitors required,'however, must be of substantial
size. For a 25 V motor of 4 W power, two capacitors,
each of 220 uF, 35 V, are needed. There is a danger of
20 short circuit if, as may occur, both output transistors
connecting the respective armature windings of the motor
are energized simultaneously. Special protective circuit-
_ . TY is necessary to prevent switching overlaps of the

D output transistors. _ ' _

' 25 A full-wave bridge circult can be used with a
two-terminal or pole dc network. This is comparatively
complex and requires many_components, see Fig. 5 of the

- referenced article. It is also possible to connect the
*fmotor in a star winding or a two-filament,-twoepulse

30 motor, with a centre tapped winding, see Fig. 3 of the
referenced article. Fig. 6 of this'article illustrates
a circuit for'a'fourfpulse motor having four armature

" winding filaments which are star-connected.
A full-wave bridge circuit is efficient with

35 respect to utilization of the wire or copper in the



enced article, is frequently used in actual structures. Qnly two out put
transistors are needed, and the notor operates well with a two-term nal-

vol trage source. There 20 is no danger of short-circuit current even if both's
out put transistors should have overl app my conduction ti duri ng short
pefiods. Only the effici ency of operation is affected. YIt*Ys difficult,

however, to_recuperate th ergy rel eased upon comrutati on and high 25_
vol t age peaks %’53%9,&&?& FE@%ﬁdFﬁ&ﬁﬁ%%ﬁé’%l‘?ﬁF%@%ﬁ%@b cted
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48 V. By de“'@ﬁdéﬁ‘réﬂfﬁﬁ&ﬁftyﬂéf Mgtbﬁgépg§§t§hﬁ?3equires substantial
15 protective circuitry.
A centre tapped winding, see Fig. 3 of the refer-
enced article, is frequently used in actual structures.
 Only two output transistors are needed, and the motor
. operates well with a two-terminaluvoltage'source. There
20 is no danger of short-circuit current'even'if both
output transistors'ehould have 'ouerlapping conduction
times during short periods. Only the efficiency of
operation is affected - It is difficult,'hOWever, to _
recuperate the energy released upon commntation and high = |
25 voltage peaks may ‘occur in the winding filaments which ~
~ are disconnected. Such voltage peaks can be suppressed
- only with Zener diodes or with R/c networks, in which
the R/C networks are less effective than the Zener
diodes, although cheaper. Alternatively, it is possible
30 to avoid such voltage peaks by soft or gradual disconnec-
tion or interruption of currentfflow'through the armature
windings, this, however, requires additional circuitry
and expense as, for example, shown in- US Patent 4,099,104.
"An improvement can be obtained, see US Patent
35 3,840, 761,_and particularly Fig. 20 thereof, by forming



15 flanks. The relatively high voltages between the individ- ual strands or

filaments of the windings,.and particu- larly the steep flanks of the

%ol't age pul se, substant- ially stress the insulation-of the wi nding a

cause deterioratiaryp of ‘the insulati-on as tinme progresses. 20 Thus,.this

type of winding i s restricted to operat+o84 with | ow operating voltages,
that is, in the order of between 12 to 24 V, since operation with higher
vol t age~pl aces excessive stress on the insulation and inpairs reliability.
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' 15 flanks. The relatively high voltages between the individ-
ual strands or filaments of the windings, and particu-
larly the steep flanks of the voltage pulse, substant-
ially stress the insulation of the winding and cause
deterioration of the insulation as time prog:esses.
20 -Thus, this typé of winding is restricted to operation
| with low operating voitages, that is, in the order of
between 12 to 24 V, since operation with higher voltage
_ places excessive stress on the insulation and impairs
" ' reliability. If the motor is to operate under conditions
25 where reliability of operation is important,'or with
| higher operating voltages, double-insulated wire is needed.
' It is an_object'to prpvide a brushless dc motor
arrangemént_which is_suitablé'for operation from a two-
terminal dc network; which permits effective and complete
30 recuperation of inductively stdred“energy which arises in
the armature windings upon termination of the operating
pulses; which does not cause voltage peaks at the respec-
tively discbnnected winding filaments and which does not
impair the integrity of the insulation of the winding
_'35 filaments; and which is simple in construction and permits



15 ~ . pair. has one end-connectable to the other pole of the dc
networ k by second sem conduct or means under the control of said sensor :
means;--(c) the other end of said one winding strand is connectable to the -

ot her pble and the other 20 - end of said ot her wi nding strand
i s.connectable to said one pole, of the dc network; (d) sgd first and
second sem conductor neans are of oppbsite Conductivity are rendered
alternately conductive, in use, under the 25 control of said

sensor neans; (e) at least the ends.of-.the w nding strands, connecteag{o
respective ones of said first and second sem conductor neans, are closely
ac coupl ed; uﬁkﬂdﬁ)semzcdnductor qddntiehrslemenips oviiiichl, fm teknng up

energy stored | é'&%éﬁé{’%ﬂé’ﬁﬂé@r 9 StLand, ¥nole &g@%&gﬁgggsréwﬁn one

strand to the other or ce-versa. The wnding stra or each pair
are preferalfy 36 mitoelariangenent|san dgl censtrugrrdhindeethhe strands

can be “&imple and lneﬁgﬁnfive manner 221 formed as a‘bifilar:
wi ndi ng arr angénent, pr very close inductjve cou

t her eb& ween. A cod}ﬂq inskensehe Inventiom PV %sc?oégu%}&g‘i’:%%p@?ng
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other. The ve or’ or Aer. coupl Tng>provi d ings =
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wi ndi ng, whi ch has curreqys fdowi & tSehssbEWDE €800h8 Pbiehoguarast flow
' then network by first semiconductor means under the
control of said sensor means;
_ (b) the other w1nding strand of the or each
15 ' - pair;haSaone:end cbnnectable'to;the'other pole
| of the dc network by second semiconductor
means under the COntrol of said sensor means;
(c) the other:end of said one winding strand
is connectable to the other pole, and the other
20 end of said other winding strand is connectable
” to said one pole, of the dc network; '
(d) said first and second semiconductor means &J
are of opp051te conductiv;ty and are rendered
alternately'conductive, in use, under the
25 . control of said sensor means;
(e) at least the ends. of. the winding strands,
connected to're5pective.ones.of said first and
second semiconductor means, are closely ac
conpled: and | |
30 _ ' {f) means are provided for taking up energy
| stored in the respective winding strand upon
changeover from one strand to the oﬁher or
vice-versa. | ' '
The winding.strahds of the or each pair are preferably
35 closel§ inductively coupled, in which case the strands can be
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i nt érrupted upon di sconnecti on of the respective one of 15 sai d :
sem conductor neans via the other winding to respective neans for taking-up
safd energy.” The output signal of said sensor means, which is dependent
upon. t he angul ar position. of the rotor, is arranged to be supplied to said
sem conductor neans via 20°  a network of passive structural el errents,fz
whi ch networ k may be.&:resistance network. Another coupl i ng.capaci tor may
be prov#ded in the connection between r®e network and a control input of
each of ™ai d seni conductor means. Preferably, these capacitors have a
capacity in the order 25 of several [err]. The sensor neans preferably

conprises a Hall integrated .ci,rcuit .generator directly connectable to one
term nal Yof a éerﬁ@fiv%rsk,a ?ﬂ'?lrl@é:l é’&g‘ﬁ&é‘gné‘ﬁm?%“}?a di%fy BE Y & &GSt or
connecting the cQuisputi ndiuctdiveé senpdringe dhe debelveen.t hay canipldlng qusideidser,
one of said serg conductor. S, | | st a si,stor n conngct the
out put of sai drPs?En?(fro %@é‘ﬁ‘gegoﬂetﬁ csgntarcoIC%t%§?‘nq‘1qlr?’z’il eot‘f%}et%%ctg}%&l%‘fnkgai d
sem conduct or mEaRandsy mMaya beo @ririang ede dettwerernc diee diviangernidwe theymdf .ofIrsai d
sensor ngans t e .of g Q3 SR/

Advant ageousl y%uyﬁcc?g’s[& g\rta%%elmteg%e', CE"\Pcﬁ t% é‘&éﬂ%%@%@%ﬁﬁ% oc%ntrpeect ed
bet weent he out FPUPGLNGLCONSNSHL FAIN SOFFE PPN edohdeareathiafd ardswtaf s,

respectively, hRgHiGhRm, ke e Riferdly TV beSTRVvdRAN ST AGRIN any 5
hi gh operating voltage appl,ied across an associated dc network. Preferably,
anot her coupl i_ﬁ&sé’&ﬁ%c"i"teor’”wdﬂﬁ‘%téﬁ - furding semmutaiion LLm Refd, s
provi ded in theadd@ epiiicohduditere hedais ofs icPpiia ) eioHAdc tlRd 8y aant r ol
i nput of ,each qf saH%'fhrsHﬂpnd ecqngd. sem ondug&pr'neans. 10 .
Conpl enentary sef Conddct or Freans ViSe Fr SRS TGS PRI provided
conpl enent ary thyartdies twimgl i ngrse fagydafiolry thenmtcaipdd ngpicapsciBard igegt diransfer
transistors. ~energy stored in a respective_winding,_which:has current
flowing therethrough and in which current flow is then
interrupted upon disconnection of the respective one of
15 said semiconductor means via the other winding to
réspedtivé means for taking-up said energy. .
' The output signal of said sensor means, which is
dependent upon the angular position of thé rotor, is
_ arranged to be supplied to said semiconductor means via
20 a network of passive structural elements, which network
‘may be a resistance network. Another coupling capacitor
. may be provided in the connection between the network
| and a control input of each of said semiconductor means.
Preferably, these capacitors have a capacity in the order
25 of several uF. ' : '
- The sensor means preferably comprises a Hall integrated
circuit generator directly connectable to one terminal
of a dc network, the resistance:network including a first
resistor connecting the output of said sensor means to
30 the control input of one of said semiconductor means,
whilst a second resistor can connect the output of said
sensor means to thé control terminal of the other of said
semiconductor means, with a coupling resistor connecting
_ thé output of said sensor means to the other terminal of
35 the dc network. ' '
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The an ul ar position sensor neans nmay be arranged to provide, in operation;
only, an output signal of the binary 15 . type at.respective different,
voltage | evels in accordance with the selected orientations of the-rotor,
and the.- network consisting of passive structural elenents can connect the
al termatingly-occurring binary voltage |levels to both of_ saﬁ conpl enentary
sem conductor nmeans, to 20 rendeprsald means al ternately conducti ng.

Al so, the invention includes a ventilator or fan incorporating an axial air
gap, brushless dc notor as defined above. Said sensor neans, for exaagfe,

- the Hall sensor, 25 ~ or any other suitable rotor position sensor, may be

arranged tqw&wa@eo@ﬂyﬂ,arav &ﬂéﬂ&n@'@iﬂa ,I%I@aq%-tmglltiv}v@h" orl"low',
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vol t age dlfferences wi || occur, between the two W|nd s whi ch are

subst ant i aliPYgr &ft &&haf bzt Apd Facrpd s QAYRFE DI RRRRS- whi ch

i npai {ot he effeCébmsneﬁénear hsemméahahbeerbﬁéwﬁgnma eblé" Béboqaeare o’
| i kew se avoi ded, §| nce w nd |ngs have, for all practj pur poses,

10 a dc VBl thgefePrBI2 CF8’§ W"}?Eﬁar v&ﬁaPﬁlﬁFI@rﬁn'nHFﬁﬁ?rQPiypomt|oned
in parallela matehe@rpaierothparihageparérangistors.

The angular position sensor means may be arranged to
_ provide, in.operation only, an output signal of the blnary
15 type at respective different voltage levels in accordance

with the selected orientations of the rotor, and the
network consisting of passive structural elements can
connect the alternatingly-occurring binary voltage levels
to both of said complementary Semiconductor means, to
20 render said means alternately conducting.
' Also, - the invention includes a ventilator or fan
incorporating an axial air gap, brushless dc motor as
deflned above.
‘Said sensor means, for example, the Hall sensor,
25 or any other suitable rotor position sensor, may be
arranged to provide a binary output signal which is either
" "high" or "low", that is, it is of the binary'putput
type. The "high" or "low" signal can be referred to as a
1-signal or as a 0O-signal, respectively. ' Conduction of
30 respective output transistors, which have their other
terminals connected to the respectively opposite termlnal
of the supply to which the associated winding is connected,
is determined by the rotor position sensor signal, that is,
. whether the signal is a 1-signal or a 0-signal. Thus,

35 alternately, the rotor position sensor controls conduction



voltage. Thus, even.in parallel-wound operation, which has substanti al
advant.ages in manufacture, .use and operating efficiency the wi nding
ifsulation‘is stressed only to the 15 ~ extent of the voltage of the
supply, thus insuring high life and reliability of the motor arrangenent
and associ ated ciireui;try. Tight ac-coupling of the two w ndings can %éngde
essential ly conplete feedback or recupergtion of inductively 20

ener gy,i-n one of the wi ndings, and suppression of voltage peaks. The energy
whi ch %4 ses in the w nding which has its supply voltage di sconnected, is
not fed back directly to the sup to a storage capacitor or any other
nmeans fothakln@fubhénéﬁgyorbﬁberaghﬁF one ofj 5Rprevtpyt samirepdugEersng

~di ode may be cofRgCteInkist8¥8I AlyPRAGE &&v%wwe Bgel t@reandhaewﬁ% t he
control sem conductor and then_provides for %H ?ﬁ?@flom,throu t he

wi ndi ng whi ch | 31p#es FﬂgPeSEFﬂgtBSﬁﬁéEFQﬁs hPBoﬁnﬁﬁ9Ytha§ka8vFH§
for an energy batcdgetwetween .30  the winding which is just being
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wi ndi ngs to thewbhédngsi whioh, avet hubstantially freaker| ehanantet operdeliay,
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over a free mhee toa s
capacitor, so t@ﬁttheliagelptaas haeweendtbemminélnge everénkevﬁsecayneﬁedn

operation will bfn@égbﬁé tJBaﬂiﬁ&inQE ﬁ&@éQYfBPUﬁlQCEHEEtﬂbhﬂoﬂhr BEQQV to
the insula élon of _.the w.nd Iﬂgh hi gh_ vol t age pea S.

prELerred nven®i 9€ ¥PL5Age FrP§°Fﬂ§§ whighst 8KERaftt aHU&nU&nQ&BBStﬁEe

prior art arrangssfﬂisnedniﬁdﬁatammai Lapﬁbtgﬂéaaae unanpehbedpaéuamh@ge
I s obtained by C|rcu$§u88en1conductor ggegrol el,ements, 10

_opposite- conducY?gF?gety an®BERcoft PRFR ywqund operation, wRich has
: " substantial advantages in manufacture, use and operating

. efficiency, the winding insulation is stressed only to the
15 exteht of the voltege of the supply, thus insuring high life
. and reliability of the motor arrangement and associated
circuitry. . | '
Tight ac-coupling of the two windings can provide
essentially complete feedback or recuperatioh of inductively
20 stored energy in one of the windings, and suppression
of voltage peaks. The'energy which arises in the winding
- which has its supply voltage disconnected, is not
fed badk directly to the supply, to a storage capacitor
: or any other means.for taking-up energy, but rather
25 indirectly. A free—wheeling dicde may be connected in
. reverse polarity with respect to, and across the control
semiconductor and then provides for current flow through
the winding which is then just being connected. The
invention may thus provide for an energy bridge between
.30 the winding which is just being disconnected, -and the
winding which is then just being energized, which energy
bridge transfers the inductively stored energy in one
of the windings to the other winding, with essentially
little loss and time delay, The energy being transferred
35 ' to the other winding may then be fead over a free wheeling



singl e signal source providing alternate 1-signals and O-signals, so that .
the control of commutation or selection of application of pul ses to the |
respective windings is sinple, resulting in an overall inexpensive circuit.
15 ) In order that the invention may be nore ful'ly understood,

various enbodi ments will now be described by way of exzﬁrle and mnth
reference to the acconpanying drawi rRgs- in which: Fig | s a hlghly _
schematic end view of a two- 20 wi ndi ng, two-pul se energized exte&g?
rotor motor in accordance with the prior art; Fig |b is a schematic gram
of the two wi ndings of the prior art nmotor of Fig la. Fig 2 is a schematic
circuilt diagiadeotoatbenﬁupaﬂyn9r2$o a auonmqb'h@padﬂtdnntyo(ﬂhéﬂg la, in

accordance %ﬁ_ FQ gskgr agkt vox'd%dg’dhl llléstt'i'x%t %e@:a ?cﬁt di agram of a

not or and con StEﬂ]In accor dance mnth a rst T the
i nvention; 9§ operatiopj yidl bel hdghews| y'l'nalnlafstrr @tfesnaﬁgygtﬂkmsscherrat iC

represent at pgguel @1RAbak! 8hnglendihd Al %&%fig%ggnn Bt Phdihde 2 %y ab

repregentatlon of . t he_w ndi ng~arrangenent

is thd equi 7% BAgh cVP&GFEerEEP§§enP§§1Gﬁi§tHﬁQ§Q§ge@hénﬂﬂnhiMﬁ<ona| dot

notation; FagrBngemkhecibvehus bl kupbitaheiad %@Rﬂa%eofov%a@?x% rigy rents
and voltages §r|5|n Ln_t e notor of 5 Fig 3, in which Fig 5Ais a

time-currenf® rgﬁﬁa Fﬂeg a time-voltage dlagranl and 5C a time-pul se’
current di agram Afi gd@itlibnalr,atimpoztaintcadnd dmagm&mmem,aa&am&agkp

is obtained by the circuit. Semiconductor control elements -
10 of opposite conductivity type can be controlled by"a b d
‘'single signal source providing alternate 1-signals and
O-signals, so that the control of commutation or selection
of application of pulses to the respective windings is
- simple, resulting in an overall inexpensive'cirouit.
15 In order' that the invention may be more fully
understood, various embodiments will now be described by
way of example and with reference to the accompanylng
drawings in which: '
Fig 1a is a highly schematic end view of a two-
20 Winding, two-pulse energized external rotor motor in
accordance with the prior art;
"Fig 1b is a schematic diagram of the two w1nd1ngs ;;J
- of the prior art motor of Fig 1a.
Eig 2 is a schematic circuit diagram of a commutating
25 circuit for the motor of Fig 1a, in accordance with the
prior art; |
Fig 3 illustrates a circuit diegram'of'a motor and
control system in accordance with a first embodiment of
the invention; _ _ _
30 Fig 4, collectively; illustrates a highly schematic
representation of a parallel windihg arrangement'in which
Fig 4a is a representation of the winding arrangement,
and - -

35



15. 20 25 30 35 - <11 - 27 1 ance with-a second enbodi nent of
‘the inmvention; and Fig. 7 illustrates a circuit diagramof. the pref erred
frorm of .cisrcuit -of the present invention using Darlington transistors.

A basic, prior art motor, and its structure and general considerations
Illustrated in Fig. b V\,here- in an external rotor motor 10 has a t%lﬁpole
rotar 11 formed as a*continuous maghetic ring. Magnetization is

appros matel y trapezoi-dal’, so that the_mgg.netl c flux 10 within the region
of a p%‘l'e IS effectlvely constant t he gaps 12, 13 bet\vieen. the pol.-es being
narrow.. The positions of effectlvely const.ant magnetl c flux for the North
pole are indicated by cross-hatching and for the South pole by stippling,
in orderqto faqy ihp 13 thet %dﬁ&%&%&&“@i%u&ft tﬂé‘?r@ééﬁ@a@i%nmuttﬂq_ﬂrr&sem
invention. The fotor 11 i s radiall neti zed I's to say, It

radi al | y- mgn&?ﬁz@&nvﬁ@ﬁm dﬂigﬁ@tt ieninent made, for exanple, of

bariumferrite, or i 'fFi@ﬁ)ﬁ b@:o@..l%@ti"v'éﬁl&er iflﬂﬂiﬁraﬂe@at\gérﬂ.@se cgaps 12, 13

bei ng shown in_broke i nes. he rotor, 11 .is illystrated.in Fi in one

of 105t st BERERG PSSR, reh e NGRS, AFARIRG. Do He RO R0k i <

de- ene(rjgiSﬁed Flly 8 ,stiabwhigehsiFiigoba dsdel eﬂme#enhﬁr,ert&qﬁﬁse ma;g t9: air

gap and the ngg o2l i 1. ct rotation,
e [ﬁ}“ %élt%gte %qa%f "t he%ta(r?.’;coeﬁ H‘HLI'I?SJ 1s¢ d"r%f‘g‘ of the

in operation, "is M accordance
mot or 10 .i s ofliagdamsl e- T- shape and has an upper pole 16 and a | ower pole

17 which are both esgqgt 'Ga.illYl.dQ@}ra‘?:'ésa iR Y 3R A Recora-

1
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30 cross-section. That is, each covers alnost an entire:pole arc. ‘Slots .~
18, 19 are positioned betmeen adj acent ends of the-poles 16, 17 in which ,
wi ndi.ng strands or filaments 20, 21 of a dual w nding. zﬁe posi ti oned. The .
terntnals of the w nding.20. are shown-atlat and el, 35 the termnals

of winding 21 are shown at a2 and e2, as 28 - 12 - 1 shown also in Fi g.

| b. The wi ndings 20, 21 have the sanme nunber of turns and are wound in. the
sanme directli oanaehadi tils,a igecond Lembod imenhsofr thealnvension;t had t he s

magneti zati on of the %#ﬁ%0r71{&1ﬁé£rQE€§r asrufige élaggﬁmsggetg Icur t

flows froma2 to e2. conventi onal dot notation Is | b,
that is, wndinfefteraag fesmiRf firepitnaf Hhe RrREPR§ QEV&PttiQPm nal a2.

A S|ntlar dotdyyﬁglnyyyuﬂdtéﬁet@ggsigtgggnectlon with the other flgures
10 A rotor p03|t|o sens cated 8 fLs:h tat r or fixed
o]

rel ation tﬁ%reto héPFg?BraﬁgsW?EBH'séﬂ SELUgTHEE ARy ce,
for exanpl e, qéﬂdﬂaﬂrﬁcnsfﬂexhtionm;txspnstusenadedt13 Bigdeuarnhne&e-

s ot mac ol y 17D kI SIREE oot Mo L 20 fs H"HEB-481EOERERAE

with respect tfomred gista I®nrbinueus thagoetict rdngef Magaetdgatdont Hst i s,
in-the anti-clgﬁ@@ td e e S h e 25 is
controll ed by na?nnéegtélgf %bde P‘?J’&?’ljé \é\éeg-gégengﬁgnﬁaﬁblti% %g{nd

provi des &0si g %h@°b@s%§|GﬁféFtiﬁélYoFGﬂSt?ﬁts &hgna
is either "h|@B éN12|<1@ EﬁEheeﬁKEhéOﬁélegnbeinéhﬁafﬁbﬁr 11 and for all _
practical purposes, | des a uare h" and "I ow' \;i

portions of which are tPQﬁﬁﬁ %B?%I?¥§3°§%§8&Y PnsﬁﬁggapﬁgagﬁlfB over
t he extent of fillux Bt Whe NaxrH1p polletareaindgeatdd byecrbbs-hatedlingf the

stator pole 17hd for the South pole by stippling, in order to facili~
15 tate understanding of the principle of the present
invention. ' '

' The rotor 11 is radially magnetized, that is to
say, it is a radially-magnetized, permanent magnet ele-
ment made, for exampie, of barium ferrite, or it may be a

20 rubber magnet, the two pole gaps 12, 13 being shown in
broken lines. - The rotor 11 is llustrated in Fig. la in one
of its two stable quiescent positions which the motor
may take when it is de-energized. This stable position
is determined by the shape of the air gap and the magnet- ;;/

25 ization of the rotor 11. The direction of rotation,_in
operatlon, is in accordance with the arrow 14. -

The stator 15 of the motor 10 is of a double
T-shape and has an upper pole 16 and a lower pole. 17
which are both essentially umbrella or mushroom shaped in

30 cross-section. That is, each covers almost an entire
pole arc. Slots 18, 19 are positioned between adjacent
ends of the poles 16, 17 in which winding strands or
filaments 20, 21 of a dual winding are positioned. The
‘terminals of the winding 20 are shown at al and el, and

35 the terminals of winding 21 are shown at a2 and e2, as



each has a very specific shape. Starting fromthe slot 18, and proceedi ng
in the direction of. rotati-on 14, the 30 air gap 26 increases approxi mately
sonot oni cal |y for™an angl e of about [err] to [err] to a maxi num 30 3%8
first position. The dlr: .gap 26 t hen nonot oni cal | y decreases over alo@t
1700 up to approxi mately adjacent the epa® ng of the slot 19, where it
reaches a mninmumvalue dl. 35 The air gap 27, as shown, is identical.

The shape of -13 - 1 these air gaps, in conbination with the

parti st ar. fypehownmadset inafiign db.t ha‘heotmmdmngmdmn Zabdlme othe causes
the generation ghya hﬁh&%&a%eth%‘}“‘“ap‘&f at ;f‘é €
as-the rotor rotates kKnown Trom rnan peC| [ on

2,346, 380. Diffshakt isypdé 8 sursentnfilows fivem gﬁ tgngkfethenrmhethan
the motor descr sbrd magﬁleﬁlzétiE?J o} UMY Bt §PS1 %éﬂr AP LT

as. descrlbed for exanp . in US Pat ent SpeC|f|cat|on 3,840, 761 (see
~‘particul arl y210% FlEamﬁoﬁccgﬁrﬁénﬁs§&°W§Nﬂ§9muﬁa\RQ)E a e qﬁpggptional

rour flIanentfnabernaaadeaﬁg&hethgnLhe wm@%ﬂyﬁulﬂuxxiié#nwihdxﬁﬁ 20
iterature reference | Qu ar r_tvpe t or
does not form a{‘ f’t% dgﬁe % %SEH‘E-“Fﬁ\/éit 31%“}%’?%0#}0?%% %ft#g
non-uni form 15 Aasimgaprldoprabeatdan 9iilde behaismd pit danmemetivn lwibkh nor e
uniforn1through?HE BQﬁeEoki%hQQSOf the notor -than with a uniformair gap

nmotor. A suitab known citCuit for the notor of Fi.g. la is shown in Fig.
2. A positil@ suppl y | i Aeroiorspogitionmnsensen @5 isiacaked mn stheg

vol tage [err] fQEaEéﬁaneinan?zEHeE:)éli‘kio-ﬁh%ﬂé&%d ve add g o%éxoftmr,(&“ch .y

cdircuit is connected to the negative term nal of the batter
be, say, 12, 24¥8FOEgPOsSitipp; AEN$oF| 23ndsa2 Rl deWGRctiok eFaRRiRs 20,
21 are connected nalnhenﬁagraeeatc&eceunnlpdsﬂﬁidﬁbdAMaIanpﬁéaénéﬁmfhéa ‘

and e2 are connggleq Lopbag+ 3h! $1tR Fedbect "t Whe 'S XS, IGisd
15 corresponﬁs approximately to the slot 18. However, the
sensor 25 is slightly offset with respect to the slot 18
. counter the direction of rotation 14, that is, in the |
'~ anti-clockwise direction, by a few.degrées. The Hall
sensor 25 is controlled by the magnetic field .of the pei-
20 manent magnet 11 and provides a signal which depends on
the position of the rotor. This signal is either "high"
or "low" and, upon retation of the rotor 11 and for all
practical purposes, provides a square-wave output the _
N s "high" and "low" portions of which are each approximately
- 25 '180° - el.
The air gap 26 over the extent of the stator pole
16 and the air gap27 overthe extent of the stator pole 17,
each_hés a very specific shape. Starting from the slot
- 18, and proceeding in the direction of rotation 14, the
- 30 air gap 26 increases approximately monotonically for an
angle of about 10° to 15° to a maximum 30 at a first
' éosition, The. air gap 26 then monotonically decreases
over about 170° up to approximately adjacent the opening
- of the slot 19, where it reaches a minimum value dal.
35 The air gap 27, as shown, is identical. The shape of



whose emtters are connected to the negative line 35. Each- one of the
transistors 36, 37 has a free-wheeling diode 38, 39, resp i vel y, ,
connected thereacross. The 30 rotor p05|t|on sensor 25-c¢ rols a -~ .
smntchlng circuit 42 having two outpuTs 18omnect ed respectlvely to the baseS'
of the transistors 36, 37. \Wen the tran5|stor 37 receives a positive’

signal 43, it is conductive and current rou h the wi_ndi ng 35

21. At thd sdt?ee%#rﬁirt%??ra’r&%‘? 1’36%& %Veu S§laryy g
negative si gnalyplt d® mfdisetizat boheofiobheopdtoki 1. aﬁﬂniarageratﬂuﬂﬁlﬁe

transi stor 36 conduct the [a o]
~ oppositely polP§s @T‘% Qg?li ﬂgésg%}gggﬁﬂg% tg)%%gl dé)rfs at I?e ede-
'constructlon(ﬁeﬁhiﬂaﬂ(xempmraM2cqurse,caspthe rp&oti cottatles ,i andhas

currents i 3 preve%rtvée%&q'ﬁgéeﬁg séécﬂﬁcktﬁpﬁ ﬁ}ot 2 d%%“%%toed

gradual |y, e occurrence of daks
gr adual or - snodtfferentrtrpes f Jrotass cliayehe P§eﬁot°§o§§P§BGr t he dlodes

38, 39 nust b&ghithed GEHEH! ﬁe%ﬁa%rdaeseﬂbéasmht FRg . 1. COMRAY dxakiiie hi gh
radi o noise interference which, in nangolnstances “T's .undesi rabl e and, for

some appl i cat iDrRCTELeTHRr aﬁé?h?%%gaﬂ BPEOT N28; §PEGE 1D8Hac £OZ eXOMPAR e used
to at |east padiuvs Iyawrspécsfiaatwhenbeaesqe 762 (see parﬁira:dllm:]tyrst

nmbodi t, th-th t | lust rat Fi 3,
The wi ndi s 208 o000 cas o) beEal AT kINELYa) & SPURRAY el y and
- reversely pol dfowe<E ilakast aneter ozs dédscnibedalihetthw alfourlemeaﬂ:ilaneﬁ to

I ' 2
coup’ e energy an%lﬁaéi%] Dnﬁg&gearﬁ ?eEQQQHE{ea%i 63, 'co %en ﬁ:hrou

transi stor int er wn cur nt ro
t he di ode conh& mntiquﬂea:otmewﬁdmgormeesu noti tfoemagnr Dardf o g. 3 i s’

'1lustrative gind Wr&dind! {10t 0on | NE1EAYAGH' ANmBRLEN wi th! ¥Mrdr Rl ik
15 air gap is preferred, since the output torque will be
more uniform throughout the rotation of the motor than
w1th a uniform air gap motor. : - e

A suitably known circuit for the motor of Fig.

la is shown in Fig. 2. A positive supply line 33 is

20 . connected_toha_pesitive_operating voltage Ub, for example,
a battery 34. The negative line 35 of the circuit is
connected to the negative terminal of the bettery-34
whichimay be, say, 12, 24 or 48 V. Terminals el and a2
of the respective windings 20 21 are connected to the

25 positive supply line 33, whilst terminals al and e2 are
connected to the collectors of two npn transistors 36, 37

~

whose emitters are connected to the negative line 35.

Each one of the transistors 36, 37 has a free-wheeling

diode 38, 39, respectively, connected thereacross. The
30 retor'pOSition'sensor 25 controls a switching circnit.42

having two outputs connected respectively to the bases

of the transistors 36, 37. When the transistor.37

receives a positive signal 43, it is conductive and

. current will flow through the winding —

35 21, At the same time, the transistor 36 must receive a




¥ ' . .
25, ation of the diagram alone, are not separately apparent. One of the
enbodi.nents, as illustrated in Fi-g. 3 utilizes two wi ndi ngs 20, 21 (20",

21'-y which-are mouﬁd»ln paral- lel, as illustrated in Fig. 4a. Cbupbépg
bet ween the wi ndings is inductive. If the w ndings 20', 21' are not

i nductively coupled, or are only sllght+ylé0‘ for exanple I f the notor has
a coreless stator w nding as descrlbed in the applicants' US Patent :
Speci fication No 3,840, 761 (F]g a coupling capacitor 47 _is needed. The
Si ze Okt he doumqgﬁfkﬁﬁmﬁngﬁ 444 ﬁml%ﬁu%%yiﬁetBSQGnPPPeF9n§H§§hYe°nay

have an effectl\cexﬁfalég-‘éi Qfhei€l €he téanﬁs%esseteeﬁeﬁetsw Ithedeaaa@mpon |
the coupling of the

The cito

may be absent, tit r Yf ge

%t?w%awn%%é TRig, aEoorlBRLY: pPLed, BLRALE
-CﬁpaCI t)é to effem, Mrﬂneﬁglékfeémia&mdldtﬂ@isVﬁzﬂ@ergthbl cbnsar&bgﬁe?hbﬂf
t he w nai I ng_.curr 0 W n necte e
coupling capgg %?‘é%ﬁ' dﬁ% éﬁﬁ%]%%ﬁ%g A %ﬁﬁ?gﬁag?giﬁgg? gﬁgnent, o)
that the capaC|tqunﬁeﬁﬁ&axnuth#txﬂspﬁbtiwﬁqmmm@inmsyZQe 2h ahe btodbe dfisnF
and will be use @HQPi Ss ' S n -
supply lines 33%(%@1 ﬁ)éﬂ t#zoa escrllgf|%‘?\a&%éﬁ:o%éc%gé%ﬁgﬁgggoﬁgegmt&
descri bed and fdﬁ%ﬁf%ﬂi?ﬁ?%nﬁﬁ¢%§+y 15 oradpalnebosmenth, dbscppngetdrnande
with the prior aMe diaMeerleels qw@ é@eiﬁﬁe SeHE AuaRES! §8§1n99V\4nhEtb%e

doscr ! bed onl YeSelE st ener AIS45h "0k s AT 15,230 SERBPEAYS o
connected to theu@na$$dicwnc&3éfﬁntémféiemﬁd wnﬁcnthﬁn:annpinsaaneesstor
o pe T POsonaf i Fna d £ ZR0E s b2 Eoflfy L8 EORETLE S, BAERLEE.
for exanple to able-'Hﬁasnnmnﬂe5©amiciherkh5lceadberueedlSOcehnéeas& to a
;Zf::lt ?choﬂﬁtew&&é%lﬂﬂélﬂppfé%té‘éf&yrfétéfféfeﬁée. 55, 56 which are
15 In the first embodiment in accordance with the
present invention illustrated in Fig. 3, the windings
20%21' are coupled, either capacitively or inductively
and reversely polarized diodes are provided in parallel
with the ability to couple energy . released upon the non-
20 conductance of a respective transistor into the other
' winding and to permit current_flow then througn the
diode connected to the "other winding. .
_ The circuit diagram of Fig.3 is illustrative of
s\ " two embodiments of the invention which, from a consider-
1 ation of the diagram alone, are not separately apparent.
One of the embodiments, as illustrated in Fig. 3 utilizes
two windings 20, 21 (20', 21') which are wound in paral-
lel, as illustrated in Fig. 4a. Ccupling between the
windings'is inductive. If the windings 20', 21' are not
30 inductively coupled, or are only slightly so, for
 example, if the motor has a coreless stator winding as
described in the applican;s' uUs Patent Specification No
3,840,761 (Fig. 1), a coupling capacitor 47 is needed.
The size of the coupling capacitor 47, which may be
35 entirely absent, may have an effective capacity of zero

A



25 ted. The output 50 of the Hall sensor 25 is connected t0 the junction
‘bet ween resistors 54, 56. The other ter- mnal of the resistor 56 is )
connected to the base of an npn transistor 58, whilst the éizl stor’55 is .
connected at one side to the positive-l 18e-33 and its othe ide to 30
resistor 54. This junction is connected to the base of a pnp transistor 57
which is conplenentary to the transis- tor 58. The enitters of the :

- transi stork 53y 6Bosecthenetorecwiild dependsppon \thd iqmpRing 35 tine | st

their coll ectQfssdh scg neg?ed(gg tag?dot The @52’64‘5"% t‘p;e 3!?}1 r}gédfbs/ 20,

21,.that is, to ter wheelT hg de 59
i s connect ed lb%téb%ﬂni'-hebﬁepﬁ Aavexy, smpad P@PWYoolqna(he)rOﬁ)fat he

transistor 57suﬁf'£'c1éﬁt.|lyn§a§§e cégaese yWeeeldrFe ct Qg P uEChfd bet ween
F

th di t ol | ector, of the’5 _tTansistor 58,
and 11 ne 38 TAduOBtvar bRsTaY whirbnis FOREE: Gl hen NGRS GATE MGos ¢ o

t hat through élh]ﬁrénﬁnsnﬂbotﬁe55th59 w\ivhﬂlinb‘htot W%dﬁﬁd&:éﬁ e Gﬂ'{@UCt I ng.
Connecti on of $ %ﬂl odes 59 60 gn_éto t tran5|stors in view of

th reg
the polarity ¥ c agﬁcitgr SF?O ﬁmar? a5, 4% S8 Bhnnect i on.
The wi ndi ngs szﬂprageaekemenpbedobyhatctbpl cagacd.@cufy tihk wEpETiitoso

dimensi oned 1 fellehinCBSACEETYLa 1heRk BrARE! Ll Bl e YAAGIY (RERTOY

stored in the w w -t hout subst-antially incCreasing 1

charge vot@ ag@'I:[}ér‘F? suppress, radigonoinet ladesferance o dde tsuppine

vol t age betwep{hégeg,gyppgy i nes 33, 35. The termnals.al, el; a2, e2 are
‘simlar to and have been given the sane notatiqon as in Flg 1. Voltage L
level s at terninals af® gésFFHPEéPBdtSS fpilowa cpmponenys Qe 20 ahld]-

ot her vol t agedesdwitved Nafl gfuRcBLONShE lsdﬁlﬁ.lah:d&mtlof iotther it infehtand SC.
Oper ati on, mnth LﬁfféggﬁéaﬁgeF%QEh éﬁb ?or art, have been given the
15 same numerals and will be described only once herein.

' The embodiment of Fig. 3 has capacitive coupling,
using'the capacitor 47. rhe Hall sensor 25 has one ter-
minal connected to the chassis'or earth line 35 and the
other across a resistor 48 to the positive line 33. A

20 Zener diode 49 is connected in parallel to the Hall
sensor 25 to control_its operating voltage to a suitable
- value, for example to 5 V. The output 50 of the Hall
sensor 25 is connected to a resistance network 53 includ-
ing three resistors 54,_55,_56 which are serially connec-
25 ted. fThe output 50 of the Hall sensor 25 is connected to
the junction between resistors 54, 56. The other ter-
minal of the resistor 56 is connected to the base of an
npn transistor 58, whilst the re51stor 55 is connected
at one ‘side to the. positive line 33 and its other side to
30 resistor 54, This Junction is connected to the base of a
pnp transistor 57 which is complementary to the transis-
tor 58. ' The emitters of the transistors 57, 58 are
connected to the respective lines 33, 35, whilst their
collectors are connected to the dot terminals of the
35 windings'zo,_21,_that_is, to terminals al, 22. A free-



as. follows.. lLet it-be assuned that the transistor 57 is controlled to
~conduction. A current [err] will flowfrom25 the Iine 33 through th
eurrent-carryi ng corduction path of the transistor 57 and the wi ndi n§220

fromthe termnal”*al to termnal el. The stator pole 16 becomes a South
pole, and the stator pole 17 a North pot &6 Tf the trans- istor 58 is
rendered conductive, a current 121 wll flow 30 fromtermnal e2 to

-t ipal a2, .the,stator 16 hecamy a Nort l.es.and the stator, 17 . a South
ol o Aok Tha' nneedn g, Sloler 8 1 Soadted nafrien dhd Eefnanda Talonl 0
the Hal | sensor tAati 4sqphe coldditch gblthefttdesistor 37, am@ thansi stor
57 is conductive,andashkence, the 35. w.ngi W g f i ng

t her et hrough. %@% 33'33%- f%‘%e_ %Pegslg%ls%%%d%msi%p%%gf cgé‘%é %%%%é%%\ﬁl e, the
wi ndi ng. 21 id_s r sheewdadiogd rexmigalt [ad, ridwat tisig the t¢ellécteriofi the
rotation indigca fal O : whgq t S s .
opposi te a Ngrttﬁ(i%g%é?tt:a?s%gdt \gl#&&nv?:ﬁ'S be at.ﬁil ov&%ﬁe&gféﬁl% bi nary
notation, a zer §lowy&hroughs the dipde hds aRppIsies cthaprehaondgle| fhenhe

vol tage of the RedAkii%eoreNays| S8 Wi tHd Neradbsidterd RS SduEBing! |
be non-conducti ng,n and _the transistor. 57 I 1_beco conducti ve.

Conver sel y, whenCRPBEGEAFOPE ithe diganssiaty (# WHFY ZeFRRTE %0 ¥R out put
50 vvidl | .be hi ggtrﬁhetis'rt&rsé} Insivgest oFf ﬁnfipdmn%tdnftds@dmmiﬁ;ois58
.conductive,an ransisstor 57 .non-ca tive. S, one single output
si gnal at tPi oﬁ?ﬁﬁt tt?ﬁmfsfioﬁnt ﬁé’tljlalqarsag@s# %’rb%?#?%’ control -of the two
tgﬁgsi stors 57, 58 15 ' Thepwimdimds 24 i @lhare ccouplbed by arcouphirg phase
relati onshi-p by e nesicyd HiGhe T, t

swi-t ching ci rcuftgeg%&%? ayg%h}%t %3"2 S%f n accdﬁﬁﬁécdé %gat% gef"ga uir:ée)é% v?he'

invention, nereR§ Beasited Borkien ofsitherindugriveenerandiored in
Consi dering nowthenvhaingd 205t 21! A& Bibstantially increasing its

15 charge voltage o, that is, it does nqt essentially
exceed the line voltage between the supply lines 33, 35.
The terminals al, el; a2, e2 are similar to and
have been given the same notation as in Fig. 1. Voltége ievels
at terminals _a_l,_ a2 are indicated as pl, p2, whilst currents
20 and other voltages shown in Fig. 3 are similarly
identified in Figs. 5A and 5C. -
' . Operation, with reference to Figs. 5A to 5C is
_ as follows. Let. it be assumed that the transistor 57 is
s ' - controlled to coh_duction. A current i,, will flow from
+25 the line 33 through the current-carrying conduction path
of the transistor 57 and the winding 20 from the terminal.
al to terminal el. The stator pole 16 becomes a South
pole, and the stator pole 17 a North pole. If the trans- _
istor 58 is rendered conductive, a current i,, will flow
30 from terminal e2 to t_erminal_ a2, the stator 16 becoming a
North pole and the stator 17 a South polél 'In the '
annular position of the rotor illustra’ted in -Fig. 1, in
which the Hall sensor 25 is opposite a North pole of the
_ - rotor 11, the transistor 57 is coriductive"and_ hehce, the
- 35 winding 20 will have current flowing therethrough. When



that the transistor 58 is conductive and should be dis- connected, such
that the next current pulse then flows through the wi ndi ng 20 upon, ' ’
conduction of transistor 57. Wen the transistor 58 is 33nduct ive, the
capacitor 47 25 will have a voltage [err)7 -thereacross, with the polarity
as shown in Fig. 3, which is approximtely equal ‘to the average anplitude
of. the voltage which is induced by rotation of the per manent nmagnet rotor

11 in the Y‘nQEHEBrZQS 3% op g@s&t&ﬂéfﬂbhthspﬁmewltHeFﬁxhdfﬁg 2Thesvol jage
30 across termnals el

ffers_continu by the I
vol tage UB, sFRBEeLRE €8 %lglgeq thus xes %’b ‘%}b V‘ﬁ%y??ﬁt%‘t’ pp.y
Duri ng CO”WUtthaﬁiohhahdﬂtaﬁsambjlﬂhe(iﬁroﬁ 14uatThus;swhen58hetHell

current i21 in wndi 21 be s .03 T, V. h
termnal a2 (EPPSOT agn&s‘ op%g% &_NPE%L&&?‘I gl%{'%lggl gé ‘8’%%?’ el t is
- nore p05|t5vebeb;tahoabwthalnﬂ|nr{<mn]binanﬁln¢kabtmnag@ zerof lewel.

positive line %h ﬂﬂe&'“ﬁiii‘ el g ﬂﬁfb*gﬁggggypghétvgmeage

term nal al g§§?|sen appr dxi nat € e value of 5 the sup

‘[err], due toofh&heomgigiarky v, tq*@a@sﬂqa: eaxth ling %%'bvl?hgrgaﬁééfzf’ge

47. As soon aggt ig 140k n%ﬁf—cﬁﬁfdifétiq?@ﬁcaﬁd)rtwé stagbisyoexseedslihe
vol tage UB, for exanple, by nore than eI| dlode 59

will becone cbﬁGGEFIQQQQHFEQWﬁnreﬁﬂnT?§§ﬁL%MVWe?I?wﬁ?%gﬁop? sPorage
capaci tor 145 epp Ws|i|tebQ:He9HiﬂleChérisdiﬂ62$)pvﬂme sonpppyt N80 weik1( beghigl), so

LﬂiﬁgtyhﬁrISSE%#&%”erg T e T
wheel i ng d|odeoﬁﬂuoﬂiwenandrtheutransast@heSZa@@%r@@hﬂ?CtlgeCon@bﬁﬁuon of
di ode 59 pr ev?,p, é‘t#v‘e Qﬁ{ £ terf{ﬁ #eaf%ﬁégsugé enéoheﬂsﬁ tdeeHaa 1t he

tight ac coupll and a

further |ncrea@@soﬁ'ﬂﬁepﬁﬂmkﬁﬁaQQPt%RkN%fatQ%lE@° Féﬂglg% %gl%gr 3 °

15 in push-pull, alternate conduction, or counter phase
: relationship by control over the resistance network. 53.
The control switching circuit 42 of Fig. 2, thus, in
accordance with a feature of the invention, merely
"becomes a three-resistor resistance network.

20 o Considering now commutation, let it be assumed
that the transistor 58 is conductive and should be dis-
connected, such that the next current pulse then flows
through the winding 20 upon conduction of transistor 57. )
When the transistor 58 is conductive, the capacitor 47 o

25 will have a voltage u, thereacross, with the polarity

' as shown in Fig. 3, which is approximately equal to the
average amplitude of the voltage which is induced by
'rotatlon of the permanent magnet rotor 11 in the windings
20, 21. This;voltage is shown in Fig. 5B. The voltage

30 across terminals el, gz_differs continuously by the value-
of the.Supply voltage.UB, since the terminals el, e2 are
connected to the lines 33, 35. _

~ During commutation, that is, upon turn-OFF of the
translstor 58, the current i,; in winding 21 begins to

. 35 reduce. The voltage p, at the terminal a2 (Figs. 3 and



substantlally exceeds [err] (Fig. 5B). The currents 20 through the
respective mﬁndlng 20, 21 are shown in Fig. 5A, and the voltage

rélati onships at 'theimgspective termnals at Fig. 5B. In accordance with
the present inventiofi, there- fore, energy is transferred fromthe winding
to be discon- 25 nected or turned OFF~ il8 the exanple, the winding 21, via
the coupling capaC|ty 47 and diode 59 to the source of the supply, for

exanpl.g; the battery 3 g g 1) or, the stqrage capacitor 45. The
capaci wer 47-cl akpsWihd DEEED &geTise Uititer i §'°£e BRELEivendY when t he

vol tage pl 30 abées, thaevuqheane ,p%hlalnkQ:\HeSlet%@:‘e npheineepod Heive

termnal s al e p. th eacros only an
essentially unliaP gén&%? SBXO %hﬁéwéﬂf égé é ﬂ
capacity 47. Tthetetermahalealahdsetﬂmdm dppnnxmﬂqteﬂﬁatunﬁhnrna&mbeeﬁen-
35 tially ugv n a | tage ol JJ%? -

| ati on of thg a£¥ésgg§8?%e%€?% &8 b%ZOGH% |SQE}ress J’ %ﬁF;¥FQ%E

vol tage of the ﬁbﬁw&lkandhﬁéhbyst @ppaﬁisoradd-usAﬁmﬁpqnnasnkh¢d@@b@r

Wi th excessivel y48i gBr¥gk! 2dBacitor 47 s11dﬁt19‘%ﬁ@é¥ﬁ§%@qloféaé’é%
coupled by a ferfo- magnetic core, anal ogous to transformer, then ab

portion of the EREr8¥ PdLedP¥nIORE hAdI Qg G\MV'cl?h% %%ﬂ&%%’é&ﬂl@i"de
transferred to $hewoliepedbid dondaddikiee apid e trYENY wiEn fI@ws{@r

this ener gy, £ o ee-wheel i |od 10 5 th #%%g 0|n exa
that is, %@1 ﬁﬁemfﬁarﬁgezfaps ] |$6o a'éc?'tb}‘(f e g‘é}?n%u%?"é t
58, after condustupphy hetwgrkur(!‘é.q.OSB) 13 ghhats tl'rearisfchmtsﬁve oendmegy

W RJTNG 20, Wi £DokEReCUARInEUZTCTl (AU 1 HEr B0 Page

before. Two energy bridges ar e oVi one over

capacitor 47 anﬂ°¥medobHthsvspuPﬂéngr&ﬁéﬁ@ﬁmﬂin§1ﬂ9uﬁknWA&hc#hﬁﬂf?@ﬁ'
bet ween - - wheeling diode 59, in this instance, via the capacitor 47.
15 Conduction of diode 39 prevents a further rise of the
voltage pl and hence, due to the tight ac coupling
" between the terminals al and a2 by the capacitor 47, a
further incfease of the wvoltage Ry above a va;ue which
g + u, (Fig. 5B). The currents
20 through the respective winding 20, 21 are shown in Fig.
5A, and the voltage relationships at the respective
terminals at Fig. 5B.

In accordance with the present invention, there-

substantially exceeds U

N~ - ~fore, energy is transferred from the winding to be discon-

' 25 nected or turned CFF, in the example, the winding 21, via
the coupling capacity 47 aad diode 59 to the source of '
the. supply,  for example, .the battery'34 (Fig. 1) or the
storage capacitor 45. The eapaéitor'47 clamps the volt-
ages-of the terminals al and'EZ'and;'when the voltage pl

30 rises, the voltage pZ'likewise rises,'end between the
terminals al, a2, that is, the voltages pl, p2, will be
thereacross ahly an essentially uniférm, unvarying
voltage, namely, that voltage across the capacity 47. The

| terminals e2 and g;.will~have only the uniform and essen-

35 tially unvarying operating voltage U Thus, the insu-

B..



t he MAndihgs 20, 21. The capacitive value of the coupling capacitor 47
‘thus should be matched to that of the trans- former coupling between the

wi ndi ngs 20, 21. If the 20 coupling between the windi39s is very snall, -
for exanple if the notor is-a flat or-"pgncake" notor as illustrated in the
aforenenti oned US Patent Specification No 3,840,761 (Fig. 1 or 20), then
the coupling capacitor 47 nust have a substantial capacity.. If the notor

is as shown |Ia%oraoo:brthmma.ms hoFi ghelwmhdﬁ.hgspaleseml alsplslt(r@‘shs@iﬂ. fthen a
much smal | er ng t nt t

wi ndi ngs 20, iﬁk %%?éi? €§1H§§ nak 3%%% k Hlﬁ&geg o (Flg
4b) is tlght ateunand is gussimde oweeloadadtWLthexebys&helgohpbhng

capaci t or z%§ % dice this tight coupling can be a sufficient and sinple
energy-brt

our se, sone capaC|tg bet ween the windings will also be
‘present a 'add|t|cnmﬁfyth%nwxm@hﬂﬁsté vhélcaupl ceyrledi byc gpdermp—-ay be

repre- senteghagiéic od eawaraésa& Eaalal teaaaebmerﬂth%a Lheowddimgs

20', 21' are.wound as..bifilar, that -20- t\Wo- W I e paral | el
wi ndi ngs. It°ﬁs$hﬂne¥ﬁF9Ycﬁ?ﬁﬁe@oiﬂeFEwaﬁpﬁanEmUhégba#&téewﬁﬁGFﬁégeﬂn

comon sl ot s,id resinifed fedbtdi the Ubtherewindings’ andetheovrhie?d wahdifg

et et ho A RS T ERT G LhSRST Y WEPC BB EE R THAREY Lo SEReTy

pl aced i A& orBton: strotishé-efsesgo Degip! Iegalhplweﬂhhh61sljdweduahemﬁl1®\ldﬂ@? r
ool e on Al T kd e MITLAgReALE 1OURT BN eh B0 PR INE By 38 SRR ndi ngs)
will result. QnﬂunnmnnuIbeinguku¢mmdu@FEg ehergir ¢si trehsEegred wot h't he

wi ndi Ng ar r aRGRIRNN Hfnd %0, IéhidieeR V@ﬁrsxugééngﬁﬁeneaw F16% LhroRdA

rapld switching, 1s1ns tentand
the diode 59, as before._ Two energy bridges are then

prov1ded, one over the coupling capacitor 47 and the

other over the transformer or inductive coupling between

the wind;ngs 20, 21. The capacitive value of the coupling
capacitor 47 thus should be matched to that of the trans-
former coupling between the windings 20, 21. If the
.coupling between the windings is very small, for example

if the.motor is a flat or "pancake" motor as illustrated

in the aforementioned US Patent Specification No 3,840,761

(Fig. 1 or 20), then the coupling capacitor 47 must have i
- a substantial capac1ty.. If the motor is as shown in ' &;}
accordance ‘with Fig. 1 of the present application, then _

a much smaller capacitor_47 can be used. If the coupling

between the two windings 20, 21 by the parallel winding

of the two windings 20', 21' (Fig. 4b) is tight, then it

is possible to eliminate entirely the coupling capacitor

'47, since this tight coupling can be a sufficient and -
simple energy-bridge. of couree, some capacity between

15

20

25

- 30

the windings_will-also be present and additionally
contribute to the coupling. This capacity'may-be repre-
sented, also, by an equivalent small capacitor 47.

35 The windings 20', 21' are wound as bifilar, that



»

wi'[l occur in-the winding which is turned 'OFF. If, how 15 ever, in
accordance with a feature of the'invention, the w ndings are wound commonly
as:-a bifilar wnding, 80 that the windings are intinmately m xed to-géeéiger,

| eakage flux is practically entirely suppressed. The spatial differ '
between windings in the arrangement of +iZ ta 20 results in a somewhat

| oose i nductive coupl i ng. I n con- trast, and when-using the w nding
arrangenment shown in Fig. in _which the bifilar w ndi ngs are intimtely:

ni xed, whe i Ilduéﬁl'v§W@GU|§Fﬁn§air§1tLQ}htW%f§$ectW/eis MRl Prekiciantyto
enti rel y SUDpreﬁeragyl pakagewd Wepatate windirds hias dw@on slots, in -

found, surpr|S|n tha I_n L filar MAndI i n_ conbipation th the
circuit of Fig.® ésﬁpt tﬁi %q%é;Q§ﬁ§} TP %H?Fm$

direct .vol tage behm&agst laadt whus radno:igis e ne?lﬂessi*drge aﬁltleeoéap&cthontn be
the operating vare- Sa5sebee BeFvEer S BRI Ao e ronh & E bR el s
‘al, a2 correspowti$chokhlel windimigs @mﬁlmanhiyﬁplanﬁduﬂn cqmmonWshmtss

i nduced by the- g e@&lﬂﬂ r ngs
in operation of Etghaggg cgﬁgﬁ&@fbs VO tag%qndﬂ{a%i terna :san%\ﬁ(g t age
-21- 31 1 nodul Rlegeer 'Whear fhecwinddngs ane y%ﬁm%d@%eﬁwture: as
approxi mat el y 5@¥ok, 7@%otextah@t1 ﬂﬂ%ri(zjoerﬂJ %d&l\ﬂ% iHBusERYE

SRS Y R L LRI R R TR Rt oh
| east wWith respaa#l Whehhasahgemmess:m:fcdilm df Fic. zuijftlclﬂuelwmcmmghed
Vol Tage degradabrERPIeRREY REFAG-01% < R Dl S 4Ftedy AfetiGulroy
vol tage of substpeni zhpid smnudhmmga\msrinsuﬁﬁiqnmtcﬂndmyéltmﬁe.péihe to
the symmetryof {§1CHEEUr! in' R GA GO YH ol M ANl &8 OFF. If, how-
15 ever, in accordance with a feature of the invention, the
' windings are wound commonly as a bifilar winding, so that
the windipgs are intimately mixed together, leakage flux
is practically entirely suppressed. The spatial
difference between windings in the arrangement of Fig. la
20 results in a somewhat loose inductive coupling. In con-
trast, and when- ising the'winding'arrangement shown in ‘
Fig. 4a,.in which the bifilar windings are intimately
mixed, the inductive coupling'is tight and effective,
\/ thus practically entirely Suppressing_leakage flux.

‘ 25° It has been found,3surprisingly, that using a
bifilar winding 'in combination with the circuit of Fig. 3
results in a difference voltage whieh is essentially a '
direct voltage between the two windings 20°', 21', the
value of which at the windings terminals el, e2, connec-.

30 ted to the lines 35, 33, is equal to the operating volt-
age'UB, and the value of which at the-winding terminals'
al, az correeponds roughly to the amplitude of the volt-
age which is induced by the rotating permanent magnet
motor in the respective windinés in operation of the

35 motor. This voltage has a small alternating voltage



fromthe winding 20 or 20' to the diode 60 in an exactly anal ogue manner
-(conpare Fig. 5B). Energy stored in the winding 20 or 20', upon s,
de-energi zation of 15 the transistor 57, is transferred through the
couplirg capacitor 47 and/ or transformey < nductive coupling of the

wi ndings to flow as current through the di ode 60 tths'})ower suppl y
source, e.g. a battery 34 (Fig. 1) or to the storage capacitor 45. 20

I n one oper anbdglaxedpbe suparpedddrthataedn andd amplioide beihga 4 W

power input operatin 3Q0Q Y- dehe Cidheui to of ?ﬁ)und
in accordanc@BﬁA‘:f:’ﬁ"F—lg etl¥ %%t 1J|%s 7t0tv§%%sfg talflr‘-’la f;’%}r@r gon%gﬂg\ﬂ avgygg

" has the fol I'mhengmaallueé.tez'&atlng volt_aegmcanm sippressed by BSQ V Hal |

| C 25: I
e . of thfosoﬁg %%AQ_;r g??g?g.?fofﬁ7 connected be'gwgv[u[xetl]ﬂa £S8hakor
_resistor B8:tors of the transisdons c%?pacﬁat OB £k IRRIG: WlchQefB?F]:

transi stor 5¢o the steepneBls &6&{@@"1&]@, EEﬁsziciently sibb&Reddi odes
59, 60: 58 from t he foregoing

1NA1 35 be e
exanpl e, onl §ut, sgpthat there is little dcange%fs"{ WIS HIntRes are used

whi ch c?n lbeiﬁeaqlaltytoacaw)dﬁ &b 1Yage megﬁathmdmul tTﬁé’an@B&dloﬂ'his i s
particularly_i ant rcuit_ be copbin ns or
ventilators. PSgpgltg(?FF&%ng’ye&J s&]ﬁ?ﬁte &a r?{) go& é? e%?#éélgli%%s whi ch
is partit0l aahmplitpdet snitthi s teeps sori talvind eﬁkﬁnkﬁ)t orBué nteohénati on with
el ectrical r QU AW A rﬁﬁf‘c r SPASE i1- able
fdr the m)torgtlmt%égﬁ 8% g}% t&cwt ééi\iaélnr%éaigéei ﬁsat thesfégﬁgfés- 10 \J '

tors 57, 58 EaAmpEheowdndimngd 20 ©F E?é)serﬁ‘?eﬂ g &iRae in an

exactly analogue manner (compare Fig. SB) Energy
stored in. the winding 20 or 20', upon de—energlzation of
15 the transistor 57, is transferred through the coupling -
capacitor 47 and/or transformer, inductive coupling of
the windings'to flow -as current through the diode 60 to
the power supply sOurce} e.g. a'pattery 34 (Fig. 1) or

to the storage capacitor 45,

20 In one operat:.ng example arranged for 24 V, and
for a motor with a 4 W power input operating at 3000 rpm, ‘
the circuit of Fig. 3 with amotorwound in accordance
with Fig. 1 that is two separately arranged w:.ndings 20,

21, has the followxng values- . ' \;).
25 Zener diode 49: 5.1V '
Hall IC 25: . TL 170
resistor 54: 2.2 kR
resistor 55: 100 R
. . resistor 56: - 5.1 k@
3Q' - re51stor 48: 3.3 kQ
' capac1tors 45 and 47; 22 uF
transistor 57: ._' BD 136
oo .transistor 58: " BD 135 .
" " diodes 59, 60:. 1N4148.

35 As can be_' seen from the forego:.ng example, only



h Y

wave signal s having- the same phase position with respect to each other but
differing in dc voltage level. The control signals for the transistors 57,
58 can thus be generated by a single output froma Hall integrated 15
circuit (1C) generator w thout requiring ap additional phase inversiosﬁ
stage. As'illustrated’ #n Fig. 3, a single output signal fromthe Hall“I'C
sensor 25, and a suitably dinensioned resistor network 54, 55, 56, provides

contrgl -of the tf# tdcisoréPtS areabéed whicy 38n Bangeatily eyeomddatBde
Con beseen. 1 hehrt BELERT SR L (%) LRYERE, PR 80 Le BRFRIEINAE Y,
of the bases of inpoxttamsiwhen otbe57ir&3iti dst he bescembi§e§4wliﬁ.fhns or
?Séiédi‘Qﬁebiibt Nl PROIN 207 S Ecfohl? LOUEBhERD oR CLREACE 3043,
gal vani cal'| y:3 Sebidrens inns heviiech ol 8 apeitbrulaslyaiwpostante ipufpns or

transistors 'S'Gédﬁiiéﬂé¥'méhéﬁf fﬁréamﬁanEiéﬂ witdSe16ceP9chl and
Simlarly, operatjin onentﬁpgreV|ous- y descri bed have been given_the

sanme reference eHripmeRt b%iﬁﬁgcY?Bﬁdléﬁﬁlﬂ $RECRals G¥Adlat or
or Hall |IC sensabib ﬂdr celiw and Bole abtselfstrated in, and described in

connection with, Fig. 3.,,35 Refgrring to,the di of Fi
a coupling -23- 1 neﬂqﬁ?ﬁc%ﬁf %ﬁie Bd® 3?3898u£gg¥ ég% r?ﬁglﬁ%
sensor 25 arkf hawushrEk, rE$icanr nrolY¥ed Whthressentiellgo shuarere

termnal connectegd,d %f%%%#i’xﬁ%l ‘:ﬁ‘@ S2me! é@agéh s&@ﬁ.ghn?ﬁtﬂeg%g&gct

connected to the output sensor and o oné termn
résistor 67, whith efgh iqthex et t@ifferingohnedcecvolbagaclevedi.-nallhef a

capaci tor 68 m%ﬂd@rsigﬁr&ﬂgaﬁrIfhéuafans§s€8£§esvedsbochhethﬁgeb@‘ a
G R PN G S e o Ty R C N R
+UB line 33 to
15 'circuit (IC) generator without requiring an additional
phase inversion stage. As‘illustrated in Fig. 3, a
single output signal from the Hall IC sensor 25, and a
suitably dimensioned resistor network 54, 55, 56,
provides control of the two transistors in alternating,
- 20 conducting cycles. . The control network for the transis-
tors is thus simple and inexpensive. )
As can be seen, the arrangement of Fig. 3 prov-
ides for galvanic connection of the bases of the transis-
tors 57, 58 via the resistors 54, 56. In accordance
25 with another feature of the invention, additional advan-
tages can be obtained by de-coupling the bases of the
transistors 57, 58 galvanically. '
| Separating the dc voltages on the bases of the
. output transistors is illustrated in the circuits of
. 30 Figs. 6 and 7. Similarly, operating componénts previous-
ly described have been given the same reference numerals
and will not be described again. The Hall generator or
Hall IC sensor 25 is connected as illustrated in, and
described in connedtion with,'Fig. 3.

35 Referripg to the. embodiment of Fig. 6, a coupling



10 which also the.emtter of the transistor 69 is connected. The output of -

the Hall 1 C sensor 50 is further connected to the resistor 73, the other ,
term nal of which is connected to a capacitor 74 which, is connected to. the -
base of -an npn transistor 75, having a hgse-enitter re - 15 tor 76

connect ed to negative, chassis or earth l'ine 35, to whidch al so the enitter

of a transistor 75 is connec- ted. The collector of the transistor 69 is
connected wit fhéifmorlerm nb$ abnnéctkd wtondhegoR@pifti. go bf whe?2®@alIFi gf“4)

The collector of th an te th ter

of the w ndln i % %Ei g‘?sé%%cgéfl ve%ggggl’%ggév\ﬁgé r?g gi dde rgt‘i}‘ar

connected, as tcn: G .h&s omeahermpnadl benneslt&'dl cmsh:lhp Ip@ﬂﬂta.waaskieta ively
iated t 7 t

the verm nal s o L8 fffer TherfuRaNPhpIGecRopRELIRa o Sch%ﬁ@&%ﬁhﬁf.dé}ﬁ et

it be assuntd EatHal NosensQs| %5 andpposppe tREMipRl PE FeAesistRr £7 shown

in Fig. 1. |tsapidpWayolt806thératlranigaal candeted ito MR VermiFRie!oE at
the voltage of |ine 35, C%ug‘?e curr | ow over- the emtter-b

path of the traf3RaGHEeH h‘ésﬁaﬁ FFoFe@iQﬁ Py t&‘PF&r'gést [ienecte
capacitor in agsothrsgsaidh ahpnpotaankistas sbQwn aj baEleg-en&tth&usn ng the

transi stor 69 to eco onductl hat grLen fI ow | e
respective W e €5 °%%e°é§ ﬁﬁgu%’ 013: t%h%1 r}géq: %nd
“current flldw whmh _alsio-tHe. ehibtgh olﬁethendtragsietorr 5{9 1serwrg3eqtsed
transferred fr, t peet [ I § gt

'ﬁ{B et @é SELENE #aTYl BE %Qnsﬁ@ 59' s '%%rtt'i-%&iw trﬁFé:) 4 &d

coupling and t to result i'n current

cou %gscapam tor t hU-
di ode 60 for rexuphe e %‘Preﬁ%rg‘}hs pEheregrmingds ofusidich ishe
transistor 75 gddded€ed ok r&'éggaéﬂtsgnducm&h As E:Bh%et:'t'&; ddhar@paci t or

68 will dischar gsee atf Iaer?srgpgaéééglsiztggrggg hav In%t gr iase-emitter resis-

:15. tor 76 connected to negative, chassis or earth line 35,
to which also the emitter of a transistor 75 is connec-
ted. The collector of the transistor 69 is connected
with the terminal al of the winding 20 (Fig. 1) or 20

] (Fig. 4). The collector of the transistor 75 is connec-

20 ted with the términal a2 of the winding 21 or 21°', respec-
tively. Free—wheeling diodes 59, 60 are connected, as- in
Fig. 3, in anti-parallel relationshio to the respectively
associated transistors 69, 75. A coupling capacitor 47
is connected between the terminals al, a2 of the windings ;;/

25 20, 20', 21, 21°.

| | In operation, let it be assumed that a North pole

is opposite the Hall Ic sensor 25, as shown in Fig. 1.
Its output voltége is a 0-signal and this is approxi- -
mately at the voltage of line 35. Charge current will

30 flow over the emitter-base path of the tranSistor 69 to
the capacitor 68 and will charge this capacitor in
accordance with the polarity, as shown in Fig. 6,
causing the transistor 69 to become conductive, so that
current will flow in the respective winding 20, 20°'.

35 Upon turn-OFF of the transistor 69, and current flow



- >

e

- 66, 67,70. The operation with respect to the transis- tor 75 and capacitor
74 w11 be anal ogous. Resi-stors 10 70, 76 also draw off | eakage currents
whi ch. night arise in the capacitors 68, 74. Thus, both capaci tor £Qont i nu-
ously receive a chargg_which varies dUe_t§4the above- descri bed charge

I~

di scharge cycles, refttting, however, in an-essentially uniformvoltage of,
say, a few volts 15 on the capacitors. The capacitors, thus, in operation
functd on al NDSteEtdidIRr e IWisdBhd POt bLr ROS ,WBhekgPnsHr erhhsifeliea

transistors 69, 75 safely non-conduct.  As seen; .the capacitor 74 _is charged
wi'th opposite[ﬁﬁ?ﬂié&ﬁt%%??%ﬁtiﬁetﬂineéﬁﬁcggarzéé.V%B the transfprmer -~ -

accordance W t lcoweslianptdred - fieat coepdingheapagebbrontot Pesutkr ¢ui cupirenant s
ntorer ence. w LT PR PO ore 1B GBFCH0 £Pe ReChBRBRt T IR PBCRBTBen ¢ he
transi stor vihi atetooieial s Wibseguentdy¢uthentrassistooni/§ wadd aeperiod of
e ot o COSPEIPASS, ESNESAARELRORST K, LhshubikerTanaegpplattenit e
addi ti onal advf #jel bfdischargenmtvieastcoartialdvgtheaugh pesdstersin the
posi tive suppl ysg ] ng7 55730 hife PoP¥EEELoASwELhEY¥BESBCROLS! thE Rrahegkl-on
di ode to prevent d ge to the circu copponent s on i nadvertent,
erroneous pol ar‘?‘?’i/agrﬁféit?@?%*t?ﬁejléi‘f’% 'tbFoaBaL‘bjgﬂ?'éFy ‘oRe§EREPTSower
source. |n N O/ N6 rfl s adpdwe, of eléakagui bgreenesi whdbh maghesagiee
B or S oo BB 8] "Bl oL HRE, ppotn Bapali B3aS BRI ¢
registor 66: ously receive 2a[chatgeecwhichbryaBies78ue to the Bboveerr] 5
resistors 70, Hugeribed cHLrdE d1sERRAGE 8y8188, f4sufting,lRolEVEk,

in an essentially uniform voltage of, say, a few volts

- 15 on the capacitors. The capacitors, thus, in'operation

function almost similarly to small batteries which ensure

that the transistors 69, 75 safely non-conduct. As seen,

the capacitor 74 is charged with opposite polarity to

that of the capacitor 68. ' : ,

- 20 . In accordance with yet another feature of the
invention, the circuit preventé'excessiVe.cu:rent being
drawn, in case of a motor malfunction or interference
with rotation of the motor. If the rotor 11 blocks,

(s - then the transistor which conducts will receive current
25 for only such a period of time until the associated
capacitor 68 or 74 is fuliy charged. Thereafter, the
transistor and with it the motor 10, will lose' current.
This is ah-additional advantage of the inventive circuit
arrangement. Diode 77 in the positive supply line 65
30 is provided as a reverse-polarity protection diode to.
prevent damage to the circuit components upon inadvertent,
erroneous polarity connection of the circuit to a battery
or other power ‘source.
In an operating example, the following circuit
35 values are suitable for;use with a 24 V operating voltage



' capacitor 47:. - . 10 ferr] " Zener di ode 49, Hall generator 25, the *
transis- tors and diodes were identical to those used int cir- 10 cuit

of Fig. S.TThe capacitors 68, 74, in the above exanpl e. of  UF, are of a »
substantial size which nmay be undesir- able for certain applications. Fig. -
7 illustrates an arrangenent in which 15 substantrally smal | er equi val ent

capacitors can be used. ‘The mptor is designed to be wound in bifilar
Wi ndi ngs, as dasdrad mskon eHnbeet inputi pbwergopératial iat, 30dr0a I dpad -

positioned wires woun e No coupling caga r. 47, or a couplﬁﬁb
capacitor of only ver§k§ﬁg7§g€af%e 20 is. requ?féd or connectron bet ween

the termnals al and a2esistée 6@spective w ndi kg2 R® , 211. Conplenentary

Darlington transistor E7Useg, rather ghany dlnary transi stors
57, 58; 69, 75 (Figs. Sgég%ﬁéar%he e of preferred %arlrngton transis- 25

tor is that5 which alre©%§i$ﬁ%¥%degr ﬁé enitter P@sK8 or 80" and an

anti-parall el connectegiga@ggoﬁg 63Ln7nbe4§@ne isapg stor housing and
connected as shown in Iar conp enenhg conponents are used in
S

~the Darlington transr§?§§g?&$? *that is, Fresistor 30 81 and a
free-wheel i ng di ode 8'-|ZeneertBodbr4’9 poHabl1t qanerarteh:orzs hahe a:rrizmsﬁm-r ally

hi gher current_anplification than th |stors 7, 69 75

and, thus, thetgp a’b‘% ‘ﬁ)?#?%lﬁ’%ﬂe b§7&ﬁ'én§ﬁic% Srsehl %I j']:I'he

resi st ancelmetcndrik &R Pigmdhg the control swi t.chi ng ci rcur t connect ed

to the Hall IC sensor rl

general principle as the ne%\)/\oq’(é%g ég % gt‘rth% g\éao]‘&%g%{aﬂglgclfql C U
sensor 25 for alﬁ'urﬁzlfm}#c@nﬁé'ﬁb@ntéaleg:iﬁ?ow iGB My b wRdEsEF83 of
resistors 85, f{e AeienGérehpileaSdliBations.:

Fig. 7 illustrates an arrangement in which
15 'substantially smaller equivalent capacitors can be used.
The motor is designed to be wound in bifilar windings,
as deseribed in connection with Fig. 4, that is, parallel-
positioned wires wound together. No éoupling-capacitor
- 47, or a coupling capacitor of only very small value,
20 is required for connection between the terminals al and
a2 of the respectiﬁe'windings 20', 21°'. '_
. Complementary Darlington transistors 80, 81 are
used, rather than ordinary transistors 57, 58; 69, 75
(Fiés. 3, 6). The type of preferred Darlington transis- ;;)
25 tor is that which already includes the emitter resistor
80' and an anti-parallel connected diode 80'' in the.
same transistor housing and connected as shown in Fig. 7.
| Similar complementary components are used in the
Darlington transistor unit 81, that is, as base resistor
30 81 and a free-wheeling diode 81''. The Darlington trans-
istors have substantially higher current amplification
than the simple transistors 57, 58; 69, 75 and, thus,
they can be controlled by R/C_circuits of high impedance.
_ The resistance network 82 forming the control
35 switching circuit connected to the Hall IC sensor 25, is



5 be connected bet ween JUﬂCtIOﬂS 50 and 83 and is used if the operating
voltage [err] is,for exanple nore-than 30 V. |If the operating voltage UB
is, for exanple, 60 V, a'Zener diode 84 having a Zener voltage of 30 V43
used, in order to protect the Hall IC sen 8 at 10 its output 50 agai nst
excessive voltage levels. If the operatlng voltage UB is | ess than about 30
V, for exanple 24 V, then the Zener diode 84 is not needed. |If the

' I h d f

- operatin VS T Pl i) cSh e 8h Thuelefln CpRIREIAIITAY 8 S [
“shoul d be useminetw¢mkc®&ne56&onTbetmnbputh§00ﬁrpmttBe HﬁlﬂhéCHabMSDG
sensor 25 and ri@ﬁé{:%?"‘@bﬁﬂgc%&e%l ¥e9%§‘t?gbr @@“

connected to the p05|t|ve unct |s connected
by a resistor Zmsstieni$d s¥?$%§tPFﬁe8§3 8Rd f&r ERBRYD 1Pé§|§ﬁoWaEB Wi th

a series cappcigdlcSmebtéed, béewéelﬁn;uhetseﬂsesbednaoatshenaa&e elseldhe
Darl i ngton trankéstor uni t 80. out p further connecte%§ t hr ough

a_coupl i ng r esit drk ?%?P?EPY%EScﬁﬁgE?gﬁrU89§§nd PRef*ABPLRa BRLE

terrinal of ttmsd%VJingfOﬂhéropérstﬂngUﬁoltﬂée gg ésn Eerse&amphe,
Darlington tra its com e ca aC|tor
91, 929|s connec ed'd% %etﬁgi%ggegéoPFXé?Sf A %a%O&FagﬁeOFespgctlve

- Darlington trar30 X aks unsed 80in 8drderatd preteckr thet Ha2d ICo semsore st

hi gh-fre C h on tor
int't 80 15 Ronii S EREE €0 adRfnfl! phEEsGlvh GoRREgEEH LBILT TEIAS
termnal al 0fQRﬁ¥4ﬁiRﬁrKP geThg i tess thaphabaps BAr Viondosn example

txansistor unita8lyj seﬁ@nneséeﬂeﬁertafoaersh 1§ha§el fieBHed? NeFaichee |ine
35 and its collector to the term t he mnndln 21"

-- Ba5|cally,tQRFQﬁR&%ﬁlYﬂlF§g?ﬁeﬂ gﬁ? FbrFﬁéF 8# Eig 8. OTCEp REEESs 87,
89 are charged 3® V¥ hecapd| ste} yfor example 48 or 60 V, then a Zener .

15 diode similar to that of the diode 84 should be used
in the connection between the output 50 of the Hall IC
sensor 25 and a coupling resistor which, directly or
indirectly, is connected to the positive supply line 33.

Junction 83 (Fig. 7) is connected by a resistor

20 85 to the positive line 33 and further by resistor 86
with a series capacitor 87 which, in turn, is connected
to the base of the Darlington transistor unit 80. The
output 50 is further connected, through a coupling

_ resistor 88, to the capacitor 89 and then to the base

25 terminal of.the'Darlington transistor unit 81. As can
be seepn, the Darlington transistor units 80, 81 are com-
plementary. A small capacitor 91, 92 is conheéted

. across the base-collector terminal of the respective

Darlington transistor unit 80, 81 in a Miller circuit,
30 to-suppress-high-frequency'interference. - The emitter

of the pnp Darlington transistor unit 80 is connected

to the positive line 33 and its collector to the terminal

al of the winding 20'. The emitter of the npn Darlington
| transistor unit 81 is connected to the earth, chassis or
35 negative line 35-and its collector to the terminal a2 of



shown in- Fig. 6 and function as snall batteries which 5 e
-non-conduction of the transistors 80, 81 and, further, ens
di sconnection, if the rotor 11 of the notor should be bl oc

nsure reliable *
ure rapid current
ked. "Suitable ¥

val'ues of circuit elements for a 24_Vpy . - 30043 pm 4 Wnotor in
the circuit of Fig. 7 are: 10 Zener di ode 84: ‘not
necessary resistor 85: 3.3 [err] resistors 86, 88: 10
[err] cagamgﬂgf%fﬁhiﬁ@ 21' 477 [err] capacitors 91, 92: ) L
100. .. 220 pF 15 %f %ﬁ aﬁhtrangftoﬁ¥81:

.. BD677. All othdagica Y'c oﬂBﬁFétéPﬁ iEnifgn g 6

alnfl t he exargf s @eemsp?ejzzteﬂsv\mh Baeasenehamgeﬂatumgh\adalpogga:ﬂ
Illustrate t 84 t
LLustrate UeaeTRReRen 61 oRR, ShEFLbh K8\ agy BUBASIS, dhads B4 1 ot
val ues of5 t lemsiire uresiathl€i gon-GonddcEiohond thet twaamsistions 180 B il ar
‘W nding, whi %@ | Sf&:{‘@}lxé)f ef&ﬁé&ﬂeeﬁgﬁa"sﬂt:feﬁel ﬁléckﬂ\gle%%!]lo%”a'if

electronic a cal-circurt S--ar
7, thus, is nakomrkk 2f cthermoberi ﬁhpuéﬁbbel kdackefhe anpl

e ci rcu%?lof Fi i g.
itude of the -

squar e-wave vol t age- dief ¥eTle LH£14ES0bR0EirdlieE Wlkbh@ntle ffrl & 2 ty Circuit

of the 30 aforenentioped referenced US Patent S%eC|f|c ti

particul arl y89Q *B®, 4 W JRetREniRpERe SBTSHAt4®

of the-present invention tbet en the 35 resgegtg e W ndi

ot herw se equal oper%ﬁ? .28 - con is b
V, with a small ac aesistors 86, 88: 10 kQ
capacitors 87, 89: .- 4,7 yuF

_ capacitors 91, 92: _ 100..:220 pF
15 transistor 80: BD 678
transistor 8l: .~ BD 677.

on 3, 840, 761,

_ VEigit { #T24 V-operating -
vol tage1oThe anplit wkenéf diedeqsate-wave vol hagenedossaryl

ng the circuit
ngs, with. _
etween 12 to ZQ‘;_-

All other. circuit components are similar to those
of Flg. 6, and the example has been selected with the
same operating voltage to illustrate the comparison of

20 circuit values. The Zener diode 84 is not needed since- -

the operatlng voltage is below 30 V. -

Comparison of circuit values of the circuits of -

Figs.-G and 7 shows that when using the bifilar windlng,'

which is the preferred embodiment, only a few

and small fA_/

25 eleotronic_and electrical circuit componentsnare used.

The circuit of Fig. 7, thus, is the preferred
ootimal embodiment. -

and ..

The amplitude of the square-wave ‘voltage between

the windings, when using the prior art circuit of the

30 . aforementioned referenced US Patent Specification -
3,840,761, particularly Fig. 20, is between about 36 and T
44 Vv, with a 24 V operating voltage. 0L
The amplitude of the square-wave voltage, when

using the circuit of the-preéent invention, between the

35 respective windings, with otherwise equal operating



2 : : _ _
ponent of 2 to 5 V.superposed or nodul.ated thereon. Such a difference in
vol t age canh be easily accepted by insu- lation normally applied to the
winding wire. H'gh- 5 frequency, ac conponents are conpletely elininatéﬁé _
Thus, damage or degradati on of insulation over long operating periods of

ti me need not.be feared and a notor artapgesent is provided which has
extreme reliability and long operating life with a sinple associated
control, 10 circuit using only few and readily available circuit

conpor€nt s. Ibtasrditidng puis dsetweaeni heli bgs2dav,beithed, sinaldhachcomse,

the control circuit. is n,ei r_doubl ¢ r tripled, and ropri ate
sensi ng el errent%,n?rh%to#rsf t.L% é?‘gt%’gg%‘gefgg?gn.°5§e’ﬁ‘§8‘?‘g?t§§cﬁggg,‘”ﬁal I uch
generators, are Sififdteneesinivnbtage benabéceasdlipyatbkeptadnbyi énbuel d of
the rotor, for £33 £, Cl renc f a In Qur - pul se
not or, -Hal I. enerator?uﬁég%f%% %#ﬁggégbgagghenggaéégi§9§§r| E%g&n in the
field. 20 frequencyiotac eomrpenrentsf araecavplghalyorléminnsedi.ndi ngs

‘utilized is t haghudipy éﬂéfﬁaéﬁrédﬂﬁiéﬁ &EtthuQSEﬂBﬁea§eEH§Bﬁ§ rotor,.
vol tages are .induced | n the w pdi are of ﬁgugLaEQ se. Fof exanpl e,
I el

ngs. whi ch

let it be assuRFAHGANT RETIRAR Hf Fite Wherd  aPk; aifdaoBotas o'
respectively, htmammgeméﬁﬁgs i Wwe&mnﬁchahakhQXSQmei alenabil'ti.lstly and
positive at t termn 2 a negativ ol.t age . wi appear
at termnals éﬁo%?é%gﬁﬁ%%?ff%%s%igﬁn%i ﬁ%ﬁ%e gﬁ???i?ﬁfﬂafzgngﬁﬁnd a2
each have dWUotciappiitedisiiheonily  fewuandi ndadilysavhiilaBle thecndspective -
end. of the w ngi qﬁéﬁ%gli:he motor is subject to the sanme effect or has

t ke sane voltagéﬁﬁ% arity. The enbodinment of Fig. 7 permts operation wth-
out a coupling capacit OIS FLEmiRur PrFLK Winddpoengansbeapaeluor 47
of only very snpl lwhdhecadd) sth@scéherol c2Bcuit is then either doubled

or tripled, and appropriate sensing elements, that is,

15 rotor.position sensors, such as, Hall generators, are
suitably positioned to be affected by the magnetic field
of the rotor, for example'at the circumference of the
stator. In a four-pulse motor, Hall generators must
bé offset by 90°-e1., as is well known in the field.

20 - The dot convention of the designation of the
windings utilized is that, upon rotation of a motor with
a permanent magnet rotor, voltages are induéed in the
windings which are of equal phase. For example, let it

N be assumed that the two windings with terminals al-el and

25 32432, respectively, have a voltage. induced which, at

| the same instant, is positive at the terminals al and a2,
- so that a negative voltage will appear at terminals el
and e2. Under those conditions, the terminals al and a2
each have a dot applied. The dot, thus, indicates that
_30 the respective end of the winding within the motor is
subject to the same effect or has the same voltage
polarity.
The embodiment of Fig. 7 permits operation with-
out a coupling capacitor 47, as shown, or with a coupling
35 capacitor 47 of only very small value. This has the



1 additional further advantage that short-tinme simultan- :eous overlap of

current through the transistors 80, 81 will not cause danage thereto. Any
overlap, in tinme, of current flow or conduction of both tgansistors 69, 75
5 inthe circuit of Fig. 6 would, effestizgely, connect char ged

capacitors 45, 47 in series, resulting in des- truction of the transistors
69, 75. Immunity agai nst spurious nmalfunction in the operation of the -
control |l ed el eadditiéNal 7Bur8lerl8advantibye rthatechort-ainie o inti Ytard-0 E{,
cuits therefor, i n r.adv > of, ircuit. of Fig. 7., 2%+30
S5 ° lg0. - eohd 80SLIEH 82"BREA kgl Y aodisteds A7y 38170
mot or whi ch hasibl snatocausepdamagensheredgnet Anyt @vexlaporimetiee ar ranged
on the statol S culflnfCEIbPlokneoRRALILN ST Hoth UrddiA A 69NDs

~armature w,.ndi ng neans congrl Si ng_at east _one pal-r of w nding strands
arranged ondt htn stRe ofirgRékePfi: Figy Snwonilddi &ffectdivelor, arnnackdehe pair
has one end commgeded! €apac9B8rBoUs 0472 14C seiesl0 resulting in dews k by
first sem conductor, maan? ugder t he.,. %(f))ntrgl of. sai d sensor neans; éb) t he
other wi ndi ng ST¥GHECRT OF hERG, *EABRLFECTSh &S r0r@ "end EBHHIS AT t he

ot her pol e of ghwerisusiemabfinbyisacand thenoperditdion olf5 the controlled neans

Wi nai ng. st 1 ance L ENRR 0T anf £ BOTnaa: Rer <8 ¢SIRATHE SRR PEF caia

other wi ndihg cuitedtherefoneciabraotbegaiadvandagsl of dhe heinmitetadrk;

Fig. 7. S

~
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35



20. g , (d) sard frrst and second senrconductor means are of
oppostte conductrvrty and -are rendered aIternater conductive, in use,

under ‘the control- of, sai'd sensar: neans (e) -at least the ends of the -

wi ndi ng strands, 25 ) *Eonnect ed to respective -ones of sai d
first and: second seni conduct or means, are closely ac coupled; and (f) neans
are provrded for takrng up energy. steled In the respective w nding str4@p
upon . . 30 changeover fromone strand to the other or
vice-wefsa. 2, A notor according to claimi, wherein the w nding strands of
‘the or. each pair are closely inductively coupled ing to
claim 2, whereifah or each 35 pair of w nding stimm{’"ﬂﬂmﬂmmﬂn
bifilar mnndlng-————'S 1-1 arrangenent, to provi dé atvety <l gse

i nductive coupling therebetween. 4. A notor according to claim1,2 or 3

including a coupling qapacivr¥shlieds aeoelr&digmmhclhe%e PG taR | g
bet ween-t he wi ndi ng strands of the-or each pair, arranged bet ween t tmo

ends thereof . 33enk MagRet, XOHOF /FNEOR FeANE ARTANG tq?et@ﬁers@?té’trorage
capacity & th&ozouensige abicangules poEividn oM thes petiorg avddermafture

magni tude, to ener {0 be recovere fro t he respec ndi n _
strand duri ng E’Qﬁ’ﬁﬂ-}r“% Rolimbnt Sr?fn(?ﬁé" gf‘gsﬁtdlse Pf’éf ﬁéawgngingpa%g'apgs
conductivity t arrangethen the &tadoar, &m@amdmng to any precedi ng cIa|n1
wherei n t he output signal Ta)s%'n‘e AR nd " m 0‘1‘3%%'21‘111 g% to cai g

upon the angul ar position of "‘the rotor, I's arrange e su
first and second seni condud@s: ORea@nd, connestake t@rﬁ%\estﬂcﬁ-@ & gads net-

' SMCt uraljeel ements. 7. A Ry Wﬂ@ytn%éﬁcfdrﬂd@t@r e Rinide§ R@lenor K
control of said sensor means;

{b) the other_winding strand of the or each
pair has one end connectable to the other pole

of the dc network.by second semiconductor
15 ' means .under the control of said sensor means;
- {e) theebther-end of said one winding strand
is connectable to the other pole, and the other .
end of said other winding strand is connectable
. ' to said one pole, of the dc network;
20 {d) said first and second semiconductor means
| - are of opposite conductlvity and are rendered
S I : alte;nately conduct;ve, in use, under the
control of said sensor means; . o
(e) at least the ends of the winding strands,
25 - : connected to respective ones of said first and
| . second semiconductor means, are closely ac '
-coupled; and
() means are provided for taking up energy
-stored in the respective winding strand upon .:
30 " *  changeover from one strand to the othex or
vice-versa.
2, A motor according to claim 1, wherein the winding
‘strands of'the'or_each pair are closely inductively coupled.
| 3. A motor according to claim 2, wherein the or each
35 pair of winding strands is formed as a bifilar winding



is a resistance netmork._ZO- = 8.-A notor according to claim?7,
wher ei n anot her coupling capacitor, with which a di:scharge circuit is

associated, is provided in the connection between the reSIﬁnpnce net wor k N
-and a control input of each of said first and secaond sem conducter neans.
25 . 9. A notor according to claim8, wherein each coupling capacitor

has g. capacity.of the order of magnLgwde of mcr tor
according to any of claims 7 to 9, grel n said ﬂmﬂmmmmmu se a
Hal I -1C which is 30 connectabl e directly to ong& pbl & of" a®dc” net wor

and wherein the resistence network has a first resistor, which is connected
bet weeh t he BEEPVGSBENENctPRPFOYEENE VREYCGAOSE InGRdtiye aeunlddSect i ve

sem conduct oghEpapstweanect able to said one pole, a second resi stor
connected between, the

ut _and sai.d ot . pqle, and a third
resi stor -32- 4 EBﬁﬂEcF88°ngﬁﬁe%g &AM ﬁ*@ccﬁh %%ﬁ?ﬁﬂﬁe control
i nput of theareoﬁplzingecapat:ceoducfor peadscdaan atiee ¢ loses aidd daidpe.rm@ol e.

T A §0U0T AcealdhnEnLOLShALRL10x - LRRECLE. (REUSCL B plie Halarlde put P

and the seco PPd" T esI SPorSy A Const ant . Vol ttage co Sdné
provi ded, tobptueentthhetwalenﬁe bhepspfagalnst exce55|vely hi gh operating

vol tages. 12. A rgtoq A6EGLIAEOLA1GNALE Llagthel Clhd e CaRY Aoty tage

component is a Zenér dio A nmotor according to cl
10, 11 or 12, st\neﬁgeeﬁenaehwusénteﬁ-arcnpslemgca«m@rléqqap er B SERNdENd ihi r d

_resistors arEeseéBtceaneeaeel be ﬁegheeuwethte ERTRRE[! it PO WRldd Ve red
capaci tor. accor rein the 15 = respective :
couplltg cang??oggeaFESPﬁ°§éVFe§1RFFﬁgtﬁérESﬂ?S&rHﬁﬁnﬁQWNHQﬁﬁ%QWxﬁﬂ%ﬁ|ve‘J
sem - conduct éne nofnsasddseintcbhlattard melingd ofe diptiodite rcemdrrdyivelty
to the other. _
6. A motor accordlng to any preceding claim, wherein
the output signal of said sensor means, which is dependent

15 upon the angular position eof the rotor, is arranged to
be supplied to said first and second semiconductor means
via a network consisting of passive structural elements.

7. A motor according to claim 6, wherein the network
is a re51stance network.

20 8. A motor according to clalm 7, wherein another
coupling capacitor, with which a dlscharge circuit is
associated, is provided in the connection between the
resistance network and a control 1nput of each of sald

. flrst and second semlconductor means.

25 9. A motor according to claim 8, wherein each coupling
capacitot has a capacity of the'order of magnitude of
microfarads. |

10. A motor accordlng to any of claims 7 to 9
whereln_sald sensor means comprises a Hall-IC which is

30 connectable directly to one pole of a dc network, and wherein
the resistence network has a first resistor, which is
connected between the output of the Hall-IC and the control
1nput of the respect;ve semiconductor means connectable to
said one pole, a second resistor connected between the

35 Hall-IC output and sa;d_other pole, and a third resistor



15, A notor accordi-ng to any- precedinglclaLn+—ﬂmET€Tﬁ'§ara~;rFst and second
sem gonductor neans are alternately 20 controllaﬁ& \ ductlng 4§
si‘gnal s of the same phase position provided ﬁgm\\m ns.

mot or ‘according to any preceding claim mher means in |ten1(f)
conprises unidirectional conducting nmeans connected in antl-parallel W th
said 25 sem conductor neans, for recovgﬁlng energy stored in the respective
wi ndi ng: strand upon changeover durlng controlled pul sed current flow
thered¥ 17. A notor according to any preceding claimwhich is a double

pul se, brushless dc notor. 30 18. A doubl e- pul se brushl ess notor

substant | ii' | y ;in&@é@é@b&é@&@eﬂe@ﬁé' ﬁsﬁw&@ hoti 8L CRRE Eﬂetéén%@?”l?&ﬁbft ng

dr awi ngs. use of a nmotor accord |ng to any prece I Ng claimfor
driving a fan ofsthe respecbive Taemigenduciorpresrnaceenaeagedotel apidlo,

wherein the fagehsr Oboi&e axially-short t ype.
11. A motor according to claim 10, wherein; between
5 the Hall-IC-output and the second and third resistors, a
constant voltage component is provided, to protect the
Hall-IC output against excessively high operating voltages.

| 12. A motor according to claim 11, wherein the
- - constant voltage component is a Zener diode.

13. A motor according to claim 10,11 or 12, when
dependent upon claim 8 or 9, wherein the first and third
resistors are each connected in series with a respective
coupling capacitor. '

14. A motor according to claim 13, wherein the

15 respective coupling capacitors are in series with the

| control input of the respective semi-conductor means and

the first and third resistors, respectively.
15. A motor according to any preceding claim, wherein
said first and second semiconductor means are alternately

20 controllable to be conducting by signals of the same phase

position provided'by_said sensor means.

"/ : 16. A motor according to any preceding claim,
wherein said means in item (f) comprises unidirectional
conductiné means connected in anti-parallel with said

25 semiconductor means, for recovering energy stored in the

respective winding_strand'upon changeover during controlled
pulsed current flow therein.
17. A motor according to any preceding claim which
is a double pulse, brushless dc motor.
30 - 18. A double-pulse brushless motor substantially
Has hereinbefore described with reference to the accompanying
drawings. '
19. The use of a motor according to any preceding
- claim for driving a fan. '

35 20. The use of a .motor according to claim 19, whereln

the fan is of the axially short type.
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