A DRIVE CCRCU T FOR A STEPPER MOTOR The present invention concerns
mul ti phase stepper notors, and is particularly, though not exclusively,
concerned 5 with four-phase notors which performone revol ution or one

encircling in terms of electrical angle through 16 ‘stoppable steps byl

el ectrical activation and deactivation, and also to an apparatus and a
met hod._for driving the sanme. 10 Figs. 9 and 10 of the acconpanyi ng draw ngs
show a prior art arrangenent. - As shown therein, the conventional

four - phase stepping notor 900 is provided with an A-phase coil 91 and an

I nverse A-phase coil 92 15 which genékate torques to act on a rotor in
mutual ly reverse direAtbgn ' > il (93) and an

i nverse B-phase coil S94=#h cymioane < on the rotor in
mutual |y reverse directions. Further herein on a stator, a pole wound with
t he A-phase 20 coil 91 and a pole wound with the inverse A-phase coil 92,

and a1 502 B0 AL Yol b1 BRSO 8 A bl NS, B PSS

coil 94 are a accurately t0 surround a“ce _ wn) .
A first tergddal s0ba22qudfariRe, Aeipbash Aol SMeRiWivaYH! Seohiddidnsacoil 92
I's respectively connected, via 2

-5 with four-phase motors which perform one revolution or

one encircling in terms of electrical angle through 16
stoppable  steps by electrical activation and
deactivation, and also to an apparatus and a method for
driving the same.
10
Figs. 9 and 10 of the accoﬁpanying drawings show a
prior art arrangement. As shown therein, the
conventional four-phase stepping-motor 900 is provided
with an A-phase coil 91 and an inverse A-phase coil 92
15 which generate torques to act on a rotor in mutually
reverse directiohs, and also with a B-phase coil (93) and
. an inverse B-~phase coil 94 which aiso-generate torques (;
to act on the rotor in mutually reverse directions.
Further herein on a stator, a pole wound with the A-phase
20 coil 91 and a pole wound with the inferse A-phase coil

92, and also a pole wound with the B-phase coil 93 and

a pol: wou- vith the inverse B-phase coil 94 are
arrang=d al ately to surround a center rotor (not
shown) .

25
A first terminal of each of the A-phase coil 91 and

inverse A-phase coil 92 is respectively connected, via




.transistors @1 to P4 arranged for switching action, to plus and m nus
ends of a power source 95, and a first term nal of each of the B-phase coi
93 and the inverse B-phase coil 94 is .respectively connected, via 5
tr@sistors @5 to P8, to plus and m nus ends of another power source 96.
I n=¥urn, a second termnal of the A- phase coil 91 is connected to a second
term nal of the inverse A-phase coi|l 92. Likewi se, a second termnal of
t he B-phase coil 93 is connected to a second term nal of 10 the inverse
B- phase coil 94. Herein, each phase coil, 91 through 94, is designed to
have t he sanme i npedance val ue so that ea2h coil will provide the sane
magni tude of torques at the rotor when the sane magni tude or anount of
current is appansistorsQikttio@9doarrangedrifier, switehdmy RFERIRN neleMi t udes
of current to the transistors @1 to (B8, current conductions 911, 921,
931, 941 acmpdsis tamdphinus eodss adpiat BOERY FovEsed v odBR 86 LS. Thus
one cycle is perfornmed as shown 20 in Fig. 10, ng t here t he rotor of
the four-phademticppt Rf eAch @Hothe BapRage §oidt ?e?nﬂs%édwaﬁfﬁ/%, each
coil 91 to 94 has the sa [ dance and accptdingly the ges 1o be
applied to e&?i’a}}?r%%e ERH‘E 91@ o ¢F ar’éeﬁ?ﬁﬁgi"f'ﬁggal ?%mﬁ%(glf‘n&?ﬂdes%o? t he
current to be 25 . Iigﬂ% 0 bﬁ t the %ghdgllﬂﬁg L ydedt he DC
source 9 sh&ﬁ?%ﬂp%?@r? Sotscf? g'Ai-‘%h%ggég%%ﬁ ' an(#t ec?éralverse A- phase
coil 92 thrOﬁﬂﬂmépeséﬁ@85596?ndIhh%urn, a second terminal of the A-
phase coil 91 is connected to a second terminal of the
U/ - inverse A-phasé coil 92. Likewise, a second terminal of

the.B-phase coil 93 is connected to a second terminal of
10 the inverse B-phase coil 94. Herein, each phasé coil,

91 through 94, is designed to have the same impedance

value so that each coil will provide the same magnitude

- of torques at the rotor when the same magnitude or amount

of current is applied to respective coils.
15

Thus, by'changing‘the-magnitudes of current to the

transistors Q91 to Q98, current conductions %11, 921,

931, 941 across the phase. coils Q91 to Q94 proceed

through 16 steps. Thus one cycle is performed as shown
20 in Fig. 10 and thereby the rotor of the four-phase

stepping motor 900 is caused to rotate. As noted above,

each coil 91 to 94 has the same impedance and accordingly

the voltages to be applied to each phase coil 91 to 94

are proportional to magnitudes of the current to be
25 applied, so that the changes in voltage 951 which the DC

source 95 should apply to both the A-phase coil 91 and

- the inverse A-phase coil 92 through the stages, and the



b

3 changes in voltage 961 which the DC source 96 should apply to both the

B- phase coil 93 and the inverse B-phase coil 94, are determ ned_as al so
shown in Fig. 10. 1In review of the voltage graphs by the sources 95, 96_-—/-Jf:_n
5 Fig. 10, it is found that through 16 steps (nunbered O to 15), at evégt
nunber steps the voltage 951 and the voltage 961 are the same, that is, t he
source 95 and the source 96 are required to produce the sanme voltage, and
that at odd nunmber steps the voltages 951, 961 are 10 different, that is,
the sources 95, 96 are.required to produce two different voltages. Herein
at 0 and 8 steps the transistors @5 t® @®8 are not activated and
accordingly a difference in the voltage requirenents does not matter, and
sinmlarly azthahgesl iR yodiagehe9db whiichnstlhe oPE Giuxoe Q94 sskowbd
activated and accordingly a difference does not matter. However, the

di f f er ence apply tegbotbdtheoB+phaseperils?3 and thrl imvexse B-wuphasahi s
factor that different 20 voltages are requisite at odd number steps
causes t he ®3lsct cecane determindd satir 28596 shoWse i pBidt e 18hd nBR capabl e
of being conbined _That is, in the art of a_conventional four-phase

st eppi ng mBEyiarhieh BBef yodtaane TXRPRS t RYodhi? BPLEEPE By acth viRi ng
ri e Bet haa v ol tobe oot thak Hikpudh 16, BhGPec iR bhe Or'ive
circuit CO%&Jylé?F SQWQL§§1aHQmBB§e%€éps the voltage 951 and the
voltage 961 are the same, that is, _'t.he SQurce_ 95 and the .
source 96 are .required to produce the same voltage, and v
that at odd number steps the voitéges 951,5961'ére
10 different, ‘that is, the sources 95, 96 are ‘required to
produce two different voltages. | Hé*re’in at 0 and 8 steps
the transistors Q95 to Q98 a-.re_-. 'hot activated and
accordingly a difference in the voltage requirements does
not matter, and similarly at 4 and 12 steps the

15 transistors Q91 to Q94 are not agtivated and accordingly

a difference does not matter.

However, .the difference in - required w'rolt;age.s

persists at odd number steps. This factor that -dif-fefent

20 voltages are reqﬁisite at odd number _s_te'ps caﬁse's the DC
| source 95 and the DC source 96 to.:be separate and not
capable of being combinec That is, in' the art of a
conventional four-phase stepping mofor which performs one
cycle through 16 Steps by a(:tivating ‘respective phase

25 coils 91 to 94, and its related drive*. apparatus and drive
method, two DC éou—rées are required. This requirement.

makes the drive circuit costly and complex and makes it



4 difficult to integrate such a nmotor with its drive unit at a reasonable

cost. For enabling driving a single power source, it is necessary to
reane the odd nunber steps as shown in Fig. 10 fromthe notor 900, that is

T%Zeduce operation from16 to 8 steps. This of course results in a |oss
of Sccuracy. The present invention is concerned with: driving four-phase

st eppi ng notor having 16 stoppable points 10 during one rotation having a
singl e power source. This assists in integration of the nmotor with its
drive circuitry. In accordance with the present invention there is 15
provided a drive circuit for a four-phasé stepper notor having a rotor
driven by a stator which has an A-phase and an inverse A-phase coil, and a
B- phase coi | Q&@ﬁhﬁulﬁvépsénBeﬁﬁa§@ syrch, atW€t€FT@&QF(ﬁﬁﬁnq€&Y@ u%h

A-phase switching circuit having a pluralit f.swtch.elenents 2
connected in i"ﬁegf o'??ﬁﬁnaab]cﬁl gg&tror %%tﬁ\ﬁf“??& 1hhage aCOﬂ‘nﬁﬁa

A-ph h
L5, DN bl LS AR ESUrbalY B B4 ALY
phase coi | ah %Bsal V?ﬁ&rﬁﬂbaﬁ £gCOhY: foif) THE 1ot o2 90%0“BEh§HPEl;y

circuit for I'Ag ¢l CUItS drive control circuit for

provi di ngsbt' @&&uéégg@e%atao%@'_f’r&w &@hleag §1 5eupks apHiwheyei Bohbe

junction between
results in a loss of accuracy.

N\ The present invention is concerned with driving
fouf-phase stepping motor having 16 stoppable points

10 during one rotation having a single power source. This
assists in integration of the motor with its drive

circuitry.

In accordance with the present invention there is

15 provided a drive circuit for a four-phase stepper motor
having a rotor driven by a stator which has an A-phase

and an inverse A-phase coil, and a B-phase COii and an
inverse B-phase coil, the circuit comprising: an A-phase
switching circuit having a plurality of switch elements

20 cohnected in the form of a bridge for switching the A-
- phase coil and inverse A-phase coil; a B-phase switching
circuit having a plurality of switching elements
cconnected in the form of a bridge for switching the B-
phase coil and the- inverse B-phase coil; a common DC

25 power -supply circuit for both said switching circuits;
a drive control circuit for providing timing signals to

said switching circuits, and wherein the junction between



t he A-phase coil and the inverse A-phase coil is connected to the junction
bet ween the B-phase coil and the inverse B-phase coil. 5 In order
that the present invention may be nore readily understood, reference\MII
now be made to the acconpanying drawings in which: Fig. 1 is a schemtic U
circuit diagramwhich shows 10 an electrical structure of a four-phase
steppi ng notor which is an enbodi nent of the present invention; Fig. 2 is a
circuit diagram of part of the enmbodinent of Fig. 1; Fig. 3 is a schematic
sectional view of a four-phase 15 stepper notor; Fig. 4 is a perspective,
-partially cutaway, external view of a stepper rmtor Fig. 5is atinme chart

whi ch shows on/off states of sem conductor devices relatlve to states of
current 20 th€ondolPhr&ks Seﬁéssapgsp§EF|vénHﬁ§§@ cBirPhasgd Qirk ert® anount s

and voltages supplied frao urce Ei rans . xpla ni ng
torques gené&P %% & %%y {ﬁ%réf?ﬁ 1op|6et#%9ﬂ) w@ggéﬁgessa mﬁ@ﬂ

those in F| 2§_nv @,seFl Ph%ée‘g cg)idi agram expl ai ni ng torque generat ed
relative to p Fasé anges is a CIrCUIt di agram f or explalnlng

a

5 In order that the present invention may be more
readily understood, reference will now be made to: the

accompanying drawings in which:

Fig. 1 is a schematic circuit diagram which shows
10 an electrical structure of a four-phase stepping motor
which is an_embodiment of the present invention;
Fig. 2 1is a circuit diagram of part of the
embodiment of Fig. 1;
‘Fig. 3 is a schematic sectional view of a four-phase
15 stepper motor;
Fig. 4 is a perspective, partially'cutaway,'external
view of a stepper motor; _ - | L;j

Fig. 5 is a time chart which shows on/off states of
semiconductor devices relative to sﬁates of current
20 conductions across respective phase coils, and current
amounts and voltages supplied from a DC source.
Fig. 6 shows diagrams explaining torques generated
during operation;
Fig. 7 shows diagrams sequential to those in Fig.
25 6;
| Fig. 8 is a diagram expiaining torque generated

relative to phase changes;



rconventional version of a four-phase stepping notor; Fig. 10 is a tine
course chart for a conventional four-phase stepping notor which shows
current conductions 5 across phase coils relative to voltages applied
frgm-sources. In the following, a preferred enbodi nent of the present
inw&ntion will be described with reference to the 10 drawi ngs and for the
convenience in illustrating the invention, a stepping notor having eight
(8) stator poles for producing four (4) magnetic phases will be taken up as
an exanple herein. As Fig. 3 shows, the notor 100 includes a stator having
eight (8) poles 31-38 with no 15 teeth6at each tip (the drawing is not '
detailed) and a rotor 39 hayin%:teeth Qn its circunferential_face (not

1

shown in the draw f4¥: 2 pot% FirGydhd MPETERci tOF TFPs211579128, a
ole 33 (not pole 3 alternati.on) i.s_si.nila tth
gxcitor ( g%ﬂf?ggiongg-VTTS}oféﬁf Y Egkg_ké|§§\ﬂﬁi§h§ﬁ§t%ﬁt%%#ls 11c,
12c, a pole 37 is @tth cist.or J dd@rsd?2 d p i wth
excitor coils 13a, %éé, ﬁg J't[')s'olae AP['?S W t%éeglg?tégr f?:’(]):i fgs%lcgﬁ,’é.lﬁijt{)\,gﬂgg!pol e

36 is with exghhpL ﬁQislassﬂégp' GotdP #h8 cBBshéwidl dur Pt td¥ndiedtt SoAsd,
14d. As is seen ?r8n1Figs. %ﬁ% éf t he cgils lla to 11 d are connected in

series tosforgktdssApghiie €6illslhellditivdi t6 »idA tayds2dappd ieidn faomy
connected in.series to formthe inverse A phase coil 12, the coils 13a to
13d are in sespgbces.

o/ In the.following, a preferred embodiment of the
present invention will be described. with reference to the

10 drawings and for the convenience in illust;:‘ating the
invention, a stepping motor having eight (8) stator poles
for producing four (4) magnetic phases will bé taken up
as an example herein. As Fig. 3 shows, thé motor 100
includes a stator ha#ing eight (8) poles 31-38 with no

15 teeth at each tip (the drawing is not detailed) and a
rotor 39 having teeth on its.circuﬁferential face (not
shown in the drawing). A pole 31 is wound with excitor
coiis_lla, 12a, a pole 33 (not pole 32, alternation) is

similarly wound v."rith excitor coils



to formthe B phase coil, and the coils 14a to 14d are in series to form
the inverse B phase coil 14, wherein each phase coil 11-14 has the sane

i npedance val ue and therefore, conduction across any coils 11-14 with the -
same magni tude of current’produces the-same nmagnitude of torque at the N\
rotor 39, wherein a reversal of current direction across each coil 11-14

resul tsiip,reeer,sal gandizecis onion éke€itorqueipkoqiducadat 4 hgoretor 39.
As shown in Fig. 2, the A phase coil 11 has a first termnal 111 and a
second Bar isn&lithlZxdiwor nuei k2 W dphatadcorhd d2pbade 87 irstwdendi nal 121
and a second termnal 122, the B phase coil 13 has a first termnal 131 and
a seconditbr gexgdltori3Riisn 13an 14, i aveerde Béphsswiddi lexicites eofilsst
term - nal 141 and a second terminal 142. As for w_nding direction herein,
coi | wi AdPmgldb .t e PO Mhathe EDi¥ith eREitAE FAISsd 3& pHde diPole that
I's, the Eﬁnd- ing direction at_the Olfi 31, 33, 35, 37 is chosen so that

t he -t or glefr & FERLEe oS byl€8nduction across the A phase coi

L OThEG! SRSt 17 AT 1olad 120095 34 el gpoel Lo 1o

that of Thé"torque pro e rotor y cross the

| nver secAnpRate d A gz 10N Mot EhOh pRLskO cbhg tlg{],gsgw% Géyghurt her,

coil winding of the B phase co and the 1 nverse B , that

i's, theiphndiond 28 a6 | Pl plat e EGEEcBRA 34 s381e38 U6 LWFeMe0 that the
t orque produced at the rotor 39 by conduction across the B phase coil 13
fromthenveisend philse coil 12, the coils 13a to 13d are in series
to form the B phase coil, and the éoi}s-14a to 144 are in
series to form.the inverse B phase coii 14, wherein each
phase coil 11-14 has the same impedance'vaiue aﬁd therefore,
conduction across agy coils 11-14 ﬁith_tﬁe.same magnitude of
current produces the'same magnitude of torgue at_the rofor |
39, wherein a reverSai of cdrreﬁt dirgétion across éach coil
11-14 results in reversal in direction of the torque pro-
. duced at the fotor 39. . |
As shoﬁn in Fig. 2, the A bhase coil 11 has a first terminal
111 and a second terminal 112, the inveise.A phase coiL—lZ
has a first tefminal 121 and a second terminal 122, the B _Q“J
phase coii 13 has a first terminal 131 and a second ierminal
132, in turn the inverse B phase coil 14”has a firsﬁltérmi—
nal 141 and a second terminal 142; |
As for winding directioh herein, coil_ﬁindinq of the A phase
coil 11 and the inverse A phase coil 12, that is, the wind-
ing direction at the poles 31, 33, 35, 37 is chosen so that
the torque produced at the rotor 39 by conduction across the

A phase coil 11 from the terminal 111 to the terminal 112

has a direction opposite to that of the torque produced at



sto the termnal 132 has a direction opposite to that of the torque produced
at the rotor 39 by conduction across the inverse B phase coil 14 fromthe
termnal 141 to the term - nal 142. Referring further to connections
be{ween the coils herein, the A coil 5efond terninal 112 and the inverse A
coi¥ second termnal 122 are connected, and the B coil second term nal 132
and the inverse B coil second termnal 142 are connect- ed. And these two
conneciheg rpdiort SPaiyaaind diet iennanzbsslthearichive2zg anghzetereami t he
terminals 132, 142 are further connected with a |ead wire 101 as neutral

| i ne, wRi €hrons tdief farmnind  oh2 1 hoctheeteiravimaladi2 . ThHar ther + P kdkcond
termnals of respective coils 11-14 are electrically caon- nected putually.
I n t hewdadd nsh®dn the /B ohaset gaideddi fRds they inyprsg & mt%ﬁ% th a

|l ead wire 101. As seen in Figs. l.and. 2, the A.coil fir t ' 111 is
connectfiéd, Hatouigh ttrfams%%?gggé}re@,“f’& 2% e é’r?&%?za'n?‘g" nmilénus end
162 of power, source 16. And. the inyer. 4 Jdr. t ' 1 S
connec@gd,lst Wtﬁ%n&%ﬁoggeé?&é‘% g’qﬁ?euccgéingﬂplﬁe alﬁa(faﬁfl%gs %%ds 161,
162 of the . squrce Lnidarky Qi |14 i t ' ; i
connectcé)d‘,ed"ﬁroo&bhal r%%sir% %rg &%Q&%Oﬁg tlr?:a f{)ﬁms tg{\é?ﬁr?n%g%%dgs?wl, 162

of the pOUS[. SQUEERAP- 1 890nkbe ol AUHIR B UPpdd it to thattefntnal 141 is
connecgghﬁﬁ%%roug trans?étors Q7, B to the sane plus and m nus ends 161,

162 of %@%f@dé@edl\@tetﬁ@ei‘b&i&aljw,bﬁ heordwotiord iactoserthaeal 111
enters:ﬁgerse B phase coil 14 from the terminal 141 to the termi-
\_ nal 142.
Referring further to_connections bétween the coils herein,
the A coil second terminal 112 and the inverse A coil second
terminal 122 are connected, and the B coil second terminal
132 and the inverse B coil second terminal 142 are connéct-
ed. And these two connecting points between the terminals
112 and 122, and between the terminals 132, 142 are further
connected with a lead wire 101 as neutral line, which is
different from fhe conventional art. That is, the second
terminals of respectivé coils 11-14 are electrically con-
nected mutually. In the case shown in Fig. 3, the terminals
122, 142 are connected with a lead wire 101.
As seen in Figs. 1 and 2, the A coil first terminal 111 is
connected, through transistors Q1, Q2, to a plus end 161 and
a minus end 162 of a power source 16. And the inverse A coil
first terminal 121 is connected, thrdugh transistors Q3, Q4
to the same plus and ﬁinus ends 161, 162 of the source 16.
Similarly, the B coil firét terminal 131 is connected,
through'transistors Q5, Q6, to the plus and minus ends 161,

162 of the power source 16. And the inverse B coil first



=~

( the collectors of the transistors Q7, Q8. . | w

the collector of the transistor QL and the collector of the transistor @,
and the inverse.A coil first termnal 121 enters both the collector of the
transistor @B and the collector of the transistor 4. Similarly, the B coil
first termnal 131 enters both the colFe®tors of transistors @, @6, “and §;1
the inverse B coil first termnal 141 enters both the collectors of the: d

tr i st L Q7, . . ach of the t i st ; , h th itt

BARR LN N O NSO LA = g LI
t [ e h t 1 £ ' ' end 162
ranst kgt By Odng G, Mine IR 20 IRET SR e 1 g end 12
Q7. B M3Pe! BBePRFSGNFECHEL B0 & 1 I VB LOMLLhIRLE! 94 118N 13T SRS FOM

Fig. 1. This control seCtor 15 has a first-reception termnal 17 for timng
si gnal stAd lcohiebtbegulratth it ior (@1 ron@rtRedcalieeceod GICefid on
termnal 18 for direction- ality signals ‘181 which regul ate revol utiona

di rectitnansistbe Qat,oand rtHehaim@seg K ato DD fdravt edrabnad, 121 irst

sem conductor group 10a.is conposed of the transistors QL, @, b, Q7 which
cont r ol enhersohotbt ithe ketldemtaheff oihe ptioans totdx Q@3- dhdande he source -
out put end 161, and a second sem con- ductor group 10b is conposed of the
transi steldeckorQef the dransistanif4olSimblavhviecthenBoeoiderf nat f our
phase coils 11-14 _and the squrce qutput_end 162.. -10-,Referriq9 to Fig.
4, a pe?%ﬁ@&??&e1§ﬂeﬁqﬁ?qﬁu?°th the collectors of transistors Q5,

Q6, and the inverse B coil first terminal 141 enters both
‘Tach of the transistors Q1, Q3,_Q$;,Q7Fhas-the emitter
connected to the plus output end 161 qf_the source 16, and
each of the transistors Q2, Q4,-Q6,:Q&_has”the_emipter
connected to the minuélend 162 of the éource i6. Each of
eight transistors in all Qi, Q2, QB!_Q4,.Q§, Q6, Q7, Qs has 
the base connected to a drive control sector 15, aé seen
from Fig. 1. This control sector 15 hag a first reception
terminal 17 for timing signals 171 Whiqh fegulate motions of
the rotor and a second reception teiminal 18 for direction- |
ality signals 181 which regulaﬁe'revolﬁtional directions_of kJ
the rotor. |

In the configuration as noted above, a first semiconductor
group 10a is cpmposed of the transistors,QI, Q3, Qé, Q7 .
which control the connection between the four phase coils
11-14 and the source output end 161;_and a second semicon-
ductor group 10b is composed of the transistors Q2, Q4, Q6,
Q8 which control the connection between the foﬁr phase coils

11-14 and the source output end 162.



Aotor 100 is shown therein. As is seén, the stator 30 and a power take-off
axle 22 driven by the rotor- 39 (not -shown) are disposed I nside a
notqr cover 21 of generally cylindrical shape. Under the cover 21 there are
foukjfeet to install the notor 100. On-tbhe one side of the notor 100, a
hou5|ng case 213 is nmounted in which devices affording the drive control
sector 15, the source 16, other electronic circuit equi pnent 25 are housed.

On the Sh@?eﬂﬁ’fi@f‘g afo tEiey Cape. 21Fer PO POTESv23h, o2lGhare provided. In the
port 215 there is a termnal pad 217 for connecting the power source from
commer ci abtsupalo aind shodmetipord iRl16As hisesesna thenisnaltqad @ Brdihach
mounts the input end 17 for timng signals 171 and the input end 18 for

di rect i opakietry teikgraiff 1Bdle R t h‘grl"@h t hg other rotex @@pdsﬂqfe shewi) he
case 213, there is another case_in _which the transistaqrs (§3conposed
of the fPREret ddmPasabnd groups &@%?dioﬁ BPEOF e SPE{T gﬁdQ§mﬂq e 26 are

formed on the cover. side as erefrom sho . m ng
chart whitd] %ﬂﬂf&f@ﬁﬂ%ﬂ?p%tdfﬁg eof %n?%%ﬁﬁué?o?hggﬁlc éﬁ) €§F$ f%tlve
to state ent conduction across respective phase coils 11-14 on the
rotor an v&atﬁ'tiges ap"bcﬁoe.lyd #r(’om a source through 16 steps 0-15. Figs. 6-8

show di agAhd Ynd DL NAGCAOT HUES: PIOBYCEINBERANY RS 411® phase

revol ves, mhereln shown in Fig. 8 is a di agram summed up for expl ai ning the
CONpPOSi t MRt H Qrh felcedlev 264 | xefbpapAgsehehange® ddritis) teedeonot ed

here 15, the source 16; other electronic circuit equipment'zs are

k/l housed..On the side_panellof the case 213, two ports 215,
216 are provided. In the port 215 there'is a terminai pad
217 for connecting the power source from commercial supply
and in the port 216 ﬁhere is é terminal pad 218 which mounts
the input end 17 for ciming signals 171 and the input end 18
for directionality signals 181. Further, on the other side
opposite from the case 213, there is another case in which
the transistors Q1 to Q8 composed of the first and second

groups 10a, 10b are rested, and cooling fins 26 are formed

on the cover side as seen therefrom.

In Fig. 5 shown is a timing chart which shows on/off
‘states of sehicondUctOr devices Q1 to Q8 relative to states
of current conduction across respective phase coils 11-14 on
the rotor and voltages applied from a source through 16
steps 0-15.

Figs. 6-8 show diagrams for explaining torgques produced
according as the phase revolves, wherein snown in Fig. 8 is
a diagram summed . up for explaining the composite torgue pro-

duced relative to phase changes. (It is to be noted here



..that plus or mnus designation of the current in Fig. 5 is determ ned:

whi ch direction the conduction takes place across the coils 11-14, that is,
the conduction fromthe first termnal to the second termnal is designated
"plus" and the reverse cohduction, that ils, -one fromthe second terfinal b
the first termnal is "mnus") Reference will be nade to the operation of

the fouyr ase. St eppi ng. not.ar. . i th ference to Fig. R. Now it is
assune"lFﬁggbfﬁ% ? rﬂ%ﬁgf éga1%%%tﬁ%§p5%€h€%%n%§5f%ﬂftgntﬁégéoﬁ%éfhiaI AC
sour 6 gehlle M el Ath EPR' 8Tk ekt 16U SbidbiOr 207 PEKEN! beakeald il the
term nal pad 218 has been con- nected to sone exterior source of supplying.
tim ng widned s1angd di secthanaliisty tHdonadwdudbesn vhen the epesation starts
at 0 step in Fig. 5, the drive control sector 15 sets, at this step, - the
transi stexmsikdl €Y the (Beabate teltmtindl isidieaignabydS0plusO2amd Ritlge 5,

‘wherein assuming that a current anount at this step of the conduction from

t he soweseetse ttendutbionakébatthd sratate dikornthehsehond tetrmdnialie wur rent
|, the current | (plus rated cu[reng) conducts across the A phase coil 11
and t heherfipst -teyrminad Aist Emimws'eht) conducts across the inverse A

phase coil 12, and_these twQ currents are dengna ed in Fig. 5 by 503; 504.
I n the BRERESRES Yhelcher BAACCSRuddS PSR bLeN At BPBhASHICBIRSES and the

| ver o6 BUBIGRS Gokbr AahowTEi e alihel of L rhd ny! B, 001 DY, vector

oY S a0 s e BB IORAR 27 ks e UEHAECRSfTHD 1 S, g

i s obt gidiagkPYiLPTRESELLPREOS _onthhtiV&l QK@S&Qieﬁ'E”EQ- converted into \J
one DC current and that the terminal pad 218 has been con- ' |
nected to some_exferior source of sﬁpplying timing signals
and directionality signals. Then, whén_the operation starts
at 0 step in Fig. 5, the d:ive conﬁrol_seCtor 15_sets, at
this step, the transistors Ql1, Q4 in ON state which is
indicated by 501, 502 in Fig. 5, wherein assuming that a
current amount at this step 6f the conduction frém the
source to the mofqr.takes the raﬁéd_currehﬁ which is noted
the current I, the current I (plus rated current) conducts
across the A phase coil 11 and the current -1I (minus rated
current) conducts across the inverse A pPhase cqil 12, and
these two currents are designated in_Fig,.S'by 503; 504. 1n
the meantime, the current conduction across the B phase coil
13 and the inverse B phase coil 14 is made 0. Therefore, as
Fig. 6 (a) shows by vector representétion, the torque gener-
ated at the A phase coil 11 is designated by a vector 601,
and the torque generated at the inverse A coil 12 is desig-

nated by a vector 602, of which a composite vector designat-

ed 603 is obtained by composition of the two phase or compo-



712 nent vectors 601, 602. Theoretical approach to the outstandi ng stepping
nmotor 100, though the details are abbreviated fromherein, has proved that,
at g~revolut|onal poi nt whereat the current. iw con- duct's respective coils
JJ_QA and 't hereby the torque T gener- at&s l& the rotor 39 for di spl acenent
in The angle [err] , the follow ng expression (A) is given for the torque

T: [err] ;uhgr ¢ pogghonal constant n @ constant to be determ ned
by 1 he co%@trugﬁgé%iﬁéqﬁe nptor 100 and equal or.comon w th respective

coils 11-14 [err] : constant upkguexkexsRaghsqai | 11-14 Accordingly, the
expression (A) is a representation of torque vectors by sine function with
the ai d ghepacRILY aPbrddeh | €ogthe ( ontBRGRIdIMEE )s ey Aspansieot 100,
anplitude (K x iw) and the phase angle correspondent to argunent angle
(errvw). Ahduglhcaiposideaibstarer apbesvinted frome heysrigssilons (Pyovedal so
obtai ned by addition of the expressions for conponent vectors. ****** xxxx
wrxxexs phak ,0fd fulBevelut henalnPRgndi ghareaty thes GHFRRedIVNnEBNrhe i nput
end 17, the revolutional stage advances fromstep O to step 1, and the

tranS|st6F§Q31IQ3P%E¥JY%p?°6HSCN13ﬂéténén&hﬂ§§qﬁwﬁﬂﬁsﬁ?ﬁ 8 TsIRBEEON in

Iagg: Lh?ga Sf%e 505tl'|1e IO‘gOISgg grt I:L%pita%te%\enth%ncot%deucgrlx Of tgkes Rl ace

following expression (A) is given for the torque T:
- T = Kx X iw x sin (nx & - w A
( . { ( $ W)} @)

wherein:

K : proportional constant

n : constant to be determined by the construction of the

motor 100 and equal or common with respective coils 11-14

¢ w : constant unique to each coil 11-14

Accordingly, the expression (A) is a representation of

.toque vectors by sine function with the aid of parameters

of the length (or magnitude) correspondent to amplitude (K x
s\ iw) and the phase angle correspondent to argument angle

(6 w). And a compoéite vector represgnted in the expression

(A) is also obtained by addition 6f the expressions for

component vectors.

ARXEXKRKKRKRRKRKKKKKK

When one pulse of the timing signals 171 is inputted into

the input end 17, the revolutional stage advancés from step

0 to step 1, and the transistors Ql, Q4 are kept on ON state

and the transistor Q8 is made ON in addition (see 505 in

Fig. 5). In this state, the conduction takes place including

16



-13 - the current | across the A phase coil 11 (see 506 in Fig. 5) and the -~
current -1/2 1 (mnus 1/2 rated current) across both the inverse A phase
coil 12 and the inverse B phase coil 14 (see 507, 508). Consequently, as —
Fig. 6 (b) shows, the tordue 604 generated at the inverse A phase coil 12y
has the same direction as that of the vedfor 602 and 1/2 length of that of
t he sanme vector 602, and the torque 605 generated at the inverse B phase
coi |l l4aHemsuiwsesane 246008 8Ret haphaelfse wMectbr( 584 506 LheFduredt) on
[err] revolved or advanced cl ockwi se fromthe vector 604, and the torque-
606 geravdattdie acuxhent\ phAdelchdiminit i1y 2 Inatedrecurrent) vacrossedbtm terns
of length and direction. Thus, the conposite vector 607 is obtained as .
shown iWheridpverse)A phage ceiflslgo AdteediHgese | B phagee€Piilcdi angl e

f th ' . he.initial_, 3is d b

R TR G RSB T 1 STy U )
- .4 rl " .S, [ cal 1 LS 4.1 :

(et D08, dond FLELACRERD) 1o F g1 8RN B2 B, Gl 1151

rom oné si Xteen oneé revol utton (22.5

= 360 %okl -aitelfibhUsst BRht! BE 3RARSAY 464 'dnd Sy gssﬁ?g%ﬁisw of the

basis that one rotation is conposed of 16 steps, but this erence is
W t hi n tHae oflevh@l s Qfle VECEBXNGD2!,I RERT tHd Ytd¥gEd' 66§ PgeHeRaeclekeen an

el ectrical angle and a nechanical angle and hence is insignificant. Then,
t he inmne(ﬁn&éwsaeatppakeecohang@sHauatnaﬂsaméagengﬂh as that of
the vector 604 and the direction 90° revolved or advanced
clockwise from the vector 604, and'the tdrque 606 génerated ' QJ
at the A phase coil 11 is the.same as the.vectdr 601 in
terms of length and direction. Thus, the composite vector
607 is obtained as shown in Fig..G (b).
Then, it is to be noted here. If an electrical angle of the
vector 607 relative to the initial VectOI 603 is assumed to
be 6 , § is given as follows: | _ |
0 = arctan (-(-I/2)/(I-(-I/2))) = arctan (1/3) = (nearly
equal) 18.4 Q(dégreéS).. |
This electrical angle 18.4° is 4.1° smaller than or differ- U
ent from one sixteenth of one full revolution (22.5° = 3605
lt 16). It is true that the advance for 22.5° is best in view
of the basis that one rotation  is.cOmposéd of 16 steps,
put this difference iswithin the deviation due to non-linear-
ity in correspondence between an electrical angle and a

mechanical angle and hence is asignificant.

Then, the input of the next pulse changes the cycle stage Lo
step 2, wherein the transistor Q5 is'made'ON (see 509);'In

this state, the conduction takes placé'including the current



“step 2, wherein the transistor @ is nmade ON (see 509). In this state, the
conduction takes place including the current -14- 1/21 (plus 1/2 rated
current) across both the A phase coil 11 and the B phase coil 13 (see
5@ 511 and the current -1/21 (minus 1/2_ rated current) across both the
i n'Verse A phase coil 12 and the inverse B bﬁa§e coil 14 (see 512, 513).
Consequently, as Fig. 6 (c) shows, the two torques 608, 609 generated both

at the ¢y phagg) Goi i/%lfseedt. tl,%frir%%s%&&@S@oemhé%h %askhecsane

direction and the 1/ ength of the vector 601, and-the two torques 610,
- 611 genger aded bRéhpapnhbe Bolhays qeide Bimndsihe angerne Bugdiedntld have
the sanme length of the vector 608 and the direction [err] advanced - _
cl ockwisk/2T otmihesveg2oraed. clraenti)heawonss pbesthethectioveds2 ifs produced

at [err] advanced clockwise fromthe initial conposite vector 603. At the
next stehpset@ailit2 andstbg Fnvexse mrphageorcorli 14nhgecobt 2(see 514),

and the conduction takes place_including the current | across the B phase

coi | 1P¥3be GaAnFeARENLAY . cSEr EAQ .- H AShFhes pot et k¥ APERVESA phase

E?L,'h é?tié‘%%@&é%%%%e?&%% e&%"iézselﬁj\;ﬁif%%ig?ﬁiliéeegﬁ”%%%?let” e’ | nver se
A . COJ 2 . 4, ' 1] <1
genor at MV TS OPRREE B8 i Y e ol TECLRNBROSA M, 12,

Govi ot O TAne T eF R RSP B il iR} (R fordlids et he angulal
generated both at the B phase coil 13 and the inverse B coil
k«’ 14 have the same length of the vector 608 and the direction'
90° advanced clockﬁise from the vector 608. Thus, the com-
posite vector 612 is produced at 45° advanced clockwise from
the initial composite vector 603.
At the next stage, that is, at step 3, the transistor Ql is
made OFF (see 514), and the conduction takes place including
the current I across the B phase coil 13 (see 515) and the
current -1/2I across both the inverse A phase éoil 12 and
the inverse B phase coil 14 (see 516, 517); Consequently, as
Fié. 6 {d) shows, the B phase coil 13 generates the veé%oi
613, the inverse A phase coil 12 generétes the vector 614,
and the inverse B coil 14 genérates the vector 615. Thus,
the composite vector 616 ié produced at 81.6° advanced
clockwise from the initial vector_603. wherein the angular

deviation from 77.5°(= 22.5°x 3) 1is of little significance

as already noted.

In the subsequent steps 4 through 15, the eight transistors

Q1 to Q8 are. controlled to proceed following prescribed

ON/OFF states as shown in Fig. 5, and the conductions across



as already noted. In the subsequent steps 4 through 15, the eight
transistors QL to QB are controlled to proceed follow ng prescribed OV OFF
states as shown in Fig: 5 and the conductions across - 15 - the A phase.
coil 11, the inverse A phase coil 12, the & phase coil 13, and the inversewf
B phase coil 14 take place according to the states taken by the transistors

as Fig. al,s hows nsequ I C ngmg- ug, at ep 4 is
deterniﬁgg gé%g%f?r$$$€.fg'(g§%_gﬁéégsgs?ep'5%%1é§{%n€%§-t?%eﬁtorque is
as 618 pRaEied-cdif Pz, ViLE €RETiAGErEY 8l pPAsalcsiErm 44takbeptagposite
.torque is 619 in Fig. 7 (c), and at step 15, the conposite torque is 620 in
Fig. 7 adcorbisicaid ethet f€atésgeakenubys the ttremListdns as, Fégnpbeting a
single [err] clockw se rotation through 16. steps. In the neantinme the

vol t age adfsct hdds s upphyegeenthyt abheasogipomi iy torgye netir sharPe 453§ The
conposite torque revol ves as noted above, followi ng to which the rotor 39

r ot at es detemrned hes pohr inakégef 7 420e 22MASTLP cBdNNEREBOMROSe ot or

-39 rotates clockwi se in the_sane_way, _a if 1. directipgnality,signal
changes iit¢ t4RFrIRels ?ﬁaﬁlps}niflg¥r3v2g§elgightﬁ?Tﬁ ?ggfﬁ&?%§ﬁg,'the-

' dyct 10 10b ch hgavj | . Iyt t th
contr o 2t AIERAAnCEES! FORPOEEReI Sorgtectsy ¥ 1 HELEF (1T s, BB,
making Lie Jalatien cRUNEEhposi R tottue LA | o Rbgvey (Rg.four phase
st eppi ng notor- 1 has the ™ - : _

Thereafter,_thé Stége returns to step 0, that is,.completing

a single 360° clockwise rotation ﬁhrough 16 steps. In

the meantime the voltage of the DC suppl& is constant'as
shown by the linear-wavé 520. _ |

The composite tbrque révolVes as ndﬁed above, f§1lowing to
which the rotor 39 rotates and thus the powef'takg-off axle
22 which is connected to the rotor 39 roﬂates clockwise in
the same way,land if the directionality signal changes in
the level, that is, if a réverse revolutioh is indiéated,
the semiconductor groups 10a, 10b changes béhaviors with the
result that the control stage advancés ffbm step 15 to ﬁtep
0, in reverse order, thus making the rotation counter- _ u
clockwise.

As detailed aboVe, the four phase Stepping motor 100 has the
four phase coils 11414'electricaliy connected.by the 1ead_
wire 101 as a neutral line, wherein the.transistors Q1 to Q8
operate, with the conﬁrol in connection, to excite the four
phase coils 11-14 in forward phase or reverse phase and
thereby the current control as shown in Fig. 5 is attained,
wherein since the sum of respective currént conductions

across the phasé coils 11-14 is kept to be constant through



f'our phase coils 11-14 electrically connected by the lead wire 101 as a
neutral line, wherein the transistors QL to 8B operate, with the control in
conngction, to excite the four phase coils 11-14 in forwdrd phase or
rever se phase and thereby the current cont el _as shown in Fig. 5is
attahed, wherein since the sum of respective current. conducti ons across.
the phase coils 11-14 is ke%t to be constant ﬁhrou siteps, the

h. -16- .an
pover so@ e SRS S PRYeF r&89UFGeké&piy 8B Farﬁngfgg 3&t§ﬁ%?5§0. That
is, drive Qf, t: 1 in r 0. i ;es lsy. .0 r, The
pr esent icr?\(%etnatllr}'gntsll’ggﬁo‘fg‘?‘:egnﬁt’?ea%gy ?ﬁglﬂel 6d|85r¢é}r61te gg ggl\gce:rsl Eeig gﬁ%ve. A
modi fi calg b M 1do beeuPlak NeA1Y bher gbakenceuireeli 9. 8. Then, Figs. 6 and
7 show ei ght (8) Instantaneous conposite vectors 603, 607, 612, 616, 617,
618, whi aharprasdnecigdentsionngbuded 1ihatkar BBt the embiddneant (46)
radiative vectors in a formof a circular diagramnoted as Fig. 8, wherein
t he di r eddsmr ibed hebdoe qua MOdifseatBiog. wal(labpp gspdadied bwitlmnduction
across the A phase coil fromthe termnal 111 to 112 is assuned as refer-
ence [ permdfexence seenFigonBt hEhdnagFigs-t heavdnpgoshow wd@idy s(&i ranged to
formone cycle are not all the sanme in Ien%th or _magni_tude. That_is, a

| ocus | i nA§AREIRLRNEr GONBPRALE ¥RELRESNEUS: 88dh $ddtoP ¥or Rl A square as

mbered 622. Th It that the instant t tained b
the | nvertite HhHSh 476 FOLICOReRaRRd BHELVAF) RRenarRIebr ket uti onal

angl es. Thehedd (16) SHghbealLbomeBRY951NS form of a circular

( \ diagram hqted as Fig. 8, wherein the direction of the torque
601 (see Fiqg. 6 (a)) generated by conduction across the A
phase coil from the terminal 111 to 112 is assumed as refer-
ence 0°. As is seen from the diagram, the composite vectors
arranged to form 6ne cycle are not all the same ip.length ox
magnitude. That is, a locus line joining every forward end
point of each vector forms a square as numbered 622. This
result means that the instantaneous torqués obtained by the
inventive motor are not constant, but vary depending on
revolutional angles. Then, if the equalization having the
magnitude of the vector 603 is intended through one encir-
cling process as a modification, an expedient to correct tLhe
variation is enabled by shifting the source current for
adjustment. Specifically, assuming 16 steps clockwise start-
ing at the composite vector 603 or from angle at 0°, the
adjustments of the source'current are suggested as follows:
at steps 4, 8, 12, no change; at steps 2, 6, 10, 14, in-
crease the current to ca. 1.41 time; at 1, 3, 5, 7, 9, 11,
13 steps, increase the current to ca. 1.26 time. Thereby, an

even circling locus having the vector 603 as radius is



magni tude of the vector 603 is intended through one encir- cling process as *
a nodi fication, an expedient to correct the variation is enabled by _
shifting the source current for adjustnment. Specifically, assuning 16 st eps
cl ockwi se start- ing at the conposite vec Zr 603 or fromangle at [err] the
adj ustnents of the source current are §Dg£ sted as follows: at steps 4, 8,
12, no change; at steps 2, 6, 10, 14, in- crease the current to ca. 1.41
tineatttained, 5, 7, 9, 11, 13 steps, increase the current to ca. 1.26
- tinme._ Thereby, an even circling | ocus having the vector 603 as radius is
-11—EﬂtﬁﬂQNQPOVQI@%@CEBBVéOHes6PFp§ﬁ&{CQQéL%%ﬁﬁc%ﬁﬂ&ﬁ?ﬁrf&€vices for
switching.action are transistors, ~which be bipolar.type_or field effect
type?“ﬁﬁkqﬁﬂq ??t+%ﬁu?F%thﬁPFéﬁFqgfﬂaﬁ%ﬁ%htmﬁ¥ig?oﬁépéﬁgrpgﬁﬂ%ted to be

D! Qe 1 WHId4p0eL ¥y bl FlBcRBEYe oAl Ra LherBHEbSE Qb stator

pol esi s not I'imt osSI t e nunbe sed on 4

IS PePAidthrd Nerd Oy ndt 1BAAYS BLCRAPILYRY O AddEt LBRaAY Ofirdr i vi ng be

same as has been described herein, four phase coils are arranged each
havi nthed dbdvid 4o DMén€QNEAE! Bdmbera FENthe COBEU6E0poIWist Glai Ng devi ces,

to a power source and a second term nal connected each other, and the
cont redightf (84 1 Admitigiticisonetofl itic azdiviec.orlucomposdtec aambeduces
generation of torques to rotate the rotor, wherein with use of one power
sour cersatt @t 4 hiks cPexmliistedrr angenent defined -of 16 steps,
the four (4) phase stepping motor and the art of driving
.2 same as has been described herein, four phase coils are W

arranged each having a first terminal'cdnhééted,'via semi-~

conductor switchin§ devices, to a powet éoque and a second

terminal connected each other, and the control of switching

aétions of the semiconductor devices induces §enera£ion of

torques to rotate the rotor, wherein with usezof one power

source and of the circular arrangement défined of 16 steps,

the drive apparatus is made definitely siméle and has-ena~_

bled the manufacture of the intended'motor_which is ‘inte-

grated with the drive means.



the drive apparatus is made definitely sinple and has ena-

—_—

manuf acture of the intended notor which is inte- grated w tﬁ'ﬂmmnﬁ'l%’m””m

means. 18

CLAI M5 1. A drive circuit for a four-phaSe stépper uo

haﬁlpg a rotor driven by a stator which has an A-phase 5 coil and an
i nvetf se A-phase coil, and a B-phase coil and an inverse B-phase coil

circuit conprising: an A-phase switching circuit having a plurality of
switch el enents connected in the formof a bridge for switching the A-phase
coil and inverse A-phase coil; 10 a B-phase switching circuit h
a-plurality of switching elenments connectgd in the formof a bridge for
switching the B-phase coil and the inverse B-phase coil; a conmon DC p
supply circuigLAIMSboth said switching circuits; 15 a drive con
circuit for providing timng signals to said switching circuits, and

wherein the junction between the A-phase coil and the inverse A phase coi

i S connect ed

to the junction between the B-phase coil and the inverse.

t he

avi ng

ower
trol

B- phase coil .120 2A draivg i ¢érenigui fomc@or EPRE-PBaERai FHEAPRAE dRIPPEd to
control the switching circuits in the follomdqg ngnner so that. the ste
p¥

notor can be R3FiRGed SPEPTIATIVERPY B FHaLe

coils of ghe

o/
10
15
.
20
25

gch hag an Arphage)
coil and an inverse A-phase coil, and a B-phase coil and
an inverse B-phasé coil, the circuit comprising:

an A-phase s&itching circuit having a plurality of
switch elements connected in the form of a bridge for
switching the A-phase coil and inverse A-phase coil;

a B-phése switching circuit having.a plurality of
switching elements connected in the form of a bridge for
switching the B-phase coil and the inﬁerse B-phase coil;

a common DC power supply cifcuit for both said
switching circuits;

a drive control circuit for providing timing signals
to said switching circuits, and wherein the junction
between the A-phase coil and the inverse A-phase coil is
connected to the junction between the B-phase coil and

the inverse B-phase coil.

2. A drive circuit according to claim 1 and adapted to
control the switching ciréuits in the following manner
so that the stepper motor can be switched over 16 steps:

(1) At steps 0, 4, 8 and 12 two phase coils of the
four phase coils are activated and the remaining two
phase coils are deactivated;

(2) At steps 2, 6, 10 and 14 all of the four phase

pper
hase



25 s are activated and the remaining two phase coils are
eactlvat t steps 2, 6, 10 and 14 all .-of the four phase, 19 coils
ﬂ‘m“ ﬁh ‘\5“ hatf of the current used with the preceding steps 0, 4~
3)* At all” odd nunber steps one phase coil of the four phage
coﬂls S actlvated two phase coils are 5 activated with the sane half

%

current, and the remmining one phase coil is deactivated. 3. A four-phase
stepping motor in conmbination with a drive circuit ‘as clained in either
claiml or claim2. 10 4. A drive circuit for a stepper notor

.substantially as hereinbefore describd® wth reference to any one of
Figures 1 and 2 taken in conbination with Figures'5 to 8 of the
acconpany|mguismnrgﬁﬁctlvated with half of the current used with-

the precedlng steps 0, 4, 8 and 12; and
(3) At all odd number steps one phase coil of the
four phase cOilsf is activated,”tﬁp iphasé coils are
5 activated with the same half current,'énd the remaining

one phase coil is deactivated.

3. A four-phase stepping motor;in?éombination with a &‘J'

drive circuit as claimed in either claim 1 of claim 2.
10 |

4. .A dri?e circuit for a steéper_ﬁotor substantially

as hereinbefore described with ﬁeferehce to any one of

Figures 1 and 2 .taken in combinatibn_with Figures 5 to

8 of the accompanying drawings.
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