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rotational speed. This operatlon IS aI

. 'I'he invention proceeds from a method according to
the preamble of Claim l. It is known to feed motors not
with a DC voltage of variable magnitude but with a pulse-

5 width-modulated voltage of constant amplitude, the pulse-
- width modulation (PWM) determining the respective torque
" or the rate of rotation. This  operation is also
designated chopper operation. The frequency of the pulse-
conduction-modulated [sic] pulses in this case lies above
10 the audible range, on the one hand in order to avoid
audibility of the motor control and, on the other hand,
to ensure that, in spite of the pulsed control, there is
virtually a direct current flowing in the motor winding
as a result of the integrating action, the magnitude of_

15 the direct current being determined by the PWM.

To initiate a braking process o:E the motor or to
reverse the direction of rotation it 18 known in each
case to reverse the polarity of the motor windings within
the circuit,_ so that the motor is suddenly driven in the

20 opposite direction of rotation. The motor then initially
runs further in its previous direction of rotation, is
braked :.n the process and then assumes the opposite
direction of rotation. In this "tfv'pe o:E braking the
following difficulty arises. .

25 _ '.l‘he ends of the motor windings are connected to
the operating voltage or to earth via protective diodes.
The diodes serve for the purpose of protecting the
‘connected semiconductor components from destruction by
voltage peaks on the motor windings. If, ~then, at the

30 beginning of a braking process a motor winding has its
polarity reversed, it is possible as a result of the
effect of the said diodes, irrespective of the drive, for
‘a high current to flow, which is given by the generator
voltage or EMF generated by the motor and the resistance

35 of the motor winding. This current acts as a braking
current because of the rotation of the motor, that is to
say as a result of the relative motion between the motor
-windings and the permanent magnet.' Since this current -
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wi ndi ngs wi thin t@e cigcght capstan motor in a video recorder and the
braking of the tape advance is carried out .too quickly,
5 the formation of loops of the magnetic .tape_' can occur as
a result of the inertia of the overrunning unwind disc.
The invention is based on the object of providing
a method of controlling a motor with a pulse-w:.dth-
_ modulated drive, which method enables a defined braking
10 effect. This object is achieved by the invention
' specified in Claim 1. Advantageous developments of. the
invention are specified in the subclaims.
In. the case of the invention, therefore,. for.the
initiation of the braking: process it is not a steady-
15 state reversal of polarity of the motor winding relative
to the feed terminals.which.is carried out but an inter-
mittent reversal of polarity. During a period which is
preferably equal to. the period. of the:  pulse-width-
- modulated voltage, the said -reversal.of polarity of the
20 winding is therefore carried out for.a specific time,
whereas this reversal of polarity is cancelled for the
remaining time of  the period. By selecting the
pulse/pause . ratio. in . this intermittent reversal of
polarity of - the.:winding, the braking effect can be
25 changed within wide limits: No change in the frequency or
the amplitude of the actual pulse-width-modulated operat-
ing voltage for the motor is.in. this. case necessary.
| It is preferable if a first manipulated variable
indicating the desired direction of rotation and a second
30 manipulated variable indicating the actual direotion of
rotation are oompared and a third mipulated variable,
which occurs if there i.s a deviation, is derived there-
from, the said third manipulated variable triggering the
intermittent reversal of polarity of the winding. The
. 35 ratio of the duration of the said reversal of polarity to
' ‘the entire period of the intermittent reversal of
polarity can preferably be varied between the values 0
and 1. The width-modulated pulses and the switching
voltage for the intermittent reversal of polarity are
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direction of rotation. Initially, the notor then runs
direction of rotation, is braked during this t! nme: and
opposed direction of rotation The fol l owithg difficult ; ) h|s
type of brakin to ndi_ngs are connected to_the
oper ati.ng. vol t P&? éﬁﬁ‘?‘ ng'l: FvgagFoé’ég‘ seretkagrs IR, ¥Bei o
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peaks in the MyjQectidd NGE- Ydtatd¥n,? the. motor is fed only by the

' pulse-wi_dth-modulated pulsgs in the direction of constant

5 direction of zrotation and, in the event of non-
éoincidence between desired and actual direction of
rotation, the motor is alternately fed in the direction
of the opposife direction of rotation. The second
manipulated variable -indicating the actual direction of

10 rotﬁtion of the [sic] is preferably determined by sensors.
| assigned to the motor. The information about the .desired
braking effect is preferably derived via sensors-from the
- motor and/or from typical motor data.
The invention— is .explained in more ‘detail below
15 with reference to the drawing, in: which:-
Figure 1 shows a basic circuit diagm for the. met:hod_
according to the invention,.. : .
Figure 2 shows a. diagram. for -the currents. produced in
the case of different pulse/pause ratio:of the
20 intermittent reversal of polarity, _
Figure 3 shows a basic block diagram of the method
according to the invention and o :
Eigufes 4 - 11 show a logic circuit for various operating
| states:- . N SR s
25 : ~ In the. description, t.he symbo;l. used have the

~ following meaning: _ o

UB Constant operating voltage for the motor :Eeed -

UG EMF induced in the motor winding .

IM Current through the motor _

30 RM Resistance of the motor winding
T Period of the pulse-width-modulated voltage and of
the intermittent reversal of polarity

ton Duration of the reversal of polarity during the
' period of the intermittent reversal of polarity
ton/T

In Figure 1, the ope:r:ating voltage UB is

35 P

donver_ted into a pulse-width-modulated pulse voltage
using the switch S1. S1 is actuated by the control
circuit S by the pulse-width-modulated pulse voltage 6.



mot or wi ndi ng is reverse poled at the begi nning of a bnadehs@mee:es@lacea
high current, which is produced by the generator voltag ted
‘hy the motor and the resistance of the m_)tgr wi ndi ng, ||m§ ﬁm tIy
of the control action due to the effect df*the said di odes
acts as a br aki'ﬁx% pulse-width-modulated pﬁlse- voltage which is produced
by this means from the ouf:put: of S1 passes via the
changeover switches S2, S3 to the motor 7, for which the
generator G, producing the induced voltage UG or EMF, ‘and
5 the r_esita‘nce' RM of the motor winding are shown. To
initiate a braking process, the switches 82, s3 are
changed over into the other position by means of the
control circuit S. That means that the winding of the
motor 7 has  its polarity ..:evefsed- in relation to the
10 'feeding voltage. However, this reversal of polarity is _
not always carried out as a stéady-s_tate- process but can
also be carried out intermittently, as is shown by the
switching .voltage:':s..: The on-time ton:of the. reversal of
polarity by the switches S2, 83 in relation to the period
15 T of the intermittent-reveréal of polarity determines the
' braking torque:- The value of ton and hence: the braking
torque are determined by .a control circuit ‘S. The latter
obtains additional -information about mechanical or
electrical motor values. from sensors via the terminal 9.

- 20 ' - Referring to Figure 2, it will be explained with
reference to equations how a respectively desired braking
effect can be achieved by altering the duty ratio
P = ton/T. Equation A shows the motor current IM, to be

~ specific on the one hand for the time ton and on the
25 other hand for the subseguent paﬁse T-ton. Equ#tion A is
thus generally valid. Equation B shows the resulting
current at P = 0, equation C for a specific P, equation
D for another P and equation E for the other limiting
value P = 1. Since the current iM [sic] is integrated
30 ovér the entire period T, in each case the current value
integrated over the times ton and T-ton governs the
braking effect. It can be seen that this value can be
very small or zero for -specifié ‘values between P = 0 and

_ P =1. If, for example, the negative expression in the

'35 equations becomes = UG/RM, the integrated current value

' is v:l.rtually_ zero. Therefore, the respectively desired

braking effect can be set by selecting P between 0 and 1, '

- that is to say between no reversal of polarity being
carried out at all and continuous reversal of polarity.



2 current due to the rotation of the motor i.e. due to the relative

“novenent between the notor w ndings and the permanent nagnets. Since this
cgurrent cannot fall below the rated value, the braking effect can, in many
cases, be too great. If, for exanple, the $otor is the capstan notor in a
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feed spool whi dmplenrentizsy tthe method according to the invention. A

' logic circuit 5, which has three inputs a, b, c, is
shown. The pulse-width-modulated pulse voltage, as is

5 present at the output of S1 in Figure 1, is fed to the

input a. The first manipulated variable indicating the
desired direction of rotation is fed to the input b and
the second manipulated variable indicating the actual
direction of rotation is fed to the. iﬁ.p_ut ¢. The circuit

10 5 has two outputs d and e. The output d corit_rols the
reversal of polarity of-the winding via the switches 82,
S3. The output e carries the actual pulse-width-modulated
feed voltage, as is present-at the Outputi"bf 81 in Figure
1. . e : .

15 _ In Figures 4 - 11; the letters a - e show which
voli:age are present at-the-corresponding inputs a, b, ¢,
‘according to Figures 5, 7, 9, 10 and at the outputs d, e
in the Figures 4, 6, 8, 10. R o ,k o

Figuréa_ 4, 5 show one possible practical

20 . implementation: of the éircuit 5 according to Figure 3.
| The circuit 5 contains a first EXOR gate 1, a second EXOR
gate 2, an AND gate 3 and an OR gate 4. Figure 4 applies

for the case in which the desired direction of rotation

and actual direction of rotation coincide, that is to say

25 both manipulated variables at the ..inputé b, ¢ have the
value 0. The va_llie 0 then appears at the output d, so
that the direction of rotation is not switched over in
‘the manner desired. The actual pulse-width-modulated
voltage for feeding the motor is present at the output e.

30 This is the case in which the motor is running in its
desired direction of rotation and hence a reversal of
polarity of a winding is not intended to be carried out.

Figures 6, 7 show the same relationships for
steady operation with coincidence between the intended

35 direction and actual direction, but for the other
direction of rotation. '

| Figures 8, 9 show the case in which the
manipulated variable at the “input b for the desired
direction of rotation and the manipulated variable at the
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fun. The obj ect of the invention is to provide a nethod for the control of

a motor using pul se width nodul ated control which makes possible a defined

brakl ng effect. . This object is achieved b% the invention defined in claim1l
and 9. Advant ageous devel opnents. of theTiAvéntion are specified.in t he
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- ~ each other. The output e, which intrinsically carries the
pulse-width-modulated voltage in Figures 4 - 7, now
remains at 1. This means firstly that the full operating
5 wvoltage UB is continucusly present at the output of Sl in
Figure 1. The output d, which effects the reversal of
polarity of the motor winding, now corresponds to the
puise-width-md.dulated' i'roltaée -at the input a. This now
means that the motor winding has its polarity reversed
10 intermittently, corresponding to the value P according to

Figure 2. ' .
Figures 10, 11 apply in a corresponding manner
for the case in which the desired direction of rotation
_ and the actual-direction of -rotation in-each case have
15 the -opposi-te value to Figures 8, 9. Otherwise, the effect
is similar to that in Figures 8, 9, with the difference
_ that the pulse voltage at the output &, which effects the
reversal of polarity of the motor winding, is now rotated
by 180° in-comparison with Figure 9. It-ean be seen that
20 the pulse volﬁage for feeding the motor, on the one hand,
and the'pulse' voltage for the reversal of polarity of the
motor winding for the braking process are derived from
the same inp_ut voltage at the terminal a. The actual
power supply to the motor comes continuously from the
25 output e of the éircuit™5, whereas the output d controls
'the reversal of polarity of the w:i_.jn__ding_ qprrésponding to

the switches 82, S$3 im Figure 1.
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relative to the feed ternminals for the starting of the braking process is
not carrred out but rather there is an intermttent reversal of t he poles

Quring ap Pceﬁreferably equal tothe perrod 0
nodul at ed v il d reversal of Thé pol es of mﬂm rs for
a certain t reversal of the p %ie is re m ' @i

remai ning tine of the period. By sel BaEeRh puI sefpaasev.r
intermttent reversal of the poles of the wi nding, the braking effect can

be altered wt rii.n W de!&éﬂnotds'ofb‘nco%éz%ﬁi o Of t@or, in which a motor
| - winding is fed with pulse-width-modulated pulse [sic] (a)
and, in order to initiate a braking process, the winding

5 has its polarity reversed, characterized in that
intermittent reversal of the polarity of the winding is

~effected for time intervals (ton) which are separated by

pauses (T-ton) and whose duration depends on the

. respectively desired braking effect... =
10 2. Method according to ‘Claim 1, characte-rized in
that a first mnipulated variable (b) indicating the-
. desired direction of rotation and a second manipulated
variable (c¢) indicating the ._a_,c_t_:_uai direction of rotation
are compared and a third manipulated variable (d), which

15 occurs if there-is-a-deviation;  triggers-the—intermittent
reversal of polarity of the winding.

3. Method according to Claim 1, characterized in
that the ratio (P) of the duration (j:on) “of the reversal
of polarity to the period (T) of reversal of polar:.ty and

20 pause can be varied between 0 and 1.

4. Method according to Claim 1, characterized in |
that the pulse-width-modulated pulses (e) and a switching
voltage '(d) £6F the ‘intérmittent reversal of polarity are
derived from the .same pulse voltage (a).

25 5. Method according to Claim 1, characterized in
that, in the event of coincidence. between the desired and
actual directior of rotation, the motor (7) is fed only
by the pulse-width-modulated pulses (e) in the direction

) of constant direction of rotatiom and, in the event of

30 non-coincidence between desired and actual direction of
rotation, the motor (7) is alternately fed in the
direction of the opposite direction of rotation.

6. Method according to Claim 1, characterized in
that the frequency of the pulse-width-modulated pulses

35 (a, e) lies above the aud:l.ble range. ,

7. _Method according to Claim 1, characterized in
that the second manipulated variable (c), indicating the
actual direction of rotation, is determined by sensors




f‘requency or anplitude of the actual pulse wdth nﬁdu+~at-ed—0pé‘r‘ati ng
vol tage for the motor is not thereby required. Pref;e nt r ol
vari abl e indicating the derived direction of rotati o ntroI
variabl e indicating the actual direction” of Totati on e

' n ini |atesthe|ntermttent
t.hl rd cont ro! var| ableea C{:CCLLhrl rzll%tdpon _ﬁew ati 0 t

8. Method according to Claim 1, characterized in
that the information about the desired braking effect is
derived via sensors from the motor (7) and/or from
5 typical motor data. ' |
S. Circuit for a method according to Claim 2,
characterized in that the circuit is designed as a logic
circuit (5), which has three inputs (a, b, ¢) £for the
pulse-width-modulated pulses (a), for the first
10 manipulated variable (b) and for the secend manipulated
variable (c), and two eutpute (d, e) for the reversal of
polarity of the winding and for the motor drive (Figure
3). - | | N
10. _Circﬁit according to Claim 9, characterized in
15 that a terminal (a) carrying the pulse-width-modulated
- pulses is connected to the first inputs of an AND gate
(3) and of an OR gate (4), a terminal (b) carrying the
first menipuleted variable is connected to the €first
inputs of a first EXOR gate (1) and of a second EXOR.,gate
20 (2), a terminal (c) carrying the second manipulated
variable is connected to the second input of the first
EXOR gate (1), in that the outpﬁt of the first EXOR gate
(1) is connected to the second inputs of the AND gate (3)
and of the OR gate (4) and the output of the AND gate (3)
25 is connected. to the second input of the second EXOR gate
(2), and in that the output of the OR gate (4) supplies
the pul'ses for driving the motor (7) and the output (d)
of the second EXOR gate (2) supplies a switching voltage
for reversing the polarity of the winding. _
30 11. ' Method according to Claim 1, characterized in
| that pulses of constant anpl:ltude do not need to be used
for driving. :
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5 reversal of the pol es of the winding. The ratio of the duration of the

sai'd reversa

of the poles to the total peripd of intermttent reversal

t.he poles is preferably variable between the“values 0 and 1. The pul se
wi'dt h nodul at ed pul ses and the switching~ v8lrage for the intermttent
reversal -of the poles are preferably den\uuLféon1the sanme pul se voltage.

Wth c0|nC|dence bet ween t he

Abstr
Method of controlling a motor
It is known to control motors in so-called

chopper operation with a pulse-ﬁidth.nodulated.voltage of
constant amplitude. For the purposes of braking or

reversal of the direction of rotation, a motor winding

has its polarity changed in each case. It has been shown

"that in many other applications, for example in the case

of a capstan motor of a video recorder. the braking is
carried out too rapidly. It is the object to provide a

method using chopper operation which enables a defined

braking effect for the motor._

An intermittent reversal of polarity of the

winding is carried out the [sic] tims intervals separated
by pauses and whose duration depends on the respectively
desired braking effect.

In particular for the capstan motor in a video

recorder

Fig. 1
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~derived and the actual direction of rotation, the motor is only fed by the
pul se w dzélgdzmm ated pulses in t he.sense of & constant direction of

r ot ation Wi t h non- coi nci dence” bet weer 't he derl ved and the actual

direction of rotation, the notor is fed alternately in the sense of an

opposed direction of rotation. The second control variable indicati ng the
~actual direction of rotation'is preferably deﬁzam ned by sensors associ at ed

-wWith the notor. The information regardi ng§4 he e -brakhng effect is
preferably derived via, and/ on ij)m | _

' _ "ot
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dat a typi @65% the notor. The invention will be explained in detail

her ei naf t &€r" "W the help of the drawing. Therein Fig. 1 shows a basic
wiring diagramfor the nmethod in accordance with the invention, Fig.2 shows
a diagramfor the currents arising fromthe intermttent reversal of the
poles with different pul se/pause ratios, 2/3

<L PWM
@ —t—

0 DESIRED DIRECTION
ol

lun

ACTUAL
0 bpirecrrON
*—

0"

®m a n oW

JL PWM
eli—

4 DESIRED DIRECTION -
- — - o o

— -

d_ .-n:ngc'rzo;c . F'g6 |

“}&-e CHOPPER

l_

. _ o _ |
—— _ . Fig.7
uqn '

This Sheet Has Been Reilaced

m O n o o

r

AN



Flg 3 shows a ba5|c bl ock d| agram of the nethod in accordance with the

I'nvention; 4-11 show a logic circuit for various operational
st at es. $62ﬂ% —_—
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The invention proceeds from a method according to
the preamble of Claim 1. It is known to feed motors not
with a DC voltage of variable magnitude but with a pulse-
width-modulated voltage of constant amplitude, the pulse-
width modulation (PWM) determining the respective torque
or the rate of rotation. This operation is also
designated chopper operation. The frequency of the pulse-
conduction-modulated [sié] pulses in this cas’ef'ilies above
the audible range, on the one hand in order to avoid
audibility of the motor control and, on the other hand,
to ensure that, in spite of the pulsed control, there is
virtually a direct current flowing in the motor winding
as a result of the integrating action, the magnitude of
the direct current being determined by the PWM.

To initiate a braking process of the motor or to
reverse the direction of rotation it is known in each
case to reverse the polarity of the motor windings within
the circuit., so that the motor is suddenly driven in the
opposite direction of rotation. The motor then initially
runs further in its previous direction of rotation, is
braked in the process and then assumes the opposite
direction of rotation. In this type of braking the
foliowing "d:i.'ﬁficu_lty arises.

‘ ' The ends of the motor windings are connected to
the operating voltage or to earth via protective diodes.
The diodes serve for the purpose of protecting the
connected semiconductor components from destruction by
voltage peaks on the motor windings. If, then, at the
beginning of a braking process a motor winding has its
polarity reversed, it is possible as a result of the
effect of the said diodes, irrespective of the drive, for
a high current to flow, which is given by the generator
voltage or EMF generated by the motor and the resistance

" of the motor winding. This current acts as a braking

current because of the rotation of the motor, that is to
say as a result of the relative motion between the motor
windings and the permanent magnets. Since this current
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ton duration of the reversal of the poles during the period of the
intermttent reversal of the poles P =ton/T In Fig.1l, the operating

Vol tage UB is converted by the switch Sl into a pulse width nodul ated pul se
voltage. Sl is actuated by the control cigcuit S by neans of the pul se

wi dt h nodul at ed pul se voltage 6. The pul se wi dth nodul ated pul se vol tage

thus arising apph¥es beomddd® i UEndf s@lavivaltles RANEMPVEEséd EREES
braking effect can be too great. If, for example, the
motor is the cipst:an motor in a video recorder and the
braking of the tape advance is carried out too quickly,
the formation of loops of the magnetic tape can occur as
a result of the inertia of the overrunning unwind disc.

The invention is based on the object of providing
a method of contreolling a motor with a pulse-width-
modulated drive, which method enables a defined braking
effect. This object is achieved by the invention

_specified in Claim 1. Advantageous developments of the
invention are specified in the subclaims.

In the .case of the invention, therefore,. for the
initiation of the braking process it is.not a steady-
state reversal of polarity of the motor winding relative
to the feed terminals .which is carried.out but an inter-
mittent reversal of polarity. During a period which is
preferably equal to the period of the. pulse-width-
modulated voltage, the said .reversal of polarity of the
winding is therefore carried out for a specific time,
whereas this reversal of polarity is cancelled for the
remaining time of the period. By selecting the
pulse/pause ratio in this intermittent reversal of
polarity of the winding, the braking effect can be
changed within wide limits. No change in. the frequency or
the amplitude of the actual pulse-width-modulated cperat-
ing voltage for the motor is in -this case necessary.

It is preferable if a first manipulated variable
indicating the desired direction of rotation and a second
manipulated variable indicating the actual direction of
_rotation are compared and a third manipulated variable,
which occurs if there is a deviation, is derived there-
from, the said third manipulated variable triggering the
intermittent reversal of polarity of the winding. The
ratio of the duration of the said reversal of polarity to
the entire period of the intermittent reversal of
polarity can preferably be varied between the values 0

"and 1. The width-modulated pulses and the switching
voltage for the intermittent reversal of polarity are
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S2, S3 to the notor 7 for which the generator G producing the induced

vol tage UG or EMF and the resistance RMof the notor w nding are

i1l ustrated. For the starting of a braking process, the switches S2, S3 are
p! ac_ed in the other position by the contgyo] circuit S. This neans, that the
wi nding of the notor 7 is reverse poled relative to the feed voltage. This

reversal of theepOLASH0gSr{véd 2E¥ENS tREC BAmB! §hu.eal I%ltt&becarrnalaoe be

intermttent Bs 1s 111ustrated bythe svvltch volta uration ton
of the reversayent ©fc goircigente Rafwesm: %a’ %3 Pand"dtidd

direction of rotation, the motor :I.s fed only by the
pulse-width-modulated pulses in the direction of constant
direction of rotation and, in the event of non-
coincidence between desired and actual -direction of
rotation, the motor is alternately fed in the direction
of the opposite direction of rotation. The second
manipulated variable.indicating the actual direction of
rotation of the [sic] is preferably determined by sensors
assigned to the motor. The information about the desired
braking effect is preferably derived via sensors from the
motor and/or from typical motor data.
The invention is explained in more detail below
with reference to the drawing, in which:
Figure 1 shows a basic circuit diagram for the method
according to the invention,

- Figure 2 shows a diagram for the currents produced in
the case of different pulse/pause ratio of the
intermittent reversal of polarity,

Figure 3 shows a basic block diagram of the method
according to the-invention and
Figures 4 - 11 show a logic circuit for wvarious operating
states.
In the description, the symbols used have the
| following meaning:
UB Constant"operﬁting voltage for the motor feed
UG EMPF induced in the motor winding
IM Current through the motor
RM Resistance of the motor winding
T Period of the pulse-width-modulated voltage and of
the intermittent reversal of polarity
ton Duration of the reversal of polarity during the
pericd of the intermittent reversal of polarity
P = ton/T
In Pigure 1, the operating voltage UB is
converted into a pulse-width-modulated pulse voltage
using the switch S1. S1 is actuated by the control

uit S by the pulse-width-modulated pulse voltage 6.
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relative to the period T of the intermttent reversal of the poles
determ nes the braking torque. The value of ton and thus the braking torque
are determned by a control circuit S. This receives via the termnal 9

additional information from sensors regar4lifng nechani cal or electrical
not or val ues. '

The pulse-width-modulated pulse voltage which is produced
by this means from the output of §1 passes via the
changeo#er switches S2, S3 to the motor 7, for which the
generator G, producing the induced voltage UG or EMF, and
the resistance RM of the motor winding are shown. To
initiate a braking process, the switches S2, 83 are
changed over into the other position by means of the
control circuit S. That means that the winding of the
motor 7 has its polarity reversed in relation to the
feeding voltage. However, this reversal of polarity is
not always carried out as a steady-state process but can
also be carried out intermittently, as is shown by the
switching voltage 8. The on-time ton of the reversal of
polarity by the switches S2, 83 in relation to the period
T of the intermittent reversal of polarity determines the
braking torque: The wvalue of ton and hence the braking
torque are determined by a control circuit S. The latter
obtains additional ‘information about mechanical or
electrical motor values- from sensors via the terminal 9.
Referring to Figure 2, it will be explained with
reference to equations how a respectively desired braking
effect can be achieved by altering the duty ratio
P = ton/T. Equation A shows the motor current IM, to be
specific on the one hand for the time ton and on the
other hand for the subsequent pause T-ton. Equation A is
thus generally wvalid. Equa.t:ion' B shows the resulting
current at P = 0, equation C for a specific P, equation
D for another P and equation E for the other limiting
value P = 1. Since the current iM [sic] is integratéd
over the entire period T, in each case the current value
integrated over the times ton and T-ton governs the
braking effect. It can be seen that this value can be
very small or zero for specific values between P = 0 and
P =1, If, for example, the negative expression in the
equations becomes = UG/RM, the integrated current value
is virtually zero. Therefore, the respectively desired
braking effect can be set by selecting P between 0 and 1,
that is to say between no reversal of polarity being
carried out at all and continuous reversal of polarity.
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5 By neans of ng.2 with the aid of equations, it is explained how a

currently desired braking effect
ratio P = ton/ T. The equation A indicates the notor current
the time ton and then for the succeeding
t hus generally applicable. Equation B in

= 0, equation C for a

for the other IiTtln val u

ementing the met::lhod according to the invention. A
logic - circuit 5, which has three inputs a, b, ¢, is
shown. The pulse-width-modulated pulse voltage, as is
present at the output of S1 in Figure 1, is fed to the
input a. The first manipulated variable indicating the
desired direct_ion of rotation is fed to the input b and
the second manipulated variable indicating the actual
direction of rotation is fed to the input e¢. The circuit
5 has two outputs 4 and e. The output d controls the
reversal of polarity of the winding via the switches S2,
S3. The output e carries the actual pulse-width-modulated
feed voltage, as is present-at the output of Sl in F:.gure
1.

In Pigures 4 - 1ll, the letters a - e show which
voltages are present at the corseaéonding inputs a, b, ¢,
according to Figures 5, 7, 9, 10 and at the outputs d, e
in the Figures 4, 6, 8, 10.

Figures 4, 5 show one possible practical
implement_ation of the circuit 5 according to Figure 3.
The circuit 5 contains a f£irst EXOR gate 1, a second EXOR
gate 2, an AND gate 3 and an OR gate 4. Figure 4 applies
for the case inm which the desired direction of rotation
and actual direction of rotation coincide, that is to say
both. manipulated variables at the inputs b, c have the
value 0. The value 0 then appears at the output d, so
that the direction of rotation is not switched over in
the manner desired. The actual pulse-width-modulated
voltage for feeding the motor is present at the output e.
This is the case in which the motor is running in its

desired direction of rotation and hence a reversal of

polarity of a winding is not intended to be carried out.

Figures 6, 7 show the same relationships for
steady operation with coincidence between the intended
direction and actual direction, but for the other
direction of rotation.

Figures 8, 9 show the case in which the
manipulated variable at the input b for the desired
direction of rotation and the manipulated variable at the
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Since the current IMis integrated over the total period T, the current
value integrated over the tinmes ton and T-ton is in each case decisive for
the braking effect. It .is apparent that this value may be very small or
even zero.for certain values between P =0 and P = 1. If for exanple, the
negati ve expression in ‘the equations = RM the integrated current val ue
Is practically zero. Consequently, by SeleCtion of P between 0 and 1 i.e.

bet veen absol el B0Lethy! Nguley ShoRle Blod "Se PALER RS SPELE Eom
each other. The output e, which intrinsically carries the
pulse-width-modulated voltage in Figures 4 - 7, now
remains at 1. This means firstly that the full operating
voltage UB is continuocusly present at the output of S1 in
Figure 1. The output d, which effects the reversal of
polarity of the motor winding, now corresponds to the
pulse-width-modulated voltage at the input a. This now
means that the motor winding has its polarity reversed
intermittently, correqundiné to the value P according to
Figure 2.

Figures 10, 11 apply in a corresponding manner
for the case in which the desired direction of rotation
and the actual direction of rotation in each case have
the opposite value to Figures 8, 9. Otherwise, the effect
is similar to that in Figures 8, 9, with the difference
that the pulse voltage at the cutput d, which effects the
reversal of polarity of the motor winding, is now rotated
by 180° in comparison with Figure 9. It can be seen that
the pulse voltage for feeding the motor, on the one hand,
and the pulse voltage for the reversal of polarity of the
motor winding for the braking process are derived from
the same input voltage at the terminal a. The actual
power supply to -the motor comes continuocusly from the
output e of the circuit 5, whereas the output d controls
the reversal of polarity of the winding corresponding to
the switches 82, S3 in Figure 1.
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d“ési red braking effect can be set. Fig.3 depicts a sinplified block diagram

for the realisation of the nethod in accordance vmth the_l_m/_em_l_en—Ar—l—eg-r—e—
¢ircuit 5 which has three inputs a, b, cis illustr IIIlﬁulse

modul at ed pul se voltage, as is present on the out put of S1 ﬁ" L“ UII u |
supplied to the input a. The first controlgyvariable indica

direction of rotation is supplied to the input b and the second control
variable indicating the actual diregpatentofclaiingii on is supplied to the
i nput c. The _
1. Method of controlling a motor, in which a motor
winding is fed with pulse-width-modulated pulse [sic] (a)
and, in order to initiate a braking process, the winding
has its polarity reversed, ' characterized in that
intermittent reversal of the polarity of the winding is
effected for time intervals (ton) which are separated by
pauses (T-ton) and whose duration depends on the
respectively desired braking effect. _
2. Method according to Claim 1, characterized in
that a first manipulated variable (b) indicating the
. desired direction of rotation and a second manipulated
variable (c) indicating the actual direction of rotation
are compared and a third manipulated variable (d), which
occurs if there is a deviation, triggers the intermittent
reversal of polarity of the winding.
3. " Method according to Claim 1, characterized in
that the ratio (P) of the duration (ton) of the reversal
of polarity to the period (T) of reversal of polarity and
pause can be varied between 0 and 1. -
4, Method according to Claim 1, characterized in
that the pulse-width-modulated pulses (e) and a switching
voltage (d) for the intermittent reversal of polarity are
derived from the same pulse voltage (a).
5. Method according to Claim 1, characterized in
that, in the event of coincidence between the desired and
actual direction of rotation, the motor (7) is fed only
by the pulse-width-modulated pulses (e) in the direction
of constant direction of rotation and, in the event of
non-coincidence between desired and actual direction of
rotation, the motor (7) is alternately fed in the
direction of the opposite direction of rotation.
6. Method according to Claim 1, characterized in
that the frequency of the pulse-width-modulated pﬁlses
(a, e) lies above the audible range.
7. Method according to Claim 1, characterized in
that_ the second manipulated variable (¢), indicating the

actual direction of rotation, is detemineé——hy—ﬂanﬂﬂra——
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circuit 5 has two outputs d and e. The output d controls the reversal of
the poles of the winding by the switches S2, S3. The output e carries the
actual pulse width nodul ated feed voltage as is present on the output of S
| in Fig. 1. Inthe Figures 4 - | 1, the letters a ' m mm h

vol tages in accordance with Figs. 5,7,9,10 are presmﬂmm m“ mpondi ng
inputs a,b,c and outputs d,e in the Figs.84;6,8,10. * ¢ t ® s =

assigned to the motor (7).

8. Method according to Claim 1, characterized in
that the information about the desired braking effect is
derived via sensors from the motor (7) and/or £rom
typical motor data. )

S. - Circuit for a method according to Claim 2,
characterized in that the circuit is designed as a logic
circuit (5), which has three inputs (a, b, ¢) for the
pulse-width-modulated pulses (a), for the first
manipulated variable (b) and for the second manipulated
variable (c¢), and two outputs (d, e) for the reversal of
polarity of the winding and for the motor drive (Figure
3).

10. Circuit according to Claim 8, characterized in
that a terminal (a) carrying the pulse-width-modulated
pulses is connected to the first inputs of an AND gate
{3) and of an OR gate (4), a terminal (b) carrying the
first manipulated variable is connected to the £first
inputs of a first EXOR gate (1) and of a second EXOR gate
(2), a terminal (c¢) carrying the second manipulated
variable is connected to the second input of the first
EXOR gaté (1), in that the output of the first EXOR gate
(1) is connected to the second inputs of the AND gate (3)
and of the OR gate (4) and the output of the AND gate (3)
is connected to the second input of the second EXOR gate
(2), and in that the output of ‘t'he OR gate (4) supplies
the pulses for driving the motor (7) and the output (4d)
of the second EXOR gate (2) supplies a switching voltage
for reversing the polarity of the winding.

11. Method according to Claim 1, characterized in
that pulses of constant amplitude do not need to be used
for driving. '
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6 Figs. 4,5 show one possible practlcal realisation of the circuit 5 in
accordance with Fig.3. The circuit 5 contains a first EXOR gate 1, a second
EXOR gate 2, an AND gate 3 and an OR gate 4. Fig.4 applies for the case
that the derived direction of rotation and the actual direction of rotation
are the sane i.e: both -9 e

Abstract
Method of controlling a motor

It is known to control motors - in so-called
chopper operation with a pulse-width modulated voltage of
constant amplitude. For the purposes of braking or
reversal of the direction of rotation, a motor winding
has its polarity changed in each case. It has been shown
that in many other applications, for example in the case
of a capstan motor of a video recorder, the braking is
carried out too rapidly. It is the object to provide a
method using chopper operation which enables a defined
braking effect for the motor. _

An intermittent reversal of polarity of the
wiﬁding is carried out the ([sic] time intervals separated
by pauses and whose duration depends on the respectively
desired braking effect. '

In particular for the capstan motor in a wvideo
recorder o

Fig. 1
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control variables at the inputs b,c have the value 0. The value 0 then
appears at the output d so that, in the desired manner, the direction of
rotation is not changed over. The actual pulse w dth nodul ated vol tage for
the feeding of the notor is -present on the output e. This is the case where
the nmotor runs in its derived direction of rotation and thus a reversal -of
the poles of a wi nding should not occus.1Fkgs. 6,7 show the sane conditions
for static operation with coinci dence bet V\§en
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derived direction and act ual direction but for the other direction of
rotation. Figs. 8, 9 show the case that the control variable at the input b
for the derived direction of rotation and the control variable at the input
c for the actual direction of rotation deviate from each other. The out put
e, which carries the pulse width nodul ated voltage in Figs. 4-7, now
remains at 1. Initially, this neans, that the full operating voltage UB is
continuously present at the output of S12ih Fig.1l. The output d, which
effects the reversal of the poles of the notor w nding, now

JL PWM
d i
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“'-.!-
corresponds to the pul se width nodul ated voltage at the input a. Thi s
nmeans, that the nmotor winding is nowintermttently reverse poled in

correspondence with the value P in accordance with Fi g_z—ﬁ—gs——}G—%%—appl y
correspondingly for the case that the derived direction_ of rot t|o he
actual direction of rotation have the respective other W‘ t ’ ‘fegon

- with Figs. 8,9. Oherwi se, the effect |_sss|_mlar to Fi gs H
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The invention is based upon a method in accordance with the preamble of claim
1 or a device in accordance with the preamble of claim 9. Such a device is
known from DE-A-4038199. It is known to feed motors, not with a direct
voltage of variable magnitude, but rather, with a pulse width modulated voltage
of constant amplitude, wherein the pulse width modulation (PWM) determines
the prevailing torque or the rotational speed. This operation is also known as
chopper mode. The frequency of the pﬁlse width modulated pulses lies above the
audible range on the one hand so as to avoid the motor control being audible and
on therother hand so as to ensure that, despite the pulsed control, a practically

direct current, the magnitude of which is determined by the PWM, flows in the

* winding of the motor due to the integrating effect.

For starting a braking process of the motor.'.or for changing the direction of
rotation, it is known to reverse the poles of the motor windings within the circuit
on these occasions so that the motor is suddenly driven in the opposite direction
of rotation. Initially, the motor then runs in its former direction of rotation, is
braked during this time and then adopts the opposed direction of rotation. The
following difficulty arises with this type of braking.

The ends of the motor windings are connected to the operating voltage or to earth
via protective diodes. The diodes serve to protect the connected semiconductor
components from destruction by voltage peaks in the motor windings. If now, a
motor winding is reverse poled at the beginning of a braking process, a high
current, which is produced by the generator voltage or EMF generated by the
motor and the resistance of the motor winding, flows independently of the

control action due to the effect of the said diodes. Thus current acts as a braking




are derived fromthe sane input voltage at the termgg?%@mqagﬁﬁ’f

~energy feed of the notor cones continually fromthe
"5 while the output d controls the reversal of the p
correspondence with the switches S2, S3 in Fig. 1.
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current due to the rotation of the motor i.e. due to the relative movement
between the motor windings and the permanent magnets. Since this current
cannot fall below the rated value, the braking effect can, in many cases, be too
great. If, for example, the motor is the capstan motor in a video recorder and
the braking of the tape advancing mechanism occurs too rapidly, then loops of
magnetic tape can build up due to the inertia of the feed spool which continues to

ruaimn.

The object of the invention is to provide a method for the control of a motor
using ‘pulsé width modulated control which makes possible a defined braking
effect.‘. This object is achieved by the invention defined in claim 1 and 9.

Advantageous developments of the invention are specified in the appendant

" claims.

Thus, with the invention, a static reversal of the poles of the motor winding
relative to the feed terminals for the startirig of the braking process is not carried
~out but rather, there is an intermittent reversal of the poles. During a period,
which is preferably equal to the period of the pulse width modulated voltage, the
said reversal of the polées of the winding occurs for a certain time while this
reversal of the poles is removed for the remaining time of the period. By
selection of the pulse/pause ratio in this intermittent reversal of the poles of the
winding, the braking effect can be altered within wide limits. An alteration of the
frequency or amplitude of the actual pulse width modulated operating voltage for

the motor is not thereby required.

Preferably, a first control variable indicating the derived direction of rotation and .

a second control variable indicating the actual direction of rotation are compared

and a third control variable occurring upon deviation initiates the intermittent



8 CLAIMS 1. A method for the control of a notor in which pulse width
.modul ated pul ses (a) are supplied to a motor winding and the winding is
‘reverse poled for starting a braking process, CchgrpEal ﬁ@g --.:ﬁt, an
intermttent reversal of the poles of the w ndi ngNugISEBENA T
periods (ton) which are separated by pauses (T-t9n] and the dur
whi ch i s dependent upon the currently desired r 2D 08T %97

’ e .|

reversal of the poles of the winding. The ratio of the duration of the said

{1 me
pn of

reversal of the poles to the total period of intermittent reversal of the poles is
preferably variable between the values 0 and 1. The pulse width modulated
pulses and the switching voltage for the intermittent reversal of the poles are
preferably derived from the same pulse voltage. With coincidence between the
derived and the actual direction of rotation, the motor is-only fed by the pulse
width modulated pulses in the sense of a constant direcﬁon of rotation and with
non-coincidence between the' derived and the actual direction of rotation, the
motor is fed alternately in the sense of an opposed direction of rotation. The
second control variable indicating the actual direction of rotation is preferably
_determined by sensors associated with the motor. The information regarding the
desired braking effect is preferably derived via sensors of the motor and/or from

data typical to the motor.

The invention will be explained in detail hereinafter with the help of the drawing.

Therein

Fig.1 shows a basic wiring diagram for the method in accordance with the

invention,

Fig.2 shows a diagram for the currents arising from the intermittent reversal of

the poles with different pulse/pause'rétios,

Fig.3 shows a basic block diagram of the method in accordance with the

invention; and

Figs 4-11 show a logic circuit for various operational states.



braki ng effect. 2. A nmethod in accordance with Claim1, characterised in
‘that, a first control variable (b) indicating the desyred d| rectl on of

“rotation and a second control variable (c) indi caeg
of rotation are conpared and a third control varijpbfEeidiil
deviation initiates the intermttent reversal of
3. A nethod in accordance with Caiml1, chara

(P)

he ratio

4

In the description, the symbols used have the following meaning:

UB constant operating voltage for the feeding of the motor

UG EMF induced in the motor winding

IM current through the motor

RM resistance of the motor winding

T  period of the pulse width modulated voltage and the intermittent reversal
of the poles ]

ton duration of the reversal of the poles during the period of the intermittent
reversal of the poleé

_ P = ton/T

In Fig.1, the operating voltage UB is converted by the switch Sl into a pulse
width modulated pulse voltage. S1 is actuated by the control circuit S by means
of the pulse width modulated pulse voltage 6. The pulse width modulated pulse
voltage thus arising arrives from the output of S1 via the change over switches
S2, 83 to the motor 7 for which the generator G producing the induced voltage
UG or EMF and the resistance RM of the motor winding are illustrated. For the
starting of a braking process, the switches S2, S3 are placed in the other position
by the control circuit S. This means, that the winding of the motor 7 is reverse
poled relative to the feed voltage. This reversal of the poles does not always
occur statically but can also be intermittent as is illustrated by the switching
voltage 8. The duration ton of the reversal of the poles by the switches S2, S3
relative to the period T of the intermittent reversal of the poles determines the
braking torque. The value of ton and thus the braking torque are determined by
a control circuit S. This receives via the terminal 9 additional information from

sensors regarding mechanical or electrical motor values.



of *the duration (ton) of the reversal of the pel- lod (T)
~conprising the reversal of the poles and the pﬁ“ﬂlEELA MBNT
"values 0 and 1. 4. A method in accordance w tifi Crarm-t—eHal

that, the pulse wdth nodul ated pul ses (e) andj yfé@ﬁrqﬁm qge (d) for
the intermttent reversal of the poles are derji ied t Y pul se

vol tage (a). 5. A nmethod in accordance w tfh Bl chafa,teri sed in
that, with coincidence between the desired ang the actual direcffion of
rotation, the notor 5 ‘

By means of Fig.2 with the aid of equations, it is explained how a currently
desired braking effect is achievable by alteration of the duty ratio P = ton/T.
The equation A indicates the motor current IM, firstly for the time ton and then
for the succeeding pause T-ton. The equation A is thus generally applicable.
Equation B indicates the resulting éurrent for P = O, equation C for a special P,
equation D for another P and equation E for the other limiting value P = 1.
Since the current IM is integrated over the total period T, the current value
integrated over the times toh and T-ton is in each case decisive for the braking
effect. It is apparent that this value may be very small or even zero for certain
values between P = O and P = 1. If for example, the negative expression in the
equations = UG/RM, the integrated current value is practically zero.

- Consequently, by selection of P between O and 1 i.e. between absolutely no
resulting reversal of the poles and continues reversal of the poles, the currently

desired braking effect can be set.

Fig.3 depicts a simplified block diagram for the realisation of the method in
accordance with the invention. A logic circuit 5 which has three inputs a, b, c is
illustrated. The pulse width modulated pulse voltage, as is present on the output
of S! in Fig.1, is supplied to the input a. The first control variable indicating the
derived direction of rotation is supplied to the input b and the second control
varjable indicating the actual direction of rotation is supplied to the input c. The
circuit 5 has two outputs d and e. The output d controls the reversal of the poles
of the winding by the switches S2, S3. The output e carries the actual pulse

width modulated feed voltage as is present on the output of S1 in Fig.1.

In the Figures 4 - 11, the letters a - e indicate which voltages in accordance with
Figs. 5,7,9,10 are present on the corresponding inputs a,b,c and outputs d,e in
the Figs. 4,6,8,10.



(7y is only fed by the pul se wdth nodul ated pulses (e) in the sense of a
constant direction of rotation and for non-coi peen-the desired
and the actual direction of rotation, the n ﬁ rﬂﬁgﬂgeéﬁﬁﬁ ternately

in the sense of an opposed direction of rotatifor].
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Figs. 4,5 show one possible practical realisation of the circuit 5 in accordance
with Fig.3. The circuit 5 contains a first EXOR gate 1, a second EXOR gate 2,
an AND gate 3 and an OR gate 4. Fig.4 applies for the case that the derived
direction of rotation and the actual direction of rotation are the same i.e. both
control variables at the inputs b,c have the value O. The value O then appears at
the output d éo that, in the desired manner, the direction of rotation is not
changed over. The actual ﬁulse width modulated voltage for the feeding of the
motor is present on the output e. This is the case where the motor runs in its
derived direction of rotation and thus a reversal of the poles of a winding should

not occur.

Figs. 6,7 show the same conditions for static operation with coincidence between

derived direction and actual direction but for the other direction of rotation.

Figs. 8, 9 show the case that the control variable at the input b for the derived
direction of rotation and the control variable at the input ¢ for the actual direction
~ of rotation deviate from each other. The output e, which carries the pulse width
modulated voltage in Figs. 4-7, now remains at 1. Initially, this means, that the
full operating voltage UB is continuously present at the output of S1 in Fig.1.
The output d, which effects the reversal of the poles of the motor winding, now
corresponds to the pulse width modulated voltage at the input a. This means,
that the motor winding is now intermittently reverse poled in correspondence

with the value P in accordance with Fig.2.

Figs. 10,11 apply correspondingly for the case that the derived direction of
rotation and the actual direction of rotation have the respective other value in

comparison with Figs. 8,9. Otherwise, the effect is similar to Figs. 8,9 with the



6.- A method in accordance with Caim 1, characterised in that, the
frequency of the pulse width nodul ated pul ses (a,e) |lies above the audible

“range. 7. A nmethod in accordance with Clalrn 1, characterised in that,
t he second control variable (c) indicating the actual direction of rotation
I's determ ned by sensors associated with the notor (7). 8. A method in

accordance with Clain 1, characterised in that, the information regarding

the desired braking effect is derived via sensors of the
7

difference that now the pulse voltage at the output d, which causes the reversal of
the poles of the motor, is rotated through 180° relative to Fig.9. It is apparent
that the pulse voltage for the feeding of the motor on the one hand and the pulse
voltage for the reversal of the poles of the motor winding for the braking process
are derived from the same input voltage at the terminal a. The actual energy
feed of the motor comes continually from the output e of the circuit 5 while the
output d controls the reversal of the poles of the winding in correspondence with

the switches S2, S3 in Fig.1. '
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notor (7) and/or fromdata typical to the notor. 9. Acircuit for a
met hod i n accordance with Caim?2, for the control of a notor, with neans

for supplying pul se width nodul at ed pul ses (a) to a_,DD_T._QL_JM_ELdJ_ng,——\M—t—h

neans for 1 T theppies of the winding foristarting a brakin
process, cf “E‘ fed HYERAt, the reversal of thé ullmm mu{mu llil
intermttentlly for time pefi bds (ton) which are sepa T-ton)
and the dufafi 2QgCT 1597
8
CLAIMS
1. A method for the control of a motor in which pulse width modulated

pulses (a) are supplied to a motor winding and the winding is reverse poled for
starting a braking process, characterised in that, an intermittent reversal of the
poles of the winding is effected for time periods (ton) which are separated by
pauses (T-ton) and the duration of which is dependent upon the currently desired
braking effect. :

2. A method in accordance with Claim 1, characterised in that, a first control
_variable (b) indicating the desired direction of rotation and a second control
variable (c) indicating the actual direction of rotation are compared and a third
control variable (d) occurring upon deviation initiates the intermittent reversal of

the poles of the winding.

3. A method in accordance with Claim 1, characterised in that, the ratio (P)
of the duration (ton) of the reversal of the poles to the period (T) comprising the

reversal of the poles and the pause is variable between the values O and 1.

4. A method in accordance with Claim 1, characterised in that, the pulse
width modulated pulses (¢) and a switching voltage (d) for the intermittent

reversal of the poles are derived from the same pulse voltage (a).

S. A method in accordance with Claim 1, characterised in that, with
coincidence between the desired and the actual direction of rotation, the motor
(7) is only fed by the pulse width modulated pulses (e) in the sense of a constant

direction of rotation and for non-coincidence between the desired and the actual



whi ch is dep =HPOR t-he e

£ rently desired bLak_Lng._ei_tect means bei ng
provi ded for REELA@ﬁpaH SOn; fﬂ

a first control variable I ndi cating the

v 3 thvracontrof IR utmrrunt Il

“desired diredtiforof—Totat®
t he actual dijrgc agi
n?grgﬁr'l‘g th ntermttent reversal 6f the' poI es of the
' d as a bogic circuit (5) which has three

upon devi ati
) for the pulse wjdth nodul ated pul ses (a), for

wi ndi ng, the {ci
i nputs (a,b,

direction of rotation, the motor (7) is fed alternately in the sense of an opposed

direction of rotation.

6. A method in ~accordance with Clalm 1, characterised in that, the

frequency of the pulse width modulated pulses (a,e) lies above the audible range.

7. A method in accordance with Clalm 1, characterised in that, the second
control variable (c) indicatihg the actual direction of rotation is determined by
Sensors ass_ociated with the motor (7).

8. A method in accordance with ClaIm 1, characterised in that, the
information regarding the desired braking -effect is derived via sensors of the

. motor (7) and/or from data typical to the motor.

9. A circuit for a method in accordance with Claim 2, for the control of a
motor, with means for supplying pulse width modulated pulses (a) to a motor
winding,

with means for reversal .of the poles of the winding for starting a braking
process, characterised in that, the reversal of the poles occurs intermittently for
time periods (ton) which are separated by pauses (T-ton) and the duration of
which is dependent upon the currently desired braking effect,

means being provided for the comparison of a first control variable (b) indicating
the desired direction of rotation and a second control variable (c) indicating the

| actual direction of rotation, |

a third control variable (d) occurring upon deviation initiating the intermittent
reversal of the poles of the winding, the circuit being formed as a logic circuit
(5) which has three inputs (a,b,c) for the pulse width modulated pulses (a), for

the first control variable (b) and for the second control variable (c) and two



the first control variable (b) and for the second control variable (c) and

t wo 10 outputs (d,e) for the reversal of the poles of the-wndimg and of

e e e e O

10

outputs (d,e) for the reversal of the poles of the winding and of the motor drive
(Fig.3).

10. A circuit in accordance with Claim 9, characterised in that, a terminal (a)
carrying the puise width modulated pulses is connected to the first inputs of an
AND gate (3) and to an OR gate (4), a terminal (b) carrying the first control
variable is connected to the first inputs of a first EXOR gate (1) and of a second
EXOR gate (2), a terminal (c) carrying the second control variable is connected
to the second input of the first EXOR gate (1), that the output of the first EXOR
gate (1) is connected to the second inputs of the AND gate (3) and of the OR gate
(4) and the output of the AND gate (3) is connected to the second input of the
second EXOR gate (2) and that the output of the OR gate (4) supplies the pulses
for the deriving of the motor (7) and the output (d) of the second EXOR gate (2)

supplies a switcﬁing voltage for the reversal of the poles of the winding.

11. A method in accordance with Claim 1, characterised in that, pulses of

constant amplitude need not be used for the control.
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10.° A circuit in accordance with Claim9, characterised in that, a
termnal (a) carrying the pul se w dth nodul ated pul ses is connected to the
first inputs of an AND gate (3) and to an OR gate (4), a termnal (b)
carrying the first control variable is connected to the first inputs of a
first EXOR gate (1) and of a second EXOR gate (2), a termnal (c) carrying
the second control variable is connected to the second i nput of the first
EXOR gate (1), that the output of the-fli'rst EXOR gate (1) is connected to
the second inputs of the AND gate (3)Sfmd of thej—(]?-gat?
. 1 IM
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(4) and the output of the AND gate (3) is connected to the second input of-

the second EXOR gate (2) and that the output of the ER-gat-e~{-4) mmﬁ' Les
the pul ses for the deriving of the nmotor (7) and the Rﬁ.MEz 0,151t
second EXOR gate (2) supplies a switching voltage fof fme-Teversat—gf it he
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