1 ; Mtor geryn@hkber,for electronically comutated D@ rog/aris in
.order to conpensate for torque drops The invention relates to

a notor controller having 5 electronic eonnutati on which is connected to
t he wi ndi ngs

Motor controller for electronically commutated DC motors in

order to compensate for torque drops

The invention relates to a motor controller having

5 electronic commutation which is connected to the windings

of a motor, a predetermined additional current being

connected to that coil of the motor which is active at that

moment, from the commutation instant, in order to prevent
torque drops.

10 US-4,511,827 discloses a controller which drives an
electronically commutated motor such that torque
fluctuations are suppressed. This device in this case
comprises a sensor for determining the rotor position, in
other words the commutation instant, and a controller which

15 processes this signal so that the corresponding coil is
supplied, from the commutation instant, with additional
current in order to prevent a torque drop.

However, it has been found in the case of the known
solution that the supply of a predetermined current to the

20 coil compensates for the torgque drops only within a
specific motor current range. However, for example, in a
video recorder, the known method does not provide
satisfactory results since, in an operating mode (for
example play or long-play), the currents may Dbe very

25 different because of different mechanical 1loads, for
example in the case of different temperatures or cassettes.

The invention is thus based on the object of
providing a motor controller in which torque drops are
avoided even in the event of different motor loads.

30 The object 1is achieved Dby the features of
Claim 1. Preferred refinements of the invention are

specified jn the subclaims.

g to the invention, in the case of a motor
‘electronically commutated DC motors, in

35 al current is connected to the active
utation instant, in order to prevent
\ duration and/or amplitude of the
. %ggb t pulse are/is determined as a function of
' In other words, the duration and/or
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of a notor, 1gspreEpsiermned additional current beifigps/gigonnected to

that coil of the notor which is active at that nonent, fromthe
comutation instant, in order to prevent - 2 —-torque drops. 10
US- 4, 511, 827 di scl oses a control l'er which drives an el ectronically

commut at ed t hat torque fl

Thi s device i naSTf 3‘|lst§lc Of @ﬁ or%irdﬁ'ggéngl ﬁ%glrj%f ‘g‘%if)%]er%{:%(%gp?ﬁgiaggor
position, in and otate?/lvﬂ)r dErtiMerommmat itbe | Askdnt onanthe c@mtp@‘I,I etthe
whi ch 15 pro 1diatpd CP%?&PO”%:Q&&P th8 higher

supplied, fromt ecormutatlon |§&ant W t urrent i'n
order to prevefte aqtergdeaghogs is self-evigghbver, it has been found in

the case ok the known this advantageously results in torque drops being
compensated for automatically and optimally, irrespective
of the production scatter between motors, the temperature
ranges and ageing.

The motor contrecller according to the invention

10 normally controls the motor by means of so-called pulse-
width modulation (CPWM or PWM) of the control pulses. The
PWM signal of the motor controller is held at “1” for the
duration of the additional <current. The commutation
instant, from which the additional current is applied, can
15 be determined by a sensor.

The motor load is determined from the motor current
drawn, it being possible to determine the motor current,
for example, by means of a measurement resistor which is
connected in the motor circuit or from the ratic of the

20 pulse duration to the pulse pause of the PWM signal.

Furthermore, the controller according to the
invention may have an integrator which produces a control
signal (S) from the duty ratio of the CPWM signal. The
start of the integration of the CPWM control signals is

25 likewise brought about by the occurrence of the commutation
signal.

The controller advantageously has a flipflop whose
Q0 output is connected to the CPWM control signals via an
“OR” gate, so that the Q output is switched to logic “1” on

30 the occurrence of the commutation signal, the Q output of
the flipflop being reset again when the control signal
corresponds with a reference voltage. The comparison
between the reference voltage and the control signal is
preferably <carried out by means of a differential

35 amplifier. This also brings about the end of the
integration of the CPWM signals.

A preferred embodiment of the invention will be
explained 1in the following text with reference to the
figures, in which:
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sol ytion thaty¢e giprdy of a predeternmined current to phes2@iecoil

.conpensates for the torque drops only wthin a speci fic notor
current range. However, for exanple, in-a3 - video recorder, the known
met hod does not provide satisfactory results since, in an operating

nmode (f or exanplegflay}fahgggg-ph %Eui%h i%# gn%% @%%l%%ﬁﬁgﬂgéﬁzal i

different because ani ca exa

the case of déé¢eiemt temperdinges tor chBeet tizyention, of Thaej n\ﬁé?rﬁqlbn
|s t hus based.gn:fbe; &pj ect of providing a nmotor controller in which
torque drops are avoi ded even in the event of different notor |oads. 30

The object is achiBves By apHe 2br ehay ekimipg dlagyaps, 9Ff et

refinementss ofndheutpyendi @h®f Gequired for control purposes, and
Figures 3a and 3b show the current waveform in an
electronically commutated motor, respectively without and
with compensation.
Fig. 1 shows the logic circuit for compensating for
10 torque drops in digitally driven, electronically commutated
motors. A digital motor control signal CPWM, in which the
motor load can be derived from the duty ratio, is passed to
the input of the compensation circuit 1. A control signal S
is derived from this signal CPWM by means of an integrator
15 2. The integrator 2 preferably comprises three serial
resistors R;, R, and R;, as well as two capacitors C; and C,
C: being arranged electrically between earth (reference-
earth potential} and the junction of R; and R, and C, being
arranged electrically between earth and the junction of R,
20 and R;, and the control signal S being formed on C,. The
control signal CPWM for controlling the motor, which is not
illustrated, is furthermore passed to an input of an OR
gate 3, so that a PWM control signal appears at the output
of the OR gate 3 and is supplied to PWM power stages, which
25 are likewise not illustrated, in order to provide the motor
current in the individual motor coils or windings.
The control signal S which is produced by the
integrator 2 is supplied to the inverting input of a
differential amplifier which is designed as a comparator 4
30 and to whose non-invertng input a reference voltage Ugrgp 1is
applied, which is defined via a voltage divider composed of
resistors Ry, Rs. The output of the comparator 4 is passed
to the reset input of a flipflop 5, which is formed by a D
flipflop. The D input of the flipflop 5 is at positive
35 potential which can be derived, for example, from an
operating voltage U,. The occurrence of the commutation
signal I for the motor drive activates the flipflop 5 via
the clock input, so that a logic ™“1” appears at the Q
output. The Q output of the flipflop 5 is passed to the
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specified in {hgs5hskains. According to thepi pggotéon, in the

.case of a notor controller for electronically comutated DC notors, in
35 which an_add!tlonal current is connectgd-to the active coil, from
the commutation instant, in order to prevent torque drops, t he

oot onncblhes B P e LB caesh ] LIGYY SULAR g1 shorr et

duration and/ eignal being linked to the Q output by means of ‘this OR

circuit, the PWM signal for the power stages is in

consequence held at logic “1“ or at the “High” level, so

5 that an additional current is supplied to the motor

windings. The Q output of the flipflop 5 remains at logic

“1# until logic “1” appears at the output of the comparator

4, so that the flipflop is reset via the reset input R of

the flipflop 5 and, in consequence, a logic ™“0” appears at

10 the Q output or the Q output is held at the “low” level. An

npn transistor T is connected between the inverting input

of the comparator 4 {control signal S) and the Q output of

the flipflop 5, such that the base is connected to the Q

output via a resistor Rs. The emitter of the transistor T,

15 which is at the positive potential of the operating voltage

U,, is connected to the base via a resistor R;, while the

collector of transistor T is connected to the inverting

input of the comparator 4. When the Q output of the

flipflop 5 switches up to logic “1”, the transistor T 1is

20 switched off, while a logic “0” at the Q output of the
flipflop 5 opens the transistor T, or switches it on.

The transistor T thus acts as an electronic switch
by means of which the capacitor C, on which the control
signal S is formed can be charged to the positive potential

25 of the operating voltage U,, depending on the logic signal
state at the Q output of the flipflop 5, or, when the Q
output is switched to logic “0” or the “low” level, can be
discharged to the potential which results on the capacitor
C, as a result of the continuous integration of the CPWM

30 signals which are continuously supplied via the resistor R;.
The discharge time constant of the capaciator C; is in this
case essentially determined by the parallel circuit formed
by the resistor R; and the resistor R;, the latter of which
forms a series «circuit with the capacitor ¢€; for

35 discharging. The charging time constant of the capacitor C;
is determined by the resistance of the switched-on emitter-
collector path through the transistor T.

Figures 2a and 2b show the waveform of the various
control signals with respect to time, Fig. 2a illustrating
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2 anpl|tgg§4qg3@h@2addltlonal current pul se are/ispvasi/abke and

.arelis derive romthe | oad on the notor, the addi tional current pul se
being | onger (greater) the higher the gotor load, as is self-evident. 5
Thi s advant ageously results in torque drops being conpensat ed for

aut omati cal | yggnd opt i mal respectt:?ve %ad:p 91%16 f)(gv?ducclnjlgn ffélttﬁ‘ﬁb
éﬁé?h s M ags

bet ween not or
1llustrat1ng the case when the motor load is high. The

upper clock waveform in Fig. 2a shows the motor control
signal CPWM, the duty ratio being relatively low. When the
5 commutation signal I occurs, the Q output of the flipflop &
is switched to the “High” level, so that the transistor T
is switched off and defines the start of production of the
control signal S. This means that the voltage on the
capacitor C,, which corresponds to the control signal S, in

10 consequence falls until the flipflop 5 is reset via the R
input. This results in the lower clock waveform at the
output of the OR gate 3, that is to say the output of the
OR gate 3 1is logic “1” for the duration of the current
control signal S, which means a positive potential with

15 respect to the reference-earth potential 1in the present
case, while logic “0” is, for example, the reference-earth
potential.

Fig. 2b shows the same situation as Fig. 2a, but
with the motor control signal CPWM having a higher duty

20 ratio. As a result of the higher duty ratio of the motor
control signal CPWM, the capacitor C; is charged to a higher
voltage in comparison with the situation according to Fig.
2a. The consequence of this is that the capacitor C, is
discharged more slowly and the waveform of the current

25 control signal S also lasts for a longer time, so that the
time period for which the output of the OR gate 3 remains
at logic “1” is significantly longer.

Fig. 3a shows the current waveform in one of the
motor windings without the compensation according to the

30 invention for torque drops. The upper part illustrates the
instants of commutation. The lower part shows the current
waveform as a function of time. It can clearly be seen that
drops occur in the current waveform and thus also in the{
torque waveform of a motor at the commutation instants.

35 In contrast to this, Fig. 3b shows the current
waveform in one of the motor windings where current and/or
voltage compensation are/is used in order to avoid torque
drops. The current waveform, and thus the torque waveform
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The not or con&gg ggzae%ording to the invention 10 negy @ml/lgyscontrols the

not or by neans o so-cal l ed pul se- wi dt h nodul ati on (CPVWM or PWW) of
the control pul ses. The PWM si.gnal of he notor controller is held at
"1" for the duration of the additional current. The comutation

i nstant, fron1 h t additional_c nt a , 5 ;
det er m ned by t@ﬁgg@%or, 1S appr éﬁﬁlr ?%é§¥ ﬁgtﬁfagh% SagﬁPBﬁF%ﬁﬁ

nmot or current instadtawn, it being possible to deternine the notor current,

for exanple, by means of a nmeasurenment resistor which is connected in
the motor circuit -or fromthe ratio of the 20 pulse duration to the pulse
pause of the PWM signal. Furt her nor e, the controller

according to the
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invention ey, §ayfggh+pt egrator whi ch produces a contrplgs/o1ei gnal (9S)
fromthe duty ratio of the CPWM signal. The start of the integration of

the CPWM control—stgnrats—s25 |ikew se-byought about by the occurrence of

t he commut ati on si_gnaj . The control |l er ad a0 has a
f1ipflop whosBsSheet Bas ts | 125 onnected to the CPWM %Eﬁmmn E Hml a an
"OR' gate, so ﬁ“HI I (IPK ﬂput Is swtched to logic ' in . .
occurrence of siRnlitial M8 si gnal Pateet FrAMRIt of the flipflop
bei ng reset again when the control signal corresponds with a reference

vol tage. The conpari son bet ween the_ reference voltage and the _cqnt
signal is Lpr ef er d¥pyor cgonte@ligst a5y eﬁ@gﬁgonb¢afﬂy &PPFEF@ﬁ?gaN&P

5 nmotors, in which an additional current and/or voltage is

connected to the active motor winding from the commutation
instant in order to prevent torque drops, characterized in
that the duration and/or amplitude of the additional
current and/or voltage pulse is derived from the motor

10 load.

2. Motor controller according to Claim 1,
characterized in that the motor is driven by pulse-width
modulation (PWM).

3. Motor controller according to Claim 2,

15 characterized in that the PWM signal is held at logic “1”
for the duration of the additional current and/or voltage.
4. Motor controller according to one of the preceding
claims, characterized in that the commutation instant is
determined by a sensor.

20 5. Motor controller according to one of the preceding
claims, characterized in that the motor load is determined
from the motor current drawn.

G, Motor controller according to Claim 5,
characterized in that the motor current is determined by a

25 measurement resistor in the motor circuit.

7. Motor controller according to Claim 4,
characterized in that the motor current is determined from
the ratio of the pulse duration to the pulse pause in the
PWM signal and/or from the motor rotation speed.

30 8. Motor controller according to Claim 7,
characterized in that the controller has an integrator (2)
which produces a control signal (S) from the duty ratio of
the PWM signal.

9. Motor controller according to Claim 8,

35 characterized in that the controller furthermore has a
flipflop (5) whose Q output together with the PWM control
signal form the inputs of an OR gate, so that the Q output
is switched to logic “1” on the arrival of the commutation
signal (I), and the Q output 1is reset again when the



35 anpl ifierjogsf{hgsor+x@kso brings about the end ofp bbBeo1is
I ntegration of the CPWM si gnal s. A preferred enbodi nent of the
invention will be explained.in the folgowing text with reference to the

figures, in which:
control signal (S) corresponds with a reference voltage
{Urer) -
10. Motor controller according to Claim 9,
characterized in that the comparison between the reference
5 voltage {Uggy) and the control signal (S) is carried out by
means of a differential amplifier (4).

.
IO
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Fig. 1 shows a circuit diagram of the conpensation

secti on, according to the invention, of the notor contr ol

Figs. 2a and 2b show tim ng diagrans of the input
required for cengspdspurposes, and

| er,

5 and out put signals
Fi gures 3a and 3b show t he

current waveformin an el ectroni cal Iy comut ated nmotor, respectively
w t hout and W th conpensati on. Fig. 1 shoms the logic
circuit for conpensating for 10 torqu s, in digitally driven,

el ectronically commut at ed not ors. 8 tal notor control si gha

in which the

In the <case o0of a motor <controller for
electronically commutated DC motors, an additional
current and/or an additional voltage is passed at the
commutation instant to that winding of the motor which
is active at that time, in order to prevent torque
drops. In order to compensate for torque drops at
different motor loads, the duration and/or amplitude of
the additional current and/or of the additional voltage
are/is determined from the actual motor load.

[Fig.1]

CPWM
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notor. | oad can be derived fromthe duty ratio, is passed to t he i nput

of the conpensation circuit 1. A control signal S is derived fromthis
si gnal CPWM by neans of an integrator 15 2. The integrator 2 preferably
conprises threg ss/0pé resistors Rlerr], Rerr] and Rerr], as well as
two capacitors CJerr] and (Jerr], -(Qerc] being arranged electrically
bet ween earth (reference- earth potential) and the junction of Rerr]
and Rferr], anﬁi elf] %ﬁ? ed electrically between earth and
the junction o err]r %ﬁhﬁ?%fgﬁﬁﬁy%%macontrol signal S being formed on
Cerr]. The control signal CPWMfor controlling the notor, which is not
illustrated, is furthernore passed to an input of an OR gate 3, so that
a PWM control signal appears at the output of the OR gate 3 and is
supplied to PW power stERjERensghiign circuit

2 - Integrator

3 - “OR” gate

4 - Comparator

5 Flipflop

T - Transistor

R; - Resistor

R, - Resistor

Rs - Resistor

R, - Resistor

Rs - Resistor

Rg - Resistor

R - Resistor

G - Capacitor

Cz - Capacitor

S - Control signal

I - Commutation signal

CPWM - Motor control signals

Urer -~ Reference voltage

ouT - Flipflop output

PWM - Motor control signal
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25 are likew se not illustrated, in order to provide the notor current

i.n the individual notor coils or w ndings. The control signa
S which is produced by the integrator 2 is supplied to the
inverting input of a differential amplifier which is designed as a
conparator 4 30 and to whose non-invertng input a reference voltage Uerr]
is applied, whi 8h/0%6 defined via a velt/aye di vider conposed of
resistors Rerr], Rerr]. The output of the conparator 4 is passed to
the reset input of a flipflop 5 which is forned by a D flipflop. The D
input of the flipflop 5 is at positive 35 potential which can be derived,
for exanple, from an operating voltage Ub. The occurrence of the
comut ati on signal | for the notor drive activates the flipflop 5 via
A
WM
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the ¢clock input, so that a logic "1" appears at the Q output. The Q
utput of the flipf lop 5 is passed to the
4
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other input of the OR gate 3. As a result of the CPWM si gnal being
linked to the a output by neans of this OR circuit, the PWM signal for
the power stages is in consequence held at logic " 1" or at the "Hi gh"

| evel, so 5 that an additional current is supplied to the notor

wi ndi ngs. The Q output of the flipflop 5 remains at |ogic "1" until
logic "1" apmeaS/ 06 t he out put of the-c®npasator 4, so that the
flipflop is reset via the reset input R of the flipflop 5 and, in
consequence, a logic "0" appears at 10 the Q output or the output is
held at the "l ow' [Tevel. An npn transistor T is connected Ppetween the
Il nverting i nput i of thefjconparafor 4 (dontrol signal andl t he Q out put
of the flipflqp 5, such that the baselis conngcted to| the [Q

Pdrcrmann mh v > ™ — Ayt ey Ay

N
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* ) ) ) . o‘ff-*f. ﬂw‘.
output via a resistor Rerr]. The emtter of the transistor T, 45° Which is
at . the positive potential of the operating voltage Ub, REPLACRMENT BHERT
the base via a resistor Rerr], wile the coll ector of transistor T is
connected to the inverting i nput of thel conparator 4. Wen the Q out put
of the flipflop 5 swwtches up to logic 1", the transistor T is 20
switched off; while a logic_ "0" at the Q oufput of the flipflop 5 opens
the transi stor TRHT SATRLLET (Fegn electronically eqmmptated sD[co?"’?"tgﬁu’sn acts
as an el ectronic swtch oxtlarmeanconensaitehfohetaapwe idropsC2 on whi ch t he
control signal Sis formed can be charged to the positive potential 25
of the operating voltage Ub, depending_on the | ogic signal state at the

Q output of the fli proBhS,l’éYe,n"W?én rleﬁétg to a motor “controller having
5 electronic commutation which is connected to the windings

of a motor, a predetermined additional current being-
connected to that coil of the motor which is active at that
moment, from the commutation inséant, in order to prevent
torque drops.

10 Us-4,511,827 discloses a controller which drives an
electronically commutated motor.  such that torque
fluctuations are suppressed. This device in this case
comprises a sensor for determining the rotor position, in
other words fhe commntatibn instant, and a controller which

15 processes this signal so that the corresponding coil is
supplied, from the commutation instant, with additional
current in order to prevent a torque drop.

However, it has been found in the case of the known
solution that the supply of a predetermined current to the

20 coil compensates for the torque drops only within a
specific motor current range. However, for example, in a
video recorder, the known method does not provide
satisfactory results since, in an operating mode (for
example play or long-play), the currents may be very

25 different because of different mechanical loads, for
example in the case of different temperatures or cassettes.

The invention is thus based on the object of
providing a motor controller in which torque drops are
avoided even in the event of different motor loads.

30 The object is achieved by the features of
Claim 1. Preferred refinements of the invention are
specified in the subclaims. | o

According to the invention,'in the case of a motor
controller for electronically commutated DC motors, in

35 which an additional current is connected to the active
coil, from the commutation instant, in order to prevent
torque drops, the duration and/or amplitude of the
additional current pulse are/is determined as a function of

the motor 10admmmInme%heﬁmmWGféﬁﬁrmt . tion and
e b S e s S Yol /ox

?escription : paged ..l to paged 4.
Claim(s)  : paged .Z. to paged ...
. W/Drawing{s) - paged .3 to paged .20
Date: ‘L4 LLC 198 M Abstract  :paged.l.fo page‘d N/
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output is swtched to logic "0" or the "low' |evel, can be di schar ged
to the potential which results on the capacitor Clerr] as a result of

t e continuous integration of the CPWV 30 signals whi ch aREPLAGEMBENS BHBET
supplied via the resistor RIL. The di sckarge tinme constant of the
capaciator C2 is in this case essentially determ ned by the parallel

circuit formed amplitudeN®f CHS MdiHihRl Nerene passst ate A€M variddie

| atter of which for eries__circuit -w th ca Lior err]
for 35 di scharﬁﬁ‘%g.?‘ﬁ{g‘%chgfﬁiﬁﬁétiq’é’mco%gf'an}“o# tHe ggﬁac%g& etfhrc%

i s determ ned bydditsianadi suament opulse beine Hehass doreater) the cighan or
path through thend mrStiekd] as is self-evid&dmitlr es 2a and 2b show the

maveform of [he variougy, s SQILESLe SIAT! Sedthith "PPESIale® didfy £ty 22
compensated for automatically and optimally, irrespective
of the production scatter between motors, the temperature
ranges and ageing. _

The motor controller according to the invention
10 normally controls the motor by means of so-called pulse-
width modulation (CPWM or PWM) of the control pulses. The
PWM signal of the motor controller is held at *1” for the
duration of the additional current. The commutation
instant, from which the additional current is applied, can
15 be determined by a sensor. '
The motor load is determined from the motor current
drawn, it being possible to determine the motor current,
for example, by means of a measurement resistor which is
connected in the motor circuit -or from the ratio of the
20 pulse duration to the pulse pause of the PWM signal.
Furthermore, the controller according to the
invention may have an integrator which produces a control
signal (S) from the duty ratio of the CPWM signal. The
start of the integration of the CPWM control signals is
25 likewise brought about by the occurrence of the commutation
signal.
The controller advantageously has a flipflop whose
Q output is connected to the CPWM control signals via an
“OR” gate, so that the Q output is switched to logic “1” on
30 the occurrence of the commutation signal, the Q output of-
the flipflopw being reset again when the control signal
corresponds with a reference vol'taqe. The comparison
between the reference voltage and the control signal is
preferably carried out by means of a differential
35 amplifier. This also brings about the end of the
integration of the CPWM signals. .
A preferred embodiment of the invention will be
explained in the following text with reference to the
figures, in which: '
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5 the case when the nmotor load is low, and Fig. 2b
illustrating the case when the notor load is high. The REPLREEM’ENQ" QREKRET
waveformin Fig. 2a shows the notor control )

3

Fig. 1 shows a circuit diagram of the compensation
section, according to the invention, of the motor
controller,

Figs. 2a and 2b show timing diagrams of the input

5 and output signals required for ¢ontrol purposes, and

Figures '3a and 3b show the current waveform in an
electronically commutated motor, respectively without and
with compensation. - '

Fig. 1 shows the logic circuit for compensating for

10 torque drops in digitally driven, electronically commutated
motors. A digital motor control signal CPWM, in which the
motor load can be derived from the duty ratio, is passed to
the input of the compensation circuit 1. A control signal S
is derived from this signal CPWM by means of an integrator

15 2. The ihtegrator 2 preferably comprises three serial
resistors R;, R, and Ry, as well as two capacitors C; and C,,
C, being arranged electrically between earth (reference-
earth potential) and the junction of R; and R,;, and C; being
arranged electrically between earth and the junction of R,

20 and Rs, and the control signal S being formed on C,. The
control signal CPWM for controlling the motor, which is not
illustrated, is furthermore passed to an input of an OR
gate 3, so that a PWM control signal appears at the output
of the OR-gate 3 and is supplied to PWM power stages, which

25 are likewise not illustrated, in order to provide the motor
current in the individual motor coils or windings.

The control signal S which is produced by the
integrator 2 1is supplied to the inverting input of a
differential amplifier which is designed as a comparator 4

30 and to whose non-invertng input a reference voltage Uggpp is '
applied, which is defined via a voltage dividér composed of
resistors Ry, Rs. The output of the comparator 4 is passed
to the reset input of a flipflop 5, which is formed by a D
flipflop. The D input of the flipflop 5 is at positive

35 potential which can be derived, for example, from an
operating voltage U,. The occurrence of the commutation
'signal I for the motor drive activates the flipflop 5 via
the clock input, so that a logic “1” appears at the Q
output. The Q output of the flipflop 5 is passed to the

This is the replacement sheet
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signal CPWY the duty ratio being relatively low. Wen the 5 comutation

signal | occurs, the Q output of the flipflop 5 Is switched to the

"Ki gh" level, so that the transistor T i s switched oREPBACEMENT r8KERThe
start of production of the control sigpal S. This neans that the -

vol tage on the capacitor Cerr], which corresponds to the control

signal S, in 10 til fLLptl [ S € Ipan gt he R
i nput. This resu? o{/\g‘%hecl k9 %ve?or‘bﬁ%aia sﬁll: OE %%i&\eo the OR
gate 3, that is Fbg‘?éy er’régo&tlpli%d oot Bee Q "d:attéf ?ﬁaé‘sl (9& d: £ ORor the

duration of the circwEd, the cowMr oblgrlagnalfos tilel choweanstagp®siis vén
potential with 1&&@%@3&& h&fd,t,%v; {1’ 99900225k cREt opigit 1dvd1} Neo
present case an agéltlonal Igurrfegf‘: e%‘s""”%'ugpnef rteo egﬁnce %arth
windings. The Q output of the flipflop 5 remains at logic
“1” until logic “1” appears.at the output of the comparator
4, so that the flipflop is ‘reset via the reset input R of
the flipflop 5 and, in consequence, a logic “0” appears at
10 the Q output or the Q output is held at the “low” level. An
npn transistor T is connected between the inverting input
of the comparator 4 (control signal §) and the Q output of
the flipflop 5, such that the base is connected to the Q
output via a resistor R¢. The emitter of the transistor T,
15 which is at the positive potential of the operating voltage
Up, is connected to the base via a resistor R,;, while the
collector of transistor T is connected to the inverting
input of the comparator 4. When the Q output of the
flipflop 5 switches up to logic “1”, the transistor T is
20 switched off, while a logic “0” at the Q output of the
flipflop S opens the transistor T, or switches it on.

The transistor T thus acts as an electronic switch
by means of which the capacitor C; on which the control
signal S is formed can be charged to the positive potential

25 of the operating voltage U,, depending on the logic signal
state at the Q output of the flipflop 5, or, when the Q
output is switched to logic “0” or the “low” level, can be
discharged to the potential which results on the capacitor
C: as a result of the continuous integration of the CPWM

‘30 signals which are continuously supplied via the resistor R,.
The discharge time constant of the capaciator C; is in this
case essentially determined by the parallel c.}rcuit formed _
by the resistor R, and the resistor R;, the latter of which
forms a series «circuit with the capacitor C; for

35 discharging. The charging time constant of the capacitor C,
is determined by the resistance of the switched-on emitter-
collector path through the transistor T.

Figures 2a and 2b show the waveform of the various
control signals with respect to time, Fig. 2a illustrating:
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potenti al . Fig. 2b shows the sane situation as Fig. 2a, but

ith the motor control signal CPWM having a higher duty REp
' ’ TR HEET,

résult of the higher duty ratio of the notor control signa
capacitor CJerr] is charged to a higher gvoltage in conmparison with the
situation according to Fig. 2a. The consequence of this is that the

ent

25 Cont ol si J8 Sfco L < W Ba%ARe Aad, i 1P (RY FLGr i
period for whi Qﬂluh§rell1u.pqt e t kaseR wiadre &hreermd:ﬂﬁr loaai iegilighl" E‘h‘ene

o The! " o SPERE 1ok repstorkl dn G100 LR CO, SR LB Rof

signal CPWM, the duty ratio being relatively low. When the

5 commutation signal I occurs, the Q output of the flipflop 5
is switched to the “High” level, so that the transistor T
is switched off and defines the start of production of the
control signal S. This means that the voltage on the
capacitor C,, which corresponds to the control signal S, in

10 consequence falls until the flipflop 5 is reset via the R
input. This results in the lower clock waveform at the
output of the OR gate 3, that is to say the output of the
OR gate 3 is logic “1” for the duration of the current
control signal S, which means a positive potential with

15 respect to the reference-earth potential in the present
case, while logic “0” is, for example, the reference-earth
potentlal.

Fig. 2b shows the same situation as Fig. 2a, but
with the motor control signal CPWM having a higher duty

20 ratio. As a result of the higher duty ratio of the motor
control signal CPWM, “the capacitor C, is charged to a higher
voltage in comparison with the situation according to Fig.
2a. The consequence of this is that the capacitor C, is
discharged more slowly and the waveform of the current

25 control signal S also lasts for a longer time, so that the
time period for which the output of the OR gate 3 remains
at logic “1” is significantly longer.

Fig. 3a shows the current waveform in one of the
motor w1nd1ngs without the compensation according to the

30 invention for torque drops. The upper part illustrates the
instants of commutation. The lower part shows the current
waveform as a function of time. It can clearly be seen that
drops occur in the current waveform and thus also in the
torque waveform of a motor at the commutation instants.

35 In contrast to this, Fig. 3b shows the current
waveform in one of the motor windings where current and/or
voltage compensation are/is used in order to avoid torque
drops. The current waveform, and thus the torque waveform
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30 invention for torque drops. The upper part illustrates the i nstants
of comutation. The | ower part shows the current waveformas a functi %n
of time. It can clearly be seen that drops occur in t hREPLACEMENT SHEE
wavef orm and thus also in the torque waveformof a notor at the

comut ation instants. 35 In contrast to this, Fig. 3b shows
the current waveformin one of the notdr w ndi ngs where current and/or
vol t age conpensation are/is used in order to avoid torque drops. The
current wavef oof thadmphos,t ie tapproximareflyr monstant at the commutation

instants.
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6 of the notor, is approxinmately constant at the conmutation instants.
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Patent Claims

1. Motor controller for electronically commutated DC
s motors, in which an additional current and/or voltage is
connected to the active motor winding from the commutation
instant in order to prevent torque drops, characterized in
that the duration and/or amplitude of the additional
current and/or voltage pulse is derived from the motor

10 load.

2. Motor ° controller according to Claim 1,
characterized in that the motor is driven by pulse-width
modulation (PWM). '

3. Motor controller according to Claim 2,

15 characterized in that the PWM signal is held at logic “1”
for the duration of the additional current and/or voltage.
4. Motor controller according to one of the preceding
claims, characterized in that the ‘commutation instant is
determined by a sensor.

20 5. Motor controller according to one of the preceding
claims, characterizeé in that the motor load is determined
from the motor current drawn. ,

6. Motor controller according to Claim S,
characterized in that the motor current is determined by a

25 measurement resistor in the motor circuit.

7. Motor controller according to Claim 4,
characterized in that the motor current is determined from
the ratio of the pulse duration to the pulse pause in the
PWM signal and/or from the motor rotation speed.

30 8. Motor controller according to Claim 7,
characterized in that the controller has an integrator (2)
which produces a control signal (S) from the duty ratio of
the PWM signal.

9. Motor controller according to Claim 8,

35 characterized in that the controller furthermore has a
flipflop (5) whose Q output together with the PWM control
signal form the inputs of an OR gate, so that the Q .output
is switched to logic “1” on the arrival of the commutation
signal (I}, and the Q output is reset again when the



7 Patent C ai ns 1. Mot or
controller for electronically comutated DC 5 notors, REPWEMEWSHEET

addi tional current and/or voltage is

8

control signal (S} corresponds with a reference voltage

{Uree) -

10. Motor controller according to Clainm 9,

characterized in that the comparison between the reference
5 voltage (U and the control signal (S} is carried out by

means of a differential amplifier (4).

RO RER R
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connected to the active notor wi nding fromthe comutation I nstant in

order to prevent torque drops, characterized in that tREPIAGEMENInSHEET
and/ or anplitude of the additional current and/or voltage pulse is
derived fromthe notor 10 | oad. 2. Mot or controller accordi ng
to Caim 1, characterized in that the notor is driven by

pul se-w dt h nodul ati on (PWW. 32 Mot or controller

accordi ng to Claim 2, 15 characterized in that the PWM signal is
held at logic "1" for the duration of the additional current and/or

vol t age. Mot or '

4.
cl ai ns, characteri )

FEAT A e bitEn o hifond 8ol N0

Abstract

In the case of a motor controller For
electronically commutated DC motors, an additional
current and/or an additional voltage is passed at the
commutation instant to that winding of the motor whlch
is active at that time, in order to prevent torrjué
drops. In order to compensate for torque drops at
different motor loads, the duration and/or amplitude of
the additional current and/or of the additional voltage
are/is determined from the actual motor load.

[Fig.1]
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det er mi ned by a sensor. 20 5. Mot or controller according to one of

dotermned- ©  fromthe motor current drawn. 6 o NAEaR OCMENT SHEET
controller accordi ng to Claim 5, characterized in that the
notor current is determined by a 25 neas@renent resistor in the notor
circuit. 7. Mot or controller  according to Caim 4,
of the pul so dlrt o matdule SyERs 1 e " " o o1 gnal andior from
the notor rotation speed. 30 8. Mot or controller accordi ng to
Caim 7, characterized in that the controller has an integrator (2)

1 - Compensation circuit

2 - Integrator

3 - “OR"” gate

4 - Comparator

5 "Flipflop

T. -  Transistor

R, - Resistor

R, - Resistor

Ra - Resistor

Ry - Resistor

Rsg - Resistor

Rg - Resistor

Rq - Resistor

C: - Capacitor

C. - Capacitor

S - Control signal

I - Commutation signal

CPWM - Motor control signals

Urer - Reference voltage

ouT -~ Flipflop output

PWM - Motor control signal
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whi ch produces a control signal (S) fromthe duty ratio of t he PVWM

signal . 9. Mot or controller accordi ng to R l?!ga 1 ;
characterized in that the controller furthernore has a EP% I p E(,)\g ?E’?ET
whose Q out put together with the PWM contr ol signal formthe inputs of
an OR gate, so that the Q output Is swtched to logic "I" on the
arrival of the conmmutation signal (l),1and the QoutDut is reset acain
when t he
A
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8 control signal (S) corresponds with a reference voltage (Uerr]) 10.

Mot or controller accordi ng to Caim 9, characteri '

canpari son between the reference voltage (Uerr]) and the céﬁp‘*@k@éﬁug"ﬁT
(S) is carried out by nmeans of a differenti al  anplifier

(4).
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