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[57] ABSTRACT

An arrangement for maintaining constant the speed of
DC motors. The motor is mechanically coupled to a
generator the electrical output of which is added to a
reference voltage. A power transistor is connected in
series with the motor through its emitter-collector
path. The power transistor may be driven by a pream-
plifying transistor stage. A regulating transistor applies
the signal for the power transistor to the preamplifying
stage. The power transistor varies the motor current as
a result of its conducting state. An auxiliary -voltage
source connected to the motor provides voltage po-
tential dependent upon the motor load. This potential
is applied through the feed-back circuit including the
regulating transistor, to the power transistor, in order
to vary the conducting state of the latter in accor-
dance with the motor load. '

11 Claims, 9 Drawing Figures
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SPEED REGULATING ARRANGEMENT FOR DC
. MOTORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation-in-part of application Ser. No.
755,529, filed Aug. 27, 1968, now abandoned.

BACKGROUND OF THE INVENTION

The present invention resides in an arrangement for
maintaining constant the rotational speed of a DC mo-
tor, through the use of a power transistor which con-
trols the current to the motor, and through the use of
an auxiliary generator and reference voltage source for
varying motor loads.

The regulation of the speed of miniature DC motors
through the use of auxiliary generators coupled
thereto, is well known in the art. In such known ar-
rangements, as is disclosed in the German Patent No.
1,166,904, a Zener diode serves as a voltage reference
source and is connected in series with a resistor and the
output of the auxiliary generator. Such regulating ar-
rangements, however, are not satisfactory to motors
which are subjected to severe load variations, in the ab-
sence of stable operating DC voltages realized through
auxiliary circuit components. In the application of mo-
tors, there are cases when it is desired to maintain the
motor speed constant with substantially high toler-
ances, while the motor load varies severely. Such an ap-
plication may, for example, be found in the driving or
operation -of instrumentation associated with informa-
tion storage.

SUMMARY OF THE INVENTION

It is'an object of the present invention to provide an
electrical arrangement for regulating the speed of mo-
tors such that the regulating sensitivity is increased as
a function of the load variations of the motor. The ar-
rangement is such that stiffening of the desired speed
is realized. The object of the present invention is
achieved by providing an auxiliary voltage source in the
regulating circuit. ‘The auxiliary voltage source is a
function of the motor load and hence of the motor cur-
rent. The potential of this auxiliary voltage source .is
transmitted through a feed-back branch directly or in-
directly to the power transistor controlling the motor
current. A simple arrangement for taking into account
_ motor speed as a function of load variation is realized
in accordance with the present invention, by providing
an auxiliary resistor in series with the motor. A current
and hence load dependent voltage is derived from this
resistor and is used for the purpose of wcontrolling the
motor speed. This auxiliary resistor can also, in accor-
dance with the present mventlon, be inserted into a
branch of the regulating circuit in which the current is
proportional to the motor current, or a corresponding
voltage. In the arrangement of this auxiliary resistor, an
auxiliary voltage may be derived as a function of the
motor current, in an indirect manner, and the auxiliary
voltage may be applied to the base of the power transis-
tor controlling the motor. At .the same time, the auxili-
ary voltage may also be applied to a preamplifying driv-
ing transistor that may be used to preamplify the signal
applied to the power transistor. It is aiso possible to use
directly the internal resistance of the motor for.the aux-
iliary voltage source. In this arrangement, a voltage is
derived in dependence of the motor current, and is ap-
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plied to the regulating circuit by means of a feed-back
branch.

In the regulating circuit of the present invention, the
current variations resulting from corresponding load
variations are directly applied as auxiliary or additional
regulating parameters in the regulating circuitry, The
regulating parameters are not applied in a round-about
way as a function of the speed variations resulting from
the load variations. Through this arrangement, a stiff-
ening of the desired speed value is essentially realized
in relation to the load variations of the motor.

‘The arrangement in accordance with the present in-
vention can be designed in different ways. For example,
the auxiliary voltage source as reflected by a resistor
can be connected in series with a Zener diode and a
further resistor applied to the operating DC power sup-
ply. The resistor associated with the auxiliary voltage
force is connected in series with the emitter-collector
path of the power transistor or a preamplifying driving
transistor connected to the power transistor. In this de-
sign, a resistor provides an auxiliary voltage source pro-
portional to the current of the power transistor or of
the preamplifying transistor. This auxiliary voltage is
added to the Zener voltage. This auxiliary voltage can
also be applied together with a stabilized reference
voltage to the base of the power transistor or the
preamplifying transistor, by way of a regulating transis-
tor preceding these two transistors. In this configura-
tion, the reference. voltage is stabilized with respect to
the desired value of the rotatiorial speed. In this design,
furthermore, the base of the regulating transistor can
be linked or connected with the resistor serving as the
auxiliary voltage source, by way of a resistor or a chain
of resistors. A coupling circuit through means of a ca-
pacitor can also be provided between the base of the
power transistor or the driving transistor and a tap of
the resistor chain. In a variation of this design, the ca-
pacitor can be connected between the tap of the resis-
tor chain and a terminal of the battery supplying the
power. In this arrangement, the capacitor functions as
a filtering circuit in conjunction with a resistor of the
resistor chain.

Briefly the regulating circuit of the invention consist
of first transistor means connected in series with the
motor to conduct the operating current thereof, an al-
ternating current generator mechanically coupled. to
the motor so as to provide an output voltage of which
the value is proportional to the motor r.p.m., second
transistor means connected to the base of the first tran-
sistor means for varying the conductivity of the first
transistor means and therefore the amount of operating
current fed to the motor in dependence on the conduc-
tivity of the second transistor means, means connecting
the output of the generator to the second transistor

.means so as to vary.the conductivity of the latter in de-

pendence on the conductivity of the generator, a first
resistor in circuit for providing a voltage drop that is
proportional to the motor operating current and there-
fore to.the motor load, a positive feedback circuit con-
nected between the first resistor and the second transis-

-tor means for controlling the conductivity of the latter

in dependence on the voltage drop and thereby respec-

tively increasing or decreasing, in dependence on.the

operating current, the conductivity of the first transis-
tor means when the motor load increases or decreases,
and reference voltage means connected to the output
of the generator.
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The novel features which are considered as charac-
teristic for the invention are set forth in particular in
the appended claims. The invention itself, however,
both as to its construction and its method of eperation,
together with additional objects- and advantages
thereof, will be best understood from the followmg de-
scription of specific embodiments when read in con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1.is an electrical schematic diagram of a first
embodiment of a speed'regulating arrangement, in ac-
cordance with the present invention;

FIG. 2 is an electrical schematic diagram and shows
an embodiment similar to that of FIG. 1 with the addi-
tion of a driving stage;

FIG. 3 is an electrical schematic diagramin which the
internal resistance of ‘the. motor serves-directly as an
auxiliary voltage source depending upon the motor
load; ,

FIG. 3a is an electrical schematlc dlagram corre-
sponding to-the embodiment of FIG. 3 in which the
auxiliary voltage source is realized through a voltage
dividér connected in parallel with the motor;

FIG. 4 is an electrical schematic dlagram of an em-

‘ bodxment in accordance with FIG. 3 in which an auxili-
ary voltage is derived from a collector resistor of a driv-
mg transistor;

FIG. 5 is an electrical schematic diagram of an em-
bodiment of the present invention including a resistor
chain and couphng capacntor in -the. regulatmg cir-
cuitry; _

FIG. 6 is an électrical schematic diagram of-an em-
bodiment of the present invention including a resistor
chain and a filter capacitor; )

FIG. 7 is an electrical schematic dlagram 51mxlar to
the embodiment of FIG. 5, in which a preamplifying
driving stage is included; and

FIG. 8 is an electrical schematic diagram of a varia-
tion of the embodiment shown in FIG. 7,

DESCRIPTION OF THE PREFERRED
EMBODIMENTS '

Referrmg to the drawing, a DC motor 1 is connected
in series with the emitter-collector path of a power
transistor 2 constituting first controllable electronic im-
pedance means which, in turn, leads to a DC power
supply. The latter is'in the form of, for example a bat-
tery having a negatlve terminal 4 and a positive termi-
nal 3, The motor 1 is mechanically coupled to an auxili-
ary generator 6 by means of a shaft denoted in the
drawing by the dashed lines 5. The auxiliary generator
6 serving as a speed-monitoring means is designed in
the form of, for example, a plurality of permanent mag-
nets mounted upon the shaft 5.and a stationary or fixed
stator wmdmg The stator winding provides an AC volt-

age which is induced and depends upon the speed of

the shaft § and hence of the motor 1. The output circuit

for the auxiliary generator 6 consists of the series com-
bination of a potentiometer wmdmg 7 and a rectifying
diode 8. One terminal of the generator 6 is connected
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_conjunction with the resistor 11, as in FIG. 3, so that
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stabilization of the battery with terminals 3 and 4 is ap-
plied to its output voltage and thus to the regulatmg cir-
cuit.

The base of the power t(ansnstor 2 is connected to the
emitter of a preamplifying driving transistor 12, in the
conventional manner, as shown in the embodiment of
FIGS. 2,4, 7 and 8. A regulating transistor 13 precedes
the power transistor 2 and the driving. transistor 12
which latter constitutes second controllable electronic
impedance means.

In accordance with the embodlment of FIG. 1, a re-
sistor 25 is'connected in series with the inotor 1:and the
collector-emitter path of the power transistor 2 which
controls the motor current. The resistor 25 serves as
auxiliary voltage source. Between the junction 26 and
the positive terminal 3 of the battery, a voltage is real-
ized which is proportional to the motor current. This
voltage is added to the reference voltage of the Zener
diode 10, and the resulting sum of voltages is applied
to the base of the regulating transistor 13, by. way of the
path including the path of the junction 9 and the poten-
tiometer winding 7.

In the embodiment of FIG. 2, a resistor 14 is con-
nected in series with a second resistor 15 and this latter
combination is in turn connected to the emitter-

" collector path of the driving transistor 12. The resistor
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14 serves both as an impedance-monitoring means and
as an auxiliary or additional source of voltage. The
emitter of the driving transistor 12 is connected, in the
conventional manner, to the base of the power transis-
tor 2 which has its emitter-collector path connected in
series with the motor 1. A voltage potential at the junc-
tion 16 between the resistors 14 and 15 is proportlonal
to the emitter-collector current of the driving transistor
12. Thus, the voltage drop across the resistor 14 is an
indication of the magnitude of the emitter-collector
current.of the transistor 12. Since the emitter-collector
current depends upon the -operating current of the
motor 1 which, in turn, depends upon the load of the
motor, the voltage drop across the resistor 14 is also de-
pendent upon the-motor load.

The junction 16 is connected to the Zener diode 10.
As a result, the voltage drop appearing across the resis-
tor 14 is added to the Zener voltage as determined by
the Zener diode 10. The summation of the two voltages
appears at the junction 9, and is transmitted to the base
of the regulating transistor 13, by means of the sliding
contact 17 of the potentiometer 17. With the summa-
tion of the two voltages thus applied to the base of the
transistor 13, the power transistor 2 is also influenced.

With the circuitry, in accordance with the present in-
vention, stiffening of the speed of the motor 1 is essen-
tially achieved. As soon as an increase in the operating
current of the motor appears as a result of added load,

 the reference potentlal at'the Junctlon 9 is correspond-
" ingly increased. This increase in the potential at the

- "to one end of the winding of potentiometer 7 and this

junction is denoted by the reference numeral9..Con-
nected also to this junction 9 is a Zener diode 10 and
a resistor 11. As a result of its breakdown voltage, the
Zener.diode serves in the commonly-known manner as
a reference source. The Zener dlode can operate m

junction 9 results from the added -voltage source
through the regulating circuit including resistor 14 or
resistor 25. As a result of this increased potential at the
junction 9 the power transistor 2 is made further con-
ductive as a'result of the transistorized path of the cir-
cuit. The regulation is increased or improved by taking

~ directly into account the motor load in relation to a

pure speed dependent control, through means of the
auxiliary generator 6. It will be clear from the above de-
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scription that components 10, 7, 17, 13, R3 and R4
constitute negative-feedback means operative for ap-
plying to the base of transistor 12 negative feedback
sxgnals derived from the generator 6 and the monitor-
ing impedance 14.

In the embodiment of FIG. 3, the mtemal resistance
or the copper resistance of the DC motor itself is used
as the auxiliary or additional voltage source, in place of
the resistor 14 or 25. The voltage at the junction 22, in
FIG. 3, is a function of the load, in the respect that the
magnitude of the voltage or potential at this junction is
dependent on the magnitude of the motor current. This
potential at the junction 22 is applied, by way of the re-
sistor 23, to the base of the transistor 13. As a result,
of this circuit design, improved regulation of the ar-
rangement is realized.

FIG. 3a shows a variation of the embodiment of FIG.
3. In the design shown in FIG. 3q, the voltage potential
at the junction 22 is applied to'a voltage divider consist-
ing of resistors 27 and 28. The potential appearing at
the Junctlon 22’ between the resistor 27 and the resis-
tor 28, is applied to the base of the resistor 23, by way
of the resistor 23'. The voltage divider of resistors 27
and 28 serves to adapt the potential at the junction 22,
to the base potential of the regulating transistor 13.

In the embodiment of FIG. 4, the resistor 14’ is con-
nected in series with the emitter-collector path of the
transistor 12. The collector potential of the transistor
12 appearing at the junction 16’ is applied, by way of
the resistor 23", to the base of the regulating transistor
13. -

In FIGS. 5 to 8, a resistor chain or combination of re-
sistors 18 and 19 or 18’ and 19, is used to interconnect
the junction 22 or 16 with the base of the regulating
transistor 13. A capacitor 20 is connected, in FIG. 5,
between the base of the power transistor 2 and the
junction of the resistors 18’ and 19'. The purpose of
this capacitor is to improve the dynamic regulating
characteristics of the arrangement. The capacitor 20’
serves as electrical damping means for reducing the sta-
bilizing action of the negative-feedback circuit in re-
sponse to sudden and short lasting changes in motor
speed. In FIG. 6 a similar such capacitor (capacitor
20''), serving the same purpose, is connected between
the positive terminal 3 of the battery and the junction
of the resistors 18’ and 19’. In FIGS. 7 and 8, on the
other hand, this capacitor (capacitor 20) for improving
the dynamic regulating characteristics of the arrange-
ment, is connected between the base of the preamplify-
ing transistor 12 and the junction 21 of the resistors 18
and 19. In the embodiment shown in FIG. 7, the capaci-
tor 20 can also be connected between junction, or tap,
21 and the base of transistor 2.

FIG. 8 shows an extended design of the circuit em-
bodiment of FIG. 7. The additional auxiliary voltage
source 14’ is, in this case, not connected to the positive
terminal 3 of the battery. Instead, the resistor is con-
nected to the emitter terminal 29 of the regulating tran-
sistor 13. The resuiting DC coupling circuitry produces
an improvement in the regulating characteristics of the
arrangement.

In accordance with the invention, in the embodiment
shown in FIG: 8, a capacitor (not shown) can be con-
nected between the junction, or tap, 21 and the positive
or negative terminal 3 or 4, respectively.

It will be understood that each of the elements de-
scribed above, or two or more together, may also find
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6
a useful application in other types of constructions dif-
fering from the types described above.

While the invention has been illustrated and de-
scribed as embodied in speed controls for DC motors,
it is not intended to be limited to the details shown,
since various modifications and structural changes may
be made without departing in any way from the spirit
of the present invention.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can,
by applying current knowledge readily adapt it for vari-
ous applications without omitting features that, from
the standpoint of prior-art, fairly constitute essential
characteristics of the gencric of specific aspects of this
invention and, therefore, such adaptations should and
are intended to be comprehended within the meaning
and range of equivalence of the following claims.

What is claimed as new and desired to be protected
by Letters Patent is set forth in the appended claims.

We claim:

1. An arrangement for stabilizing the speed of a D.C.
motor, comprising, in combination, first controllable
electronic impedance means connected in the current
path of the motor and having first control input means;
second -controllable electronic impedance means in-
cluding output means connected to said first control
input means and operative for controlling the imped-
ance -of said first impedance means in dependence
upon the impedance of said second impedance means
to. thereby influence the speed of said motor, said sec-
ond controllable electronic impedance means having
respective second control input means, and said second
impedance means further including impedance-
momtormg means for generating a momtormg signal
varying in dependence upon changes in the impedance
of said second impedance means; speed-monitoring
means coupled to the motor and operative for generat-
ing a speed signal varying in dependence upon motor
speed, said speed-monitoring means including means
coupled to the motor for producing a variable alternat-
ing voltage proportional in amplitude to the speed of
said motor, a rectifier, a capacitor, a source of fixed di-
rect reference voltage, a voltage divider having an ad-
justable tap, said voltage divider and said rectifier being
connected in series with the means for producing alter-
nating voltage and said capacitor being connected be-
tween said tap and one terminal of said source of fixed
direct reference voltage, to provide across said voltage
divider a direct feedback voltage variable in proportion
to said motor speed; negative-feedback means connect-
ing said tap to said control input means for applying to
the latter a speed-dependent negative-feedback signal
to vary the impedance of said second impedance means
in response to changes in motor speed and accordingly
vary the 1mpedance of said first impedance means and
cause changes in said monitoring signal indirectly in-.
dicative of changes in motor current, and also connect-
ing said impedance-monitoring means to said :second
control input means for influencing said negative-
feedback signal in indirect dependence upon changes
in motor current, said negative-feedback means includ-
ing electrical damping means operative for reducing
the negative-feedback stabilizing action of said nega-
tive-feedback means in response to sudden and short-
lasting changes in motor speed.

2. An arrangement as defined in claim 1, wherem
said first controllable electronic impedance means
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comprises a first transistor havmg an emitter-collector
path connected in series in the motor current path and
having ‘a base constituting said first control input
means, and wherein said second controllable electronic
impedance means comprises a second transistor having
an emitter-collector path and having a base constitut-
ing said second control input means, and wherein said
impedance monitoring means comprises a monitoring
resistor connected is series with the emitter-collector
path of said second transistor, and wherein said second
transistor_has one output electrode connected to the
base of said first transistor for controlling the conduc-
tivity of ‘said: first transistor in dependance- upon the
voltage at the base of said second transistor.

3. An arrangement as defined in claim 2, wherein

said second transistor has another output.electrode:

connected to one terminal of said monitoring resistor
and wherein said monitoring resistor has another termi-
nal, and wherein said negative-feedback means further
includes a third transistor having a base connected to
said tap, one output electrode connected to the base of
said second transistor for controlling the latter and hav-
ing another output electrode connected to said other
terminal of said monitoring resistor.

4. An arrangement as defined in claim 2, and further
including a voltage source having two terminals, said
monitoring resistor having one terminal connected to
one terminal of said source and having another termi-
nal; and wherein said source of reference voltage com-
prises a Zener diode connected between said other ter-
minal of said monitoring resistor and said base of said
second transistor.

5. An arrangement as defined in claim 4, wherein
said negative-feedback means further includes a third
transistor having a base connected to said tap and hav-
ing an output electrode connected to the base of said
second transistor.
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6. An arrangement as defined in claim 4, wherein the
electrode of said Zener diode not connected-to said
monitoring resistor is connected to one terminal of a
further resistor, with the other terminal of said further
resistor being connected directly to the other termmal
of said voltage source.

7. An arrangement as defined in claxm 6, wherein
said second impedance means further includes an addi-
tional resistor also connected in the emitter-collector
path of said first transistor-and forming a junction with
said other terminal of said monitoring resistor.

8. An arrangement as defined in claim 2, and further
including a voltage source having two terminals, said
monitoring resistor having one terminal connected to
one terminal of said source and having another termi-
nal,.and wherein said negative-feedback means com-
prises a third transistor having an output electrode con-
nected to the base of said second transistor for control-
ling said second transistor, and said third transistor also
having a base connected to said tap, and resistor means
connecting said other terminal of said monitoring resis-
tor to said base of said third transistor for transmitting
variations in the voltage across said monitoring resistor
to said base of said third transistor.

9. An arrangement as defined in claim 8, wherein
said resistor means consists of a plurality of discrete re-
sistor elements.

10. An arrangement as defined in claim 9, wherein
said plurality of discrete resistor elements comprises
two resistor elements defining a junction, and wherein
said damping means further includes a capacitor con-
nected between said just-mentioned junction and said
base of said second transistor.

11. An arrangement as defined in claxm 8, wherein

said resistor means consists of a single resistor ¢lement.
* % ok ok ok
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