PCT

WORLD INT'ELLECIUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 96/23349
HO2P 7/63 Al

02P 7/638 (43) International Publication Date: 1 August 1996 (01.08.96)

(21) International Application Number: PCT/SE96/00055 | (81) Designated States: CA, CN, JP, KR, US, European patent (AT,

(22) International Filing Date: 19 January 1996 (19.01.96)

(30) Priority Data:

9500244-0 SE

24 January 1995 (24.01.95)

(71) Applicant (for all designated States except US): AKTIEBO-
LAGET ELECTROLUX [SE/SE]; Luxbacken 1, S-105 45
Stockholm (SE).

(72) Inventor; and

(75) Inventor/Applicant (for US only): LINDMARK, Magnus,
Carl, Wilhelm [SE/SE]; Ostcrmalmsgatan 95, S-114 59
Stockholm (SE).

(74) Agents: ERIXON, Bo et al.; AB Electrolux, Group Patents &
Trademarks, S-105 45 Stockholm (SE).

BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL,
PT, SE).

Published
With international search report.
In English translation (filed in Swedish).

(54) Title: A DEVICE FOR CONTROL OF THE SPEED OF A SERIES MOTOR

(57) Abstract

In a device for control of the
speed of a series motor (10) pow-
ered from an AC source (16, 17), the
free end of the rotor winding (13) is
connected to one terminal (16) of the
power source and the free end of the
stator winding (L1, L2) is connected
to the other terminal (17) of the power
source via a first two-way silicon con-
trolled rectifier (19), and the stator
winding (L1, L2) being further pro-
vided with a tap (U) connected to the
other terminal (17) of the power source
via a second two-way silicon controlled
rectifier (20). Means (P1, 22, 23;
P2, 24, 25) are provided to generate
and supply first trigger pulses to the
first controlled rectifier (19) and sec-
ond trigger pulses to the second con-
trolled rectifier (20), the trigger pulse
generating means (P1, 22, 23; P2, 24,
25) being adapted to supply the second
trigger pulses only when the first con-
trolled rectifier (19) is fully conducting.
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A device for control of the speed of a series motor

The present invention refers to a device for control of the
speed of a series motor powered from an AC power source, the
free end of the rotor winding being connected to one terminal
of the power source and the free end of the stator winding
being connected to the other terminal of the power source via
a first two-way silicon controlled rectifier, and the stator
winding being provided with a tap connected to the other
terminal of the power source via a second two-way silicon
controlled rectifier. Such device is defined in the preamble of
the appending claim 1.

A device of the kind indicated is described in DE-A-3200753.
In this device a control circuit is provided for the purpose of
generating trigger pulses applied to the control electrodes of
the respective one of the two-way silicon controlled rec-
tifiers. By the tap provided in the stator winding the full
stator winding can be used when operating the motor in a lower
speed range whereas a reduced winding with a corresponding
lower magnetization of the stator can be utilized for operating
the motor in a higher speed range.

The described device has proved useful in avoiding problems
of increased degree of harmonics in the current taken from an
AC mains network when driving a series motor of the kind
referred to above in a power range exceeding about 1000 watts.

The use of phase control of silicon controlled rectifiers of
the type thyristor or triac may give cause to transients which
in turn generate sinusoidal harmnonics. If a motor of the kind
referred to is operated in a power range exceeding about 1000
watts the degree of harmonics will be unallowably high causing
interference acting upon other appliances connected to the
network. One way of attacking the problem is the use of filters
comprising inductive or capacitive means or the use of a PWM
regulator. A common feature of these solutions is that in
connection with motors in vacuum cleaners, for example, with a
maximum power of about 1.500 watts high costs will be involved
which of course increase the overall cost of the product in an

undesirable way.
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The object of the invention is to provide a control device
for a series motor of the kind referred to above which permits
a power loading up to about 1.500 watts without any increase of
the degree of harmonics in the current drawn above predetermi-
ned acceptable values. The object is achieved by a control
device incorporating the features of claim 1.

the invention will now be described more in detail in
connection with two embodiments with reference to the enclosed
drawings, in which:

Fig. 1 shows a circuit diagram of a control device according
to the invention in a first embodiment;

fig. 2 shows a circuit diagram of a control device according
to the invention in a second embodiment, and

Fig. 3 is a diagram showing waveforms of the motor current
and of the tap voltage, respectively, in the device
according to Fig. 1. Three partial diagrams a, b and
c are shown.

In Fig. 1 a series motor 10 is shown which in the usual way
is provided with brushes 11, 12 and a rotor winding, schemati-
cally designated by 13, the ends of which being connectible to
the respective brush 11, 12 via a commutator 14. Via a conduc-
tor 15, the brush 11 is connected to one terminal 16 of an AC
source providing, for example, an AC voltage of 230 volts and
the frequency 50 Hz. The opposite terminal of the AC source is
designated by 17 and is connected to a common junction P in the
circuit via a conductor 18.

The brush 12 in the motor is connected to one end of the
stator winding formed by coils L1 and L2 between which a tap U
is provided. The free end of the coil L2 is connected to the
junction P via a first two-way silicon controlled rectifier 19,
such as a triac. The tap U is connected to the junction P via
a second silicon controlled rectifier 20 of the type triac.
Without any change in function the motor can be provided with
a split stator winding in which one half of the winding,
corresponding to the winding L1, L2, is provided between the
brush 11 and the conductor 15. This winding half has no tap.

A first trigger circuit for the triac 19 comprises a
potentiometer P1 connected to the junction P via a capacitor

22. The junction between the potentiometer P1 and the capacitor
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22 is connected to the control electrode of the triac 19 via a
trigger component 23 of the type DIAC.

A second trigger ciruit for the triac 20 is formed by a
potentiometer P2 connected to the junction P via a capacitor
24. The opposite end of the potentiometer P2 is connected to
the terminal 16 of the AC source via a conductor 25 and the
conductor 15. The junction between the potentiometer P2 and the
capacitor 24 is connected to the the control electrode of the
triac 20 via a trigger component 25 of the type DIAC. The two
potentiometers Pl and P2 are mechanically interconnected for
reasons to appear in the following. The interconnection has
been indicated by a dashed line 26.

The function of the device according to Fig. 1 will now be
described with reference also to the diagram of Fig. 3. In a
lower power range,for example up to about 1000 watts, the triac
19 is used for controlling the speed of the motor 10 to a
desired level. Due to the phase control used, up to that power
level the corresponding current draw will not cause harmonics
of a rate exceeding acceptable values.

The triac 19 with associated trigger circuit, comprising the
potentiometer P1, the capacitor 22 and the DIAC 23, functions
in the conventional way and, as appears from Fig. 3a, the
trigger circuit emits a trigger signal at the desired time tl1,
determined by the setting of the potentiometer 19, and the
triac 19 starts to conduct. Then, the triac continues to
conduct for the rest of the half period. During a following
negative half period the course is similar.

When the motor is to be driven in a higher speed range
corresponding to power levels up to maximum power the phenome-
non is used according to which a lower magnetization in the
motor makes it possible for the motor to operate at higher
speed. The driving of the motor is then controlled by the triac
20 via the tap U and coil L2 is disconnected. The prerequisite
for this to happen without problems is that before the triac 20
can start conducting triac 19 is fully conducting, i.e. has
been conducting from the beginning of the half period. To that
end the potentiometers can be ganged, i.e. they can be arranged
on the same shaft and in such a way that before P2 is allowed

to leave its zero position, or position with the maximum
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resistance, potentiometer Pl has taken a position of minimum
resistance. This state is shown in Fig. 3b which illustrates
how triac 19 conducts right from the beginning of the half
period to the point t2 where P2 is operated so that trigger
pulses are emitted to the triac 20 causing the latter to
conduct. As is apparent, the current increases in a step from
a value Il to a higher value I2 and then follows a higher curve
Iup to the end of the half period. In Fig. 3c the tap voltage
U is shown which is also the voltage across the conducting
triac 19. The voltage goes negative at the time t2 when triac
20 starts conducting thereby turning off triac 19. This is
important for the desired function to be obtained. If triac 19
should continue conducting heat problems may occur in coil Ll1.

Fig. 2 illustrates an alternative embodiment of the in-
vention in which the simple trigger circuits of Fig. 1 have
been replaced by an integrated electronic control circuit 27 of
a common type. As in Fig. 1 the motor is controlled by triacs
19, 20 and same reference numerals as in Fig. 1 have been used
to designate identical parts. The control circuit has an output
TR1 connected to the control electrode of the triac 19 via a
conductor 28. Moreover, the control circuit has an output TR2
connected to the control electrode of the triac 20 via a
conductor 29. An input IN of the control circuit 27 has a
voltage or current applied which can be varied by means of a
potentiometer P3 for the purpose of setting the desired speed
within the full speed range of the motor. The potentiometer P3
can be replaced by another setting means, such as a pressure
sensitive device (vacuum box) for automatic setting and control
of the desired speed. Alternatively, the setting means can
apply at the input IN a digital signal containing information
on the desired speed. A terminal A on the control circuit 27 is
connected to the junction P.

The function of the embodiment according to the invention
shown in Fig. 2 is similar to that of the embodiment of Fig. 1.
However, same conditions apply as before in that triac 19 has
to be fully conducting before triac 20 can start conducting.
This condition can be put in the control circuit 27 so that,
for example, trigger pulses are emitted on the output TR2 only

if the setting means (P3) has been set for a speed higher than
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that for which the trigger pulses on the first output (TR1)
causes the first two-way silicon controlled rectifier (19) to
be fully conducting. The control circuit can be a microcomputer
and the control parameters can be programmed in a known way .
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Claims

1. A device for control of the speed of a series motor (10)
powered from an AC source (16,17), the free end of the rotor
winding (13) being connected to one terminal (16) of the power
source and the free end of the stator winding (L1,L2) being
connected to the other terminal (17) of the power source via a
first two-way silicon controlled rectifier (19), and the stator
winding (L1,L2) being further provided with a tap (U) connected
to the other terminal (17) of the power source via a second
two-way silicon controlled rectifier (20), characterized in
that means (P1,22,23;P2,24,25) are provided to generate and
supply first trigger pulses to the first controlled rectifier
(19) and second trigger pulses to the second controlled
rectifier (20), the trigger pulse generating means
(P1,22,23;P2,24,25) being adapted to supply the second trigger
pulses only when the first controlled rectifier (19) is fully
conducting.

2. A device according to claim 1, characterized in that the
trigger pulse generating means (P1,22,23;P2,24,25) comprise a
first trigger circuit with a first potentiometer (Pl) for the
first silicon controlled rectifier (19) and a second trigger
circuit with a second potentiometer (P2) for the second silicon
controlled rectifier (20), the first potentiometer (P1) being
supplied with an AC voltage from the tap (U) of the stator
winding (L1,L2) while the second potentiometer (P2) is supplied
from the first terminal (16) of the AC source, the two poten-
tiometers (P1,P2) being mechanically interconnected (20) or
otherwise mutually controlled so that a change in resistance of
the second potentiometer (P2) towards values causing an
increase of the speed of the motor takes effect only when the
first potentiometer (Pl) is in a position in which the first
silicon controlled rectifier (19) is fully conducting.

3. A device according to claim 2, characterized in that the
first and second trigger circuits each consists of a series
circuit comprising the respective potentiometer (P1;P2) and a
capacitor (22;24) the opposite end of the latter being connec-
ted to the second terminal (17) of the AC source, the junction
between the potentiometer (P1;P2) and the capacitor (22;24)
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being connected to the control electrode of the respective
silicon controlled rectifier (19;20) via a DIAC (23;25).

4. A device according to claim 1, characterized in that the
trigger pulse generating means comprise an integrated control
circuit (27) including a setting member (P3) for setting of the
motor speed over the full speed range by supplying to an input
(IN) of a suitable voltage, current, digital signal or the
like, said control circuit having a first output terminal (TR1)
adapted to emit trigger pulses to the first two-way silicon
controlled rectifier (19) and a second output (TR2) adapted to
emit trigger pulses to the second two-way silicon controlled
rectifier (20), trigger pulses being emitted on the second
output (TR2) only when the setting member (P3) have been set
for providing trigger pulses on the first output (TR1) causing
the first two-way silicon controlled rectifier (19) to fully
conduct.

5. A device according to claim 4, characterized in that the
setting member (P3) is a potentiometer adapted to apply to the
input (IN) of the control circuit (27) a current or voltage

corresponding to the desired speed.
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