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CLUTCHLESS MOTOR DRIVE SYSTEM

ABSTRACT OF THE DISCLOSURE

A motor drive system includes an electric motor including a rotor
shaft, a first main winding and a second main winding. The first and second main
windings are selectively energizable to operate the motor at first and second speeds,
and at least one of the windings is a permanent split capacitor winding. A
transmission is coupled to the rotor shaft, and the rotor shaft engages the transmission
without employing a clutch mechanism.
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CLUTCHLESS MOTOR DRIVE SYSTEM

BACKGROUND OF THE INVENTION.

[0002] This invention relates generally to electric motor drive
assemblies, and more particularly, to clutchless PSC motor drive assemblies.

[0003] In many applications, known motor drive systems, such as,
for example, a washing machine motor drive system, often include a dual speed 4
pole/6 pole electric motor, typically a split phase or capacitor start motor, coupled to a
transmission for driving external components, such as, for example, a clothes basket
and an égitator rotatably mounted within a washing machine cabinet. The split phase
and capacitor start motors typically require slipping mechanisms, such as slipping
belts or clutches, to mechanically unload the motor during starting, and further
typically employ switches, such as centrifugal switches, to de-energize a start winding
of the motor. However, both the slipping mechanism and start winding cutout switch
increase manufacturing and assembly costs of the drive systems, as well as potentially
reduce the reliability of the system due to failure and malfunction of the slipping
mechanism and cutout switch. Furthermore, split phase and capacitor start motors are
susceptible to relatively high torque pulsations, which can produce unpleasant noise
that may lead to line rejects in manufacturing operations or field rejects by consumers
when the drive system is installed in, for example, a household appliance.

[0004] Some attempt has been made to alleviate mechanical
reliability issues in drive systems by using sophisticated electronic controls, such as
computer-controlled triac switch systems, in conjunction with reversible motors.
However, these systems tend to increase, rather than reduce, manufacturing costs.
Moreover, complicated control systems introduce more reliability variables into the

motor drive system that can ultimately reduce system reliability.

[0005] Accordingly, it would be desirable to proved a dual speed
motor drive system with improved performance and reliability while reducing
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manufacturing and assembly costs by eliminating slipping

mechanisms and cutout switches.
BRIEF SUMMARY OF THE INVENTION

[0006] In a first embodiment of the invention,
there is provided a motor drive system comprising: an
electric motor comprising a rotor shaft, a first main
winding and a second main winding, said first and second
main windings selectively energizable to operate the motor
at first and second speeds, at least one of said windings
comprising a permanent split capacitor winding; and a
transmission coupled to said rotor shaft, said shaft
engaging said transmission without employing a clutch

mechanism.

[0007] In a further embodiment of the invention,
there is provided a vertical axis washing machine
comprising; a cabinet housing; a clothes basket disposed
within said cabinet housing; and a two speed electric motor
mounted within said cabinet, said motor comprising a
vertically oriented rotor shaft, a first main winding and a
second main winding, at least one of said windings
comprising a permanent split capacitor winding, said motor
drivingly engaging said clothes basket without employing a

clutch mechanism.

In a further embodiment of the invention, there is
provided an appliance comprising: a cabinet housing; a
rotatable element situated within said cabinet housing for
rotary movement to execute an appliance operational cycle;
an electric motor coupled to said cabinet for driving
engagement of said rotatable element, said motor comprising
at least one winding configured as a permanent split

capacitor winding, saild motor operable in a first mode at a
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first speed and a second mode at a second speed, said motor
configured for motor startup in said first mode of operation
and configured for startup in said second mode of operation
wherein said motor is configured for motor start up without

employing a clutch mechanism.

[0008] A drive system of increased reliability and
performance is therefore provided at reduced manufacturing
cost by elimination of clutch mechanisms and cutout
switches, and further with a lower cost motor than

conventionally uses appliance motors,

2a
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 is a side elevational, partially broken away view of
an exemplary washing machine including a clutchless drive system;

[0010] Figure 2 is a front perspective view of a motor for the
clutchless motor drive system shown in Figure 1;

[0011] Figure 3 is a partial perspective view of the motor shown in
Figure 2;

[0012] Figure 4 is a circuit schematic of the windings for the motor
shown in Figures 2 and 3; and

{0013] Figure 5 is a schematic illustration of a control system for the
clutchless drive system shown in Figure 1.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The clutchless motor drive system of the present invention
may be employed in a large variety of applications, and the resultant benefits accrue
generally to all applications of the motor drive system. While the invention is
described and illustrated herein in the context of a washing machine, it is
contemplated that the invention could be used in other applications in which a
clutchless dual speed motor drive system is desirable to produce rotary movement of a
driven element. For example, the invention may be practiced in other household
appliances, including but not limited to clothes dryers and dishwashers having
rotatable elements to execute operational cycles of the appliance, as well as
applications beyond household appliances. Therefore, the specific application
described herein is for illustrative purposes only and is not intended to limit the
invention is any aspect.

[0015] Figure 1 is a partially broken away view of a conventional
vertical axis washing machine 10, the construction and operation of which is well
known in the art, and in which the present invention may be practiced. Washing
machine 10 includes a cabinet housing 12 including an outer tub 14 adapted to be
filled with wash water or rinse water through a fill tube (not shown) in response to
manipulation of controls 18 located on a control panel 20 for user selection of desired
machine cycles.
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[0016] A clothes basket 22 is mounted within outer tub 14 and
clothes disposed in clothes basket 22 are subjected to washing action by an oscillating
agitator 24 located within clothes basket 22 during a wash or rinse cycle after
introduction of water into outer tub 14. After each wash or rinse cycle agitation,
clothes basket 22 is rotated about a vertical axis 26 at high speed in order to extract
water from the clothes. The water is drained into a sump (not shown), and pumped to
a drain (not shown) by a pump assembly (not shown).

[0017] Agitator 24 and clothes basket 22 are driven by a clutchless
motor drive assembly 30 including a drive motor 32, a pulley system 34 and a known
transmission 36 coupled to agitator 24 and clothes basket 22. Clutchless motor drive
assembly 30 is operatively connected to control panel 20 and executes selected wash
and rinse cycles of machine 10. In one embodiment, motor 32 is a dual speed, 2
pole/4 pole, permanent split capacitor (PSC) electric AC induction motor including a
vertical longitudinal axis 38 that is substantially parallel to and offset from clothes
basket vertical axis 26 for driving transmission of clothes basket 22 via a transmission
belt 40. Transmission 36 includes known speed reducing elements (not shown) and
is normally braked by a spring applied disk brake (not shown) engaged by a brake
cam actuator assembly (not shown) so that agitator 24 rotates while clothes basket 22
remains stationary. Whenever clothes basket 22 is to be rotated for centrifugal
extraction of liquid from clothes in clothes basket 22, the brake cam actuator assembly
releases the disk brake, allowing agitator 24 and clothes basket 22 to spin together.

[0018] Figure 2 is a perspective view of PSC motor 32 including a
frame 50 and a stator assembly 52 having a start or auxiliary winding (not shown in
Figure 2) and a main winding (not shown in Figure 2) positioned therein and
electrically connected in parallel. A capacitor (not shown in Figure 2) is permanently
connected in series with the start or auxiliary winding. Frame 50 includes upper and
lower cross-shaped members 54, 56 connected by a plurality of fastener members 58
that extend through openings (not shown) in washing machine cabinet 12 for fastening
motor 32 to washing machine cabinet housing 12 (shown in Figure 1). Annular
portions 60, 62 extend from upper and lower cross-shaped members 54, 56,
respectively, and circumscribe stator assembly 52. A rotor assembly (not shown in
Figure 2) is rotatably mounted and extends through a bore (not shown) in stator
assembly 52. A motor output shaft 64 is coupled to the rotor assembly for rotary
movement when the stator windings are energized. Motor output shaft 64 includes an
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integral pulley 66 for coupling to transmission 36 (shown in Figure 1) with
transmission belt 40 (shown in Figure 1).

[0019] Figure 3 is a broken away view of motor 32 illustrating rotor
assembly 70 mounted within stator assembly 52 inside frame 50. Rotor assembly 70
has a high resistance to balance electromagnetic losses in the main and start windings.
Therefore, a sufficient starting torque is generated with an acceptable temperaturé rise
to allow starting of motor 32 without the use of slipping mechanisms to mechanically
unload motor 32. Therefore, reliability concermns of known slipping clutch
mechanisms are avoided.

[0020] Motor 32 generates sufficient torque to rotate clothes basket
22 (shown in Figure 1) and/or agitator 24 (shown in Figure 1) with an inrush current
that is sufficiently low to avoid tripping of household circuit breakers and/or opening
of household fuses. Therefore, washing machine 10 (shown in Figure 1) may be
powered by conventional residential power systems (not shown) without
modification.

[0021] Figure 4 is a circuit schematic of windings for motor 32
including a first and second main windings, complementary first and second sets of
start windings, and extended main windings selectively connected to the first and
second main windings for adjusting an operating strength of motor 32. More
specifically, in an exemplary embodiment motor 32 includes a set of 2 pole start
windings 80, a set of 4 pole start windings, 82 a run capacitor 84 connected to the start
windings, a pair of main windings 90, 92 selectively energized for dual speed
operation of motor 32, and extended main windings 94 coupled to main windings 90.
92 for energization by a power source (not shown). The power source is selectively
connected to a plurality of terminals T1, T2, T3, T4, TS, and T6 with first and second
AC power lines (not shown) to complete an electrical circuit through the motor
windings in a manner described below. Known switches (not shown) are selectively
opened and closed to connect and disconnect the power lines to the terminals. It is
believed that those in the art of motor controls could accomplish the following control
schemes without detailed explanation of the switches.

[0022] In a first mode of operation, and more specifically, a 2 pole
operation of motor 32, the first power line is connected and switched to terminals T1
and T4, and the second power line is connected and switched to terminals T2, T3, and
T6. Therefore, current flows through 2 pole start windings 80, extended main

5.
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windings 94, and both main windings 90, 92 to start motor 32 through run capacitor
84. Main windings 90, 92 are connected in parallel, and cooperate with extended
windings 94 to maintain rotation of motor shaft 64 (shown in Figures 2 and 3) after
motor startup. '

[0023] Extended main windings 94 allow adjustment, or tuning of
motor strength between 2 pole and 4 pole motor operation. The magnitude of the
adjustment may be varied by adding and removing turns in extended windings 94. By
energizing extended main windings 94, motor 32 can be operated at a strength greater
than a conventional 2 pole motor, but less than a conventional 4 pole motor. In other
words, motor 32 can be adjusted or tuned to different strengths or outputs beyond
conventional 2 pole parallel main 4 pole series main motors. This tuning capability
allows wider speed distinctions relative to conventionally used 4 pole/6 pole split
phase and capacitor start motors. Greater speed distinction facilitates improved
system performance. For example, a lower spin speed in a washing machine
facilitates a gentler wash cycle and further may reduce a likelihood of suds lock that
may frictionally, and undesirably, lock washing machine components in use.

[0024] In a second mode of operation, and more specifically 4 pole
operation of motor 32, the first power line is connected and switched to terminals T3
and TS, and the second power line is connected to terminals T2, and T6. Therefore,
current flows through 4 pole start windings 82 and main windings 90, 92 to start
motor 32 through run capacitor 84. Main windings 90, 92 are connected in series to
maintain rotation of motor shaft 64 (shown in Figures 2 and 3) after motor startup,
and extended windings 94 are electrically disassociated from the circuit. Motor 32
may therefore be operated in first and second speeds corresponding to the first and
second modes of operation with appropriate switching of terminals T1, T2, T3, T4,
T5, and T6. Appropriate switching of the terminals to change motor speed may occur
in response to external switching on the motor.

[0025] Unlike conventionally used 4 pole/6 pole split phase and
capacitor start motors that may be started in one speed only through the use of
slipping mechanisms and clutches during motor startup, motor 32 may be started in
either high seed or low speed by switching to the applicable start windings 80, 82, and
sufficient starting torque is generated without employing clutch mechanisms to unload
the motor during startup.
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[0026] Further, because start windings 80, 82 and main windings 90,
92 are connected in parallel], both the main and applicable start windings are always in
the motor circuit. Therefore, a cutout switch is not required, and associated reliability
concerns common to split phase and capacitor start motors are avoided. Also in
comparison to known split phase and capacitor start motors, permanent spit capacitor
motor 32 operates with relatively low torque pulsation, thereby avoiding unpleasant
noise and reducing instances of line and field rejects of motors used in certain
applications, such as household appliances, and more particularly in washing
machines, such as washing machine 10.

[0027] Figure 5 schematically illustrates a control system 100 for
accomplishing switching of winding terminals and regulating speed reduction.
Contro] system 100 includes a controller 102 operatively coupled to motor 32, and
more specifically to motor windings 32 for selectively energizing the first and second
main windings, complementary first and second sets of start windings, and extended
main windings as described above for operating motor 32 in first and second speeds.
It is believed that those in the art of motor control systems could construct a
mechanical, electronic, or electromechanical controller 102 to achieve switching of
the windings without further explanation of the controller. In different embodiments,
controller 102 may be used to energize the desired motor windings and operate motor
32 with and without feedback control.

[0028] In a further embodiment, clutchless motor drive system 30
includes phase control for limited speed reduction. A speed sensor 106 is coupled to
controller 102, and controller 102 adjusts a phase angle of the applied voltage to
applicable motor windings 104 to achieve a selected operating speed of motor 32.
The power phase may be corrected by a triac (not shown) connected in series with
motor windings 104 and operationally responsive to signals from controller 102.
Speed sensor 106 is one of a variety of a known transducers coupled to motor 32, such
as for example, a transducer coupled to motor shaft 64 (shown in Figure 2) for sensing
an operating speed of motor 32 and second corresponding electrical signals to

controller 102 for motor control.

[0029] While the 2 pole/4 pole PSC motor embodiment with tuning
capability (described above in relation to Figure 4) is believed to be the most cost
effective solution to reliability and expense issues with conventional motor drive
systems employing clutch mechanisms and more expensive motors, other alternative
embodiments of clutchless other motor configurations and windings may be

-7-
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employed. More specifically, other configurations of first and second main windings
and complementary start windings may be employed in motor drive system 30 (shown
in Figure 1) with or without extended main windings to achieve reliable two speed
motor performance, albeit with some performance and cost fluctuation.

[0030] For example, in one alternative embodiment, motor drive
system 30 is started with a 4 pole PSC winding and switched to a 6 pole split phase
winding as necessary with conventional external switching on the motor or in
response to washing machine backlash to achieve acceptable two speed operation of
washing machine 10. Conversely, In another alternative embodiment, clutchless
motor drive system 30 is started with a 6 pole PSC winding and switched to a 4 pole
split phase winding as necessary with external switching, such as a triac, a board on
the motor. If phase control is implemented with a triac (as described above in relation
to Figure 5), the triac could be used both for phase control and to switch the motor
windings for high and low speed operation of motor 32.

(0031] In a further alternative embodiment, a 4 winding motor with a
2 pole PSC winding and a 4 pole PSC winding could be employed in clutchless motor
drive system 30. This is similar to the embodiment described above in relation to
Figure 4 but without employing extended mains 94 (shown in Figure 4).

[0032] In yet another alternative embodiment, a 4 winding motor
including a 4 pole PSC winding and a 6 pole PSC winding could be employed in
clutchless motor drive system 30 for reliable two speed operation.

[0033] In still another alternative embodiment, a 3 winding motor
with a 2 pole main winding, a 4 pole main winding and a 2 pole start winding is
employed to create a 2 pole/4 pole PSC motor for use in clutchless motor drive system
30. In this embodiment, the motor is started only in a 2 pole operation mode and
subsequently switched to 4 pole operation as desired.

[0034] The above-described alternative embodiments could be
implemented with switching schemes similar to that shown and described above in
relation to Figure 4 and using a control system similar to control system 100 shown
and described above in relation to Figure 5.

[0035] Thus, washing machine 10 (shown in Figure 1) is provided
with increased performance and with increased reliability by virtue of clutchless
motor drive system 30 and a lower cost 2 pole/4pole PSC motor 32 in comparison to

-8-
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known washing machines employing a conventional 4 pole/6 pole split phase or
capacitor start motor motors. Field rejects due to large torque pulsation are
consequently reduced, and elimination of cutout switches and mechanical slipping

* mechanisms further reduces manufacturing complexity and cost for washing machine
10.

[0036] While the invention has been described in terms of various
specific embodiments, those skilled in the art will recognize that the invention can be
practiced with modification within the spirit and scope of the claims.
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CLAIMS:
1. A motor drive system comprising:

an electric motor comprising a rotor shaft, a first main
winding and a second main winding, said first and second
main windings selectively energizable to operate the motor
at first and second speeds, at least one of said windings

comprising a permanent split capacitor winding; and

a transmission coupled to said rotor shaft, said shaft
engaging said transmission without employing a clutch

mechanism.

2. The motor drive system in accordance with Claim 1

wherein said rotor shaft extends vertically.

3. The motor drive system in accordance with Claim 2

wherein said rotor shaft comprises a pulley.

4, The motor drive system in accordance with Claim 3
further comprising a belt coupled to said pulley and

engaging said transmission.

5. The motor drive system in accordance with Claim 1,
said motor further comprising a first start winding for

rotating said motor shaft with said first main winding.

6. The motor drive system in accordance with Claim 5
wherein saild first start winding comprises a 2 pole start

winding.

7. The motor drive system in accordance with Claim 5
further comprising a second start winding for rotating said

motor shaft with said second main winding.

8. The motor drive system in accordance with Claim 7

14

said second start winding comprising a 4 pole start winding.

10
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9. The motor drive system in accordance with Claim 7
further comprising an extended main winding for tuning a

strength of said motor.

10. The motor drive system in accordance with Claim 1,
said motor configured for starting using either said first

main winding or said second main winding.

11. The motor drive system in accordance with Claim 10
further comprising a controller for selectively energizing

said first main winding and said second main winding.

12. A vertical axis washing machine comprising;

a cabinet housing;

a clothes basket disposed within said cabinet housing; and

a two speed electric motor mounted within said cabinet, said
motor comprising a vertically oriented rotor shaft, a first
main winding and a second main winding, at least one of said
windings comprising a permanent split capacitor winding,
said motor drivingly engaging said clothes basket without

employing a clutch mechanism.

13. The washing machine in accordance with Claim 12,
said motor further comprising a first start winding for

rotating said motor shaft with said first main winding.

14, The washing machine in accordance with Claim 13
wherein said first start winding comprises a 2 pole start

winding.

15. The washing machine in accordance with Claim 12
further comprising a second start winding for rotating said

motor shaft with said second main winding.

11
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16. The washing machine in accordance with Claim 15,

said second start winding comprising a 4 pole start winding.

17. The washing machine in accordance with Claim 15
further comprising an extended main winding for tuning a

strength of said motor.

18. The washing machine in accordance with Claim 12,
said motor configured for starting in either speed of the

motor.

19. The washing machine in accordance with Claim 18
further comprising a controller for selectively energizing

said first main winding and said second main winding.
20. An appliance comprising:
a cabinet housing;

a rotatable element situated within said cabinet housing for

rotary movement to execute an appliance operational cycle;

an electric motor coupled to said cabinet for driving
engagement of said rotatable element, said motor comprising
at least one winding configured as a permanent split
capacitor winding, said motor operable in a first mode at a
first speed and a second mode at a second speed, said motor
configured for motor startup in said first mode of operation
and configured for startup in said second mode of operation
wherein said motor is configured for motor start up without

employing a clutch mechanism.

21. The appliance in accordance with Claim 20 wherein
one of said first mode of operation and said second mode of

operation comprises energization of a 2 pole winding.

12
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22. The appliance in accordance with Claim 20 wherein
one of said first mode of operation and said second mode of

operation comprises energization of a 4 pole winding.

23. The appliance in accordance with Claim 20 further
comprising a first main winding, a second main winding and
an extended main winding coupled to said first main winding
and said second main winding, said main winding tuning motor
operation to a mode between said first mode of operation and

sald second mode of operation.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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