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(57) ABSTRACT

A washing machine is provided that includes a motor, an
inductive winding device, a motor control unit, and a braking
circuit. The motor control unit is in electrical communication
with the motor and the inductive winding device. The braking
circuit is in electrical communication with the inductive
winding device and the motor control unit. The braking cir-
cuit dissipates a braking energy from the motor through the
inductive winding device and the motor control unit control-
ling the braking energy so as to avoid activation of the induc-
tive winding device.

20 N @

244

e

A




US 2008/0148492 A1l

36

\
o~
S

SASSSSSSASAONN

1
~ AMLMLLLR AR

\ ~_
=2

Jun. 26, 2008 Sheet 1 of 4

;

AN W W L W W W WA

MMW MM““M_\\\\\\\\\\\\\\\ \\\\\\\\\.K,
////// . —— v W W W — VO W 3 o WM W W "W W W W WS O ¥

v
FIG. 1

o //////r‘//////////ﬁ///////////////I/////////////V/

o~
o~

20—~_|

Patent Application Publication
1



US 2008/0148492 A1l

34001 V_QM

£h) ClY |
- 9}1dl <IM0}- 1 N
3 4007 ~ ~ "
~ 86y | e |
E Y007 gof LK
# 163 pl 020 > 7
2 o % 09} o [
& e AN * =
& =K e a1 [ 1 O
3 V. !/ m m 120 m 064
E idl 56y

Y007 9Ldl 06l §  Lldl

_ 64 28 4]
= 71 — T T 7 7] [ — 1
m | zw.h..d..ﬁ_v__._m I
- wT_,\bH : Y
g 0 |
£ HE B0l .
< L o o o -
g
£
[~W

4



US 2008/0148492 A1l

Jun. 26, 2008 Sheet 3 of 4

Patent Application Publication

.._n_oo_

ol
¥ed nﬁ 7Y

(8dl <INOF

X00¢
GhY
X002
vy
X002
ey

X00¢
£y
X002
74,

(L4 ¥0I¥d)

£ 94

ldl

m 44

vhdl

A




US 2008/0148492 A1l

Jun. 26, 2008 Sheet 4 of 4

Patent Application Publication

v DId

wyyoby axelg

\

9

09

OVA 0 Alddy
JaYiys apoy abebussiq

ON

SaA

ON

JVAOE Ajddy

ISYIYS SPOIN UI-ploH

A

OVAOg L Alddy
Jayiys spoj ebebu

SOA

;a1elby <

(s1e)6Y/UIdS)
puewwo)) indu|



US 2008/0148492 Al

WASHING MACHINES HAVING MOTOR
BRAKING CIRCUITS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present disclosure is related to washing
machines. More particularly, the present disclosure is related
to washing machines having motor braking circuits and meth-
ods of braking.

[0003] 2. Description of Related Art

[0004] Vertical axis washing machines, also known as top
loading washing machines, represent a large portion of the
overall washing machine consumer market.

[0005] Most vertical axis washing machines include a spin
cycle for removing water and/or detergents from the laundry
using centrifugal force. During a typical spin cycle, the wash-
ing machine spins the laundry tub at relatively high speed. At
the termination of the spin cycle and/or when the door of the
machine is opened during the spin cycle, it is desirable to
brake the motor to minimize spin tub run down speed.
[0006] Conventionally, the braking of the motor has been
achieved by connecting resistors across the motor windings.
This technique has the disadvantage that relatively high
power resistors are required and these add to the cost of the
laundry machine.

[0007] Accordingly, there is a need for washing machines
that overcome, alleviate, and/or mitigate one or more of the
aforementioned and other deleterious effects of prior art
washing machines.

BRIEF SUMMARY OF THE INVENTION

[0008] A washing machine is provided that includes a
motor, an inductive winding device, a motor control unit, and
a braking circuit. The motor control unit is in electrical com-
munication with the motor and the inductive winding device.
The braking circuit is in electrical communication with the
inductive winding device and the motor control unit. The
braking circuit dissipates a braking energy from the motor
through the inductive winding device and the motor control
unit controlling the braking energy so as to avoid activation of
the inductive winding device.

[0009] A washing machine is also provided that includes a
motor, a motor control unit, a mode shifter, a basket, an
agitator, and a mode-shifting braking circuit. The motor con-
trol unit is in electrical communication with the motor. The
mode shifter is controlled by the motor control unit between
a first state and a second state. The basket and agitator con-
figured to be driven by the motor via the mode shifter. The
agitator is driven by the motor when the mode shifter is in the
first state, while the basket and agitator are driven by the
motor when the mode shifter is in the second state. The
mode-shifting braking circuit is resident on the motor control
unit so that the circuit can dissipate a braking energy from the
motor through the mode shifter only to a level sufficient to
maintain the mode shifter in the first state.

[0010] A method of controlling a washing machine during
a braking operation is also provided. The method includes
dissipating a braking energy from a motor generated during
the braking operation through an inductive winding device
only to a level sufficient to maintain the inductive winding
device in an un-activated state.

[0011] The above-described and other features and advan-
tages of the present disclosure will be appreciated and under-
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stood by those skilled in the art from the following detailed
description, drawings, and appended claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0012] FIG. 1 is a sectional view of a washing machine
according to an exemplary embodiment of the present disclo-
sure;

[0013] FIG. 2 illustrates an exemplary embodiment of a
mode-shifting braking circuit according to the present disclo-
sure;

[0014] FIG. 3 illustrates a prior art braking circuit; and
[0015] FIG. 4 illustrates an exemplary embodiment of a
method of controlling a washing machine according to the
present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0016] Referringtothe drawings and in particular to FIG. 1,
an exemplary embodiment of a washing machine (“washer”)
according to an exemplary embodiment of the present disclo-
sure is shown and is generally referred to by reference
numeral 10. For purposes of clarity, only those aspects of
washer 10 necessary for understanding of the present disclo-
sure are described herein.

[0017] Washer 10 includes a motor 12, a motor control unit
14, and a mode shifter 16. Motor 12 is three-phase alternating
current (AC) induction motor and, in some embodiments
includes motor control unit 14 integral therewith. Motor con-
trol unit 14 includes a mode-shifting braking circuit 18 resi-
dent thereon. Circuit 18 is configured, upon receipt of a stop-
ping signal, to place motor 12 into generating mode in a
known manner. In this manner, the mechanical energy of
washer 10 is transformed into electrical energy on the motor
inverter’s DC bus voltage.

[0018] Advantageously, circuit 18 is configured to dissipate
the energy from the DC bus voltage through mode shifter 16.
Thus, washer 10 having circuit 18 takes advantage of an
existing washing machine component (e.g., mode shifter 16)
to dissipate the energy and, thus, eliminates the need for the
high power resistors of the prior art. However, motor control
unit 14 is configured to vary the energy supplied to mode
shifter 16 so as to avoid activation of the mode shifter.
[0019] Washer 10 includes an outer housing 20 supporting
atub 22, a basket 24, an agitator 26, motor 12, motor control
unit 14, and mode shifter 16 in a known manner. Basket 24 is
configured to hold articles such as clothes to be washed.
[0020] During a spin cycle, basket 24 and agitator 26 are
configured to be driven by motor 12 to rotate at a high speed
about vertical axis 28. In this manner, liquid within the
articles is removed by the centrifugal force imparted by the
spin cycle and is allowed to exit the basket through openings
(not shown). However, during a washing cycle, only agitator
26 is configured to be driven by motor 12 to rotate back-and-
forth about a vertical axis 28 so that the clothes in the basket
are agitated. Mode shifter 16 is configured to prevent rotation
of' basket 24 during the washing cycle in a known manner.
[0021] For example, agitator 26 is secured to an agitator
drive shaft 30 and basket 24 is secured to a basket drive shaft
32. Motor 12 is coupled to mode shifter 16 by a transmission
34. Transmission 34 is configured to transmit rotary motion
imparted on a motor shaft 36 by motor 12 to mode shifter 16.
[0022] During the washing or agitating cycle, mode shifter
16 is in a first state where the mode shifter is configured to
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transmit the rotary motion from transmission 34 to agitator
drive shaft 30. In the first state, mode shifter 16 is engaged/
activated so as to lock inner basket 24 to outer basket 22 so
that the inner basket does not rotate. However, in the spin
cycle, mode shifter 16 is in a second state (e.g., disengaged/
deactivated) where the mode shifter is configured to transmit
the rotary motion from transmission 34 to both agitator and
basket drive shafts 30, 32 so that inner basket 24 is rotated.
[0023] Mode shifter 16 is in electrical communication with
motor control unit 14. Thus, mode shifter 16 can be selec-
tively switched by motor control unit 14 between the first and
second states.

[0024] In the illustrated embodiment, mode shifter 16
includes a solenoid 38 that moves the shifter between the first
and second states. During the wash or agitate cycle, mode
shifter 16 is engaged and placed into the first state where the
mode shifter is configured to transmit the rotary motion from
transmission 34 only to agitator drive shaft 30. To do so, the
motor control unit 14 applies an engage voltageto solenoid 38
of about 130 volts AC. Once engaged, motor control unit 14
reduces the control voltage to solenoid 38 to a hold-in level of
about 30 volts AC.

[0025] During the spin cycle, motor control unit 14
removes the mode shifter control voltage and gravitational
forces cause the mode shifter to go to the second state where
the mode shifter is configured to transmit the rotary motion
from transmission 34 to both agitator and basket drive shafts
30, 32.

[0026] Advantageously, circuit 18 is configured to dissipate
the energy generated during braking through solenoid 38
instead of the power resistor as in prior art devices.

[0027] However, it has been determined by the present
disclosure that applying the energy generated during braking
to solenoid 38 can cause mode shifter 16 to activate. It was
further determined by the present disclosure that activation of
mode shifter 16 while inner basket 24 is spinning would be
detrimental to one or more components of washer 10. Advan-
tageously, motor control unit 14 is configured to control the
amount of energy dissipated from circuit 18 through solenoid
38 so as to prevent activation of mode shifter 16. More par-
ticularly, control unit 14 is configured to dissipate the braking
energy from motor 12 through mode shifter 16 only to a level
sufficient to maintain the mode shifter in the second or un-
activated state.

[0028] For example, motor control unit 14 can apply a
braking voltage to solenoid 38 when tub 24 is required to stop
to dissipate the energy. The braking voltage applied to sole-
noid 38 during mode-shift braking is below the control volt-
age necessary to engage mode shifter 16. In this manner,
motor control unit 14 ensures that mode shifter 16 is not
activated during braking. In one embodiment, circuit 18 is
controlled by motor control unit 14 to apply a braking voltage
of between about 30 VAC to about 80 VAC to solenoid 38
when tub 24 is required to stop.

[0029] Accordingly, washer 10 allows for the elimination
of'the brake resistor and its associated control circuitry, which
reduces the cost of the washer and increases the reliability of
the washer due to the decreased number of components.
[0030] In the illustrated embodiment, transmission 34 is
shown as a pulley-and-belt transmission. However, it is con-
templated by the present disclosure for transmission 34 to be
adirect drive transmission, a geared transmission, and others.
[0031] Also in the illustrated embodiment, mode shifter 16
is shown as including solenoid 16 for moving the shifter
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between the first and second states. However, it is contem-
plated by the present disclosure for mode shifter 16 to include
any other inductive winding component for moving the
shifter between the first and second states. Moreover, it is
contemplated by the present disclosure for circuit 18 to dis-
sipate the energy of braking through any other inductive
winding component of washer 10, which is controlled by
motor control unit 14, where the control unit 14 controls the
dissipated energy so as to avoid activating that component.

[0032] Washer 10 is configured to utilize the braking pro-
vided by circuit 18 during one or more conditions. For
example, during the spin cycle of washer 10, the user is able
to lift the lid 40 to gain access to tub 24. In order to mitigate
against the danger of the user having access to tub 24 when
spinning at high speeds, washer 10 is configured to bring the
tub to a complete stop in under 7 seconds via circuit 18. In
other examples, washer 10 can bring tub 24 to a stop via
circuit 18 any time braking of the tub is desired.

[0033] Referring now to FIG. 2, an exemplary embodiment
of mode-shifting braking circuit 18 according to the present
disclosure is shown. In contrast, FIG. 3 illustrates a prior art
resistor braking circuit 50. Circuit 18 applies electrical energy
on the motor inverter’s DC bus voltage to mode shifter 16. In
contrast, circuit 50 applies electrical energy on the motor
inverter’s DC bus voltage to a specially configured braking
resistor 52.

[0034] The circuit shown in FIG. 2 involves a staging cir-
cuit, a power switch (Q08), a flyback diode (D11), a mode
shifter coil (P03), and a sensing circuit. The staging circuit
begins on the left with the microprocessor input signal and the
signal is amplified through the various transistors within the
circuit. The amplified signal drives the power switch that
controls the power through the mode shifter coil. The flyback
diode (D11) provides an electrical return path for any stored
energy in the mode shifter coil; protecting the power switch
from inductive spikes. The sensing circuit provides a feed-
back to the microprocessor and consists of a voltage-dividing
network that provides a signal to the microprocessor via
TP116.

[0035] Referring now to FIG. 4, an exemplary embodiment
of' a method of controlling a washing machine according to
the present disclosure is shown and is generally referred to by
reference numeral 60.

[0036] Advantageously, method 60 includes a mode shift
brake algorithm 62. Algorithm 62 is resident on motor control
unit 14 and is configured to apply a braking voltage to sole-
noid 38 when tub 24 is spinning and is required to stop. The
braking voltage applied to solenoid 38 by mode-shift braking
algorithm 62 is below the control voltage necessary to engage
mode shifter 16. In this manner, algorithm 62 ensures that
mode shifter 16 is not activated during braking.

[0037] When algorithm 62 is braking the embodiment
where motor 12 is an AC induction motor, the algorithm is
configured to drive the stator of the motor at a lower fre-
quency then the rotor. Algorithm 12 achieves this by moni-
toring the rotor speed and applying a voltage to the stator that
has a smaller frequency than the voltage to the rotor. By
driving the stator at a slower speed, algorithm 62 generates a
negative torque on the rotor and causes the motor to go into a
generating mode. Algorithm 62 continues to lower the driving
frequency all the while dumping the generated voltage to
solenoid 38 until the rotor speed is zero. Moreover, algorithm
62 balances the negative torque on the rotor, so that the
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generated voltage, when applied to solenoid 38, is insufficient
to activate or engage mode shift 16.

[0038] It should also be noted that the terms “first”, “sec-
ond”, “third”, “upper”, “lower”, and the like may be used
herein to modify various elements. These modifiers do not
imply a spatial, sequential, or hierarchical order to the modi-
fied elements unless specifically stated.

[0039] While the present disclosure has been described
with reference to one or more exemplary embodiments, it will
be understood by those skilled in the art that various changes
may be made and equivalents may be substituted for elements
thereof without departing from the scope of the present dis-
closure. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the
disclosure without departing from the scope thereof. There-
fore, it is intended that the present disclosure not be limited to
the particular embodiment(s) disclosed as the best mode con-
templated, but that the disclosure will include all embodi-
ments falling within the scope of the appended claims.

What is claimed is:

1. A washing machine comprising:

a motor;

an inductive winding device;

a motor control unit in electrical communication with said

motor and said inductive winding device; and

a braking circuit in electrical communication with said

inductive winding device and said motor control unit,
said braking circuit dissipating a braking energy from
said motor through said inductive winding device, and
said motor control unit controlling said braking energy
so as to avoid activation of said inductive winding
device.

2. The washing machine as in claim 1, wherein said induc-
tive winding device comprises a solenoid of a mode shifter
and said braking circuit comprises a mode-shifting braking
circuit.

3. The washing machine as in claim 1, further comprising
an agitator driven by said motor.

4. The washing machine as in claim 3, wherein said agitator
rotates about a vertical axis.

5. The washing machine as in claim 1, wherein said motor
comprises a three-phase alternating current induction motor.

6. The washing machine as in claim 5, wherein said motor
control unit is integral with said three-phase alternating cur-
rent induction motor.
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7. The washing machine as in claim 1, wherein said braking
circuit is resident on said motor control unit.

8. A washing machine comprising:

a motor;

a motor control unit in electrical communication with said

motor;

a mode shifter controlled by said motor control unit
between a first state and a second state;

a basket and an agitator configured to be driven by said
motor via said mode shifter, said basket being driven by
said motor when said mode shifter is in said first state,
said agitator and said basket being driven by said motor
when said mode shifter is in said second state; and

a mode-shifting braking circuit resident on said motor con-
trol unit, said mode-shifting braking circuit dissipating a
braking energy from said motor through said mode
shifter only to a level sufficient to maintain said mode
shifter in said second state.

9. The washing machine as in claim 8, wherein said basket
and said agitator are configured to be driven by said motor
about a vertical axis.

10. The washing machine as in claim 8, further comprising
atransmission for transmitting a rotary force from said motor
to said mode shifter.

11. The washing machine as in claim 8, wherein said mode
shifter comprises a solenoid and said mode-shifting braking
circuit dissipates said energy through said solenoid.

12. The washing machine as in claim 8, wherein said agi-
tator and said basket rotate about a vertical axis.

13. The washing machine as in claim 8, wherein said motor
comprises a three-phase alternating current induction motor.

14. The washing machine as in claim 13, wherein said
motor control unit is integral with said three-phase alternating
current induction motor.

15. A method of controlling a washing machine during a
braking operation, comprising:

dissipating a braking energy from a motor generated dur-
ing the braking operation through an inductive winding
device only to a level sufficient to maintain said induc-
tive winding device in an un-activated state.

16. The method as in claim 15, wherein said inductive
winding device comprises a solenoid such that dissipating
step comprises dissipating said braking energy through said
solenoid to a level sufficient to maintain said solenoid in said
un-activated state.



