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PSC MOTOR HAVING A 4 / 6-POLE COMMON 
WINDING AND HAVING AN ADDITIONAL 4-POLE 

WINDING 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention generally relates to permanent-split 
capacitor (PSC) motors and, in particular, to a reversible 
4-pole/6-pole motor having a common Winding in both the 
4-pole con?guration and the 6-pole con?guration and having 
an additional Winding in the 4-pole con?guration only. 

[0003] 2. Description of the Prior Art 

[0004] PSC motors, as one kind of single-phase induction 
motors, come in various multiple con?gurations and various 
pole con?gurations. For eXample, PSC motors are frequently 
used to drive Washing machines for clothing. In particular, 
a 4-pole PSC has been used in vertical aXis impeller Wash 
ers. “HoWever, such impeller Washers do not have a loWer 
speed for a delicate Washing cycle. In order to provide a 
variable speed motor Which can operate at a sloWer speed for 
a delicate Washing cycle, some con?gurations have used 
brushless permanent magnet motors, sWitched reluctance 
motors, or three-phase induction motors in combination With 
an electronic controller in place of the PSC motors.” HoW 
ever, these con?gurations are expensive to produce. 

[0005] One solution to this problem is described in co 
invented, co-assigned US. Pat. No. 5,825,111 for SINGLE 
PHASE INDUCTION MOTOR 4/6 POLE COMMON 
WINDING CONNECTION WITH MAGNETIC MOTIVE 
FORCE SYMMETRICALLY DISTRIBUTED, the entire 
disclosure of Which is incorporated herein in its entirety. In 
this patent, a 4/6 pole PSC motor is described that provides 
a full shared Winding and symmetrically distributed mag 
netic motive forces (MMF) for the 4-pole and 6-pole con 
?gurations. HoWever, this motor has an air-gap ?uX density 
in the 4-pole con?guration, Which is about 18% higher than 
the air-gap ?uX density in the 6-pole con?guration. In 
addition, the 4-pole forWard and backWard con?gurations 
have different break doWn torques (BDT) because of the 
higher resistance in the main Winding energiZed in backWard 
operation as compared to the resistance in the main Winding 
energiZed in forWard operation. 

[0006] With increasing demand for impeller Washers to 
have loWer cost and higher performance, there is a need for 
a PSC motor Which can operate at higher speeds to drive a 
regular Washing cycle and Which can also operate at loWer 
speeds to drive a delicate Washing cycle. In particular, there 
is a need for a reversible tWo-speed PSC motor having a 
high-speed con?guration and having a loW-speed con?gu 
ration in Which the air-gap ?uX density of both speed 
con?gurations can each be varied substantially independent 
of each other. There is also a need for a reversible tWo-speed 
PSC motor generating magnetic motive forces, Which are 
symmetrically distributed about an air-gap betWeen a rotor 
and a stator of the motor in both speeds. 

SUMMARY OF THE INVENTION 

[0007] To provide independently adjustable air-gap ?uX 
density in both speeds, the invention employs a neW Winding 
con?guration. In this neW con?guration, the 4-pole con?gu 
ration has an additional Winding Which is not energiZed in 
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the 6-pole con?guration. Both the 4-pole and 6-pole con 
?gurations achieve very good performance With this con 
?guration. The additional Winding has no effect on operation 
in the 6-pole con?guration and reduces the saturation level 
for operation in the 4-pole con?guration so that forWard 
operation in the 4-pole con?guration has a desirable satu 
ration level independent of the 6-pole con?guration. In the 
motor described in US. Pat. No. 5,825,111, the backWard 
operation in the 4-pole con?guration has a substantially 
loWer saturation and break doWn torque (BDT) than forWard 
operation in the 4-pole con?guration because of the smaller 
Wire siZe and higher resistance in the main Winding. In the 
motor of the invention, the BDT during the backWard 
operation in the 4-pole con?guration is substantially 
increased because of the increased turns in the auXiliary 
Winding. 

[0008] It is an object of this invention to provide a 
4-pole/6-pole PSC motor having a common main Winding in 
both the 4-pole con?guration and the 6-pole con?guration 
and having an additional Winding in the 4-pole con?guration 
only; to provide such a motor Which has ef?cient operation 
at tWo different speeds; and to provide such a motor Which 
can be manufactured Without signi?cant re-tooling or rede 
s1gn. 

[0009] In one form, the invention is a 4/6 pole PSC motor 
having main and auXiliary Winding con?gurations and hav 
ing common Windings energiZed in both a 4-pole con?gu 
ration and energiZed in a 6-pole con?guration for both the 
main and the auXiliary Winding con?gurations. An addi 
tional Winding is energiZed in the 4-pole con?guration only. 
As a result, the air-gap ?uX level of the 4-pole con?guration 
can be varied substantially independent of the air-gap ?uX 
level of the 6-pole con?guration by varying the con?gura 
tion of the additional Winding. 

[0010] In another form, the invention is a motor compris 
ing a stator core, a rotor mounted in rotational relationship 
With the stator core, a plurality of Windings components 
Wound on the stator core, and an additional Winding com 
ponent Wound on the stator core. The Winding components 
are con?gured to be selectively energiZed to operate the 
motor in a 4N-pole con?guration (N being an integer equal 
to or greater than one) in Which the plurality of Winding 
components and the additional Winding component are 
energiZed. The Winding components are con?gured to be 
selectively energiZed to operate the motor in a 6N-pole 
con?guration in Which the plurality of Winding components 
only are energiZed. The additional Winding component is not 
energiZed in the 6N-pole con?guration and the additional 
Winding component is energiZed only in the 4N-pole con 
?guration. 

[0011] In yet another form, the invention is an electric 
motor system comprising a pair of line terminals for con 
nection to an eXternal source of poWer, a stator core, a ?rst 

Winding coil group including four coil sets disposed in 
magnetic coupling relationship With the core, a second 
Winding coil group including four coil sets disposed in 
magnetic coupling relationship to the core, a third Winding 
coil group including four coil sets disposed in magnetic 
coupling relationship With the core, an additional Winding 
coil including additional coil sets disposed in magnetic 
coupling relationship With the core and a sWitch assembly. 
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The switch assembly is operatively connected to the ?rst, the 
second, and the third Winding coil groups and to the addi 
tional Winding coil so as to change current ?oW direction in 
selected ones of the coil sets to provide a 4-pole con?gu 
ration in one connection in Which the additional Winding coil 
is energized, and a 6-pole con?guration in another connec 
tion in Which the additional Winding coil is not energiZed. 

[0012] Other objects and features Will be in part apparent 
and in part pointed out hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a schematic diagram of the electrical 
circuit of one preferred embodiment of the motor according 
to the invention illustrating the common Winding and the 
additional Winding and their interconnection in both the 
4-pole (4p) and 6-pole (6p) con?gurations. 

[0014] FIG. 2 is a schematic diagram of the electrical 
circuit of the motor of FIG. 1 illustrating the interconnection 
of the common Winding and the additional Winding in the 
4-pole (4p) con?guration. 
[0015] FIG. 3A is a schematic diagram of the electrical 
circuit of the motor of FIG. 1 illustrating the interconnection 
of the common Winding and the open-circuited additional 
Winding in 6-pole (6p) con?guration in Which the 6-pole 
con?guration rotates in an opposite direction to the 4-pole 
con?guration When the position of sWitch 150 is unchanged. 

[0016] FIG. 3B is a schematic diagram of the electrical 
circuit of the motor of FIG. 1 illustrating the interconnection 
of the common Winding and the open-circuited additional 
Winding in 6-pole (6p) con?guration in Which the 6-pole 
con?guration rotates in the same direction to the 4-pole 
con?guration When the position of sWitch 150 is unchanged. 

[0017] FIG. 4A is a diagrammatic vieW of the Winding 
distribution of one preferred embodiment of the motor 
according to the invention in Which the 4-pole and 6-pole 
con?gurations rotate in opposite directions When the posi 
tion of sWitch 150 is unchanged. FIG. 4A corresponds to 
schematic diagram of FIG. 3A. 

[0018] FIG. 4B is a diagrammatic vieW of the Winding 
distribution of another preferred embodiment of the motor 
according to the invention in Which the 4-pole and 6-pole 
con?gurations rotate in same direction When the position of 
sWitch 150 is unchanged. FIG. 4B corresponds to the 
schematic diagram of FIG. 3B. 

[0019] FIG. 5 is a graph illustrating the magnetic motive 
force of one preferred embodiment of the motor according 
to the invention With poles along the horiZontal X-aXis and 
magnetic motive force (MMF) along the vertical y-aXis, the 
solid lines indicating the main Windings MMF and the 
dashed lines indicating the auxiliary Windings MMF. 

[0020] Corresponding reference characters indicate corre 
sponding parts throughout the draWings. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0021] Referring to FIG. 1, illustrated as a schematic 
diagram of the electrical circuit of one preferred embodi 
ment of the 4-pole/6-pole permanent split capacitor single 
phase induction motor 100 according to the invention. In 
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particular, FIG. 1 illustrates a ?rst Winding coil group 110 
disposed in magnetic coupling relation With a core (not 
illustrated). The ?rst Winding group 110 includes four coil 
sets as illustrated. FIG. 1 also illustrates a second Winding 
coil group 120 disposed in magnetic coupling relation to the 
core (not shoWn) and Which also include four coil sets as 
illustrated. FIG. 1 also illustrates a third Winding coil group 
130 disposed in magnetic coupling relation to the core (not 
shoWn) and Which include four coil sets as illustrated. In 
accordance With one aspect of the invention, FIG. 1 also 
illustrates an additional Winding coil 140 disposed in mag 
netic coupling relation With the core. 

[0022] The motor of FIG. 1 also includes a sWitch assem 
bly. For convenience, the various sWitches of the sWitch 
assembly have been illustrated Within the schematic of FIG. 
1. HoWever, it is contemplated that the various sWitches may 
be part of an integrated assembly. In any case, it is noted that 
the number of sWitches is the same as used in other 4/6 pole 
motors, such as disclosed in US. Pat. No. 5,825,111. In 
particular, a sWitch 112 is associated With the ?rst Winding 
coil group 110 to control its con?guration in the 4-pole (4p) 
and in the 6-pole (6p) con?gurations. SWitch 112 includes 
terminals T3, T1, and T10, Which Would be connected to the 
motor assembly as shoWn. A sWitch 122 associated With the 
second coil Winding group 120 controls its con?guration in 
the 4p and 6p con?gurations. SWitch 122 includes terminals 
T4, T5, and T11, Which Would be connected to the motor 
assembly as shoWn. Aplurality of sWitches 132, 134 and 136 
are associated With the third Winding coil group 130 to 
control its con?guration in the 4p and 6p con?gurations. 
SWitch 132 has terminals T8 and T10, Which are connected 
to the motor assembly as shoWn, sWitch 134 has terminals 
T7, T10, and T9, Which are connected to the motor assembly 
as shoWn and sWitch 136 has terminals T5, T9, and T7, 
Which are connected to the motor assembly as shoWn. The 
sWitches are selectively positioned to change current ?oW 
direction in selected Windings of the coil sets to provide in 
one connection a 4-pole con?guration in Which the addi 
tional Winding coil 140 is energiZed. In addition, the 
sWitches are selectively positioned to change current How in 
selected ones of the coil groups to provide in another 
connection a 6-pole con?guration in Which the additional 
Winding coil 140 is not energiZed. Speci?cally, sWitch 142 
is closed in the 4-pole con?guration Whereas it is open in the 
6-pole con?guration so that the additional Winding coil 140 
is close-circuited in the 4-pole con?guration and is open 
circuited in the 6-pole con?guration. 

[0023] FIG. 1 illustrates a sWitch 150 for selecting for 
Ward and backWard operations of the motor of FIG. 1. One 
terminal of sWitch 150 is connected to T1 of the motor 
assembly as shoWn. FIG. 1 also illustrates a pair of line 
terminals 160, 170 for a connection to an external poWer 
source. Thus, FIG. 1 illustrates 4/6-pole PSC motor 100 
Which, When the sWitches are in the 4p con?guration, has 
Windings energiZed in a 4-pole con?guration in 4 Which the 
additional Winding coil 140 is energiZed. In addition, FIG. 
1 illustrates motor 100 Which, When the sWitches are in the 
6p con?guration, has Windings in a 6-pole con?guration in 
Which the additional Winding coil 140 is not energiZed. 

[0024] Referring to FIG. 2, a schematic diagram of the 
electrical circuit of the motor of FIG. 1 illustrating the 
interconnection of the coil sets in the 4-pole con?guration is 
illustrated. In this 4-pole con?guration, Winding coil groups 
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110, 120 and 130 each comprise a plurality of coil sets, 
Which are connected in parallel. In addition, the additional 
Winding coil 140 is a plurality of coil sets Which are 
connected betWeen the ?rst Winding coil group 110 and the 
second Winding coil group 120. 

[0025] Referring neXt to FIG. 3A, the 6-pole con?guration 
is illustrated in Which the ?rst Winding coil group 110 has 
coil sets Which are connected in series and the second 
Winding coil group 120 has coil sets Which are connected in 
series. The third Winding coil group 130 is con?gured as tWo 
parallel coil sets and the additional Winding coil 140 is 
open-circuited. FIG. 3A corresponds to the Winding con 
?guration illustrated in FIG. 4A. When used in the Winding 
con?guration of FIG. 4A to drive vertical aXis impeller 
Washers, the 4-pole con?guration is reversible by changing 
the position of sWitch 150. The 6-pole con?guration is used 
in a reversible mode, too, by changing the position of sWitch 
150. In the Winding con?guration of FIG. 4A, the 6-pole 
con?guration rotates in the opposite direction to the 4-pole 
con?guration so that the position of sWitch 150 must be 
changed in order to rotate the motor in the same direction in 
both the 4-pole and 6-pole con?gurations. In particular, 
comparing FIGS. 2 and 3A, sWitch 150 must be in the “up” 
position for forWard rotation in the 4-pole con?guration as 
shoWn in FIG. 2 Whereas sWitch 150 must be in the “doWn” 
position for forWard rotation in the 6-pole con?guration as 
shoWn in FIG. 3A. When operating in one direction (e.g., a 
forWard direction) in the 4-pole con?guration, the main 
Winding includes the ?rst Winding coil group 110, the second 
Winding coil group 120, and the additional Winding coil 140 
and the auXiliary Winding includes the third Winding coil 
group 130. When operating in the other direction (e.g., a 
backWard direction) in the 4-pole con?guration, the main 
Winding includes the third Winding coil group 130 and the 
auXiliary Winding includes the ?rst Winding coil group 110, 
the second Winding coil group 120 and the additional 
Winding coil 140. When operating in the same one direction 
(e.g., a forWard direction) in the 6-pole con?guration, the 
main Winding includes the ?rst Winding coil group 110 and 
the right side of the third Winding coil group 130 and the 
auXiliary Winding includes the second Winding coil group 
120 and the left side of the third Winding coil group 130. 
When operating in the other direction (e.g., a backWard 
direction) in the 6-pole con?guration, the main Winding 
includes the second Winding coil group 120 and the left side 
of the third Winding coil group 130 and the auXiliary 
Winding includes the ?rst Winding coil group 110 and the 
right side of the third Winding coil group 130. 

[0026] The motor 100 according to the invention as illus 
trated and described herein provides several advantages. 
Without the additional Winding coil 140, the effective turns 
of the 4-pole con?guration are different than the effective 
turns of the 6-pole con?guration. When designing the 6p 
Winding to have an acceptable air-gap ?uX density, the 
effective turns of the 4-pole con?guration are about 1.5/ 1.18 
of the effective turns of the 6-pole con?guration. Thus, 
Without the additional Winding coil 140, the 4-pole con?gu 
ration has 18% higher air-gap ?uX density than the air-gap 
?uX density of the 6-pole con?guration and the stator core 
can become saturated, especially in the stator yoke area. 
With the additional Winding coil 140 according to the 
invention, coil 140 is in series With the main Winding, for 
4-pole forWard operation, thereby increasing the effective 
turns of the main Winding. In particular, coil 140 may be 
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con?gured to increase the effective turns by 18%. As a 
result, the 4-pole con?guration of motor 100 Will have the 
same air-gap ?uX density as the 6-pole con?guration. In 
other Words, With the additional Winding coil 140, if the 
effective turns of the 4-pole con?guration are 1.5 times of 
the effective turns of the 6-pole con?guration, both 4-pole 
and 6-pole con?gurations Will have the same air-gap ?uX 
density levels. By adjusting or varying the turns of the 
additional Winding coil 140, the air-gap ?uX density of the 
4-pole con?guration of motor 100 can be any desirable 
number. The air-gap ?uX density of the 6-pole con?guration 
is independent of the additional Winding coil 140, Which is 
open-circuited in the 6-pole con?guration. 

[0027] In summary, the motor 100 of the invention has an 
air-gap ?uX in the 4-pole con?guration, Which is indepen 
dent of the air-gap ?uX level in the 6-pole con?guration. This 
is because the air-gap ?uX levels of the 4-pole con?guration 
can be varied by varying the turns of the additional Winding 
coil 140 Without affecting the air-gap ?uX levels of the 
6-pole con?guration since the coil 140 is not energiZed in the 
6-pole con?guration. As a result, the air-gap ?uX levels of 
the 4-pole con?guration and of the 6-pole con?guration can 
be con?gured to be substantially the same. 

[0028] This is in contrast to prior art 4/6-pole motors, such 
as illustrated in Us. Pat. No. 5,825,111, in Which the air-gap 
?uX density levels in the 4 and 6-pole con?gurations are 
bound together by a ?Xed ratio. In this previous design 
according to the ’111 patent (Without the additional Winding 
coil 140), the effective turns of the 6-pole con?guration are 
determined by the effective turns of the 4-pole con?guration. 
Thus, if the effective turns of the 4-pole con?guration are 
chosen to provide a preferable air-gap ?uX density, the result 
is that the effective turns of the 6-pole con?guration tend to 
become too many and, as a result, the ?uX density of the 
6-pole con?guration Will be loWer and less than preferable. 
On the other hand, if the effective turns of the 6-pole 
con?guration are chosen for a preferred density level, the 
effective turns of the 4-pole con?guration Will be less than 
preferable and, as a result, the ?uX density of the 4-pole 
con?guration Will be higher than preferable. By adding the 
additional Winding coil 140 to motor 100 according to the 
invention, the air-gap ?uX density of either the 4-pole or the 
6-pole con?guration can be independently chosen as needed 
according to the operation of the motor by choosing the 
effective turns of the 6-pole con?guration and the turn 
numbers of the additional Winding coil 140. 

[0029] With the additional Winding coil 140, in the back 
Ward operation, the breakdoWn torque is increased by the 
additional turns provided by coil 140. As a result, the 
breakdoWn torque of both the forWard and backWard direc 
tions in the 4-pole con?guration becomes almost identical. 
Also, as the motor temperature rises for both directions, it 
becomes almost identical and can be maintained Within a 
preferred range. 

[0030] The additional Winding coil 140 has no substantial, 
substantive effect on the operation of the motor 100 in the 
6-pole con?guration but reduces the saturation level for the 
4-pole forWard con?guration so that operation in the 4-pole 
forWard con?guration has the desired saturation levels inde 
pendent of the operation in the 6-pole con?guration. Back 
Ward operation in the 4-pole con?guration results in a 
substantially loWer saturation than the forWard operation 
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because the main Winding, the Winding 130 in this case, has 
smaller cross area and higher resistance than the auxiliary 
Winding, the Windings 110, 120, and 140. In contrast, in the 
motor of US. Pat. No. 5,825,111, the smaller cross sectional 
area of the main Winding (Winding 130) results in the higher 
current density. HoWever, in the motor 100 of the invention, 
because of the existence of the additional Winding coil 140, 
the current density in the third Winding coil group 130 is 
substantially reduced for the same load torque While the 
current density in the auXiliary Winding is increased. 

[0031] Referring neXt to FIG. 3B, the 6-pole con?guration 
is illustrated in Which the Winding coil groups have a similar 
arrangement as FIG. 3A. In particular, the ?rst Winding coil 
group 110 has coil sets Which are connected in series and the 
second Winding coil group 120 has coil sets Which are 
connected in series. The third Winding coil group 130 is 
con?gured as tWo parallel coil sets and the additional 
Winding coil 140 is open-circuited. FIG. 3B corresponds to 
the Winding con?guration illustrated in FIG. 4B. When used 
in the Winding con?guration of FIG. 4B to drive vertical 
aXis impeller Washers, the 4-pole con?guration is reversible 
by changing the position of sWitch 150. The 6-pole con?gu 
ration is used in a reversible mode, too, by changing the 
position of sWitch 150. In the Winding con?guration of FIG. 
4B, the 6-pole con?guration rotates in the same direction as 
the 4-pole con?guration so that the position of sWitch 150 is 
not changed in order to rotate the motor in the same direction 
in both the 4-pole and 6-pole con?gurations. In particular, 
comparing FIGS. 2 and 3B, sWitch 150 must be in the “up” 
position for forWard rotation in the 4-pole con?guration as 
shoWn in FIG. 2 and sWitch 150 must be in the “up” position 
for forWard rotation in the 6-pole con?guration as shoWn in 
FIG. 3B. Thus, the difference betWeen the con?guration as 
illustrated in FIGS. 3A and 4A and the con?guration as 
illustrated in FIGS. 3B and 4B is that the con?guration of 
FIGS. 3A and 4A requires the position of sWitch 150 to 
change in order to rotate in the same direction in the 4-pole 
and 6-pole con?gurations Whereas the con?guration of 
FIGS. 3B and 4B requires the position of sWitch 150 to 
remain the same in order to rotate in the same direction in 
the 4-pole and 6-pole con?gurations. As With the arrange 
ment of FIG. 3A, When operating in one direction (e.g., a 
forWard direction) in the 4-pole con?guration, the main 
Winding includes the ?rst Winding coil group 110, the second 
Winding coil group 120, and the additional Winding coil 140 
and the auXiliary Winding includes the third Winding coil 
group 130. As With the arrangement of FIG. 3A, When 
operating in the other direction (e.g., a backWard direction) 
in the 4-pole con?guration, the main Winding includes the 
third Winding coil group 130 and the auXiliary Winding 
includes the ?rst Winding coil group 110, the second Winding 
coil group 120 and the additional Winding coil 140. When 
operating in the same one direction (e.g., a forWard direc 
tion) in the 6-pole con?guration, the main Winding includes 
the ?rst Winding coil group 110 and the right side of the third 
Winding coil group 130 and the auXiliary Winding includes 
the second Winding coil group 120 and the left side of the 
third Winding coil group 130. When operating in the other 
direction (e.g., a backWard direction) in the 6-pole con?gu 
ration, the main Winding includes the second Winding coil 
group 120 and the left side of the third Winding coil group 
130 and the auXiliary Winding includes the ?rst Winding coil 
group 110 and the right side of the third Winding coil group 
130. 
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[0032] FIG. 4A is a diagrammatic vieW of the Winding 
distribution of one preferred embodiment of the motor 
according to the invention in Which the 4-pole and 6-pole 
con?gurations rotate in opposite directions When the posi 
tion of sWitch 150 is not changed. FIG. 4A corresponds to 
schematic diagram of FIG. 3A. Winding sets 140A, 140B, 
140C and 140D constitute the additional Winding coil 140 
according to the invention. 

[0033] FIG. 4B is a diagrammatic vieW of the Winding 
distribution of another preferred embodiment of the motor 
according to the invention in Which the 4-pole and 6-pole 
con?gurations rotate in same direction When the position of 
sWitch 150 is not changed. FIG. 4B corresponds to the 
schematic diagram of FIG. 3B. As With FIG. 4A, Winding 
sets 140A, 140B, 140C and 140D constitute the additional 
Winding coil 140 according to the invention. 

[0034] Using the Winding con?guration of FIGS. 3B and 
4B for a motor driving an impeller Washer (or other tWo 
speed applications) provides tWo advantages. Most impeller 
Washers only alloW one direction for spinning. Since the 
4-pole and 6-pole con?gurations operate in the same direc 
tion Without changing the position of sWitch 150, the motor 
can be used to operate both the loW speed spin mode and the 
high speed spin mode Without changing the position of 
sWitch 150. This can make the machine control simpler. For 
eXample, the motor can be used to operate both the loW 
speed spin mode (6-pole forWard operation) and the high 
speed spin mode (4-pole forWard operation) in addition to 
operating the Washing mode (6-pole forWard and reverse 
operation). In addition, a relay may be used to sWitch 
betWeen 4-pole operation and 6-pole operation. In particular, 
the relay Would operate sWitches 112, 122, 132, 134, 136 and 
142. In the event that the relay control coil looses poWer 
causing the relay to change position from the 4-pole to the 
6-pole con?guration or visa versa, the motor does not 
reverse its direction of rotation. In contrast, in the Winding 
con?guration of FIGS. 3A and 4A, if a relay is used to 
sWitch betWeen the 4-pole operation and 6-pole operation, 
the motor Would reverse its direction of rotation in the event 
that the relay control coil looses poWer. Asudden reverse can 
damage the motor shaft. 

[0035] FIG. 5 is a graph illustrating the magnetic motive 
force of one preferred embodiment of the motor according 
to the invention With poles along the horiZontal X-aXis and 
the magnetic motive force illustrated along the vertical 
y-aXis. In FIG. 5, the solid lines indicate the main Windings 
MMF and the dashed lines indicate the auXiliary Windings 
MMF for the forWard operation. FIG. 5 illustrates one 
feature of the invention in that in both the 4-pole and 6-pole 
con?gurations the magnetic motive force generated is sym 
metrically distributed about an air-gap betWeen the rotor and 
stator of the motor. In FIG. 5, main 1 refers the mmf 
produced by the Windings 110 and 120, main 2 refers to the 
mmf produced by the additional Winding of 140. 

[0036] It is also contemplated that the invention is appli 
cable to motors other than 4/6 pole motors. For eXample, the 
motor 100 of the invention may be a stator core and a rotor 
mounted in rotational relationship With the stator core. A 
plurality of Windings components (110, 120, 130) including 
an additional Winding component (140) are Wound on the 
stator core. According to one aspect of the invention, the 
Winding components are con?gured to be selectively ener 
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giZed to operate the motor in a 4N-pole con?guration, Where 
N is an integer equal to or greater than one. In the 4N-pole 
con?guration, the plurality of Winding components and the 
additional Winding component are energized. In addition, 
the Winding components are con?gured to be selectively 
energiZed to operate the motor in a 6N-pole con?guration in 
Which the plurality of Winding components only are ener 
giZed. As a result, the additional Winding component is not 
energiZed in the 6N-pole con?guration and the additional 
Winding component is energiZed only in the 4N-pole con 
?guration. FIGS. 1-5 relate to a speci?c eXample of this 
motor in Which N=1. HoWever, N may be any integer. For 
eXample, N may be equal to 2 for a 8/12 pole motor. 

[0037] When introducing elements of the present inven 
tion or the preferred embodiment(s) thereof, the articles “a”, 
“an”, “the” and “said” are intended to mean that there are 
one or more of the elements. The terms “comprising”, 
“including” and “having” are intended to be inclusive and 
mean that there may be additional elements other than the 
listed elements. 

[0038] In vieW of the above, it Will be seen that the several 
objects of the invention are achieved and other advantageous 
results attained. 

[0039] As various changes could be made in the above 
constructions, products, and methods Without departing 
from the scope of the invention, it is intended that all matter 
contained in the above description and shoWn in the accom 
panying draWings shall be interpreted as illustrative and not 
in a limiting sense. 

What is claimed is: 
1. In a 4/6 pole PSC motor having main and auXiliary 

Winding con?gurations and having common Windings ener 
giZed in both a 4-pole con?guration and energiZed in a 
6-pole con?guration for both the main and the auXiliary 
Winding con?gurations, the improvement comprising an 
additional Winding energiZed in the 4-pole con?guration 
only Whereby the air-gap ?uX level of the 4-pole con?gu 
ration can be varied substantially independent of the air-gap 
?uX level of the 6-pole con?guration by varying the con 
?guration of the additional Winding. 

2. The motor of claim 1 having a ?rst Winding, a second 
Winding and a third Winding and: 

Wherein the 4-pole con?guration is reversible; 

Wherein When operating in one direction in the 4-pole 
con?guration the main Winding includes the ?rst, sec 
ond and additional Winding and the auXiliary Winding 
includes the third Winding; and 

Wherein When operating in the other direction in the 
4-pole con?guration the main Winding includes the 
third Winding and the auXiliary Winding includes the 
?rst, second and additional Windings. 

3. The motor of claim 1 Wherein the additional Winding 
has a con?guration such that the effective turns of the 4-pole 
con?guration are substantially 1.5 of the effective turns of 
the 6-pole con?guration Whereby the air-gap ?uX density 
levels of the 4-pole con?guration and of the 6-pole con?gu 
ration are substantially the same. 

4. The motor of claim 3 Wherein the main Windings and 
the additional Winding are con?gured, When energiZed in 
both the 4-pole con?guration and the 6-pole con?guration, 
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to generate magnetic motive forces Which are symmetrically 
distributed about an air-gap betWeen a rotor and a stator of 
the motor. 

5. The motor of claim 4 having a ?rst Winding, a second 
Winding and a third Winding and: 

Wherein the 4-pole con?guration is reversible; 

Wherein When operating in one direction in the 4-pole 
con?guration the main Winding includes the ?rst, sec 
ond and additional Winding and the auXiliary Winding 
includes the third Winding; and 

Wherein When operating in the other direction in the 
4-pole con?guration the main Winding includes the 
third Winding and the auXiliary Winding includes the 
?rst, second and additional Windings. 

6. The motor of claim 1 Wherein the main Windings and 
the additional Winding are con?gured, When energiZed in 
both the 4-pole con?guration and the 6-pole con?guration, 
to generate magnetic motive forces Which are symmetrically 
distributed about an air-gap betWeen a rotor and a stator of 
the motor. 

7. The motor of claim 1 ?rst comprising a sWitch con 
nected to the Windings and having a ?rst position and a 
second position Wherein When the sWitch is in the ?rst 
position the Windings are con?gured to rotate the motor in 
one direction When energiZed in both the 4-pole con?gura 
tion and the 6-pole con?guration and Wherein When the 
sWitch is in the second position the Windings are con?gured 
to rotate the motor in the other direction When energiZed in 
both the 4-pole con?guration and the 6-pole con?guration. 

8. The motor of claim 7 further comprising a relay sWitch 
connected to the Windings for selectively operating the 
motor in the 4-pole con?guration and the 6-pole con?gura 
tion. 

9. A motor comprising: 

a stator core; 

a rotor mounted in rotational relationship With the stator 

core; 

a plurality of Windings components Wound on the stator 
core; 

an additional Winding component Wound on the stator 
core; 

Wherein the Winding components are con?gured to be 
selectively energiZed to operate the motor in a 4N-pole 
con?guration, Where N is an integer equal to or greater 
than one, in Which the plurality of Winding components 
and the additional Winding component are energiZed; 
and 

Wherein the Winding components are con?gured to be 
selectively energiZed to operate the motor in a 6N-pole 
con?guration in Which the plurality of Winding com 
ponents only are energiZed such that the additional 
Winding component is not energiZed in the 6N-pole 
con?guration and the additional Winding component is 
energiZed only in the 4N-pole con?guration. 

10. The motor of claim 9 Wherein the plurality of Winding 
components comprises a ?rst Winding component, a second 
Winding component and a third Winding component and: 

Wherein the 4N-pole con?guration is reversible; 

Wherein When operating in one direction the 4N-pole 
con?guration has a main Winding including the ?rst, 
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second and additional Winding components and has an 
auxiliary Winding including the third Winding compo 
nent; and 

Wherein When operating in the other direction the 4N-pole 
con?guration has a main Winding including the third 
Winding component and has an auxiliary Winding 
including the ?rst, second and additional Winding corn 
ponents. 

11. The motor of claim 9 Wherein the additional Winding 
component has a con?guration such that the effective turns 
of the 4N-pole con?guration are substantially 1.5 of the 
effective turns of the 6N-pole con?guration Whereby the 
air-gap ?uX density levels of the 4N-pole con?guration and 
of the 6N-pole con?guration are substantially the same. 

12. The motor of claim 10 Wherein the plurality of 
Winding components and the additional Winding component 
are con?gured, When energiZed in both the 4N-pole con 
?guration and the 6N-pole con?guration, to generate mag 
netic rnotive forces Which are syrnrnetrically distributed 
about an air-gap betWeen the rotor and the stator of the 
motor. 

13. The motor of claim 12 Wherein N=1 and Wherein the 
plurality of Winding cornponents comprises a ?rst Winding 
component, a second Winding component and a third Wind 
ing component and: 

Wherein the 4-pole con?guration is reversible; 

Wherein When operating in one direction the 4-pole con 
?guration has a main Winding including the ?rst, sec 
ond and additional Winding components and has an 
auXiliary Winding including the third Winding compo 
nent; and 

Wherein When operating in the other direction the 4-pole 
con?guration has a main Winding including the third 
Winding component and has an auXiliary Winding 
including the ?rst, second and additional Winding corn 
ponents. 

14. The motor of claim 9 Wherein the plurality of Winding 
components and the additional Winding component are 
con?gured, When energiZed in both 4N-pole con?guration 
and in the 6P-pole con?guration, to generate rnagnetic 
rnotive forces Which are syrnrnetrically distributed about an 
air-gap betWeen the rotor and the stator of the motor. 

15. The motor of claim 9 ?rst comprising a sWitch 
connected to the Windings and having a ?rst position and a 
second position Wherein When the sWitch is in the ?rst 
position the Windings are con?gured to rotate the rotor in 
one direction When energiZed in both the 4N-pole con?gu 
ration and the 6N-pole con?guration and Wherein When the 
sWitch is in the second position the Windings are con?gured 
to rotate the rotor in the other direction When energiZed in 
both the 4N-pole con?guration and the 6N-pole con?gura 
tion. 

16. The motor of claim 15 further comprising a relay 
sWitch connected to the Windings for selectively operating 
the motor in the 4N-pole con?guration and the 6N-pole 
con?guration. 

17. An electric motor system comprising: 

a pair of line terminals for connection to an eXternal 
source of poWer; 
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a stator core; 

a ?rst Winding coil group disposed in magnetic coupling 
relationship With said core, said ?rst Winding coil group 
including four coil sets; 

a second Winding coil group disposed in magnetic cou 
pling relationship to said core, said second Winding coil 
group including four coil sets; 

a third Winding coil group disposed in magnetic coupling 
relationship With said core, said third Winding coil 
group including four coil sets; 

an additional Winding coil disposed in magnetic coupling 
relationship With said core, said additional Winding coil 
including additional coil sets; and 

a sWitch assernbly operatively connected to said ?rst, said 
second, and said third Winding coil groups and to said 
additional Winding coil so as to change current ?oW 
direction in selected ones of said coil sets to provide a 
4-pole con?guration in one connection in Which the 
additional Winding coil is energiZed, and a 6-pole 
con?guration in another connection in Which the addi 
tional Winding coil is not energiZed. 

18. The motor of claim 17 Wherein the 4-pole con?gu 
ration is reversible Wherein When operating in one direction 
the 4-pole con?guration has a main Winding including the 
?rst Winding coil group, the second Winding coil group and 
the additional Winding coil group and has an auXiliary 
Winding including the third Winding coil group; and Wherein 
When operating in the other direction the 4-pole con?gura 
tion has a main Winding including the third Winding coil 
group and has an auXiliary Winding including the ?rst 
Winding coil group, the second Winding coil group and the 
additional Winding coil group. 

19. The motor of claim 17 Wherein the additional Winding 
has a con?guration such that the effective turns of the 4-pole 
con?guration are substantially 1.5 of the effective turns of 
the 6-pole con?guration Whereby the air-gap ?uX density 
levels of the 4-pole con?guration and of the 6-pole con?gu 
ration are substantially the same. 

20. The motor of claim 19 Wherein the ?rst, second and 
third Winding coil groups and the additional Winding coil are 
con?gured, When energiZed in both the 4-pole con?guration 
and the 6-pole con?guration, to generate rnagnetic rnotive 
forces Which are syrnrnetrically distributed about an air-gap 
betWeen the rotor and the stator of the motor. 

21. The motor of claim 20 Wherein the 4-pole con?gu 
ration is reversible Wherein When operating in one direction 
the 4-pole con?guration has a main Winding including the 
?rst Winding coil group, the second Winding coil group and 
the additional Winding coil group and has an auXiliary 
Winding including the third Winding coil group; and Wherein 
When operating in the other direction the 4-pole con?gura 
tion has a main Winding including the third Winding coil 
group and has an auXiliary Winding including the ?rst 
Winding coil group, the second Winding coil group and the 
additional Winding coil group. 

22. The motor of claim 17 Wherein the ?rst, second and 
third Winding coil groups and the additional Winding coil are 
con?gured, When energiZed in both 4-pole con?guration and 
in the 6-pole con?guration, to generate rnagnetic rnotive 
forces Which are syrnrnetrically distributed about an air-gap 
betWeen the rotor and the stator of the motor. 
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23. The motor of claim 17 ?rst comprising a switch 
connected to the Winding coil groups and having a ?rst 
position and a second position Wherein When the sWitch is in 
the ?rst position the Winding coil groups are con?gured to 
rotate the motor in one direction When energiZed in both the 
4-pole con?guration and the 6-pole con?guration and 
Wherein When the sWitch is in the second position the 
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Winding coil groups are con?gured to rotate the motor in the 
other direction When energiZed in both the 4-pole con?gu 
ration and the 6-pole con?guration. 

24. The motor of claim 23 Wherein the sWitch assembly 
comprises a relay sWitch. 

* * * * * 


