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[5 7] ABSTRACT 
An eddy-current motor for driving the drum or basket 
of a washing or dry cleaning machine, has a disc rotor 
coupled to the drum and a stator having a plurality of 
rod-shaped electromagnets whose windings are func 
tionally interconnected in groups, each group defining 
a different number of poles so that the drum may be 
rotated at different speeds. 

11 Claims, 8 Drawing Figures 
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DRIVE ARRANGEMENT FOR A WASHING OR 
DRY CLEANING MACHINE , 

BACKGROUND OF THE INVENTION 
a. Fieldof the Invention ' 

This inventionv relates to automatic washing and dry 
cleaning machines. More particularly, this invention 
relates to an improved eddy-current drive arrangement 
for such machines. ’ 

b..Discussion of the Prior Art 
Known automatic washing and dry cleaning ma 

chines typically include'a rotatably mounted drum or 
basket in which the clothes to be cleaned are placed 
during operationof the machine. 
Means are provided to rotate the basket during the 

cleaning and drying cycles and such means may com 
prise an ac. motor or, as disclosed in U.S. Pat. No. 
3,194,032 which issued July 13, 19.65 to .l. W. Von 
Brimer, an eddy-current linear actuator motor may be 
used. As disclosed in theVon Brimer patent, the eddy-_ 
current motor comprises a disc-shaped rotor mounted 
to the. basket for simultaneous rotation therewith. More 
speci?cally the rotor comprises an induction disc of 
non-magnetic, electrically conductive material in inti 
mate contact with a yoke disc of ferromagnetic mate 
rial. A stator having a plurality of poles each compris- ’ 

. ing» a plurality of electro-magnetic windings, is posi 
tioned adjacent the rotor in such a position as to induce 
eddy-currents in the rotor. The windings are arranged 
in groups and means are provided to vary the number 
of poles in each group. Thus, when the groups of wind 
ings are supplied with alternating current of differing 
phases the stator ‘generates pulsating, phase-shifted 
magnetic ?elds offset circumferentially relative to the 
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rotor. The superposition of the pulsating magnetic 1 
fields results in a rotating, travelling ?eld which causes ‘ 
the rotor to turn, by induction. 
The speed at which the rotor rotates depends upon 

the speed of the travelling magnetic field which, in 
turn, depends on the number of poles per group of 
windings about the circumference of the rotor. By vary 
ing thenumber of poles in each group of windings the 
rotation speed of the rotor may be changed. This is par 
ticularly important in washing and dry-cleaning ma 
chines which require a relatively low speed for washing 
and a higher speed for spinning and drying. 
To provide this speed changing'capability the stator 

of machines such as disclosed in U.S. Pat. No. 
3,194,032 is provided with a plurality of laminations 
having notches into which the conductors of the wind 
ing groups are placed. This'technique, well known in 
the electric'motor industry, permits the rated current 
to ?ow in each winding group when the stator is rotat 
ing at the rated speed. The rated current is, of course, 
substantially smaller than the current which ?ows when 
the rotor is held stationary. ' ' 

This property, which is desirable in conventional 
electric motors, is undesirable in eddy current motors 
used in washing and dry cleaning machines. Because of 
the complex, and therefore expensive,ishapeof the sta 
tor laminations, the stator must be dimensioned spar 
ingly for its current carrying ability. 
Further, in order'to add‘to the flux circulation the 

conductors of the several groups of windings must be 
placed in the notches of the laminations in such a man 
ner that conductors placedin the same notch must all 
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conduct current in the same direction. Thus, the cir 
cuitry required to establish the several groups of wind 
ings becomes exceedingly complex and expensive. This 
is particularly true if the windings are to be arranged so 
that the number of poles in each group may be selec 
tively altered. 
Conventional machines of this type are driven by an 

electric motor which is a compact and independently 
operated unit, typically mounted on a stand and having 
a rotor shaft journaled therein. In order to reduce the 
initial cost of such a washing or dry cleaning machine 
it is customary to select the smallest possible motor 
which will do the job, because the cost of the motor is 
a signi?cant factor in the overall machine cost. The 
load on the motor depends largely on the weight and 
distribution of the clothes in the basket. Centrifugal 
forces exerted on the basket cause substantial addi 
tional loads on the motor, particularly during accelera 
tion and deceleration thereof. Peak motor loads may 
thus occur which are several orders of magnitude larger 
than the rated load. Conventional washing and dry 
cleaning machines are therefore equipped with exten 
sive over-load protection devices. 
With eddy current motors, however, because the 

rated current is substantially smaller than the current 
which flows with a stationary basket, particularly com 
plicated measures are required to prevent overload of 
the stator during start-up. Also, it is impossible to pro 
vide electromagnetic braking of the drum, for example 
by interchanging the phases of two groups of windings, 
and if the speed of rotation of the drum is to be 
changed a complex control arrangement is needed. 

SUMMARY OF THE INVENTION ' 

These and other problems are solved by the instant 
invention whose basic object is to simplify the above 
described basket drive arrangement and to render the 
drive insensitive to overloads. ' 

In a ?rst embodiment of the invention this object is 
attained by making the pole windings rod magnets each 
comprising an electromagnetic winding wound on a 
soft iron core. The iron cores have ?rst pole ends posi~ 
tioned proximate the induction disc and second pole 
ends abuttingly engaging a soft iron yoke. The iron 

, cores which comprise the groups of windings of differ 
ing pole numbers are radially spaced at different dis- 7 
tances from the axis of rotation of the rotor. 

It will be appreciated that not only is it easier to wind 
a rod magnet than a gapped core magnet but, because 
of a rod magnet’s simpler structure, it is more readily 
overdimensioned than a conventional slotted magnet. 
The soft iron cores can, therefore, be positioned in 
front of the rotor with optimum utilization of the given 
shape of the washerbasket, without concern for any in 
crease in the rated current. The invention thus provides 
a basket drive which requires little-space and which 
does not substantially exceed the space required for the 
basket itself. Further, the rod magnet windings may be 
safely operated at current levels which approach the 
stationary rotor current experienced during start up. 
Thus, the speed control circuiting for the basket is con 
siderably simpli?ed. . a 

The energizing current may be switched on or off at 
any rotary speed between zero and rated speed without 
any special safety precautions for avoiding overloads in 
the stator windings. Because of the high moment of in 
ertia of the basket, it is suf?cient to provide two limit 
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ing values of rotary speed and to monitor these speeds, 
for example, by a tachometer-generator mechanically 
switching the energizing current on and off when these 
limiting values are passed. It is thus unnecessary to pro 
vide speed control by means of thyristors or the like, 
which are expensive at the relatively high current levels 
involved. The basket drive of this invention is, there 
fore, particularly suited for washing and dry cleaning 
machines which require rotary speed ranges to be 
maintained during the washing cycle as well as the spin 
ning cycle. The direction of rotation may be changed, 
if desired, for example, by interchanging the phases of 
the two groups of windings to reverse the direction of 
the rotating travelling ?eld. Because the rated current 
and the current with a stalled basket are of the same 
order of magnitude, the basket drive according to the 
invention may be used to brake the rotating basket. 
The mechanical brakes heretofore employed with such 
machines may therefore be omitted. Because the size 
limitations imposed on eddy-current motors of the type 
disclosed in US. Pat. No. 3,194,032 are not present in 
the instant invention, cooling the rotorpresents no spe 
cial problem. ~ 

Although the torque produced by a rod magnet 
motor according to this invention decreases with de 
creased spacing of the soft iron cores from the rotor 
axis, an embodiment has been found advantageous in 
which, if the number of poles in each group of windings 
is different, the group having the smallest number of 
poles is positioned closest to the axis of rotation. How 
ever, when it is desired to attain thev greatest possible 
torque for a given size basket drive, for example where 
a particularly high spinning speed is required, another 
embodiment of the invention includes a rotor having 
two induction discs on either side of a common yoke 
disc. As in the previous embodiment, the pole magnets 
are rod magnets wound on soft iron cores, and the 
cores associated with one group of windings comprising 
a ?rst number of poles are on one side of the rotor 
while the other group of windings comprising a second 
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number of poles are on the other side of the rotor. The ' 
first pole ends of the cores are positioned proximate 
their respective induction discs whilethe- second pole 
ends engage a soft iron yoke. Preferably, the soft'iron 
cores on both sides of the rotor are equidistant from the 
axis of rotation. . 

In another embodiment ofthe invention, the soft iron 
cores are positioned at equal distances from adjacent 
cores associated with the same group of windings. Pref 
erably, the cores are also positioned at equal distances 
from adjacent iron cores associated with groups of 
windings of equal numbers of poles. This embodiment 
is distinguished by a greatly improved freedom from vi 
bration of the rotor, particularly when the cores are cir 
cumferentially distributed about the rotor. 
When the cores are located relatively far from the 

axis of rotation, it is mechanically advantageous to 
make the induction disc, yoke disc and/or the soft iron 
yoke similar in shape and to give them a radial width 
substantially equal to the radial dimensions of the pole 
ends of the soft iron cores. 

In order to reduce iron losses it is advantageous to 
make the yoke disc. soft iron yoke and/or the soft iron 
cores laminar, conventional transformer laminations 
being suitable. When the yoke disc and/or the soft iron 
yoke are annular, they may be formed by winding a rib 
bon of transformer lamination. 
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4 
The shape of the fundamental magnetic wave may be 

improved by providing the pole ends of the iron cores 
which are adjacent the induction disc with pole pieces 
which reduce the air gap between pole ends of adjacent 
iron cores, in the direction of the rotor circumference. 
This expedient improves the torque and such pole 
pieces have an approximately trapezoidal cross-section 
parallel to the induction disc. The windings of the rod 
magnets in a given group may be connected in series or 
in parallel, but a series connection is preferred. 

In a particularly advantageous embodiment of the in 
vention, two rod windings of one group are separated 
from each other by a rod winding from each of the 
other groups. In this arrangement all rod windings will 
contribute to the total ?ux, and the flux of one winding 
will not cancel that of another. 

In order to prevent sealing problems with respect to 
any fluid which may be present in the drum, it is pre 
ferred to construct the machine in such a manner that 
the eddy-current rotor is mounted within the machine 
housing. This is entirely possible with the instant inven 
tion because the rotor requires little space and thus, 
does not signi?cantly increase the volume of the hous 
ing. Keeping the housing volume low is important, par 
ticularly, in dry cleaning machines, because of the un 
avoidable loss of solvent vapor which occurs each time 
the housing is opened, such losses being directly por 
portional to the housing volume. 
Although dry cleaning solvents are corrosive, the 

electromagnets need not be encapsulated if the mag 
nets are positioned at least partly, outside of the ma 
chine housing. When the electromagnets are provided 
with pole pieces which pass through the housing and 
form a portion of the housing wall, the pole pieces may 
be positioned close to the rotor, thereby enhancing the 
induction effect. 
The invention and its mode of operation will now be 

described with reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a simplified, cross-sectional view of an illus 
trative basket-drive according to the invention, to 
gether with other elements of a washing or drycleaning 
machine; , 

FIG. 2 is another view of the apparatus shown in FIG. 
1 taken in section on line II——II; 
FIGS. ‘3a and 3b are circuit diagrams of groups of 

motor windings in the basket drive of FIG. 1; 
FIG. 4 is a cross-sectional view of another embodi 

ment of the invention; 
FIG. 5 is a plan view of a 

pieces in FIG. 4; 
FIG. 6 is a cross-sectional view of an additional em 

bodiment of the invention; and 
FIG. 7 is a cross-sectional view of yet another em 

bodiment of the invention, taken through its axis of ro 
tation. 

DETAILED DESCRIPTION OF THE INVENTION 
FIG. 1 shows a washing or drycleaning machine 1 

having a housing 2 provided with an access door 3 and 
enclosing a drum or basket 5 for the goods to be 
washed or drycleaned. The basket is rotatably sup 
ported in a bearing 7 and is connected with an eddy 
current rotor disc 11 of the basket drive motor by a 
horizontal shaft 9, the disc 11 also being rotatably sup 
ported by the bearing 7. A stator 13 carrying a plurality 

portion of the stator pole 
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of magnetic windings is located proximate the rotor 11 
in such a position asto induce an electromagnetic ?eld 
in the rotor. 
The stator 13 is equipped with a plurality of rod mag 

net windings 17 each of which is wound about a soft 
iron core 15 releasably fastened to a carrier 19 by a 
non-magnetic bolt, not illustrated, but common to the 
several illustrated embodiments of the invention. When 
the rod magnet windings, which are spaced from each 
other about the circumference of the rotor 11, are sup 
plied with alternating currents offset in phase, the 
windings l7 produce magnetic ?elds which are also off 
set in phase relative to each other, which, when super 
imposed on each other, produce an angularly travelling 
?eld. Because of the eddy current induced in an induc 
tion disc 21 associated with the rotor 11, which is posi 
tioned in front of the windings 17, rotor 11 will turn. 
The magnetic circuit in each core 15 is closed at one 

end through a soft iron yoke disc 23 in the rotor 11, and 
at the other end through an'annular, soft iron yoke 25. 
In the ?rst embodiment, the cores, as well as the soft 
iron yokes, are comprised of stacked laminations. Ad 
vantageously, the‘soft iron yokes 25 may be formed 
from annularly wound strips of transformer lamination 
material. ‘ 

' Some of the magnet windings 17 and cores 15 are 
omitted from FIG. 1 for the sake of clarity, but FIG. 2 
gives a complete view of the stator 13 in section along 
the line-II ‘— II in FIG. 1. 
As shown, the stator 13 is comprised of two separate 

annular portions 27,29. The speed of rotation of the 
basket during spinning ‘and during washing is deter 
mined by the number of poles in the stator portions 
27,29 respectively. In the ‘embodiment illustrated in 
FIG. 2, the ?rst stator portion 27 has four poles, and 
the second portion 29 has eight poles.,While an ade 
quately high spinning speed is generallyreached with 
four poles on the stator'portion 27, rotary speeds low 
enough for washing are preferably produced‘ by more 
than eight poles, the number shown in the drawing 
being eight for the convenience of pictorial representa 
tion only. The cores-l5 and the corresponding core 
windings 17 on eachstator portion 27,29 are equally 
spaced from each other and are equally spaced from 
the axis of ‘rotation. g ' - 

FIG. 3a illustrates the series connection of the wind 
ings 17 on the eight~pole, second stator portion 29 
which are arranged‘ in groups 31. Three groups 31 are 
provided to supply the second stator portion 29 with 
three-phase AC. Four windings l7, uniformly distrib 
uted about the circumference of the rotor 11, are seri 
ally connected in each group 31. Respective windings 
17 of the two other groups are circumferentially inter 

- posed between each pair of adjacent windings 17 in one 
group 31, in uniform sequence. The groups 31 have re 
spective terminal connections U,V,W and X,Y,Z by 
means of which the groups may be connected to a suit 
able three-phase supply system in either a Y or delta 
connection. FIG. 3b shows the circuit diagram for the 
four-pole, ?rst stator portion 27 and is analogous to the 
circuit shown in FIG. 3a._FIG. 3b differs from FIG. 3a 
essentially in having only two windings 17 serially con 
nected in each group 33. 
FIG. 4 shows another embodiment of the invention, 

analogous elements being provided with the same ref 
erence numbers as in the figures described above, aug 
mented by 100. As shown, the rotor- 111 comprises a 
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circular ring and is connected to the shaft 109 for rota 
tion by a hub 135 which‘is made vfrom a minimum of 
material to avoid imbalance. First and second stator 
portions 127, and 129 respectively are positioned on 
either side of the rotor 111, and each has a different 
number of poles. The magnetic flux generated by the 
rod windings 117 in the cores 115, and in the annular 
yokes 125 is closed in ‘a circuit including the annular 
yoke disc 123. In this embodiment, a pair of induction 
discs 121 are mounted on either side of the yoke disc 
123. 
FIG. 5 illustrates another arrangement for the pole 

ends of the cores 15 which are adjacent to the induc 
tion disc 23. The pole ends are equipped with generally 
trapezoidal-shaped pole pieces 200 to improve the 
torque produced by the motor. The pole pieces 200 
provide an airgap of uniform width a between adjacent 
soft iron cores 15, the air gap a being greater than the 
spacing of the polepieces 200 from the induction disc. 

FIG. 6 shows another drive according to the inven 
tion in a washing or drycleaning machine. The refer 
ence numerals of elements analogous to elements in 
FIG. 1 are augmented by 200. A basket 205 is fastened 
in overhung relationship on a shaft 209 journaled in a 
bearing 207 in a wall of the machine housing opposite 
the access door 203, the shaft 209 being rotatably 
sealed in the machine housing 202. An induction disc 
221 is fastened on a hub 214 so that its two opposite 
rotor surfaces arefreely accessible. The disc 221 is 
caused to rotate by releasably mounted electromagnets 
218 arranged in front of the disc and drives the basket 
205 by means of a speed~changing transmission 238 
which connects the hub 214 to the shaft 209. The elec 
tromagnets 218 have soft iron cores 215 which are pro 
vided with windings 217' and pole pieces 216 on each 
of the two terminal poles which are opposite a radial 
face’ of the disc 221. The windings 217 are supplied 
with AC having an offset phase relationship. The cores 
215 of the windings 217, which may be combined into 
groups each having a different number of poles, may be 
circumferentially offset, relative‘to one other, in uni 
form sequence with respect to the disc 221. However, 
an arrangement including features of the apparatus 

_ shown in FIGS. land 2 is also possible in which the sec 
ond stator portion 29, for example, is positioned in‘ 
front of the disc 221, in addition to the electromagnets 
218. Depending on the number of poles in each group 
of windings, the transmission 238 may be a speed 
reducing or speed-increasing transmission._ The trans 
mission 238 may be a belt transmission or a gear trans 
mission, or it may be constituted by planetary gearing 
installed directly in the disc 221. 
Elements shown in FIG. 7 corresponding to analo 

gous elements in FIG. 1 are provided with the same ref 
erence numerals augmented by 300. FIG. 7 shows a 
washing or drycleaning machine whose basket or drum 
305 is guided and supported in a housing 302 by means 
of a plurality of guide rollers 308. The rollers permit ro 
tary movement, but axially secure the basket 305. A 
group of rod-shaped electromagnets 318 is mounted on 
a wall 340 of the machine housing 302, opposite the ac 
cess door 303. The magnets pass through the wall 340 
and consist of soft iron cores 315 enveloped by wind 
ings 317. The ends of the magnets 318 remote from the 
housing 302 are in‘ contact with a common yoke plate 
319 of ferromagnetic material, such as soft iron. The 



7 
pole ends of the cores 315 in the housing 302 face an 
induction disc 321 fastened to a radial wall 346 of the 
basket 305, a soft iron disc 323 being axially interposed 
between the disc 321 and the wall 346. The cores 315 
jointly with the plate 319 and the disc 323 constitute a 
closed path for magnetic ?ux, the flux intersecting the 
induction disc 321 which may consist of copper, alumi 
num or any other electrically conductive, non 
magnetic material. , 

The drive arrangements described above are particu 
larly suitable for washing and drycleaning machines of 
a size adequate for industrial application although with 
suitable modi?cations they may also be used in domes- _ 
tic machines. The ?rst stator portion of such a machine 
will typically have four poles, and thereby permit a 
spinning rate of from 300 to 800 RPM when exited by 
AC current of SOHZ. The second stator portion will 
typically have 30 poles and thus permit a rotary wash 
ing speed of from 5 to- 60 RPM. The necessary energiz 
ing current for such machines is of the order of 50 to 
300 amps. 
As previously discussed, it is possible to make either 

the induction disc or the yoke disc, or preferably both, 
annular in shape. The radius of each annulus preferably 
is the same as the radius of the basket. When the induc 
tion and yoke discs are annular, then the stator should 
also be annular. The radial width of the rotor need be 
no larger than the radial dimension of the pole-ends of 
the stator cores. ’ 

Also, the rotor need not necessarily be a separate ele 
ment from the disc or drum. It is perfectly feasible to 
use a portion of the drum itself as the rotor, either by 
fabricating the entire drum from some suitable electri 
cally conductive material or by fastening a suitable 
member directly to the drum. One skilled in the art may 
make various changes to the elements and layout of 
parts shown, without departing from the spirit and 
scope of the invention. 
What l claim is: . _ 

1. Cleaning apparatus comprising a housing, a drum 
member mounted in said housing, and drive means for 
rotating said drum member, the drive means including: 

a. an eddy current rotor disc mounted on said hous 
ing for rotation about an axis and including an in 
duction disc of electrically conductive, non 
magnetic material, and a yoke disc 'of ferro 
magnetic material in intimate contact with said in 
duction disc; ' 

b. a multi-pole stator mounted proximate said rotor 
disc in a position to induce eddy currents in said in 
duction disc, _ 

l‘. said stator including a plurality of rod-shaped 
electromagnets and at least one soft-iron yoke, 

2. each electromagnet including a soft-iron core 
and an electromagnetic winding thereabout, 

3. said windings being arranged in a plurality of 
conductively connected groups constituting re 
spective pluralities of poles when said windings 
are energized, 

4. the number of poles constituted by a ?rst one of 
said groups being different from the number of 
poles constituted by a second group, 

5. each soft-iron core having a ?rst pole end facing 
said induction disc and a second pole end in 
abutting engagement with said soft iron yoke, 
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6. the electromagnets associated with said ?rst 
group being radially spaced from said axis a ?rst 
distance, and the electromagnets associated with 
said second group being radially spaced from 
said axis a second distance different from said 
?rst distance; and 

c. connecting means drivingly connecting said rotor 
disc to said drum member. 

2. Apparatus as set forth in claim 1, wherein the num 
ber of poles constituted by said ?rst group is smaller 
than the number of polesconstituted by said second 
group, and said ?rst distance is smaller than said sec 
ond distance. 

3. Apparatus as set forth in claim 1, wherein said 
rotor disc and said stator are each annular and have re 
spective radial widths substantially equal to the radial 
dimension of said ?rst pole ends. 
4. Apparatus as set forth in claim 1, wherein said con 

necting means connect said rotor 'disc to said drum 
member for simultaneous rotation about said axis. 

'5. Apparatus as set forth in claim 1, wherein said pole 
ends have a cross section in a radial plane or generally 
traguezoidal shape. - _ 

. Cleaning apparatus comprising a housing, a drum 
member mounted in said housing, and drive means for 
rotating said drum member, the drive means including: 

a. an eddy current rotor disc mounted on said hous 
ing for rotation about an axis, said rotor disc in 
cluding a ferromagnetic yoke disc having two op 
positely directed, radial faces, and ?rst and second 
electrically conducting, non-magnetic induction 
discs in intimate contact with said faces respec 
tively; 

b. ?rst and second multi-pole stators on respective 
axial sides of said rotor disc, said stators being 
mounted proximate said ?rst and second induction 
discs respectively for inducing eddy currents in the 
associated proximate discs, 

_ 1. each stator including a soft iron yoke and a plu 
rality of rod-shaped electromagnets, each elec 
tromagnet including a soft-iron core and an elec 
tromagnetic winding thereabout, 

2. the windings of the electromagnets of each stator 
being conductively connected in at least one 
group and constituting a plurality of poles, 

3. the number of poles in the group of windings of 
said ?rst stator being different from the number 
of poles in the group of windings of said second 
stator, 

4. each of said soft-iron cores having a ?rst pole 
end facing the associated induction disc and said 
soft-iron yoke; and 

c. connecting means drivingly connecting said rotor 
disc to said drum member. 

7. Apparatus as set forth in claim 6, wherein the soft 
iron core of said ?rst and second stators are radially 

‘ equidistant from. said axis. 

55 

65 

8. Apparatus as set forth in claim 6, wherein said 
rotor disc and said stators are each annular, having re 
spective radial widths substantially equal to the radial 
dimension of said ?rst pole ends. 

9. Apparatus as set forth in claim 1, wherein the 
cores associated with the windings of each group are 
equian ularly spaced about said axis. 

10. pparatus as set forth in claim 9, wherein each 
winding of one grou is separated from each angularly 
adjacent winding 0 said one group by at least one 
winding of each of the other groups. 

11. Apparatus as set forth in claim 1, wherein said 
stator further includes a support and fastening means 
releasably fastening each of said electromagnets to said 
support. 

a * * * a: 


