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[57] ABSTRACT 
A stepper motor including a pair of annular stator plates 
each having a plurality of poles surrounding a central 
opening, the plates being ?xed to each other in back-to 
back relation, and a pair of annular stator cups each 
having a plurality of poles surrounding a central open 
ing and a peripheral side wall. The stator cups are ar 
ranged over opposite faces of the joined-together stator 
plates with the poles of each stator cup interleaved with 
the poles of its respective stator plate. The peripheral 
edges of the stator plates are separated from each other 
to de?ne a gap between them, and the free edges of the 
stator cup side walls are bent into the gap to mechani 
cally join each stator cup to its respective stator plate. 
Each stator plate carries positioning means, such as a 
radially-projecting tab, and each stator cup carries 
cooperabte positioning means, such as a notch in its side 
wall for snugly accommodating a tab, for insuring accu 
rate angular location of each stator cup with respect to 
the stator plates. 

7 Claims, 8 Drawing Figures 
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STEPPER MOTOR 

This invention relates to stepper motors of the type 
illustrated and described in US. Pat. Nos. Re. 28,705 
(particularly FIG. 6) and 3,633,055. 

In these motors, an annular inner stator member is 
enclosed within two annular outer stator members. The 
inner stator member has a plurality of poles surrounding 
the central opening, the poles projecting in opposite 
directions. Each outer stator member has a plurality of 
poles surrounding the central opening, the outer mem 
bers being arranged over opposite faces of the inner 
stator member with the poles of each outer member 
interleaved with those poles of the inner member which 
project toward that outer member. Two electrical coils, 
adjacent to the two sides of the inner stator member, 
surround the two sets of interleaved poles, and a single 
multipole permanent magnet rotor is located within 
both sets of interleaved poles. Each outer stator mem 
ber has a peripheral side wall, the two side walls to 
gether defining a peripheral enclosure for the motor. 

Stepper motors of this type are widely used in com 
puter peripheral equipment, such as printers and ?oppy 
disk drives, and also in word processing typewriters. 
Such equipment is being required to operate at increas 
ingly higher rates of speed, which calls for greater 
torque from the stepper motors. In addition, greater 
stepping accuracy of the motors is demanded, because 
of higher quality of work expected from this equipment. 
At the same time, there is pressure to reduce the cost of 
these motors. 
Motor torque increases with a reduction in the size of 

the air gap between the rotor and the annular arrange 
ment of poles within which it rotates. Stepping accu 
racy is dependent upon maintaining pole alignment, i.e., 
each pole should be equidistantly spaced from the two 
poles between which it is interleaved. Maintaining the 
accuracy of a small rotor/ poles air gap and maintaining 
pole alignment requires a rigid connection between the 
inner and outer stator members. 

It is an object of the present invention to provide a 
stepper motor wherein the inner and outer stator mem 
bers are rigidly interconnected in a simple, inexpensive, 
and thoroughly reliable manner. 

In some prior art stepper motors, such as the one 
shown in US. Pat. No. 3,633,055, the inner stator mem 
ber comprises two cup-shaped elements arranged back 
to-back, and the outer stator members are also cup 
shaped. The peripheral wall of each outer member ?ts 
telescopically over the peripheral wall of its respective 
inner member peripheral wall. Because it is difficult to 
manufacture the cups, which are metal elements pro 
duced by a drawing operation, so that they are perfectly 
circular, when the cups are telescoped together, there is 
often misalignment between the cups. Consequently, 
the air gap between the rotor and the poles is adversely 
affected, and it is dif?cult to obtain good stator teeth 
alignment. 

It is an object of the invention to overcome this prob 
lem by making the inner stator member of two plates 
arranged back-to-back, the plates having no peripheral 
walls which need to be telescoped with the peripheral 
walls of the outer stator cups. Another advantage of 
eliminating the inner member peripheral walls is that 
more room is created between the stator teeth and the 
outer stator member wall so that more turns of wire in 
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2 
the coils can be accommodated. The more turns of wire 
which are used, the greater the motor torque. 

In the prior art motors referred to above, the two 
outer cup-shaped stator members are joined at their free 
edges by epoxy. This is a time-consuming procedure, 
and use of epoxy adds to the cost of the motor. In addi 
tion, the bond is not entirely reliable, as a result of 
which the cups sometimes separate or become skewed 
in shipment, thereby causing reduction in torque and 
stepping accuracy. 

It is an object of the present invention to provide a 
stepper motor wherein the inner stator plates and outer 
stator cups are rigidly joined together in a mechanical 
way but without the use of independent fasteners. 

Additional objects of the invention will be apparent 
from the following description in which reference is 
made to the accompanying drawings. 

In the drawings: 
FIG. 1 is an elevational view of a stepper motor ac 

cording to the present invention; 
FIG. 2 is an axial cross-sectional view of the motor; 
FIG. 3 is a fragmentary view, on an enlarged scale, of 

a portion of FIG. 2; 
FIG. 4 is a view similar to FIG. 3 showing the step of 

joining the stator cups to the stator plates; 
FIG. 5 is a face view of a stator plate; 
FIG. 6 is a cross-sectional view of the stator plate 

taken along line 6-6 of FIG. 5; 
FIG. 7 is a face view of a stator cup; and 
FIG. 8 is a cross-sectional view of the stator cup, 

taken along line 8-8 of FIG. 7. 
The stepper motor chosen to illustrate the present 

invention includes two stator plates 10 and 11 (FIG. 2) 
and two stator cups 12 and 13 (FIGS. 1 and 2). Stator 
plates 10 and 11 are substantially identical, and hence 
only one of the plates, 10, is illustrated in FIGS. 5 and 
6. Similarly, stator cups 12 and 13 are substantially iden 
tical, and hence only one of the cups, 12, is illustrated in 
FIGS. 7 and 8. 

Stator plate 10 (FIGS. 5 and 6) is of annular shape, 
having a central opening 14. A plurality of tapered 
poles 15 surround opening 14, the poles being circum 
ferentially spaced apart. All the poles 15 project perpen 
dicularly in the same direction from the plane of plate 
10. The peripheral margin 16 of the plate is deformed 
out of the plane of the plate in the direction in which 
poles 15 project from the plate. A pair of positioning 
holes 17 are located in plate 10, and a positioning tab 18 
projects radially from the edge of the plate. 
With two exceptions, stator plate 11 is identical to 

plate 10, and the parts of plate 11 corresponding to 
those of plate 10 bear the same reference numerals, in 
FIGS. 1-4, employed above, followed by a prime. The 
two exceptions are that positioning holes 17 and posi 
tioning tab 18’ of plate 11 are angularly offset by one 
half a pole width with respect to holes 17 and tab 18 of 
plate 10. 

In order to form the inner stator member of the step 
per motor, stator plates 10 and 11 are placed back-to 
back with their respective positioning holes 17 and tabs 
18 and 18’ in axial alignment. The plates are perma 
nently ?xed together in this position, such as by welding 
or by a suitable adhesive. Due to the respective loca 
tions of positioning holes 17, the axis of each pole 15’ of 
plate 11 will be angularly spaced a distance equal to 
one-half a pole width from the axis of a pole 15 of plate 
10. Because of the offset margins 16 and 16’ of the 
plates, a continuous annular gap or groove 19 (FIG. 3) 
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is present around the circumference of the ?xed 
together plates 10 and 11. 

Stator cup 12 (FIGS. 7 and 8) is of annular shape, 
having a central opening 23 in its back wall 24. A plural 
ity of tapered poles 25 surround opening 23, the poles 
being circumferentially spaced apart. The number, size, 
and spacing of poles 25 is identical to the number, size, 
and spacing of poles 15 of plate 10. All the poles 25 
project perpendicularly in the same direction from the 
plane of back wall 24 of the cup. A peripheral side wall 
26 projects from back wall 24 in the direction in which 
poles 25 project from the back wall. The free edge 27 of 
side wall 26 is enlarged in diameter so that the internal 
diameter of free edge 27 is about equal to the external 
diameter of stator plate 10, whereby the peripheral edge 
16 of plate 10 ?ts snugly within edge 27 of cup 12 (see 
FIGS. 2 and 3). The enlarged edge 27 also de?nes an 
abutment in the form of an annular shoulder 29 within 
wall 26. A U-shaped positioning notch 28 (FIGS. 1, 7, 
and 8) is formed in side wall 27, the notch extending to 
the free edge of the side wall. The width of notch 28 is 
about equal to the width of positioning tab 18 of plate 
10, so that the tab ?ts snugly within the notch. 
With one exception, stator cup 13 is identical to cup 

12, and the parts of cup 13 corresponding to those of 
cup 12 bear the same reference numerals, in FIGS. 1-4, 
employed above, followed by a prime. The exception is 
that positioning notch 28' of cup 13 is angularly offset 
by one-half a pole width with respect to the notch 28 of 
cup 12. 

Prior to assembly of the stepper motor, a mounting 
plate 33 (FIGS. 1 and 2) is ?xed, such as by welding or 
by a suitable adhesive, to the outer face of back wall 24 
of stator cup 13, plate 33 having mounting holes 34. 
Mounting plate 33 has a central hole surrounded by a 
perpendicularly projecting annular flange 35. 
Assembly of the stepper motor begins with the ?xed 

together stator plates 10 and 11. A coil of electrical wire 
31 (FIG. 2), wound on a spool 32, is placed around poles 
15 of plate 10, and a similar coil 31' is placed around 
poles 15' of plate 11. Stator cup 12 is placed over stator 
plate 10 with the peripheral edge 16 of the plate snugly 
?tted within the free edge 27 of the cup side wall, and 
positioning tab 18 snugly ?tted within positioning notch 
28 (FIG. 1). Similarly, stator cup 13 is placed over 
stator plate 11 with the peripheral edge 16' of the plate 
snugly ?tted within the free edge 27' of the cup side 
wall, and positioning tab 18' snugly ?tted within posi 
tioning notch 28'. Cooperation of tabs 18, 18’ with 
notches 28, 28‘ insures accurate angular positioning of 
the stator cups with respect to the stator plates. Engage 
ment of peripheral edges 16, 16' of the plates with shoul 
ders 29, 29‘ of the cups insures accurate axial alignment 
of the stator cups with respect to the stator plates. In 
addition, notches 28 and 28' provide openings through 
which lead wires (not shown) can pass to supply elec 
tric current to the coils 31 and 31’, respectively. 
A tool 38 (FIG. 4), having a tapered end, is used to 

bend the free edges 27 and 27' into the gap 19 between 
the peripheral edges 16 and 16' of stator plates 10 and 
11. This is done at a number of circumferentially 
spaced-apart locations 39 (FIG. 1) along the edges 27, 
27‘ to stake these edges into the gap 19 and thereby 
permanently mechanically join each stator cup 12 and 
13 to its respective stator plate 10 and 11. Alternatively, 
the entire lengths of edges 27 and 27’ could be rolled 
into groove 19. 
A sleeve bearing 40 (FIG. 2) is fixed within ?ange 35. 

A rotor assembly is furnished comprising a tubular 
permanent magnet rotor 41 having a disk 42 ?xed to one 
of its ends, a shaft 43 extending from the center of the 
disk through rotor 41. The rotor assembly is inserted 
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4 
through openings 14 and 23 in the stator plates and 
stator cups while shaft 43 is inserted through bearing 40, 
the bearing being accommodated within a radial spac 
ing between shaft 43 and rotor 41. 
The invention has been shown and described in pre 

ferred form only, and by way of example, and many 
variations may be made in the invention which will still 
be comprised within its spirit. It is understood, there 
fore, that the invention is not limited to any speci?c 
form or embodiment except insofar as such limitations 
are included in the appended claims. 

I claim: 
1. A stepper motor comprising: 
a pair of annular stator plates each having a central 

opening and a plurality of poles surrounding the 
opening and projecting from one face of the plate, 
the stator plates being ?xed to each other in back 
to-back relation with their poles projecting in op 
posite directions, ‘ 

a pair of annular stator cups each comprising a back 
wall having a central opening, a‘peripheral side 
wall projecting from one face of the back wall, and 
a plurality of poles surrounding the opening and 
projecting from the same face of the back wall ‘as 
the side wall, ' 

the stator cups being arranged over opposite faces of 
the joined~together stator plates with the poles of 
each stator cup interleaved with the poles of its 
respective stator plate and the free edges of the 
stator cup side walls ?tted over , the peripheral 
edges of the stator plates, 

the peripheral edges of the stator plates being sepa 
rated from each other to de?ne a gap between 
them, and 

the free edges of the stator cup side walls being bent 
into the gap between the stator plate edges to me 
chanically join each stator cup to its respective 
stator plate. ' 

2. A stepper motor as de?ned in claim 1 wherein the 
peripheral edges the stator plates are separated, along 
substantially their entire length, so that the gap between 
the peripheral edges is a substantially continuous annu 
lar groove, and the free edges-of the stator cup side 
walls are bent into the groove at a plurality of locations 
around the circumference of the side walls. 

3. A stepper motor as de?ned in claim 1 wherein the 
peripheral edge of each stator plate is deformed out of 
the plane of the remainder of the plate, in the direction 
away from the other stator plate, so as to provide the 
separation between the plates. 

4. A stepper motor as de?ned in claim 1 including 
positioning means carried by each of the stator plates, 
and positioning means carried by each stator cup and 
cooperable with the positioning means of its respective 
stator plate for insuring accurate angular location of 
each stator cup with respect to the stator plates. 

5. A stepper motor as de?ned in claim 4 wherein the 
positioning means of each stator plate is a tab projecting 
radially from that plate, and the positioning means of 
each stator cup is a notch in the side wall of the cup 
which snugly accommodates the tab of its respective 
stator plate. 

6. A stepper motor as de?ned in claim 1 including 
abutment means carried by each stator cup cooperating 
with its respective stator plate for insuring accurate 
axial alignment of the plate and cup poles. 

7. A stepper motor as de?ned in claim 6 wherein the 
abutment means is an internal annular shoulder within 
the free edge of each cup against which the entire pe 
ripheral edge of its respective stator plate is seated. 

4F 4‘ 4! 4! ill‘ 
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