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STEPPER MOTOR HAVING A STATOR
BIASING MAGNET
Arthur W. Haydon, Huntington, Edward Herbert III,
Farmington, and William D. Riggs, Woedbury, Conn.,
assignors to Tri-tech, Inc., a corporation of Connecticut
Confinuation of application Ser. No. 394,669, Sept. 8,
1964, This application Oct. 14, 1966, Ser. No. 595,286
8 Claims. (Cl, 310—49)

ABSTRACT OF THE DISCLOSURE

A pulsed or stepper motor with a pair of salient stator
poles, a permanent-magnet cylindrical rotor, and a stator
biasing magnet arranged in either series or parallel mag-
netic circuit relationship with the stator flux for produc-
ing a rotor advance of 360 electrical degrees for each
electrical pulse applied to the stator field coil, together
with shading coils and a non-uniform rotor-stator air-
gap spacing for imparting a self-starting and unidirection-
al characteristic to the motor.

Cross;reference to related application

This application is a continuation of our copending
application, Ser. No. 394,669, filed Sept. 8, 1964, now
abandoned for Electric Rotating Machine.

Backgrcund of the invention

The present invention relates to an electric rotating
machine of novel and versatile design which, in various
embodiments and modifications, may be operated in any
of several types of modes.

A principal embodiment of the invention relates to
a type of pulsed or stepper motor which requires only
two input lead wires for operation and rotates a full 360°
cycle upon the application of but a single pulse. In oth-
er important embodiments the rotating machine of the
present invention may be operated as a “brushless” DC
motor energized from a source of DC potential through
an inverter circuit-or as a self-communicating DC motor
activated by unipolar pulses of electric potential. All of
the disclosed motor embodiments possess certain con-
structional features and advantages which are novel and
unique to electric rotating machines of these general
types, and each embodiment exhibits markedly improved
perfo:mance and operating characteristics when com-
pared to conventional machine designs heretofore known
to the art.

Summary of the invention

The stepper motor embodiment of the present inven-
tion is a two terminal electric device incorporating but
a single field coil, and a full 360° rotation of the rotor
member is accomplished upon the application of each
electrical pulse. To achieve this result, a permanent mag-
net element is substituted for one of the two field coils
heretofore required in many conventional stepper motor
designs. This permanent magnet element provides a bias
field of magnetic flux which passes through the rotor
member at all times in a predetermined direction. How-
ever, upon ene-gization of the single field coil, a second
magnetic flux is then produced which flows through the
rotor member in a direction directly opposite that of the
bias flux.

In certain good embodiments, the flux paths for the
field coil and the permanent magnet, while passing
through the rotor member in opposite directions, are in
parallel with each other throughout the remainder of the
magnetic circuit of the motor, thereby minimizing the
demagnetizing effect produced by the portion of the flux
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field from the coil which is applied across the bias mag-
net. In other arrangements, the Tespective flux paths are
arranged in series to further simplify the motor con-
struction,

The amplitude of the flux produced by the field coil -
is sufficiently large to momentarily cancel out the bias
flux and produce a net magnetic field in the opposite di-
rection through the rotor member, This reversal in di-
rection of the composite stator flux passing through the
rotor causes the magnetized rotor member to rotate 180
electrical degrees. In cases in which the rotor is divided
into but two zones of opposite magnetic polarity (i.e., a
two pole rotor), the rotor revolves 180 mechanical de-
grees, as well as 180 electrical degrees, when the ener-
gizing pulse is applied to the stator field coil.

Upon the de-energization of the field coil at the ter-
mination of the applied pulse, flux flowing through the
rotor reverts to that provided by the bias magnet alone.
Because the flow of the bias flux through the rotor is
oppositely directed from that produced by the field coil,
a second reversal in the stator flux occurs, and the rotor
now revolves an additional 180 electrical degrees. (When
the motor is provided with a unidirectional starting char-
acteristic according to the means described below, all
rotor rotational advances are in the same direction and
are thus additive.) For a two-pole rotor, this second
advance, due to the flux reversal occurring upon the ter-
mination of the energizing pulse, completes a full cycle
of revolution and returns the rotor to the position it oc-
cupied just prior to the application of the energizing pulse.
In other words, the rotor member turns 180° when the
energizing current is applied to the stator field coil and
a further 180° when the current is removed.

The rotor thus rotates a full 360 electrical degrees
upon the application of each pulse. All the pulses are
applied to a single field coil of the motor and are of the
same polarity, thus there is no need for the external
switching or logic circuitry used with conventional stepper
motors to alternate the application of the pulses between
each of two or more separately-wound field coils in order
to reverse the flux polarity in the motor and obtain a
360° rotation of the rotor. Moreover, the inclusion of a
biasing magnet in the motor structure in lieu of a sec-
ond field coil greatly improves the efficiency of the motor,
especially in applications where the pulse repetition rate
is relatively low, since no energy is required from the
power source to maintain flux flow through the rotor
between pulses.

Another advantageous feature provided by the in-
clusion of a magnetic biasing field through the rotor and

. stator structure is the quick stopping action which is
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produced, upon the removal of electrical energization
from the field coil, due to the combined effects of both
electrodynamic braking and the novel locking action pro-
vided by the interaction of the flux of the biasing magnet
with that of the rotor.

Stepper motors constructed in accordance with the
teachings of the present invention may be readily adapted
for “brushless” or self-commutating DC operation with
but minor modification. For such operation the source
of DC potential is converted either into an alternating
waveform or into a series of unipolar pulses before its
application to the field coil of the motor. This conver-
sion can be readily accomplished by any of a variety of
suitable electronic, electromechanical or other means
which would periodically invert or interrupt the DC en-
ergizing current applied to the stator field coil of the
motor. In several advantageous arrangements, DC opera-
tion of these motor embodiments at a substantially con-
stant speed may be achieved through the use of a syn-
chronized pulse source, such as a tuning fork, crystal oscil-
lator, etc. .

Copy provided by USPTO from the CSIR Image Database on 09-24-2001°



3,370,189

3

1t is therefore a principal object of the present inven-
tion to provide an electrical rotating machine which has
certain important innovations and improvements in stator
structure design and which is suitable for a wide variety
of advantageous applications, including stepper and
“brushless” DC motor operation.

It is another object of the present invention to pro-
vide an improved two-wire stepper motor requiring no
external logic switching circuitry for operation and cap-
able of rotating a full 360° upon the application of a
single pulse.

And it is yet another object of the present invention to
provide a new and improved stator structure design for
use in certain types of electric rotating machines.

The foregoing and other objectives, features, and ad-
vantages of the invention will be more readily understood
upon consideration of the following detailed description
of the invention, taken in conjunction with the accom-
panying drawings.

Brief description of the drawing

. FIG.1 is a front view, partially fragmentary, of a first
illustrative embodiment of the present invention showing
an electric rotating machine suitable for use as either a
two-wire stepper or “brushless” DC motor.

FIG. 1a is an enlarged view of a portion of FIG. 1,

FIG. 2 is a side sectional view, taken along the line
2—2 of FIG. 1, showing details of the machine’s rotor
assembly,

FIG. 3 is a front view, partially fragmentary, of a sec-
ond illustrative embodiment of the present invention,

FIG. 4 is a side sectional view taken along the line
4—4 of FIG. 3,

FIG. 5 is a front view of a third illustrative embodi-
ment of the present invention,

FIG. 6 is a sectional top view taken along the line
6—6 of FIG. 5,

FIG. 7 is a front view of a fourth illustrative embodi-
ment of the present invention,

FIG. 7a is an enlarged view of a portion of FIG. 7,

FIG. 8 is a side sectional view taken along the line
8—8 of FIG. 7,

FIG. 9 is a front view of a fifth illustrative embodi-
ment of the present invention.

FIG. 10 is a top sectional view taken along the line
16—10 of FIG. 9.

Description of the preferred embodiment

Referring now to the figures, FIGS. 1, 1a, and 2 show
an illustrative embodiment of the invention suitable for
use as either a two-wire stepper or “brushless” DC motor.
In this form, the motor comprises a generally C-shaped
stator frame formed of two members 30a, 3¢5 which are
made from laminated stampings of suitable metallic ma-
terial, for example, low carbon or mild silicon steel. The
laminations are secured together in the conventional man-
ner by suitable fastening means such as eyelet rivets. En-
circling the central portion of the stator frame is a bob-
bin 42 on which is wound a two-terminal field coil 40
for energization from a source of electric potential as
will be hereinafter explained.

The left-hand stator frame member 305 terminates at
the distal end from the field coil 40 in a pole 3% which is
bifurcated into two branches 324 and 32b. Similarly, the
right-hand stator frame member 30« terminates in a pole
33 split into branches 34a and 34b. Centered inside the
generally circular arc described by the contigious faces
of the poles 31 and 33 is the rotor assembly 28 which is
rotatably supported by a shaft 22 carried on bearings 26
contained within a rotor housing 24 of brass or other
suitable nonferrous material.

In a preferred embodiment the rotor assembly com-
prises a relatively slender cylinder of magnetized material
possessing a high B-H energy product, i.e., high residual
flux and high coercivity, as well as other good magnetic
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characteristics. High coercivity is an especially desirable
property for a permanent magnet material for use in the
rotor assembly of the present design in view of the alter-
nating magnetic field and other de-magnetizing influences
to which the rotor magnet is exposed both in operation
and at rest, Since the magnitude of the rotor flux has an
important effect on the resulting torque output of the
motor, it is desirable that the magnet material selected
for the rotor also possess high residual induction.

One new type of magnet material which meets the
above requirements for a rotor magnet material is a com-
position of 77% platinum and 23% cobalt by weight
which is manufactured by The Hamilton Watch Co. of
Lancaster, Pa. and the Arnold Engineering Co. of
Marengo, Ill. Typical magnetic characteristics of this new
magnet material are tabulated below:

Residual induction, Br: 6400 gauss.

Coercive force, He: 4300 oersteds.

Maximum energy product, Bd-Hd:
oersteds.

9.0 106 gauss-

As the energy product of this new platinum-cobalt ma-
terial is from three to nine times greater than those of
conventional rotor magnet materials, the rotor flux in the
stator-rotor air gap, and hence the torque of the motor,
are increased proportionally when a rotor of this material
is substituted.

Another magnet material which we have found to be
especially advantageous is a straight-line oriented barium
ferrite material having an energy product on the order of
3.0 X 108 gauss-oersteds along the axis of orientation, This
anisotropic ferrite material, which is marketed by Indiana
General Corp., Valparaiso, Ind., under the trademark
“Indox VI,” and by Stackpole Carbon Co. of St. Marys,
Pa., under the trademark “Ceramagnet O,” may be readi-
ly adapted for use in the two-pole rotor assemblies of the
present motors by making the axis of magnetic orienta-
tion coincident with a diameter of the cylindrical rotor.

As indicated schematically in FIGS. 1 and 1la, a pair
of opposite-polarity magnetic poles are induced in the
rotor magnet material. The shape of the two pole regions
is such as to divide the rotor 20 into two semi-cylindrical
magnetized sections extending the length of the rotor.
When the rotor magnet is comprised of a magnetic ma-
terial of high coercivity, the two regions of opposite mag-
netic polarity may be placed very close to each other with-
out deleterious effect, and therefore each pole may extend
over a relatively wide arc (substantially 180°) of the:
rotor periphery.

In order to obtain a unidirectional starting characteris-
tic, this exemplary motor embodiment is provided with
a pair of shading rings 364, 36b. Each of the shading
rings encircles one of the two branches of its respective:
bifurcated stator poles 31, 33. Thus, shading ring 36a
encompasses the lower branch 324 of the left-hand pole:
31, and shading ring 365 embraces the upper branch 344
of the right-hand pole 33.

This arrangement, wherein the pole branches which:
are shaded are diametrically opposed -across the rotor
member 20, serves to shift the direction of the stator flux
passing though the rotor-stator air gap 35 from the un-
shaded branches 32a, 34b towards the shaded branches
32b, 34a as the flux builds up during starting. Accordingly,
this shift in direction due to the delayed build-up of stator
flux in the shaded portions of the stator poles will impart
a unidirectional starting characteristic to the motor in a
manner well-understood by those conversant with the art.
Furthermore, on deenergization of the motor, these same
shading rings 36a and 36b assist in bringing the motor
to a rapid stop through the electrodynamic braking action
produced by the currents induced therein as the rotor re-
volves.

By making the air gap 35 between the rotor periphery
and the stator poles of non-uniform dimension, wherein
the spacing from the rotor to the faces of the shaded poles
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