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This invention relates to vibratory electromag-
netic motors and has.more particular reference
to motors of this type adapted for use in small
hand tools or implements such, for example, as
dry shavers. -

Heretofore, motors of this type have been made
for dry shavers in which the movable cutter had
a comparatively short operating stroke, but such
motors were not suitable for shavers of & kind
requiring a long -operating stroke. Also, in such
prior constructions efforts have been made to at-

10

tain the desired length of operating stroke by the

use of additional mechanical means designed to
multiply the comparatively small amplitude of
movement transmitted by the armature so that
the resultant movement will be sufficient for op-
" erating the cutter. Also, in such prior vibratory
motors the current consumption was compara-
tively high. The prior art has not disclosed, so
far as T am aware, a vibratory motor suitable for
embodiment in ' a dry shaver of the type contem-
plated for use in the present invention; nor has
the prior art disclosed an available solution of
the problem of providing a motor of this type
which will deliver an adequate, controlled, power
stroke with minimum current consumption and
no objectionable noise or vibration, and which is
so constructed as to permit of economical produc-
tion manufacture. .
One of the objects of my invention is, there-
_fore, to provide an improved vibratory eleciro-
.magnetic motor for general application, but par-
ticularly adapted for the problems in small hand
tools and implements such as dry shavers.

Another object is to provide a motor of this
type which will transmit a comparatively long
stroke with small power consumption without ob-
jectionable noise or vibration and which will have
comparatively long life. ’

Another object of my invention is to provide an
improved method of manufacturing a vibratory
eletromagnetic motor of the character described.

Another object of my invention is to provide
an electric dry shaver having improved means
for operating the movable cutter. :

Other objects deal with improved features of
construction both in reference to the motor and
the shaver and the combination thereof.
~ In furtherance of these general objects I have
‘provided certain improvements, the nature of
which is disclosed in the following description
and drawings and set forth more- particularly in
the appended claims. ’

. Referring to the drawings:

" Pigure 11is a side elevation of an electric dry
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shaver embodying my invention with the front
cover removed, showing, the shaver approximately
twice actual size; -

Fig. 2 is a longitudinal section through the
shaver taken substantially on the section line
2—20f Fig.1; :

Fig. 3 Is a longitudinal sectional view taken
substantially on the section line 38—3 of Fig. 1
with the cutting head assembly in elevation;

Fig. 4 is an enlarged sectional view taken sub-

-stantially on the section line 4—4 of Fig. 1 show-

ing the cutter moved to one end of the stroke;

Figs. 5 and 6 are enlarged cross-sections taken
substantially on the section lines 5—5 and 6—¢%,
respectively, of Fig.1; :

Figs. 7 and 8 are face and side views, respec-
tively, of the driver armature and vibratory
spring removed from the motor, shown on a
reduced scale; - ’

Figs. 9 and 10 are face and side views, respec~
tively, of the idler armature removed from the
motor, shown on a reduced scale;

Fig. 11 is a longitudinal sectional view through
the coil and fleld assembly removed from the
motor;

Fig. 12 is a section
{2—I12 of Fig. 11; and R

Fig. 13 is a cross-sectional view taken substan-
tially on the section line 13—1{3 of Fig. 1. o

Before entoring into a detailed description of
the structure sho 1 in the drawings, it should
be observed that my invention relates generally
to the art of electric dry shavers of the type
adapted to be operated by a vibratory, electro-
magnetic motor, and specifically to problems In-
volving motor construction and function peculiar
to the operation of a dry shaver. However, my
invention in its broader aspects is not limited to &
vibratory motor for operating a dry shaver, but
is adapted for other applications particularly in

'taken on the séctlon line

.small hand tools where a comparatively long

working stroke or armature motion is desired.
My invention also contemplates certain improve-
ments in respect to the motor housing and to cer-
tain features co-acting between the housing and
the shaving head structure.

In the example here shown for purpose of illus-
tration the vibratory motor is carried in a hous-
ing which carries a shaver head at one end and
also constitutes a handle of such size that it may
be held in the paim of the hand for manipulating
the shaver head. The housing comprises a base
part 15 and a cover 16, preferably of molded
Bakelite or any suitable composition material.

55 The cover is detachably secured to the base part
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of the housing by screws 17 and

;shown In Figs. 3 and 5 there are
each of which is threaded into an adaptor screw

{19 which in turn is threaded into s metal insert

21 in the base part I5. As shown in Fig, 5 the

head of each adaptor screw 19 is pulled down
tight against the wing extensions 22 formed inte-

gral with a die cast frame unit. designated gener-

ally by 23 constituting the main frame structure

upon which the co-acting shaver parts are
mounted or assembled, the whole constituting a
shaver head assembly which will be presently

more fully described. ‘The third screw 18 is

threaded into a similar but larger adaptor screw

24 which in turn is threaded into a metal insert

25 in the base part 15, as best shown in Fig. 3.

" The head of this adaptor screw 24 is pulled tight
against the portion 26 of a bracket designated
generally by 27 upon which the vibratory motor is
mounted. This bracket in turn is fixedly mount-
. ed on the base part 15 of tire housing by means
.hot only of the adaptor screw 24 but by two addi-
tional screws 28 which
extensions 29 integral
bracket 21. )
The shaver shown operates on the Principle

. 2,081,694 granted May 25,

18, Fig. 3. As
two screws 11

with the lower end of

Serial Number 178,221, filed' December 6, 1937.
This shaver is known under the trade-marks
Sunbeam Shavemaster., Briefly, the shaver head
assembly comprises g, removable comb 31, g cutter

clamp against depending.

2,200,052 |
hairs which protrude
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blade 32, a blade holder 33 and the frame unit 23 -

" above mentioned, together with spring clamps 34
for securing the comb in position on the head.
As best shown in Figs. 1 and 4, each spring clamp
34 is fixed at its lower end to a side wall of the
frame unit 23 as by means of riveting and inter-
fitting with the bottom edge of the side wall.

Each spring 34 hormally tends to assume a re- .

tracted position, as shown at the left in Fig. 4, in
which position the detent at the outer end of the
spring is withdrawn

ing recessin the comb structure,
spring detent in the locking position I employ g
clamping member 30 pivoted on an extension of
the housing structure and having a cam surface
at its inner end

urged thereby in either of two positions, the
locked position shown at the right in Fig. 4 ang
the released position shown ‘at the left, Each
clamping member 30 is breferably of sufficient
width to straddle the spring 34 and conceal it
from view when in | T
lock ang release the comb the operator may en-

-wardly, in which case the cam at the inner end
of such member releases the spring 34 which re-
tracts to the released position.  The comb 31 has
an extremely thin skin-engaging Portion, in this

" Instance semi-circular, brovided with smal] hajr-
receiving perforations, The blade holder 33 is

-mounted on trunniong journaled in the end por-
tions of the.die cast frame 23, The blade holder
is adapted to be rapidly oscillated by means of

-the vibratory motor to move the cutter back and
forth. across the underside of the perforated por-
tion of the comb, in this instance through an are
of approximately sixty degrees. As g conse-
quence of this rapid oscillation, the cutter blade

is urged outwardly by centrifugal force into inti-

mate shearing engagement with the inner side of

co-acting with the spring to be.
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from a complemental lock- -
To engage the-
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- will be observed that
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. designated generally

_ating conditions,

bower compsanies

e through the small openings

My invention provides for oscillating the cutte
blade in a stroke of the desired length by novel
eans capable of economic production and
adapted for satisfactorily performing this work.
The stroke here
the working
Furthermore, it is desired to
control the length of the stroke to a fine degree
of accuracy to obtain predetermined co-action
between the cutter and the hair-receiving per-
forations. Also, voltage and frequency variations
have an important bearing on the problems. The
suppression: of vibration and noise is a further
problem in the present invention.

My invention will be better understood by con-
sidering in g preliminary way certain: of the oper-
It is desired to operate the
motor with the commonly used alternating cur-
rent furnished by electric power companies. The
current characteristics differ in some localities
but generally the current supplied by the electric
is 60 cycle alternating current
of 110 to 120 volis, While it is the general prac-
tice of these power companies to maintain the
rated cycle at such uniform frequency that elec-
tric clocks may be operated there are, neverthe-
less, at times some slight variations in’ frequency
within plus and minus one-half cycle and vari- -
ations in voltage of about 10 volts. With the
present invention the motor will operate satis-
factorily regardless of frequency and voltage
variations such as normally occur in these Power
circuits. In the operation of a dry shaver in
accordance with my invention the cutter blade
makes one compléte stroke across the comb and
back for each peak of the alternating current
wave. Since there are two peaks during .each
cycle, the cutter blade makes 7290 complete oscil~
lations each minute using 60 cycle alternating
current, making 14,400 strokes 8Cross the comb
per minute. In circuits using 50 cycles alternat-
ing current and 220 volts, corresponding changes
will be made in the motor to take care of the
difference in, frequency and voltage as will be

- understood by those skilled in this art ag the in-

vention becomes better. understood,

Referring now to the motor constructions, it
the electromagnet com- -
prises & specially designed coil and field assembly
best shown in Figs. 11 and 12, The field structure
by 35 comprises laming-
tions of U-shape, having 3 central portion 36

" which carries the field winding and spaced par-

60
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' _edly secured to the

70

the comb and by this action serves to cut off the' 75

.ally by 48 is woung

allel portions 37 and 38 which constitute opposed
pole pleces. The laminations are clamped to-
gether by rivets 39,

parts 44 are rigidly clamped to the interposed
laminations- 42 by suitable means such as rivets
45. In this manner the field assembly is fixedly
mounted on the bracket 27 which in turn is fix-
back part 15 of the motor
housing gg above described., The bracket 27 is
of non-magnetic material -and the laminated
soft steel suitable for flow

.of the magnetic flux ‘which is created by the

The fleld coil designateq gener-
y upon a spool 47 of insulated
material. - In commercial practice I prefer to

mold the spool 47 around the fleld structure, The
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endsumdllottheeoums\nubbeonnected
to conductor wires ¥i which in turn are con-
nected to a suitable busbar §2 having terminal
posts §3 adapted for connection with a suitable
current supply plug B4, .
My jnvention contemplates the provision of a
vibratory motor having certain structural and
functional characteristics which enable the ob-
taining of & comparatively long motion trans-
mitting stroke, comparatively amall and compact
arrangement of parts, low wattage, and reduc-
tion of vibration and nolse, These objectives
are attained in part
struction which includes counteracting arma-
tures or & driving armature and a counteracting
" weight member, together with vibratory spring
members of novel construction and function
which carry the armatures or the driving arma-
ture and the weight member. My invention pro-
vides for so constructing these vibratory spring
members that either one or both serves to carry
an armature, In the embodiment shown in the
drawings one spring member carries a driving
armature and the other an idling armature in
parallel in the magnetic circuit. However, as
explained hereinafter, the idler member need not
function as an armature. 1 also provide that
the driving armature shall have less reluctance
than the idler armature. T further provide that
the spring of the driving member shall be tuned
substantially higher than the spring of the idler
member. The purpose of the foregoing is to
maintain the field mass as well as the housing
field is fixed, practically free
noise, and also to control

members and armature to 8 close degree. In the
present embodiment, a _
an idler armature 58 are shaped for co-action
between the pole pleces by movement toward and
from each other in the space between the pole
pleces under attraction of the magnetic fiux flow-
ing in the general path shown in Fig. 11 and di-
viding into parailel paths a8 each will be later
described with reference to Fig. 6. Each arma-
ture is mounted on the outer end of a vibratory
gpring which in turn is mounted at its opposite
end on the non-magnetic bracket 21. The driver
armature shown in Figs. 7 and 8 comprises a
flat spring 87 having elongated sides 38 joined by
inner and outer end portions 59 and 81 respec-
tively, the armature laminations before men-
tioned, a number of iaminations 82 of non-mag-
netic material such as brass for providing ad-
ditional controlled mass, and a drive transmit-
ting arm §3 terminating in a cylindrical shaped
end 84, these parts being fixedly clamped to-
gether by rivets §5. The idler assembly comprises
similar to the spring 57 but
preferably of different vibration characteristics
as will be presently described, the armature lami-
nations 56 before mentioned, a number of non-
magnetic laminations 1 for additional controlled
mass, and rivets §8 fixedly clamping the parts to-
gether. As shown in Figs. 3 and 3 the springs
57 and 66 are clamped at their lower ends to op-
posite sides 68 of bracket 21, which sides are dis-
posed in planes converging downwardly toward
the center line of the motor. An angular clamp-
ing plate 14 is applied to the outer side of each
spring for clamping the springs to the bracket
21, suitable means such as rivets 72 being em-
As
best shown in Figs. 1, T, and 9, there are three

10

by the novel motor con- .
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assembly. It

.mally flat springs are disposed in planes converg-

ing downwardly toward

weight as the case may be, and spaced in close
poximity at the mounting end for space saving
and to bring the center of gyration of the arma-
ture closer to the center line of the motor. The
springs are preferably punched to shape from
fiat, blue, spring steel, and in this embodiment
they are of a Rockwell hardness of approximate-
ly 49-50 “C” scale. As above stated, the springs
are tuned to differ '
member being tuned from 1,000 to 2,000 com-
plete vibrations per minute higher than the idler
member. In actual practice in the embodiment
here illustrated- the driving member is tuned to
a natural frequency of from 9,100 to 9,400 and
the idler member from 7,300 to 7,600.  These nat-
ural frequencies are, of course, higher than the
line frequency which for 60 cycles . alternating
current is 7200, It may also be stated that the
spring member of the driver has a spring con-
stant of a predetermined or qontrolled degree
larger than the spring constant of the idler
spring member. In actual practice, I obtain
these structural and functional characteristics
of the spring members by precision grinding
them to the desired fractional dimensions where-
in the range of difference in thickness between
the driving and idler spring members 1s from 5
to 15 per cent. In actual commercial production
of this motor for the purpose here shown, the
lmits I have used for the difference in thick-
ness between the driving spring member and the
idler spring member is from 7.8 per cent to 13.3
per cent.

Referring now to the speration, it will be ob-
gerved that since.the driver armature is. con-
nected to the shaver head for oscillating the cut-
ter, mass is added to the armature and this has
a tendency to lower the natural frequency of the
driving system, The vibration energy of the driver

" action in vibration and noise would be very ob-
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jectionable. This is remedied by my invention
which provides an additional controlled mass for
counteracting ‘the reaction energy from the
driver armature, thereby relieving the fleld mass
and the housing from objectionable vibration.
This is provided by the idler spring and the con-
trolled weight or mass of the idler member.
There are two distinct ways in which energy can
be transmitted to this idler member. One is by
energy transmitted from the field mass through
the spring support directly to the idler member;
the other is by energy transferred from the field,
that is, by magnetic force to the idler arma-
ture when an armature is applied to the idler
member. My invention may be practiced by utl-
lizing only the energy directly transmitted to the

_idler member as through the spring support to

sustain the desired counteracting vibrations, al-
though in this form small vibration of the spring
support and housing takes place. ‘When the idler
member is utilized as an armature the additional
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energy more eﬂectively 'serves to ‘sustain vibra-
tion of the idler member in controlled relation-

stated, the driver armature is tuned substantially
higher than the idler member. One reason for
this is t_o counteract the mass

spring constant
and decreasing the mass (providing higher tun-
ing), of the drive member and by increasing the
mass and decreasing the Sbring constant of the
idler member the two phase angles will be
* brought closer together. By adding only suffi-
cient magnetic material to the idler member so
that energy can be transferreq from the field
Inagnet to the.idler armature to sustain the vi-
bration as above mentioned, T am able to obtain
substantially vibrationless operation, regardless
of variations due to manufacturing tolerances
and due to variations in the shaving load,
Also, according to my invention, the length of
the working stroke is controlled by tuning the

I claim:

1. A vibratory electromagnetic motor having
- an inductance coil, field laminationg passing
through the coil and terminating in opposed pole

2,209,953

. pleces, a./ drive armature ang an idler armature
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in spég:ed relation between - said pole pleces
ted to be drawn toward each other by the
flow of the magnetic  flux between ' the pole
Ppleces, a flat vibratory. spring supporting each
armature, each spring being attached at one end
to its armature and ha.v\ing an opening for locg-

openings,

2. Ing vibratory electromagnetic motor, a field
core having opposed portions forming pole pleces
Joined by a central Supporting portion, a coil
wound about said centra] portion and projecting
laterally beyond opposite sides thereof, an arma-
ture for co-action with the pole pieces, a weight
having g counteraction function in relation to the
armature movement, and vibratory arms, one
carrying the armature and the other the weight,
sald arms being mounted at one. end in fixed
relation to the field core and positioned at oppo-
site sides thereof, each arm having a central

with respect to the other. )
. In a vibratory electromagnetic motor, a field
and

tion having relatively close fitting relation to the
field core ang coil, co-acting armature and
weight members and opposed

projects.
4. In g vibratory electromagnetic motor, g coi}
and field

the pole pieces,
of substantially flat spring material shaped to




. 2,209,008 _ 5
provide longitudinal side portions joined ab oppo- vide opposed pole pleces, a supporting bracket to
site ends by transverse , the transverse wmchtheeorennxedlymoumed at its end op-
portions at one end being fixedly secured to the posite from the pole pieces, & pair of vibratory

supporting member and : :
- opposite transverse portions in proximity to the
pole pieces and with the longitudinal side por-
tions straddling the fleld winding coil at opposite
ends thereof, an armature fixed to the outer
transverse portion of one of the spring members
and arranged to be attracted by the flow of flux
between the pole pieces, and & weight mounted
on the outer transverse portion of the other
spring member in predetermined reaction rela-
tion to the armature carrying spring member.

6. A vibratory electromagnetic motor as set
forth in claim 5, including & hollow housing in
which the described motor parts are supported
through the intermediary of the supporting
member, the supporting member being fixedly
mounted to the hollow case at a point on the
centerline of the motor Jocated within the open-
ing defined by the side and transverse portions of
the spring members and further fixedly mounted
{o the casing at two points laterally spaced from
said centerline and located beyond the mounted
end of the spring members.

7. In a vibratory electromagnetic motor & field
core having opposed parallel portions joined at
one end by a central supporting portion and
formed at the opposite end to provide opposed
pole pieces, & field magnet coil wound on said
central portion, a supporting member to which
the field core is mounted at its end opposite from
the pole pieces,. & pair of vibratory members
each of substantially flat spring material shaped
to provide longitudinal side portions joined at
oppostie ends by transverse portions, the trans-
verse portions at one end being fixedly secured
to the supporting member and arranged to posi-
tion the opposite transverse portions in proximity
to the pole pieces and with the longitudinal side
portions straddling the field winding at oppo-
site ends thereof, an armature fixed to the outer
iransverse portion of one of the spring members
and arranged to be attracted by the flow of flux
between the pole pieces, and & predetermined
weight mounted on the outer transverse portion
of the other spring member, the spring members
having predtermined vibration frequencies, that
of the armature member being higher than the
welght member.

8. A vibratory electromagnetic motor having &
field core comprising laminations of U-shape
having parallel arm portions joined by a central
portion, a field magnet coil wound on said cen-
tral portion, the parallel arms formed to pro-
vide opposed pole pieces, & supporting bracket to
which the core is fixedly mounted at its end op-
posite from the pole pieces, a Dair of flat vi-
bratory spring members fixedly mounted at one
end to the supporting bracket at opposite sides
thereof. and each having a central opening
through which the’ adjacent end portion of the
field coil projects, the springs being mounted
in relatively close relation one with respect to the
other, a driver armature fixed to the outer end of
one of the spring members and a weight fixed to

the outer end of the other, sald spring members

positioning the driver armature and the weight
in opposed relation between the pole pieces.

9. A vibratory electromagnetic motor having
a field core comprising jaminations of U-shape
having parallel arm portions joined by a cen-
tral portion, a field magnet coil wound on said
central portion, the paraliel arms formed to pro-
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spring members fixedly mounted at one end to
the supporting bracket at opposite sides there-
of, a driver armature fixed to the outer end of
one of the spring members and an idler arma-
ture fixed to the outer end of the other, said
spring members positioning the driver and idler
armature in opposed relation between the pole
pieces so as to be drawn toward each other by
the magnetic flux. ~

10. A vibratory electromagnetic motor having
a field core comprising laminations of U-shape
having parallel arm portions joined by & central
portion, a fleld magnet coil wound on said cen-
tral portion, the parallel arms formed to provide
opposed pole pieces, a bracket of non-magnetic
material to which the fleld core is fixedly secured
at its end opposite from the pole pieces, and
vibratory spring members fixed at one end (o op-
posite sides of the bracket, each spring member
having a central opening and arranged in rela-
tively close proximity to the field core with the
adjacent side portion of the coil winding extend-
ing through its central opening, one of said
spring members having at its opposite end an ar-
mature arranged to be attracted between the
pole pieces and the other spring member hav-
1ng a weight fixed to its free end in predeter-
mined reaction relation to the armature mem-
ber.

11. A vibratory electromagnetic motor having
a fleld core comprising laminations of U-shape
having parallel arm portions joined by a central
portion, a field magnet coil wound on said central
portion, the parallel arms formed to provide op-
posed pole pieces, means fixedly clamping the la-
minations together, a central group of the lami-
nations being extended at said arm portions at
the ends opposite from the pole pieces to provide
supporting lugs, & bracket having bifurcated end
portions to receive said supporting lugs, means
tixedly clamping the bracket end portions to the
lug portions, the bracket serving to support the
core and winding, and vibratory spring members
fixed at one end to opposite sides of the bracket,
one of said members having at its opposite end
an armature arranged to be attracted between the
pole pieces and the other member having a weight
fixed to its free end in predetermined reaction
relation to the armature member, )

12. A vibratory electromagnetic motor compris-
ing a housing member, field laminations shaped
to provide spaced parallel portions joined by &
central portion, and an inductance coil around
the central portion, said parallel field portions ex-
tending beyond the coil and said extending por-
tions providing opposed pole pieces, a portion of
the field laminations extending from said central
portion in a direction opposite from the portions
providing pole pieces, & bracket of non-magnetic
material shaped to receive and provide rigid sup-
port for the second mentioned lamination exten-
sions, means fixedly connecting the last named
Jamination extensions to said bracket, vibratory
spring members attached to opposite sides of said
bracket and extending lengthwise of the field
laminations substantially to the pole piece end
thereof, an armature member fixed to the upper
end of one of said spring members in a position
for magnetic attraction between the pole pleces,
a weight member fixed to the upper end of the
other spring member in reaction relation to the

78 armature member, the bracket being shaped to
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provide a bottom extension below the point of at-:

tachment of the 8pring members thereto, said

bracket and said parts attached thereto consti-"

tuting & unit of assembly, and means fixedly con-
necting said bottom extension to said housing
member to support said unit of assembly thereon,
sald housing member shaped to recetve said unit
of assembly without contact therewith except for
the supporting contact with said bottom exten-
sion of the bracket, )

13, A vibratory electromagnetic motor as set
forth in claim 12, in which each spring member

2,200,053 -
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- disposed for operation between said pole pleces,

10

comprises spaced longitudinal side portions -

Joined by a transverse end portion at the end re-
mote from its fixed support, the armatire and
welght members being attached to said trans-
verse end portions, the spaced side portions of
each spring member providing an opening and
the spring members being arranged in relatively
close proximity to the laminating field and with
opposite side portions of the coil extending
through said openings,
tions of the spring members being fixed at their
lower ends to the bracket, the bracket having an
‘upward extension located between the spaced
longitudinal side members, and means fixedly se-
curing said upward extension to the housing
member, ’

14. A vibratory electromagnetic motor ag set
forth in claim 12, including a head unit mounted
on the housing member adjacent to the armature
end of said unit of assembly, the head unit hav-
Ing an operating member oscillatable in a given
arc, means on the armature member coacting
with said operating member to oscillate the same
in said arc by vibratory action, the coacting rela-
tion between said means and said operating mem-
ber being determined by the relative position of
the unit of assembly with respect to said head
unit as determined by the mounting of said unit
of assembly through said bracket,

15. A vibratory €lectromagnetic motor com-
prising a housing member, fleld laminations
shaped to provide Spaced pole pieces, an induct-
ance coil coacting with the field laminations and
carried thereby, a bracket of non-magnetic ma.-
terial shaped to provide rigid support for the
field laminations and coil, means fixedly connect-
ing the field laminations to said bracket, vibra-
tory spring members attached to opposite sides of
sald bracket
weight members coacti
said  bracket and said
constituting a unit of
connecting said bracket
to support said unit of
housing member shaped to receive said unit of
assembly without contact therewith except for
the supporting contact with said bracket, a head
unit mounted on the housing member adjacent to
the armature end of said unit of assembly and
having an operating member coacting with one of
the vibratory spring members to be operated
thereby, an adapter screw connecting the head
to the housing member, an adapter screw includ-
€d in said means connecting the unit, of assembly
to the housing member, a cover for the housing
member, and screws threaded into said adapter
serews for connecting the cover to the housing
member. :

16. A vibratory electromagnetic motor includ-
ing an inductance coil, a field having a core por-
tion passing through the coil and spaced portions
extending beyond the coil forming opposing pole

€ with the pole Dieces,
parts attached. thereto
assembly, means fixedly
to said housing member

the longitudinal side por-’

and provided with armature and’
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pieces, a driver armature and an idler armature 75

- having parallel

and means individually supporting each armsg-
ture comprising g flat spring having spaced lon-
gitudinal side portions joined by transverse end
portions, each attached at one end portion to its-
armature and mounted gt the opposite end por-
tion in fixed relation to the field core at a point

providing ' 8 "central
opening in each flat spring, the coil Projecting
beyond opposite sides of the fleld core, said

extending through the central openings of the
respective springs o :

17.In a vibratory electromagnetic motor, a
U-shaped field structure, a field winding carried
by the central portion of the fleld structure, the
spaced portions of the field structure. forming
obposing pole pieces, a non-magnetic bracket
upon which the fleld structure is mounted gt its
end- opposite from its pole pleces, an armature,
and a vibratory spring comprising g flat spring
member having longitudinal side portions in lat-
erally spaced relation joined at - their ends. by
transverse end portions, the spaced relation of
said longitudinal side portions and transverse
end portions providing a central opening in the
spring member, the spring member being mount-
ed in a plane in close relation to the field struc-
ture with the adjacent side portion:of the field
winding extending through said central opening
and with the armature in coacting ‘relation ‘to
the pole pieces.: ' -

18. A vibratory electromagnetic motor having
a field core comprising laminations of U-shape
arm portions joined by g central
portion, a field magnet coil wound about said
central portion, the parallel arms formed to pro-
vide opposed pole Dieces, a supporting bracket
to which the core is fixedly mounted at its end
opposite from the pole bieces, a pair of vibratory
spring members fixedly mounted at one end to
the supporting bracket at opposite sides there-
of, and an armature fixed to the outer end of

19. A vibratory electromagnetic motor having
a field core of laminations shaped to provide
Jjoined by g central portion, a

blane thereof and separated by
cutaway from the plane of the
centrated by
other side,
Pole pieces

said lengthwise
flow of flux con-
the projecting pole pieces at the
and an armature for the Projecting
at each side of the field core mounted

‘right angles to the

pieqes toward the center of the core but restrict-
ed in such inward mmovement by attraction of
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sald flux tending to move the armature out-
wardly.

20. A vibratory electromagnetic motor as set
forth in claim 19, in which the laminations ex-
tend lengthwise of the field core and each arma-
ture is composed of a vibratory spring member
having a plurality of armature laminations at-

_tached thereto, said armature laminations being
of a length corresponding substantially with the
length of the projecting pole pieces and each set
of said armature laminations being supported by
its vibratory spring member for movement be-
tween its respective set of projecting pole pieces,
one of said armatures having a work transmit-
ting member, and the latter armature having a
greater number of laminations than the other
to provide less reluctance than said other arma-
ture. -

21. A vibratory electromagnetic motor having
a field core comprising laminations shaped to pro-
vide spaced pole pleces joined by a central por-
tion, a field magnet coil around said central por-
tion and projecting beyond opposite sides of the
pole pieces, a support to which the laminated fleld
is fixed at its end opposite from the pole pieces,
a flat vibratory spring member at each said op-
posite side of the pole pieces, each spring mem-
ber being fixed at one end to said support and
extending lengthwise of the laminations substan-
tially coextensive with the length thereof, each
spring member having spaced longitudinal side
portions joined by a transverse end portion at
the end remote from its fixed support, the spaced
side portions of each spring member providing an
opening and the spring members being arranged
in relatively close proximity to the laminated
field with the oppositely projecting portions of
the coil extending through said openings, an
armature element on the transverse end portion
of one of the spring members coacting with the
pole pleces, and a weight element of predeter-
mined mass on the transverse end portion of the
other spring element in predetermined counter-
acting relation to the armature element.

22. A vibratory electromagnetic motor as set
forth in claim 21, in which the spring members in
their normal idle position are in planes con-
verging toward the support.

23. A vibratory electromagnetic motor as set
forth in claim 21, including a drive transmitting
member attached to the armature carrying spring
member at the armature end thereof, and in
which the armature carrying spring member i8
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tuned to a frequency higher than the other spring
member.

24. A vibratory electromagnetic motor having
a support, an electromagnet mounted on the
support, an armature member and an idler mem-
ber, a flat vibratory spring for each said member
fixed at one end to the support and carrying its
respective member in coacting relation with the
electromagnet, the parts being constructed and
arranged so that the armature member is
vibrated in response to magnetic attraction of the
electromagnet and the idler member is vibrated
at least in part in response to reaction forces
from said armature member vibration, each flat
spring member being ground substantially over
its entire opposite flat side surfaces to a prede-
termined thickness to a high degree of precision
to thereby provide in each member a predeter-
mined vibration frequency, the armature mem-
ber serying as a work transmitting member, and
the flat spring of said armature member having '
a vibration frequency of a predetermined degree
higher than the flat spring of said idler member
effected by said surface grinding.

25. A vibratory electromagnetic motor having
field laminations shaped to provide spaced
parallel portions joined by a central portion, an
inductance coil around the central portion, said
parallel fleld portions extending beyond the coil
and said extended portions providing opposed
pole pieces, a support to which the field lamina-
tions are mounted at the end thereof opposite
from the pole pleces, flat springs of substantially
the same conflguration each having a predeter-
mined thickness different from the other to pro-
vide a predetermined vibration frequency, the
flat springs being positioned at opposite sides of
the field laminations substantially coextensive
with the length thereof and each fixedly mounted
at one end to said support at the lamination sup-
porting end thereof, the opposite end of each
spring being in coacting relation with the pole
pieces at the adjacent side of the field lamina~
tions, and flat laminated armature and weight
members fixed in superimposed relation to the
flat sides of the spring members at the end there-
of coacting with the pole pieces, said laminated
members being substantially parallel with the
flow of flux between the pole pieces and support-
ed by the respective flat springs so as to move
between the pole pieces in a plane transverse to
sald flow of flux.
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