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RECIPROCATING ELECTRIC MOTOR.
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This invention relates to electric motors of
the reciprocating type and particularly to
motors suitable for use as percussive tools.

The object of my invention is to provide
a reciprocating motor suitable for use as an
electric hammer, embodying novel features
of construction by reason of which a high
degree of efficiency 1s attained, and the struc-
ture assembled into a compact unit.

In practicing my invention I dispose an
actuating winding around a barrel or cylin-
der of non-magnetic material or metal with-
in which a core member of magnetizable ma-
terial is reciprocated by the influence of the
winding. In order to reduce the reluctance
-of the magnetic circuit of the motor, I com-
pose the magnetic circuit of a plurality of
sels of laminations of magnetizable mate-
rial of high permeability such as silicon steel.
The laminations are substantially rectangu-
lar in shape and extend radially from the
barrel almost encireling the winding. The
side of the rectangle adjacent the barrel is
provided with an air gap. The two portions

5 separated by the gap terminate in tips which

-are perpendicular to the length of the gap
and extend through openings in the barrel
to within a few thousandths of an inch from
the inner surface of the barrel which is en-
gaged by the moving core. By reason of
the magnetic circuit of low reluctance, the

leakage flux is reduced to a minimum. - Since -

the tips of the laminations are disposed very
close to the core, substantially the entire

_magnetic flux is concentrated upcn the cove

“to actuate it in either direction. With this
construction the efficiency of the motor is
considerably increased ovér that heretofore
attained.

Figure 1 of the accompanying drawines is

a diagrammatic view of an electric hammer
system containing an electric hammer con-
strncted in accordance with my invention;

Figure 2 is a longitudinal view partially

in section and partially in elevation, of the

hammer illustrated in Figure 1;
Figure 3 is-a sectional view, taken later-
ally, of the hammer shiown in Figure 2.

Figures 4 and 5 are elevational side and

bottom views-of the setd of laminations em-
ployed in the magetic circuits of the ham-
mer illustrated in Figure 2. ‘
Figure 6 is a longitudinal view, partially
in section and partially in elevation, of the

barrel or guide for the core or striking ele-
ment; and : '

Figure 7 is a transverse segtional view of
the barrel illustrated in Figure 6.

As illustrated in the diagram in Figure 1,
energy is derived from an alternating cur-
rent circuit 20 and transmitted through an
electric valve 21, to an electric hammer 22
of the reciprocating motor type.

The electric valve 21 here illustrated is-
of the electronic type, comprising an elec-
tron-emitting clement, such as a filament 23,

as a cathode, and a plate 24 as an anode. -

A transformer 25 supplies energy to the fila-
ment cathode 23 to render it incandescent
and electron-emitting to establish an opera-
tive condition in the valve 21 for transmit-
ting current waves of one polarity to the
hammer 22. :

The hammer 22 comprises, as may be seen
in Figures 2 to 7, inc., an operating coil or
solenoid 26, a movable core 27 controlled
thereby, a barrel or guide 28 of non-magnetic
material, such as bronze, for the core 27, co-
axially disposed in the coil 26, laminated
magnetic circuit conductors 29 for directing
the magnetic force developed by the coil 26,
a casing 31 enclosing the coil and the lami-
nated magnetic circuit conductors 29, and a
handle 32 provided with a trigger switch 33
for controlling the operation of the hammer.

The laminated magnetic cireuit conductors

60

70

50

85

29 comprise two members of L shape 84 hav- -

Ang a base portion 35 and a side or radially

extending portion 36, and a straight connect-
ing member 37. Some of the L-shape mem-
bers 84 are provided with tips 38 disposed
at the ends of the base portions 35, that ave
adapted to fit tightly in openings 89 in the
barrel. o

‘The laminations 29 are arranged in sets or
groups as illustrated in Figures 8, 4 and 5.
The -inner laminations of each set comprise
those provided with the tips 38 that fit
tightly in the barrel. The laminations thus
serve the twofold purpose of locking the coil
26 in predetermined position relative to the
barrel 28, and of directing and concentrating
the magnetic flux at the most-effective posi-
tion to influence the core.

.The tips 88 extend through the side of the

- barrel to within a few thousandths of an

inch from the inner surface of the barrel 28,
which is engaged by the core in its recipro-
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26, as illustrated in Fig. 3.

2}

cating movements. The relatively short air
gap between the tips of each set of lamina-
tions reduces the reluctance of the magnetic
circuit to a minimum value and insures a
highly efficient magnetic circuit having a
relatively small amount of magnetic leakage.

The sets of laminations are disposed
radially around the barrel 28 and the coil
The separate air
gaps of the respective sets together constitute
an air gap of annular shape which is adapt-
ed to be Eridged or shunted by the core 27
in its reciprocating movements. _

The barrel 28 serves as a guide for the core
27 and as a supporiing structure for the dif-
ferent elements whereby they may be as-
sembled into a compact unit. The barrel
comprises a cylindrical tube of bronze pro-
vided with the openings 39 to receive the
tips 38 of the laminations. The barrel 28
is preferably provided with slots 39* ex-
tending longitudinally thereof and entirely
throug% the wall of the barrel to interrupt
its circumferential continulty between the
pole tips 38 spaced longitudinally of each
other axially of the barrel or in the direc-
tion of movement of the core 27, to reduce
the wasteful currents induced in the barrel
28 by fluctuations in the magnetic field at
and between the tips 38. Preferably, these
slots 39* extend between apertures 39 in
which are received the pole tips 38. The
forward end of the barrel is threaded to re-
ceive an open end cap 41 provided with a
threaded opening within which a tool guide
42 is disposed. The tool guide 42 is pro-
vided- with an opening within and through
which the shank of a tool 43, such as a drill,
chisel, rivet set or the like, may be disposed
in the path of travel of the core 27. The
rear or handle end of the barrel is provided
with an enlarged flange-like cylinder 44 that
is externally threaded. The end of the bar-
rel at the cylinder 44 constitutes a seat 45,
for a spring-cushioned back stop 46. A
spring 47 is disposed between the back stop
46 and a cap 48 which together with the cyl-
inder 44 fits into a recess in the end mem-
ber 44* threaded on the barrel extension 44,
and carrying the handle 32. The member
44" co-operates with the end surface of the
cylinder 44 to secure the cap 48 in position.
The outer surface of the base of the cylinder
44 joins the outer surface of the barrel to
constitute a shoulder 49 against which and
member 44* ‘the rear laminations 34 arve
seated. '

Although the barrel should be of non-mag-
netic material, any rion-magnetic material
will not be satisfactory merely because of its
non-magnetic character. A barrel employed
in such an application, as a guide for a
reciprocating element of steel, such as the
core must be, requires, in addition to a non-
magnetic characteristic, physical characteris-
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tics of hardness, toughness and high tensile
strength. The barrel must be hard to resist
abrasive action of the core, and must be
tough and have a high tensile strength to
resist stresses set up by the end plate 41 and
the member 44* in tightly securing all the
parts as a unit. _

I have found that a bronze barrel having
a content of about 60% copper, 39% zinc
and from traces to 1% manganese, has the
qualities and characteristics essential for a
barrel employed as a guide in a reciprocat-
ing motor or electric hammer. Such a
barrel resists abrasive action of a reciprocat-
ing core and permits tightly securing all
parts to form a compact unit, ‘as is illus-
trated in Fig. 2.

The respective dimensions of the tool
shank and the core should be such that when
one end of the core engages the end of the
tool shank, as illustrated in Fig. 2, the other
end should be within the path of magnetic
influence of the laminations. One end of the
core should always be subject to the influence
of the magnetic flux at the extreme positions
of the core. The backstop 46 should ac-
cordingly have such dimensions as to insure
that the core will extend into the flux field
when the stop is engaged. .

In assembling the hammer the L-shape
laminations on the right hand or left hand
side are first placed in position, in and
around the barrel. Two fibre washers 51
are placed around the barrel on the inside
of the laminations. The opposite sets of L-
shape laminations are then placed in posi-
tion. A layer of insulation 52 is wound
over the surfaces of the base portions of
the L-shape laminations and the portion of
the barrel between the tips. The insulation
52 serves to hold the L-shape laminations in
position while the operating coil 26 is
wound on the barrel, and also serves to hold
the fibre washers 51 in position against the
sides of the perpendicular or lateral por-
tions 36. After the coil is wound upon the
barrel, the straight laminated portions 37
are placed in position and secured to the
L-shape portions by suitable means such as
rivets 53. The backstop parts are then
placed in position and the member 447 is
securely threaded onto the barrel. The cas-
ing 31 is placed around the coil, the core 27
is inserted through the front end of the
barrel and the front end cap 41 is threaded
on to the barrel to clamp the casing and

groups of laminations 29 securcly between

the end cap and the member 44*. The mag-
netic field structure comprising the groups
of laminations 29, with the coil 26 between
the end portions of each group, is accord-
ingly held or clamped between the end mem-
bers 41 and 44> threaded upon the barrel 28:
and similarly, the housing or casing 31 is
held between the members 41 and 448 The
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tool guide is then placed in position so that
the plane of the front surface is a predeter-
mined distance from the front surface of
the backstop. When a tool having a shank
ot predetermined length is inserted through
the tool guide, the core will be held in the
magnetic path when engaging the tool
shank, and proper operation of the core will
be ensured. .

When operation of the hammer is de-
sired, the trigger switch 33 is closed and
connects a relay switeh 55 to the circuit 20.
The relay switch 55, when closed, connects
one terminal of the operating coil of the
hammier to the circuit conductor 60 through
the electronic valve 21. The other terminal
of the coil being already connected to cir-
cuit conductor 61, the valve transmits alter-
nate current waves, that is, only current
waves of the same polarlty, to the operating
coll.

The operation of the valve 21 is such that
when the filament is negative with respect
to the plate, current is transmitted by the
'alve, but when the filament is positive with
respect to the plate or anode, no current
traverses the valve. The valve may there-
fore be regarded as transmitting positive
waves or nnpulses

Assuming the core 27 to be in the position

illustrated in Figs. 1 and 2 when the trigger

switeh is closed, The first positive alternation
or current wave will traverse the valve .21
and energize the operating coil 26 to estab-
lish a mawnetlc flux field across the annular
alr gap between the laminations 84. The
core will be pulled backward toward the
backstop 46. When the core. reaches the
central part of the barrel the positive alter-
nation or current wave diminishes to zero
ralue and the winding then remains unen-
ergized until the next positive alternation
bwmb During the interval between the
poqmve waves, however, the core continues
its travel on its own momentum or Inertia,
from the central region of the barrel until
it engages the backstop 46. At that time the
econid positive alternation traverses the

valve and the operating coil, and the mag-

netic flux is reestablished across the air gap.
The core is then pulled forward to strike the

end of the tool shank to deliver a working-

blow to the tool.

The coil becomes de-energized f\bout the
time the core reaches the middle region of
the barrel and again the core continues its
tmve during the interval until the coil is

gain energlzed Such reciprocating action
ot the core continues in synchronism with
the transmitted current waves so long as the
trigger switch 1is held closed. When the
trigger switch is opened the magnet switch

opens and the valve is disconnected from the

operating winding.
ceases operating.

The hammer thereupon

a8

The principal effective air gap of the re-
ciprocating motor above described is that
existing between the inner ends of the
laminee 35, and.more particularly between
their tips 38, at the left, Fig. 2, and the
inner ends of the lamina 35, and more par-
ticularly, their tips 38, at the right, spaced
longitudinally of the uxis of the barrel 28
and winding 26, from the lamine and tips
at the left. The magnetizable core 27 in its
movement across the air gap shortens. the

gap and eventually bndces it. The air gap
1s & minimum length when the core 27 is in
bridging p()sltlon. In any event, the core
27 in any stroke passes the p()sltlon of mini-
mum air gap length, continuing on until it
lmpacts upon the tool or until, in the return
stroke, it impacts upon the Duffer block 46.

A feature of my construction is the mag-
netic circuit of the field-producing means
comprising magnetizable field core members
disposed adjacent the path of movement of
the core and pointing towards each other,
but falling short of each other, to form an
air gap intermediate the ends of the field
structure or between the ends of the mag-
netizing winding such as 26. A further

feature resides in such combination pro-

vided with magnetizable material disposed
outside of the winding and substantially
magnetically coupling “the aforesaid core
members, whereby -the reluctance of the
magnetic circult is low.

By means of a magnetic cir¢uit of the
character described helem the reluctance
and leakage losses are reduced to a mini-
mum and the entire active flux is concen-
trated upon the core at the most advanta-
geous position. Moreover, all parts are as-
sembled and securely locked into a com-
pact unit.

My invention comprehends, thelefme @
reciprocating motor of novel construction,
whereby a relatively high efficiency is ob-
tained, and the process of assembling the ele-
ments into a compact unit is snnphﬁ(,d It
is contemplated, of course, that changes may
be made in the structure or the design of the
different elements without varying their co-
operative relation or departing from the
spirit and scope of this invention as set
forth in the appended claims.

Certain of the subject matter herein dis-
closed, particularly the electric circuit ar-
rangements and the employment of an elec-
tric valve or the like for controlling ener-
gization of the motor, is not herein Taimed.
but is claimed in my apphc%tlon Serial \o.
697,054, filed March 5, 1924. -

Th1s apphcamon is a continuation in part
of application Serial No. 527,087, filed Jan-
uary 4, 1922, and relating to methods of op-
eratan‘ electric tools. -

T claim as my invention—

1. An electric hammer of the reciprocat-
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ing motor type comprlqlnc a Wlndmb, a core
axially movable therein, a barrel or guide
for the core axially disposed relative fo the
core, and means comprising magnetic con-
ductors for locking the coil in pr edetermined
position relative to the barrel or guide and
for concentrating the developed marrnetlc
flux at a pxedetermmed region of the barrel
or guide. _

9. A reciprocating electric motor compris-
ing an actuating coil, a core responsive there-
to, a longitudinally slotted member within
which said core travels, and means constitut-
ing a magnetic eircuit for the coil arranged
to present an annular air gap to be bridged
by the core in its movement.

3. A reciprocating clectric motor _compris-
ing an actuating cml, a core responsive there-
to, a slotted, hollow member to guide said
core, and laminations of substantially C-
shape encircling the coil and radially dis-
posed relative to said guide member to pre-
sent an annular air gap adjacent the path of
travel of the core. —

4. A reciprocating electric motor compris-
ing an dctuating coil, a core responsive
theveto, and groups of laminee spaced from
each other circumferentially of said core,

comprising laminations having radially ex-
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tending portions, long extensions within said
coil, and inwardly disposed tips on said ex-
tensions.

5. A reciprocating electric motor compris-
ing an actuating coil, a core responsive
thereto a barrel of non- magnetic material
within the coil and surrounding the core to
act as a guide therefor, and means constitut-

ing magnetic circuit conductors having their

opposed faces tapered to concentrate the
magnetic flux of the coil at a predeterinined
legmn of the barrel.

An electric hammer unit comprising

an actuatmo coil, « movable core or striker
element responsive thereto, a barrel or guide
surrounding the core, l’n‘lOI](}tlc laminations

‘between which the coil is dlsposed and lock-

ing it in position relative to the barrel, an
end cap fixed at the front end of the barrel

and provided with a gnide to align an in-

serted tool in the path of the movable core. a
cylinder casing enclosing the coil and lami-
nations, and a rear ¢ap comprising a handle
fixed at the rear end of the barrel and coop-
erating with the other end cap to maintamn
the casing in position.

LA 1emploca’rm0 electric motor compris-
mo an actuating winding, a core responsive
ther eto, Lm(l a m(mnctm circuit for the wind-
g comprising spaced magnetizable mem-
bers having tapered, opposed faces which
form an air gap th‘Lt is substantially closed
by the core during its movement in each di-
rection.

8. A reciprocating clectric motor compris-
ing an actuating winding, a core responsive
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thereto, and a magnetic circuit for the wind-
ing comprising pole extensions within said
W Hldan‘ having ends tapered toward tips to
concentr ate the magnetic flux of the winding
at a region ad]acent the path of travel of
said core.

9. An electric hammer of the reeiprocating
motor type suitable for doing useful work
through the medium of a tool or element to
be 1ecmr11101y struck, comprising an actu-
ating Wmdma. a movable core or striker ele-
ment responsive thereto for striking the
tool or eleinent on its forward stroke, a back-
stop for the core on its backward stroke,
an abutment limiting movement of said back-
stop in one dnectmn, a spring normally
maintaining said back-stop in engagenent
with said abutment, and means for concen-
trating the ma(rnetlc field of the winding
al a region between the end ot the tool and
the backstop

10. A reciprocating electric motor com-
prising a winding, a core movable thereby
between two predetermined points and means
constituting a magnetic circuit for the wind-
ing and plesontmo' an air gap adjacent the
path traversed by the core, a yielding back-
stop for the core on its backward stroke, and
an abutment to limit the forward movement
of said back-stop, the relative dimensions of
the core, its path of travel and the air gap
being such that one end of the core will lie
in the flux field between the air gap limits
when at either of its extreme positions in its
path of travel.

11. In a reciprocating electric motor, the
combination with a \undlng, a core respon-
sive thercto and. a barrel serving as a guide
for the core and a support for the w inding,
of means for precluding relative longitudi-
nal movement between the winding and the
barrel comprising men ars dlsposed at each
end of the windimg - ovided with locking
tips or tenons httuw into the barrel.

12. Tn an electric hammer of the recipro-

cating motor type, the combination with an
e hmtmo \dema, a core responsive iheleto\
and a barrel or guide for tLo core serving
also as a support “for the w inding. of means
for concentrating the magnetic flux devel-
oped by the wmdlnn comprising magnetic
cireuit members secured to the barrel by ten-
ong extending into the barrel.

13. In an electric hammer of the recipro-
cating motor type, the combination with an
actuating winding, a core responsive thereto,
and a barrel or guide for the core serving as
a support for the winding, of means for con-
centrating the magnetic flux dueloped by
the wmd]ng comprising magnetic cirenit
members embodying tenons of magnetic

material extending into the barrel to secure
the magnetic members thereto.

14. In a reciprocating motor the combina-
a solenoid,

tion comprising a solid core
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therefor susceptible to its influence, and
means for conducting the magnetic flux of
the solenoid to a region closely adjacent the
path of travel of the core, the flux conduct-
ing means being of such character as to pre-
sent.less reluctance to the flux than the core
would through a predetermined portion of
the flux path. A :

15. In a reciprocating motor, the combina-
tion comprising a solenoid, a hollow. con-
ducting member having slots therein to re-
duce eddy current losses, a solid core recip-
rocating therein, and laminated magnetic cir-
cuit conductors for conducting the solenoid
flux to a region within which the flux need
traverse only a relatively small portion of

-the -solid core, thereby obviating- excessive

eddy current losses in the core.

- 16. A reciprocating motor comprising a
solenoid, a movable core responsive thereto,
and means comprising magnetizable mem-

- bers having tapered ends terminating in tips
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for directing the magnetic flux to a region
including, a portion of the core when dis-
posed at either extremity of its travel.

17. An electric hammer comprising a sole-
noid, a movable core responsive thereto, a

‘hollow member in ‘which said core récipro-

cates, a tool having its shank disposed in. the

path of travel of the core to be struck there-

by, a tool guiding member secured to one
end .of said hollow member, a backstop for
the core, means for concentrating the mag-
netic flux of the solenoid between the tool
shank or the backstop and the corresponding
impact surface of the. core, and a handle
for said hammer secured to the other end of
said hollow member. o '

18. An electric hammer comprising a sole-
noid, a movable core responsive thereto, a
hollow member in which said core recipro-
cates, a tool having its shank disposed in
the path of travel of the core to be struck
thereby, 'a yielding backstop for the core

.movable within an extension of said hollow

member, and magnetic circuit members ra-

. dially disposed about the solenoid for con-

centrating the solenoid flux to establish an

..annular magnetic field between the tool
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shank or the back-stop and the correspond-
ing impact surface of the core.

19. A reciprocating motor comprising a
solenoid, 8 movable core responsive thereto,
a barrel bstween the solenoid and the.core
serving as a guide for the core and provided

at one end thereof with an annular shoul-

der, and laminated magnetic circuit con-

ductors disposed in groups circamferential--.

1{ of the barrel and securely seated against
the shoulder and locked in such position by
tips fitting into the barrel. - ’

20. A reciprocating- motor comprising a

solenoid, a movable core responsive thereto, a
tubular member of non-magnetic material
between the solenoid.and the core, and mag-

M

netic circuit conductor elements for the sole-
noid comprising elements almost surround-
ing a section o? the solenoid and extending
through the tubular member to approximate-
ly the inner surface of said member.
21. A reciprocatin

field-producing Winging, - a magnetizable
core Teciprocated thereby, field core mem-

bers extending outwardly from the path of

travel of said .core and spaced from each
other longitudinally of the path of move-
ment of said core, at least one of said. field
core members extending longitudinally of

.

70

motor comprising a -

76

the path of said core toward the other field -

core member to effect: an air gap with re-
spect to which said core is movable, and a
hollow member in which said core recipro-
cates having openings therein to position
said field core members. '

22. A reciprocating’ motor comprising 2
field-producing winding, a magnetizable
core reciprocated thereby, field core mem-
bers extending outwardly from the path of

‘travel of said core and spaced from each

other longitudinally of the path of move-

ment of said core, at least one of said field

core members extending longitudinally of
the path of said core toward the other field
core member to effect an air gap with re-
spect to which said core is movable past the
position of minimum air gap length, a hol-
low member in which said core reciprocates,
and yielding back-stop disposed in an ex-
tension of said hollow member, a handle for
the motor secured to said extension, and a
spring positioned between said yielding
backstop and said Randle. _ : .
23. A reciprocating motor comprising a
reciprocating magnetizable .core, a guide
member therefor of non-magnetic metal of
a character resisting abrasion by said core

-and having longitudinally extending slots

therethrough, lawninated field pole structure
on said guide member disposed adjacent the
path of movement of said core upon said
guide member, and a magnetizing winding
surrounding said core and guide member for
magnetizing said field pole structure.

24. A reciprocating motor comprising a
hollow member having openings therein, a
magnetizable core reciprocating within. said
member, field core structure having pole tip
structure extending into said openings, and a
core-actuating winding for magnetizing said
laminations. .

25. A reciprocating motor comprising a

- hollpw member, a magnetizable core recipro-

cating within said member, circumferential-
Iy spaced groups of field laminations main-
tained in spaced relation to each other lon-

-gitudinally of the movement of said core
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member by openings in said member which .-

receive extensions on said laminations, and

-extending toward each other to form air

gaps with respect to which said core-is mov-
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able, and means for magnetizing said groups
of laminations.

26. A reciprocating motor comprising a
hollow member, a magnetizable core recip-
rocating within said member, field core struc-
ture having pole tip structure extending
through said member adjacent the path of
movement of said core, and means for mag-
netizing the field core structure. ’

27. A reciprocating motor comprising a
hollow conducting member, a magnetizable
core reciprocating therein, and field pole
members spaced from each other longitudi-
nally of the path of movement of the core
to form an air gap with respect to which
the core is movable, said member being
slotted within the region of the air gap to
interrupt its circumferential continuity.

28. A reciprocating motor. comprising a

.hollow conducting member, a magnetizable

core reciprocating therein, said member hav-
ing apertures spacel longitudinally with re-
spect to the path of movement of said core,
and field pole members terminating at said
apertures to form an air gap with respect
to which said core is movable, said member
having a slot between said apertures to in-
terrupt its circumferential continuity.’

29. A reciprocating motor comprising a
hollow member, a magnetizable core recip-
rocating within said member, circumferen-
tially spaced groups of field laminz having
portions extending outwardly from said
member and portions extending along said
member, field laminations spaced longitudi-
nally of said member from said last named
portions to form a circumferential series of
air gaps with respect to which said core is
movable, members secured to the ends of
said hollow member in abutting relation to
said laminations, and means for magnetiz-
ing said groups of laminations.

30. A reciprocating motor comprising a
hollow member, a core reciprocating there-
in, end members secured to said member ad-
jacent opposite ends thereof, field pole mem-

bers disposed between said end members and
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spaced from each other longitudinally of
said hollow member to form an air gap be-
tween the ends of said hollow member, and
a winding surrounding said hollow member
and disposed between said ficld pole mem-
bers.

31. A reciprocating motor comprising a
bollow member, a core reciprocating therein,
end members secured to said member adja-
cent opposite ends thereof, lield pole metn-
bers disposed between said end members and
spaced from each other longitudinally of
said hollow member to form an air gap be-
tween the ends of said hollow member, a
winding surrounding said hollow member
and disposed between said field pole wmem-
bers, and a casing enclosing said- winding
and said field pole members and extending
from one of said end members to the other.

82. A reciprocating motor comprising a
reciprocating magnetizable core, and means
for actuating said core comprising field
poles spaced from each other longitudinally
of 'the movement of the core to form an air
gap, said poles having faces inclined toward
said gap, and a magnetizing winding hav-
ing a length greater than said air gap, said
core having a length to bridge said air gap
and moved by the field produced by said
winding to a position beyond said bridging
position. -

33. A reciprocating motor comprising a
reciprocating magnetizable core, and means
for actuating said core comprising . field
poles spaced from each other longitudinally
of the movement of the core, inwardly di-
rected tips on said poles to form an air gap,
said poles having faces inclined toward said
tips, and a magnetizing winding longer than
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said air gap and extending to both sides

thereof for moving said core with respect to
said air gap past the position of minimum
air gap length.

In testimony whereof, I have lereunto
subscribed my name this 29th day of FFebru-

ary, 1924.
’ CARL S. WEYANDT.
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