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Tlns invention relates to- lecqnocqtln
electric motors and particulatly to a methoﬁ
of and means fcr controlling the same. |

‘One ob]ect of 1 my mventmn is to plO ide
i novel method of and ‘means for’ control-

ling an e]ectrxc hammer of the reciprogating
motor type, .whereby the necessity for
switching ~ devices, that comprise contact
membe‘s susceptible to arcing during’the
10 operahou of a ammet, shall be oovntcd
.. Another object 6f my invention is to pro-
vide ‘an electric,hammer system in, which
only one part or element shall be in motion
dur‘n«v the oper'ltlon of the hammer, viz,
15 the striking or impact element.
A Another object of my invention is to pro-
vide a system for controlling a recxprocatmcT
motor. that shall’ compnce a closed circuit
whereby all energy stored in magnetic flux
20 fields shall be utilized to do useful work in-
stead  of. bemcf permitted to dxcsxpate, as
heat, in avcing betwmn Qe’)“l"tm« (o'lf'xcv
surfaces. ' -
In the ele\tuc hammer which T eruplov
25 and control in accordance with the princi-
ples of- my invention. I' provide &’ banel or
aride of non-ma gnetlc material as a gmde
for a core in a solenoid which constitutes the
actuating winding. of the motor or hammer.
s In r‘rde: ta reduce the reluctance of the m aq-
reti- cirenit, and to concentrate the magnetic
ﬁu:{ developed by the actuating \\‘ndmff 1
provide =2 p]m afitv of !amuntm'\s of sub-
stantizlly C-shape cemprising two end por-
tions separated to {orim an air cap. The
Luninations arve disposed zround the sole-
nard. or winding, with the air gap adjacent
the side of the harrvel and ouposiic the wid-
dle vegion of the winding.  The tips extend
_through openings in the bairel to within a
few the 1s.mdf]1c of an inch from the inuner
surface of {he barrel engaged Ly the moving
core. By reason of the tips being dxsposed
very close to the core, leakage flux 1s reduced
45 to a minumum and substantially the com-
plete magnetic fiux is concentrated upon the
core to actuate it in eithor direction. With
this construction the efficiency of the motor
1s considerably imcreased over that hereto-
50 fore obtained. :
It has heen customary, heretofore, to use
switehing deviees for supplying current im-

4}

pulses to the operating windings of electric

4

(=3

]nm mers to Qlocme a. recxprocatmo move-
went Gf the cove. -Arching betiveen the, con-
tact, sur f‘.cez, hias always nece551tated giving
cons AdCl ab]e c'ue,.and atténtion to the: switch
deV‘CQ\, s e . |,

An “object my mventmn has been to
cb\ L.te the dlcz}\lv"utaves inherent in-a sys-
{ex cmi,lo‘ ing c'vruhmrr 'devices -to- con-
uol the. opemhon of an. electric hammer.
Ins, d. ’of “ar switching “device embodymg
confact” surfices sub]ect to and susceptible.
Lo, Ay, T provide an 4 iuetrlc conduc-
tor of electric’ valve. _comprising stationary
terminals or electrodes for controlling -the
cnergization,of the hammer operating :wind-
img. ~ When conpected between an. ternat-
ing puxrent circuit and: the hammnier only cur-
1ent waves of predetermmed polarity are
transn-ltted .Qry in_some’ instances, ‘depend-
ing upon: the  fatuve of, the valve, only. _pre-
pon(xelatmvl) umduectmnal current _im-
pulses.” All arcing is:thus obviated and aH
energy is 1ende1ed available.-for useful. work.

"When applied to a system of the character
he‘e considered, the electric valve is particu-
larly. adv(znta«reous .An electric hammer is
highly mduct1ve and the inductance 'varies
as the core 1ecxprocates. Moreover, consider-

able cnergy is stored in the matvnetlc field
ablished in such'a device.. In a switching.
¢, such as a mechanical rectifier, the.
tching operation could not always be ef-
.eL.-u;:ﬁ:z “ero curvens value. ‘.".f‘l‘l the
ewitehing operation which opens the circuit
f the Touner - main winding, the energy
stored e the magnetic field must dnss:pate
itselt i osome way.  When a mechanical
sw.t-bing device 15 employed, the energy
ma\x]ntcs 1(\e1f in the arcing hetween the
conlact sur faces, mevely as heat. ;Where an
cleciric vaive is employed, however, the cir-
cuit is not opened and the complete current
energy impulse is transmitted to do useful
work.: The energy stored in the magnctic
field.is not riow wasted as heat but is trans-
formed into useful energy.

‘The electric valve, moreov cr'ls automatxe
in.operation. Such a valve is responsive.
to the ponnty of ‘the current traversing a
cireait uici uding the valve, and, automatl-
caliy by electrt ical zetion, renders its circuit
consluctive or non-conductive to currents of
one dre thie"olher polarity that may be de-
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rived from an alternating current circuit.
The electric valve does not arbitrarily con-
trol the conductivity of a circuit and the
transmission of current at a .definite time,
irrespective of the character of the current,
as the mechanical rectifier does, but instead,
conrtrols the circutt conductivity and current
transmission automatically in accordance
with the current polarity.

Electric valves of difterent kinds may be
used.  The familiar vacuum valve, com-
monly used for battery charging and com-
prising an electron emitting body, such as
a heated filament, as'the cathode and a plate
as the anode, is particularly suitable for
this application. It is light in weight, port-
able, velatively economical and rugged.
Such valve transmits current waves of only
cne polarity from a source of alternating

« current. The encrgy impulses are separate

and distinct.’

The mercury valve or rectifier is similar
in operation 1n that it embodies relatively
stationary terminals * or * electrodes. and

* transmits the complete energy impulse of

waves of one polarity only.

The clectrolytic valve or rectifier offers
the advantages of stationary electrodes al-
though it transmits preponderatingly uni-
directional current energy impulses rather
than impulses composed of a current wave
of only oné polarity.” The electrolytic valve
transmits, for example; the normal positive
current wave and’ a negative wave -of rela-
tively small value. When such a valve is
employed to control an electric hammer, the
energy transmitted - constitutes, in effect
however, unidirectional ‘current 1mpulses. -

Solid rectifiers or valves of the metal type,
or of the metal to metal type, or of the type
in ‘which the element surfaces are in con-
tact, which have unidirectional current con-
ducting characteristics also offer the advan:
tages of stationary electrodes requiring no

H

atlention.

Fig. 1, of the accompanying drawings. is
a diagrammatic view of an electric hammer
system containing an clectric hammer con-
structed and controlled in accordance with
my invention; '

Fig. 2. 1s a longitudinal view, partially in
section, and partially in elevation, of the
hammer Hustrated in Fig. 1;

Fig. 3,is a sectional view, taken laterally,
of ‘the hammer in Fig. 2; ' '

Figs. 4 and 5 are elevational side and bot-
tomn’ views oi the laminations employed in
the magnetic cirvcuits of the hammier illus-
trated in Fig. 2; T '

Fig. 6, 1s an oscillogram illustrating the
wave form of current transmitted by the
electronic valve in the system shown in
Fig. 1; : HURE

“1g. 7, is a longitudinal view, partially in
section, and partially in elevation, of the
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barrel or guide for the core or striking ele-
ment; '

Fig. 8, is a transverse sectional view of
the barrel illustrated in Fig. 7;
~ Fig. 9, is a diagrammatic view of a medi-
fied system similar to that shown i Fig. 1
but utilizing an electrolytic valve instead .of
an electronic valve; ‘

Fig. 10, 1s an oscillogram illuztrating the
wave form of current transmitted by the
electrolytic valve in the system shown in
g, 9; ’

Fig. 11, 1s a diagrammatic view of a sys-
tem similar to that shown in Fig. 1 except
employing a mercury arc valve. o

The arrangement of the system may be
understood upon reference to Fig. 1. En-
ergy is derived frem an alternating current
circuit 20 and transmitted through an elec-
tric valve 21, to an electric hammer 22 of
the reciprocating motor type.

“The "electric walve 21 here illustrated is
of the electronic type, comprising an elec-
tron-emitting element, 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 ore polarity to the
hamiper 22. =~ e
The hammer 22 comprises, as may be seen
in Figs. 2 to 8, inc. an operating coil or sole-
noid 26, a movable core 27 confrolled there-
by, 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 cireuit conductors 29 for directing
the ‘magnetic force developed by the coil 26,
a casing 3] enclosing the ¢oil ‘and the lami-
nated ‘magnetic’ circuit conductors 29 and
4 handle 32 provided with a trigger switch
33 for controlling ‘the ‘operation of the
hamrner. U : ' '

The laminated magnetic circuit conduc-
tors 29 comprise two members of L shape 34
having d base portion 35 and a side portion
36, and a straight connecting member 37.

Some of the L shape inembers 34 are pro- .

vided with tips 38 disposed at the ends of
the base portions 35, that are adapted to fit
tightly in openings 39'in the barrel.

"The laminations 29 are arranged in sets
as illustrated in Figs. 4 and 5. The inner
laminations of each set comprise those pro-
vided with the tips 38 that fit tightly in the
barrel. The laminations thus serve the two-
Told purpese of locking the coil 6 in pre-
determined posifion relafive to the barrel
28, and of directing and concertrating the
magnetic flux af the most effective position
to influence the core.

The tips 38 extend through the side of the
barrel to within a few thousandths of an
inch Irom the inner surface of the barrel 28,
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which "is ‘engaged by the core in its recip-
rocating ‘movements. The ‘relatively short
air gap between the tips of cach set of lami-
nations reduces the reluctance of the mag-
netic circuit to a mintmum value and insures
a highly efficient magnetic circuit having a
relatively small amount of ma"nﬂtlcle‘tkqwe

The sets of laminations are disposed ra-
dially around the barrel 28 and the coil 26,
as ilustrated in Fig. 3. The separate air
egaps of ‘the respectno cets toget her consti-
tute an air gap of aunular shape which is
adapted to be bridged or shunted by the core
27 in its remprocatm" movements.

The barrel 28 serves as a guide for the
core 27 and as a supporting “structure for
the different elements whereby they may be
assembled into a compact unit. The barrel
comprises a cylindrical tube of bronze pro-
vided with the openings 39 to reccive the
tips of the laminations. The forward end
of the barrel is threaded to receive an open
end cap 41 provided with a threaded open-
ing within which a tool guide 42 is dis-
posed. - The tool guide 42 is provided with
an opening within and throngh which the
shank of a tool 43, such as a drill, chisel,
vivet set or thelike, 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 barrel
at the cylinder 44 constitutes a seat 45 for a
spring-cushioned backstop 46. A spring
47 is disposed between the backstop 46 and
a cap 48 which together with ‘the cylinder
44 fits into a recess 1n the handl~ . The han-
dle cooperates . with' the end surface .of the
cylinder 44 to secure the cap 48 in posxtlon
"The, vuter surface of the base of the cylinder
44 joins the: outer surface of the barrel. to
constitute . %:: shoulder:i49 against Wh‘ch the
rear Jaminations 34:are seated.

Although the -barrel should beof non-
magnetic .materialy-any non-magnetic mate-
rial.will-not be- satxsfactoxy merely because
of its non-magnetic character. A barrel er-
ployed .in°such-an application, as a -guide
for a reciprocating element of steel, such as
the core must be, requires, in addition to 4
nonmagnetic ‘characteristic, physical charac-
teristics. of, hardnéss; : 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 tensiie strength to
resist stv esses:set up. by the end. plate: 41 and
the handle, 32..in. tightly securing: all the
parts as a. unit. .

I have found. th‘xt a bronze harrel h“vm(r
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 bar-
rel resists abrasive action of a reciprocating

a8

core and permits tightly securing all parts
to form a compact umt, as 1s illustrated 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 illnstrated i Fig. 2 2, the other
end should he within the p(\th of magnetic
influence of the laminations. One ond of the
core should always be subject to the influ-
ence of the magnetic flux at the extreme po-
gitions of the core. The backstop 46 should
accordingly have such dimensions as to in-
sure that the core wil] e\tend into the flux
field when the stop is engag

In assembling the h‘xmmm the L chape
Jaminations 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
barrel between the tlpq The insulation 52
serves to hold the L shape laminations in po-
sition while the operatmor coil 26 is wound
on the barrel, and also serves to hold the
fiber washers 51 in position against the sides
of the perpendicular orllateral portions 86.
After the coil is weund upon the barrel, the
straight laminated portions 37 are placed
in pomtlon and secured to the L-shape por-
tions: by suitable means such as rivets 53.
The backstop parts are then placed in posi-
tion and the handle is securely threaded onto
the barrel. The casmg 31 is placed around
the coil, the core 27 is incerted through the
front end of the barrel and the front'end
cap 41 is threaded onto the barrel to clamp
the casing securely between the end cap and
the handle The tool guide is then placed in
position so that the plane of the front sur-
face is a predetermined distance from the
front surface of the backstop. - Whena tool
having a shank of prédetermined 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 desired,
the trigger switch 33 is closed and connects a
relay switch 55 to the circuit 20. The relay
switch 55, when closed, connects one termi-
nal of the operating coil of the hammer to
the circuit conductor 60 through- the elec-
tronic valve 21. The other términal of the
cotl being already connected to circuit con-
ductor 61, the valve transmits alternate cur-
rent waves, that is, only currént waves of
the same polarity. to the operating coil. The
current wave form is illustrated in Fig. 6.

The coperation of the valve 21 is such that
when the filament is negative with respect to
the plate, current is transmitted by the valve,
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but when the filament is positive;with re-
spect to the plate or anode, no current-tra-
verses the valve. The valve may thercfore
be regarded as transmitting positive waves

5 or impulses. '

Assuming the core 27 to be in the position
illustrated in Figs: 1 and 2 when the trigger
switch is closed, the first positive alternation
or current wave will traverse the valve 21

: and energize the operating coil 26 to estab-

lish a magnetic flux field across the annular
air gap :betsreen the laminations :34. The
coré -will be pulled backward toward the
backstop 46.  When the core . reaches. the

» central part of the barrel the positivealter-

nation or current wave diminishes .to zero
value and the winding then remains unener-
gized. until the :next: positive alternation be-
gins.. During the interval between the posi-

v tive waves, however, the core continues -its

travel on its.own momentum -or inertiy,
from the central yegion; of the barrel.until
it engages the backstop.46:., At that time tlie
second positive alternation trayerses the valve
and..the operating coil, and.the -inagnetic¢
flux field is reestablislied ncross 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-ener-

 gized about the-time the core . reaches the

middle region -of :the barrel'and again the
core continues its travel during thie interval
until. the coil is again energized. Such re-
ciprocating action of the core continues in

+ synchronism  with“the transmitted -current

waves $o long as the trigper switch is held
closed. "When the trigger switch is opened
the magnet switch opens and the valve is
disconnec¢ted from the- operating’ winding.
The hammer thereupon ceases operating.
It .should be here noted that, in addition
to obviating moving contact surfaces and
arcing incident thereto for transmitting cur-
vent 6o the operating winding, all electro-

* magnetic energy stored in the magnetic field

60

by the-operating coil is translated into useful
mechanical energy stored ‘in’the reciprocat-
ing core. -In devices embodying movable
contact members, considerable energy is dis-
sipated as heat, in the arc between such
members. A valve of the type which T herc
employ, however, having no moving contact
members, permits all energy stored in ‘the
magnetic field to be utilized for useful work.
In the present system stationary terminals
or clectrodes are employed and ‘the conduct-
ing medium’ between them is periodically
rendered conductive to transmit curreént. -
In the system that is illustrated in Fig. 9,
an electrolytic valve 65 is employed instead
of the electronic valve 21 illustrated in Fig.
1. “When operation’of the hammer is de-
sired, the trigger switch 33 is closed to ener-
gize the relay switch 55. The relay switch
connects the hammer actuating coil in series

1,687,401

with the electrolytic valve 65 to the alternat-
ing current . circuit20. - The action of the
electrolytic valve is substantially similar to
that of the electron valve except that, instead
of entirely suppressing the negative current,
a small negative cwirent is transmitted to

the hammer, as illustrated in Fig.. 10. The-

negative current transmitted is.merely suffi-
cient to neutralize any residual magnetism in
the anagnetic circuit of the hammer but is
not suflicient to influence the actuation,of: the
core to any great extent. The -alectrolytic
valve therefore transmits preponderatingly
unidirectional current impulses that act upon
the core to acetuate it .in synchronism with
the current impulses. Ch T e
.. With the. electrolytic. valve, as with the
electronic valve, the adwantage of stationary,
nen-arcing terminals or-electrodes, .15 pres-
ent. . The -electrolytic valve also permits-all
of .the energy,.stored-in the magnetic field to
expend. itself in.doing useful work storing
energy-in.the core;instead. of :wasting itself
asheat. 7o fpe . Siol e o
A mercury arc¢ valve:may be employed in a
manner similar to that in which ‘the.elec-
tron valve is used in the system illustrated
in- Fig. 1. The mercury valve -also con-
stitutes a-‘¢ontrol device which embodiessta:
tionary electrodes and a conducting. medium
to transmit-all energy stored in the magnetic
field.” -A- simple system containing’ a’ mer-
cury arc:valve is diagrammatically »illus-
trated in’ Fig. 11, Te
- The mercury arc valve 70 i5 of the usual
form and comprises two anodes 71 and 72, a
cathodé 73, an auxiliary anode 74, and twb
mercury pools 75 and 76 associated -with the
cathode 73 and:the auxiliary anode 74, re-

spectively, all disposed in a glass bulb 77. -u;

A tilting magnet 78 operates when energized
to tilt the rectifier bulb 77 to effect’momen-
tary engagement between the mercury pools
5 and 76." When the bulb resumes its nor-
mal position and the mercury pools separute,
an arc is established between them and a
condition of activity is established in the
bulb which promotes current conduction be-
tween the cathode 73 and the anodes 71 and
2. A lLimiting resistor 79 is disposed in
circuit with the auxiliary anode 74 to limit
the value of current that may traverse that
circuit. -An autotransformer 80 is provided
to establish an artificial neutral point 81.
The trigger switch is provided with an
additional contact portion 83 to control the
circuit of the tilting magnet 78.. As the
trigger switch is moved toward the closed
position, the contact 83 momentarily ener-
gizes the tilting magnet to tilt the bulb and
establish @ dondition of activity in the bulb.
In the fully closed position, the bridging
contact of the trigger switch is in contact
only with the fixed contacts controlling the
bulb circuit. The mereury vapor produced
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by the arc, established between the pools of
mercury, constitutes a stream or conducting
medium between the anode and the respec-
tive cathodes, but will only conduct current
when the anode 71 or 72 is positive with re-
spect to the cathode 73.

Since the cathode 73 1s connccted to the
artificial neutral point 81. the anodes 71 and
72 will alternately be positive and negative
relative to the cathode.

When the anode 71 is positive relative to
the cathode, current is transmitted to, and
traverses, the operating coil of the hammer
to actuate the core in one direction or the
other. - A current wave or impulse will be
transmitted to the hammer each time the
anode 71 is positive and the core will be re-
ciprocated in synchronism with such im-
pulses, as in the system illustrated in Fig. 1.

The continued operation of the mercury
valve is dependent upon the maintenance of
the condition of activity in the bulb. To
sustain the active condition between the in-
tervals ‘during which current is transmitted

5 to the hammier coil a reactor 82 is disposed

in the circuit of the anode 72. The current
traversing the reactor circuit is sufficient to
sustain the arc to maintain the condition of
activity in the bulb but is not of such char-
acter as to 1mpose a load upon the trans-
former 80.

In the meércury valve, as in the electrolytic
and the electron valve, the energy stored in
the electromagnetic field of the hammer coil

5-1s transmitted to do useful work.

The operation of an electric valve in con-
trolling the energization of the electric ham-
mer is automatically controlled by the polar-
ity of the electrodes and is thus electrical
and automatie, as distinguished from ar-
bitrary operation of mechanical rectifiers ir-
respective of variations in the operation of
the core and, consequently, in the develop-
ment of the magnetic field. The electrical
valve transmits all energy stored in the mag-
netic field, whereas the mechanical rectifier
permits a great portion of such energy to
be wasted as heat in arcing between con-
tact surfaces. The electric valve is more
efficient and economical, and requires less
servicing and attention than the mechanical
rectifier.

In the present system employing an elec-
tric valve, all energy derivable fromn the
current waves is available for transforma-

: =1 energy to be stored in the
reciprocating core. None is wasted in arc-
ing. -

The feature of a system of the described
character, embodying the principles of my
lmentlon is a single moving part during
operatlon viz, the core 27 that is moved back
and forth in the bronze barrel. While the
hammer is operating, the valve is stationary,
the magnet switch is stationary and the

s chanie

trigger switch is stationary. The wear and
tear incident to operation of a percussive
tool are reduced to an absolute minimum 1n
a system of the character herein described.
The advantages of a system of this character
are self evident.

In the example of ‘my invention herein
more particularly illustrated, the air gap,
between the longitudinally spacedApole tips
38, is disposed intermediate the ends of the

27, whatever its length, passes the posmon
of minimum length of air gap between it-

70

75
exc1t1ng winding 26; the reciprocating core -

self and the field structure in the forward -

stroke or stroke in which it delivers impact
to the tool; similarly, the core passes.the
position of Tinimum length of air gap be-
tween itself and the field structure on_ the

return stroke; and the length of the core is’

preferably such as at least completely to

80

bridge the gap between the aforesaid. longl- ;

tudinally spaced pole tips 38. :
Furthermore, in the particular | example
of my invention illustrated, the core or re-
ciprocating system is ‘actuated in both direc-
tions by the same field winding by current
impulses admitted thereto from an alter-
nating current source through an ¢lectric
valve; and more particul'arly, there is ad-
mitted & current impulse for each complete
cycle of electro-motive-force of the supply
circuit, the impulse having a duration
through the valve and winding materially
greater than the duration of a half cycle
of electro-motive-force of the supply cir-
cutt; and the periods of zero current flow

90
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100

are due solely to the electric valve, and are .

not dependent " upon either - mechanical
switching mechanism or an unusual or par-
ticular wave form of the electro-motive-
force -of the supply circuit.

My invention thus complehends a method
of and means for controlling a reciprocat
ing motor, or other inductive translating de
vice, by a system involving devices compris:
ing stationary electrodes between which the
electrical conductivity is varied by electri-
cal action to regulate the transinission of
current in unidirectional or preponderating-
ly unidirectional impulses.

My invention further comprehends a sys-
tem for controlling a reciprocating motor,
or other inductive translating device,
whether requiring periodic impulse ener-
gization or not, so that all energy stored in
the magnetic field of the motor or other
translating device may be utilized to do
useful work.

My invention is not limited to the ap-
paratus or system shown since other devices
having the desived characteristics may be
employed and their arrangements modified
without departing from the spirit and scope
of the invention as set forth in the append-
ed claims.
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Certain. of the subject. matter herein dis-:

closed, Partxcularly fe,atures and\structuxe of .

the. rec1procat1ng motor, or. percusswe tool
per se, is not herein claimed, but: is claimed
1n my application Serial \o. 697 053, filed

-March 5, 1924,

I clalm as .my. mventlon—— A

1..The method of operating a recxpromt-
ing motor provided, with a movable mag-
neumbk member, w hich comprices cclevtm«r
solely. by asyrumetrical, electrical conductlon
successive current,. unpulses from a. source
of single phase, alternating cunent, and ef-
fectmrr .mov ement of said’ magnetizible
member By "undulatory e]eqtroqna"ncucm
pxoduced by, said nnpulses. o

. The method of operating.a; 1ec1proc(1t-
ing motor proyided: with a mov‘lble mag-
nctlzable member,, which compmces select-
ing. soIely by a)symm,etncal eleétrical con-
ductlop sticeeSsive. qu:rent 1mpql=es from.a
sourcé of sm01e phase gltprnatm« Current;
and effectin Sycees: ve movemgnts of,smd

ehzable mem! oth difections by
undulatory, electl:o mavnetlsm produced by
said’ 1ir'1pulse,s
3. 1'I‘he ‘method - of ope ting & recxpromt-

otpr” prov1ded, with_a iiiova'ble _mag-

ing solely” by a_s‘ygixqetl}c,}: electrical. con-

duct,lod sicécbssite’ curréent: 1mp1'115es from a

source‘of smde phé,'h “alters ating current,

gﬁ‘ in} ;(a" fix ctqatmg electro-maonetlc
1

inipilses, and eﬁ'gctm move-

Q_:Q-J.

« men 'df‘ s ’l_magnetlzab e meni beI‘ by s'ud
ﬁeld’.’, ‘
47
ing® mof,Br 1
netizible/m be'i" Hl h“ Om
by 3§jinihefricd blg x‘iéafl'

y

cessw’ejﬁlllli‘ i}t‘ o ‘:f)urﬂi s

sin le. phase Itema Freht:*pro ucmv
ﬁchlx)éhnv’qel g‘ @ﬁ:ﬂd‘ by said-.

S nq eﬁéctmg‘,xhovements of said ¢

1m

.,mavfgtxzéble 'membe‘r'T ' "both" (ﬁrecmbns by'

Wil L

sai

‘mevmble mag-,
h' ‘compriSes ¢ ‘=elect-

ing ‘idtar p ovnfed' With'::
netiZable memnber; which

.ing solely By* asymz‘metrxcal’b‘léttncal‘ conduc- -

tion successive current’’ nmigulﬁé& “from a.
source: of sifigle™ phiase. A1tEEhh fire current, -
producing -‘a* ﬂuctuatmg electro -magnetic
field by said- impulses; afid' effecting move-
ments of said mafrnetllzzﬁ)]e member n both
directions: by said fie d. =

6: The combmqtlon ‘with 'a recxprocqtmn
motor comprising an actuating Winding and -
a reciprocating magnetizable membel, of o’
source of -single’ phake alternating current,

ne%iiaB’l’e member,” which compriges” select- -

’m*mnetl ‘111) in each direction.

5 %&n&e hod’of" op‘ér’ '11‘1‘8' a reclbrocat—.

1)(i§i7§41§?13

said, magnetizable member i each direction.

7. The combination with a reciprocating:

motor comprizing an actuating winding and
a reciprocating magnetizable member movcl
in both ditections by said winding, of =

source of single phase alternating curx'ent,

and. an electric valve in circult with said:

source and said winding and serving as the
sole means for S“l(‘Can" current unpulﬁe~
from_said source for encrgization of said
winding, whereby alternate impulses so se-
lected miove said magnetizable member sue-
cessively 1n one direction, and the interven-
ing selected jimpul-es move said magnetiza-
ble member successively in opy yosite direc-
tion. )

8..The combmdt'on with a reciprecating
motor comprising  electro- mn-n_e’tic tield-
producing means and @ magnetizable men-
ber’ reciproc: ited thereby, of a source of sin-
gle- phase alternating curre: it, and -a. ther-
‘mionic valve in cir

t with mlld source and. .-
said “means. and serving as sole means for

CODthUlnf" enuvlzatlon of- said . field-pro- .

ducing means . to . produce a 1.1aonehc flux
nnpulse Ior each complete cycle of the elec-

tro-motive-force: of said source to. effect.

movement:-of said magnetizable member.

9. The combination with a reciprocating
motox comprmn«r' electro-magnetic’ field-
‘producine means and a nmonetmabb mem-
‘ber 1euplocated thereby, of a source of sin-
‘gle _phase alternating current, and.a, ther-

90

mionic valve in cucmt with s.ud source and, ;

said medns and sorvi Ing as means for con-

trolling energization of said field- producing:
‘means by Successive | umdnwnonal current,
Impulses ‘from -said , .source: _ for. eﬁectmm_ _

movements of said nn"netxz'tble rnembcr

C, combmatlon with a recq)rocmtmv
mofor comprising’ electro-magnetic ™ field-
roducnm means and a ma«metnmble mem-

105

er, recxproc'tted thereby, of a source of sin- .

gle phase alternating current, asymmetrical-

110 :

Iy conductmn- means , in, circuit with said.
source’and said’ means and serving as means _

“for''selecting current ' impulses from said
soulce for: enerm/,:\t,lon of snd first, named
means to effect moy ement: of, b‘lxd mamxehz«
able” member, and a tool’ receiving, thn im-

-~ pact’of said niagnetizable membér, Said” mag-.

netizable member ID‘LOIICUCII) returned

from its mlpact strolke by cnergization of
. 120
ing said asy mmetuully conducting means.

snd first: named means by current. travers..

11. The u)mbxmtlon with a tool of.
magnetizable mémber for delivering nnpact

thereto and means for effecting return of
3

said maguetizable wember from impacting

and an electric valve in cirenit-vith said position comprising a scurce of single phabe
source and sald winding and serving-as the alternating current, a windine for produc-
sole means for selectmv current “impulses ing a field for actuating. mld magnetizable
from said source for enermz‘ttxon of said member for effecting its return stroke mag-
winding to effect man'netlmlly movement of netlcallv and an electuv valve In, cncmt

125
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with said winding and said source for celect-
ing current impulses for energizing said
winding to effect successive return move-
ments of sald magnetizable member.

12. The combination with a reciprocating
motor comprising a field winding, a mag-
netizable core reciprocated thereby axially
thereof, and magnetizable field members
forming an air gap with respect to which
said magnetizable core is movable, of a
source of single phase alternating current,

- and an electric valve in circuit with said

source and said winding and serving as
means for selecting current impulses from
said source for energization of said wind-
ing to effect movement of said magnetiz-
able core past position of minimum air gap
length.

13. The combination with a reciprocating
motor comprising a field winding, a magne-
tizable core reciprocated thereby axially
thereof, and magnetizable field members
forming an air gap with respect to which
said magnetizable core is movable, of a
source of single phase alternating current,
an electric valve in circuit with said source
and sald winding and serving as means for
selecting current impulses from said source
for energization of said winding to effect
magnetically movement of said magnetiz-
able core in each direction past position of
minimum air gap length, and a tool receiv-
ing the impact of said core after its move-
ment past said position.

14. The combination with a reciprocating

7

motor comprising a field winding, a mag-
netizable core reciprocated thereby axially
thereof, and magnetizable field members
forming an air gap with respect to which
said magnetizable core is movable, of a
source of alternating current, an electric
valve in circuit with said source and said
winding and serving as means for selecting
current impulses from said source for ener-
gization of said winding, and a tool receiv-
ing impact of said core, energization of
said winding serving to actuate said core on
its return stroke past position of minimum
air gap length.

15. The combination with a reciprocating
motor comprising a field winding, 2 magne-
tizable core reciprocated thereby axially
thereof, and magnetizable field members
forming an air gap with respect to which
said magnetizable core is movable, said core
having a length in the direction of its move-
ment sufficient substantially completely to
bridge said air gap, of a source of alternat-
ing current, and an electric valve in circuit
with said source and said winding and serv-
ing as means for selecting current impulses
from said source for energization of said
winding to effect movement of said magne-
tizable core past position of minimum air
gap length.- , »

n' testimony whereof, I have hereunto
subseribed my name this 29th day of Feb-
ruary, 1924.

CARL S. WEYANDT.
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