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To ait whom it may concern.:

Beit known that we, ALonzo W.McARTHUR,
of Liynn, in the county of Essex. State of Mas-

- sachusetts, and Jor~ (¢. CRAWFORD, of Chi-
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cago, lllinois, have invented certain new and
useful Improvementsin Electrically-A ctuated
Reciprocating Tools, of which the following
1S a specification. ' _

This invention relates to improvements in
electrically-actuating reciprocating tools, and
1s more particularly applicable to percussion-
tools—such as hammers, riveters, drills, and
the like—although capable of being advanta-
geously employed in any connection requir-
Ing a reciprocating motor. |

The object of the invention is to provide an
improved construction in devices of the char-
acter referred to:; and it consists in the mat-
ters herein set forth and particularly pointed
out 1n the appended claims. |

The invention will be fully understood from
the following detailed description of the con-
struction illustrated in the accompanying
drawings, in which— | |

Figure 1 is a longitudinal section of an elec-
tric hammer embodying our invention in one
form. Fig. 2 is a diagrammatic view of the
electrical connections thereof. Figs. 3 and 4
are sectional details of the plunger, taken on
lines 3 3 and 4 4, respectively, of Fig. 1.

In its general form and appearance the elec-
trical hammer thus illustrated closely resem-
bles an ordinary pneumatic tool designed for
similar service.
2 a switch 1n the handle by which the action
of the hammer is controlled. Removably at-
tached to the handle in any suitable manner,
as by a coupling 3, is a tubular outer casing
4, having a nose-piece 5 screwed into its outer
end and held there by a set-secrew 6. Thiscas-
Ing 4 incloses the solenoids or coils 7 and 8,
which actuate the plunger, and also incloses a
renewable inner tube or bushing 9, that forms

the guiding-chamber for the plunger10. The

coil 7, which retracts the plunger, surrounds
the rear or inner end of the tube 9 and will
ordinarily be shorter than the coil 8, which
surrounds the front or outer end of the tube
9 and projects the plunger.

The electrical connections of the two solen-
olds are shown diagrammatically in Fig. 2 of
the drawings. One end 11 of the rear or re-

tracting coll 7is connected through the switch
2 with the leading-in wire 12, while its other

1 designates its handle, and

end 1s directly connected with the other lead-
Ing-in wire 18, so that this coil is constantly
in circuit and continuously energized when-
ever the tool is put in operation by the elos-
ing of the switch. One end of the front or
projecting coil 8 is likewise connected by taps
5,8”,and 8¢ with the leading-in wire 12 through
the switch 2; but the other end 14 of this coil
1s grounded on the metallic frame of tne ham-
mer, and 1ts circuit is then completed through
the metal plunger 10 intermittingly and only
during such times as the latter occupies ap-
proximately its innermost position.

The plunger is simply an elongated piece of
iron or steel the front or percussion end of

which is desirably hardened or provided with

arenewable hard-metal head 15, by which the
blow is delivered to the shank of any suitable
tool 16. The shank of this tool is inserted
through a renewable hardened bushing 17 in
the nose-piece 5 and projects at its extremity
far enough into the tube 9 to receive the im-
pact of the plunger. A slight cushioning of
the latter is herein shown as provided for at
this end of the stroke by a coil-spring 18, the
resilient action of which tends to start the
plunger on its return movement. When the
device 1s used as a motor, the plunger will

simply be connected in any suitable manner

with the part or mechanism to be reciprocated
or otherwise moved. -
The completion of the circuit of the front
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coil 8 through the metal plunger 10 and at the -

inner end of the stroke of the latter is accom-
plished by a movable contact-piece 19, which
18 mounted to slide within an insulating-col-
lar 20. This contact-piece is directly con-
nected with the leading-in wire 13, so that as
soon as the plunger touches it the cireuit is
completed through the front coil and the lat-
ter 1s energized to project the plunger again,
the path of the circuit being from the leading-
in wire 12 through the switch and one of the
taps 8% 8", or 8° to the coil 8 and from the
latter through the metallic frame, plunger,
and contact-piece to the leading-in wire 13.
The several taps 8" 8" 8° will be connected
with the coll 8 at different points along its
length, so as to cut in more or less of the
length of said coil, according to the strength
of the blow desired, the operative tap at any
given time being determined by the position
of the switeh 2, which is controlled by the
operator.

To provide a more nearly com-
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plete magnetic circuit for the lines of force

set, up by the two coils 7 and 8, the latter are
herein shown as separated by an iron or steel
disk 21, and a similar disk 22 occupies the 1n-
ner end of the outer casing immediately back
of the rear coil 7 and in front of the insulat-
ing-collar 20, within which the contact-piece
19 slides. Guide-lugs 20" for the rear end of
this contact-piece are provided on the collar
20, and oppositely-acting springs 23 and 24
engage a flange 19* on the contact-piece 1n
such manner as to cushion its movements 1n
both directions, these springs being insulated
from the frame of the hammer by the collar
920 and by a rear insulation 25, provided for
the purpose. Of these springs the rear one
24 is the heavier and serves also to cushion
the plunger 10 at the rear end of its stroke,
the front spring 23 serving to return the con-
tact-piece toits normal position after contact
with the plunger 1s broken. '

To prevent the movements of the plunger
from being obstructed by compression of air
within the ends of its inclosing tube 9, the
end spaces within said tube are connected by
a passage 26, through which the air can es-
cape from one end to the other of the tube as
the plunger reciprocates. Owing to the rapid
movement of the plunger, the air rushes
through this passage with considerable force
and advantage is taken of the resulting blast
to destroy the arc which tends to form at the

rear end of the plunger each time the latter

is separated from the contact-piece, the air-
passace at this point being directed toward
the point of contact, so that the current of air
forced through the passage will blow out the
arc as fast as it forms. As herein shown,
such air-passage 26 is formed directly 1n the
plunger itself and extends in the shape of a
oroove along the surface of a plunger to a

point near its rear end, from whence 1t 1s

drilled obliquely into the body of the plunger
until it emerges almost centrally at the end of
the latter directly at the point of contact be-
tween the plunger and contact-piece.

The switch 2may be of any desired construc-
tion suitable for the purpose intended. As
herein shown it is a plug-switch comprising
a metallic section 27, located between 1nsulat-

ing-sections 28 and 29 and adapted as the plug

.1s depressed to be brought into contact first
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with spring switch-blades 30, 31, and 32 and
then successively with other switch-blades 33
and 84, the blades 32, 33, and 34 being con-
nected, respectively, with the taps 8%, 8", and
8¢ of the front coil, the blade 31 with the end
11 of the rear coil, and the blade 30 with the
Jeading-in wire 12. The switch is mounted in
the orip portion of the hammer-handle and 1s
provided with a thumb-piece 35, which extends
through the wall of the handle to within con-
venient reach of the thumb of the operator’s
hand. Its lower end is provided with a
ouidine-stem 86, which lslides within an in-
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sulating-bushing 87 in the handle, and a spring
38 is applied at this point to normally raise
the plug and hold its metallic section 27 out
of contact with the switch-blades. When the
plug is depressed against the resistance of this
spring, its metallic section will be forced be-
tween the switch-blades to establish connec-

70

tion between the leading-in wire 12 and both -

the front and rear coils. Connection with the
front coil 8 will be established first through
tap 8* and then in succession through taps 8
and 8%, connection being broken with tap 8*as

it is made with tap 8" and broken with tap Y
as it 1s made with tap 8%, but always remain-

ing established with the rear coil as long as
the front coil is connected through any one of
1ts taps.
ously energized whenever the switch is closed,
and in using the tool if the plunger does not
happen to rest against the contact-piece 19
at the instant of closing the switch the influ-
ence of this rear coil will immediately retract
it against sald contact-piece. This In turn
will complete the circuit through the front
coil. which by reason of its greater strength
and aided by the rear coil-spring 24 will draw
the plunger out again in spite of the tendency
of the rear coil to hold it retracted. As the
plunger moves out its magnetic attraction
will draw the contact-piece along with it until
the contact-piece strikes a suitable limiting-
stop, which in this instance is formed by the
spring 23, when the latter is so compressed
that its coils or leaves are closed solidly to-
gether. This breaks the circuit through the
front coil and ends for the time being 1ts pro-
jecting influence on the plunger; but the mo-
mentum already acquired will continue to
force the plunger forward until it strikes the
shank of the tool and is arrested by the blow
which it imparts to the latter. The influence
of the rear coil assisted by the front recoil-
spring 18 then immediately retracts the plun-
oer, and the process is repeated, the plunger
being maintained in a state of continuous and
rapid vibration as long as the switch remains
closed.

The intensity of the blow will depend upon
the effective length of the front coil and upon
the length of plunger travel during which the
coil remains in circuit. The effective length
of the coil at any particular time is deter-
mined by the tap through which the circuit
through the coil is completed. If the switch
is only slightly depressed, so as to establish
connection with the coil through the tap 8%
the shortest length of coil will be energized
and the lightest blow will result. If turther

depressed, so as to establish the connection
through the tap 8, a greater length of the
coil will be energized, with a resulting 1n-
crease in the intensity of the blow, and if
forced clear in, so as to establish the connec-
tion through the tap 8 the entire coil will
' be energized and the intensity of the blow

The rear coil will thus be continu-
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will be atits maximum. Additional taps may

of course be provided and the number of pos-

sible gradations in the strength of the blow

correspondingly increased.

The length of plunger travel during which
the front coil will be energized is determined
by the stop which limits the movement of the
contact-plece, and where such stop is formed
by the spring 23, as in the present instance.
such length of plunger travel will be deter-
mined by said spring 23. Consequently by
varying the proportions of the spring or oth-
erwise providing for a different point of sepa-
ration between the -contact-piece and plunger
the latter may be arranged to travel through
any desired fraction of the stroke before the
tront coil is cut out, and the intensity of the
blow may thus be varied beyond the limits
of regulation afforded by the switch.

“One important advantage of the construc-
tion thus described is that it requires but a
single make-and-break contact to accomplish
the reciprocation of the plunger, and this
contact, furthermore, is by our improvement
so constructed as to avoid any frictional or
rubbing surface or joints.. There is conse-
quently no tendency for the engaging parts
of the contact to wear away. and since the arc
which tends to form between them is kept
down by the blast of air which rushes
through the port 26 as the plunger is pro-

~ Jected these parts do not burn away and are
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practically indestructible. S

It will be understood that the several fea-
tures of improvement herein set forth are ca-
pable of being utilized separately and in other
connections, as well as conjointly and as here-
in shown. The use of separate coils or sets
of coils for projecting and for retracting the
plunger and the feature of intermittingly en-
ergizing only that coil or set of coils which

moves the plunger in one direction while con-
tinuously energizing the coil or sets of coils

which moves the plunger in the other direc-
tion may be found of advantage, for example,
1n tools employing a different form of con-
tact. On the other hand, the improved con-
tact herein shown may be employed with coils

otherwise arranged or energized, while the

utilization ot the plunger movement to gen-
erate an air-blast by which to destroy or keep
down the arc at the contact-points may be
generally employed to advantage in tools or
motors of this character without regard to
their particular construction in other respects.

It will also be understood that various
changes may be made in the details of the
construction shown without departing from
the broad spirit of the invention claimed.

We claim as our invention—-

1. An electrically - actuated reciprocating
tool provided with a plunger, an intermit-
tingly-energized coil for moving the plunger
in one direction, and a separate continuously-

3

energized coil for moving the plunger in the

opposite direction.

2. An electrically - actuated reciprocating
tool provided with a plunger, an intermit-
tingly-energized coil for projecting the plun-
ger to strike a blow, and a separate continu-
ously-energized coil for retracting the plun-
oer.

3. An electrically - actnatec
tool provided with plunger-actuating coils, a
magnetic plunger connected in a coil-cireuit.
a movable magnetic contact-piece connected
i the circuit and engaged by the plunger to
complete the circuit, and means for separat-
ing the contact-piece from the plunger after
1t has been magnetically drawn by the plun-
ger through a portion of the stroke.

4. An electrically - actuated reciprocating
tool provided with plunger-actuating coils, a
magnetic plunger connected in a coil-circuit.
@ movable magnetic contact-piece connected
in the circuit and engaged by the plunger to
complete the cireunit, and a spring for sepa-
rating the contact-piece from the plunger af-
ter 1t has been magnetically drawn by the
plunger through a predetermined fraction of
the stroke. |

5. An electrically - actuated reciprocating
tool provided with plunger-actuating coils, a
magnetic plunger connected in one of the coil-
circuits, a movable magnetic contact-piece
connected in the circuit and mounted in the
line of the plunger movement to receive the
direct impact of the plunger, a recoil-spring
applied to force the contact-piece toward the
plunger, and an oppositely-acting spring ap-
plied to force the contact-piece away from the
plunger after it has been magnetically drawn
by the plunger through a portion of its stroke.

6. An electrically-actuated reciprocating
tool provided with a plunger, plunger-actuat-
Ing coils, amake-and-break contact device con-
nected in a coil-circuit, and an air-passage
around the plunger through which the air is
torced by the plunger movement against the
contact to blow out the arc. |

7. An electrically -actuated reciprocating
tool provided with a plunger, plunger-actuat-
ing coils, a contact device connected in a coil-
circuit and an air-passage extending longitu-
dinally of the plunger and through which a
blast of airis forced by the plunger movement
against the pointof contact to blow out the arc.

3. An electrically -actuated reciprocating
tool provided with a plunger, an intermit-
tingly-energized coil for moving the plunger
1n one direction, a separate continuously-en-
ergized coil for moving the plunger in the
opposite direction, and a switch for cutting
the whole or a part of a coil in or out at will.

9. An electrically -actuated reciprocating
tool provided with a plunger, an intermit-

tingly-energized coil foir projecting the plun-

ger, a separate coil for retracting the plunger,

reciprocating
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and a switch for cutting a whole or apartofa
coll 1in or out at will.

10. An electrically -actuated reciprocating
tool provided with a metallic plunger, a coil
for moving the plunger in one direction, asep-
arate coil for moving the plunger in the op-
posite direction, and means for intermittingly
completing a coil-circuit through the metallic
plunger.

11. An electrically-actuated reciprocating

‘tool provided with a metallic plunger, an in-

termittingly - energized coil for moving the
plunger in one direction, a separate continu-
ously -energized coil for moving the plunger
in the opposite direction, and means for in-
termittingly completing the circuit of the first
coil through the metallic plunger during de-
termined fractions of the plunger movement.

12. An electrically -actuated reciprocating
tool provided with a metallic plunger, a coil
for projecting the plunger, a separate coil for
retracting the plunger, and means for inter-
mittingly completing the circuit of the pro-
jecting-coil through the metallic plunger.

13. An electrically-actuated reciprocating
tool provided with a metallic plunger, a coil
for projecting the plunger, a separate coil for
retracting the plunger, and means for inter-
mittingly completing the projecting-coil cir-
cuit through the metallic plunger, and a switeh
for cutting the whole or a part of a coil in or
out at will.

14. An electrically-actuated reciprocating
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tool provided with plunger-actuating coils, a
magnetic plunger connected in a coil-circuit,
a movable magnetic contact-piece connected
in the circuit and engaged by the plunger to
complete the circunit, means for separating
the contact-piece from the plunger after it
has been magnetically drawn by the plunger
through a portion of the stroke, and a switch
for cutting the coils in or out at will, sub-
stantially as described.

15. Inan electrically-actuated reciprocating
tool, the combination with an inclosing casing,
of a plunger mounted to reciprocate within
the casing, a coil inclosing the plunger and
serving tomove it in one direction, a separate
coil inclosing the plunger and serving to move
it in the opposite direction, and means for in-
termittinely energizing the coils,substantially
as described.

In testimony that we claim the foregoing
as our invention we aflix our signatures each
in the presence of two subseribing witnesses.

A. W. McARTHUR.
JOHN G. CRAWFORD.

Witnesses as to signature of A. W. Mc-
Arthur:
EeserT H. DALLARD,
K. C. Jounsox.
Witnesses as to signature of John (. Craw-
ford:
Hexry W. CARTER,
K. A. CosTELLO.
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