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Be it known that we, WILLIAM HENRY 
KELLER and SAMUEL DUNHAM SinLnY, 
citizens of the United States, both residing 
at Eccles, in the county of Raleigh and State 
of West Virginia, have invented certain 
new and useful Improvements in Recipro 
cating Motors, of which the following is a 
speci?cation. 

This invention relates to reciprocating 
motors and is especially adapted for use in 
connection with drills, punches, hammers or 
the like and particularly where such devices 
are used for drilling or punching in rock 
or coal or any similar uses. 

In our application Serial No. £138,992, ?led 
June 17th, 1908, is disclosed a reciprocating 
motor of the character above referred to. 
By the present invention certain improve 
ments upon the apparatus of our former ap 
plication are provided. 
- One object of the invention is to improve 
the construction of the magnetic circuit of 
magnetism producing the pull which cooper 
ates with the rotary motion to produce axial 
motion. 
Another object of the invention is to pro~ 

vide means for counterbalancing the trans 
verse pull upon the shaft of the magnetic 
means for converting rotary into reciprocat 
ing motion. 
Other objects of the invention will appear 

hereinafter. 
In the acompanying drawings which illus 

trate the invention, Figure 1 is a side ele 
vation of apparatus embodying the inven 
tion, partly broken away and partly in sec 
tion; Fig. 2 is a top plan view of the ap 
paratus shown in Fig. 1; Fig. 3 is an en 
larged side elevation, with‘ the casing re 
moved, of that portion of the apparatus 
whereby the rotary motion of the shaft is 
converted into axial movement thereof; Fig. 
4 is a section on the line 11—-4 of Fig. 3 
looking to the right, this ?gure being on 
the same scale as Fig. 3; the casing being 
applied; Fig. 5 is a top plan view of the 
electromagnet for. reciprocating the shaft, 
the coil being removed and one of the grids 
being shown at one side of the pole face to 
which it belongs, the other pole face having 
its grid in place; Fig. 6 is an end view of a 
collar as will be referred to hereinafter. 

Referring to the drawings, a frame, com 
prising the spiders A and B and the heads 

C and D, which are secured and spaced by 
the longitudinal rods E, F and G, is sus~ 
tained by means of the brackets H, I and K 
which are adapted to slide upon longitudinal 
rods L and M which are parts of a support, 
which support is shown as comprising the 
end pieces N and O and the longitudinal 
pieces P and Q. The frame is thus movable 
with relation to the support and to effect this 
movement a screw R is rotatably mounted in 
the support and its screw threads engage 
with screw threads provided in the bracket 
I so that as the screw is turned by any suit 
able means as a crank S, the frame is moved 
along the support. This support may be 
mounted in any suitable manner for the pur 
poses in View and when it is desired to fre 
quently move the apparatus to various loca 
tions. the support may be mounted upon a 
wheeled vehicle. 

Rotatably mounted in suitable bearings 
1 and 2 in the spiders A and B, is a shaft 
3. This shaft is rotated by an electric motor 
4 which is mounted 011 the head D and is 
therefore carried with the frame as it is fed 
in one direction. or the other by the turning 
of the screw R. Upon the motor shaft is 
fixed a gear 5 which meshes with a gear 6. 
The gear 6 is fixed upon a shaft 7 which at 
one end enters a bearing 8 in the frame. 
The other end of the shaft 7 is 8-shaped in 
section and enters within a cavity 9, bored 
into the end of the shaft 3, through a hole 10, 
8-shaped in section, in the collar 11 which 
is fixed upon the shaft 3 in any suitable 
manner as by a transverse key 12. A longi 
tudinal key 13 may also be employed if 
thought advisable. This connection be 
tween the shafts 7 and 3 permits them to 
have relative axial movement but prevents 
them from having rotary movement with re 
lation to each other. It will be seen that the 
gear 6 is larger than the gear 5 and that there— 
fore the shafts 7 and 3 revolve at a slower 
speed than the shaft of the motor. It is 
desirable that a reducing gear be employed 
as it permits of the use of a small high speed 
motor without producing undue speed in 
the shaft 3. 
To give an axial movement to shaft 3, two 

similarly inclined iron disks 14 and 14;’ are 
fixed upon the shaft. The peripheries 15 
and 15’ of these disks are concentric with 
the shaft and facing these peripheries are 
the opposite pole faces 16 and 16’ of a mag 
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not which is secured to the frame hereinbe~ 
This magnet is an elec 

tromagnet comprising the coil 17 which en 
circles the core 18 upon which the pole faces 
just referred to are formed. It will be noted 
that the ends of this core are bent at right 
angles to the axis of the coil so that a mag 
net of the horseshoe type is formed, having 
the pole faces 16 and 16’ at its extremities. 
T he core is secured between the bottom ends 
of the lowest arms of the spiders A and B by 
means of the members 20 and 20’, the mem 
ber 20 being secured at one end to the spider 
A and at the other end to the core 18 by 
means of bolts or screws 19, while the mem 
ber 20’ is secured at one end to the spider 
B and at the other end to the core 18 by 
means of bolts or screws 19’. “Then elec 
tric current is supplied to the coil 17 or, in 
other words, it is energized, a magnetic flux 
will pass tl rough the core 18 and, emanat 
ing from the pole face 16 or 16’ according 
to its direction will pass to the periphery of 
one of the inclined disks through the disk 
to the shaft 3, and through the other disk 
to the other extremity of the core when the 
magnetic circuit- will be completed. 

In order that the magnetic flux may not 
be shunted off through the frame from the 
disks 1&- and 14’, the members 20 and 20’ 
are preferably of non-magnetic material 
such as brass. 
In order to fix the magnetic flux between 

each of the pole faces 16 and 16’ and the pe 
riphery of its corresponding disk, in posi 
tion, windings 9.6 and 26’ are provided in 
the pole faces each of which windings is 
shown as consisting of a grid of copper let 
into slots in the pole face. This operates 
in a well-known manner to oppose any shift 
ing of the ?eld and thus prevents cross pull 
ing of the magnet, side sliding or lagging. 
The pull of the magnet above referred to 
upon the disks tends to draw the shaft 3 
forcibly against the sides of its bearings, so 
that undue wear of the bearings might be 
caused. Under some circumstances the shaft 
3 might even be sprung. To avoid the ef 
fect of this transverse pulling of the shaft 
by the magnet, means is provided for com 
pensating it. In the apparatus shown, this 
means consists of a compensating magnet 
arranged opposite the magnet comprising 
the coil 17 and core 18. This magnet C0111‘ 
prises a core 21 upon which is mounted a 
coil 22. This core is secured to and may be 
formed integral with the frame rod F which 
may be broadened out and formed of a 
suitable cross section for the purposes in 
view, as shown clearly in Fig. 11-. The rod F 
may be made square in section where it 
passes through the spider A so as to pre 
vent it from turning. The core 21 has a 
pole face opposite the peripheries of the 
disks and extends continuously from end to 
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end, being at the same distance from the 
shaft 3 at all points. Also the pole face is 
of such extent that both of the disks 14- and 
1d’ are beneath it at all times during the op 
eration of the machine. lVith the construc 
tion just referred to it will be apparent that 
as the peripheries of the disks move back and 
forth in front of the pole face of the core 21, 
the amount of magnetic flux passing through 
the disks from the core 21 will not change 
and, therefore, the compensating magnet 
will exert no material force tending 
to prevent reciprocation of the shaft 
3. The disks will, however, be attracted 
along lines transverse to the shaft 3 and in 
a direction opposite to the pull exerted by 
the magnet comprising the coil 1'? and core 
18. By suitably adjusting the pole of the 
compensating magnet the transverse pull of 
the other magnet can be nicely balanced. It 
will be apparent that the magnetic circuit 
of the compensating magnet will be from 
the core 21 through the disks 14: and 11', the 
shaft 3, the spiders A and B, (which should 
be of iron) to the frame rod F and thence 
to the core 21 when the magnetic circuit is 
complete. 

It will be understood that the magnet coils 
17 and 22 are each suitably connected with 
a source of electric current- and that suitable 
switches are provided for making and break 
ing the circuit of either so that it may be 
energized or deenergized at will. The elec‘ 
tric motor 4 may be of any suitable and well 
known construction and it will be under— 
stood that it is suitably connected with a 
source of current and. that suitable means 
for starting or stopping or otherwise con 
trolling it are provided. 
Upon the frame may be placed a suitable 

inclosing casing 27 for protecting the mecha 
nism and in this casing may be provided 
suitable doors as 28 and 29 whereby hand 
holes are provided through which the mech 
anism may be reached for attending to lubri 
cation or for other purposes. 
At one end of the shaft 3 (see Fig. 1) may 

be mounted a chuck 30 for holding a drill or 
other tool. 
The parts being in the position indicated 

in full lines in Fig. 3, the shaft 3 will 
be at the extreme left hand limit of its move 
ment. It being understood that the magnet 
coil 17 is supplied with current and that. 
therefore, the magnet having the core 18 is 
energized, as the shaft 3 is revolved by the 
motor a through the gears. the peripheries 
of the disks 111 and 111’ will be attracted to 
the pole faces 16 and 16’ and by reason of 
the fact that the successive portions of each 
periphery which is presented to a pole face 
are axially disposed along the shaft, the 
rotary movement of the shaft will be con 
verted into axial movement thereof. ‘Vhen 
the shaft 3 and the disks thereon have re 
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volved through 180 degrees from the posi 
tion just referred to, the disks will occupy 
positions as indicated by dot-ted lines in 
Fig. 3, whenthe shaft 3 will have been 
moved axially into its farthermost right 
hand position. As the rotation of the shaft 
is continued it will be‘ axially moved 
back toward the left hand position, when 
a complete revolution has been made, the 
disks will occupytheir original positions, 
as shown in full lines and the shaft will 
have been reciprocated axially from its ex 
treme left to its extreme right hand posi 
tion and back again. The rotation ‘of the 
shaft 3 being continued, the cycle of opera 
tions just referred to will be repeated and 
it will be obvious that during the continuous 
rotation of the shaft a series of axial move 
ments thereof will be caused and the drill 
or other tool will be alternately driven for 
ward and retracted so long as the shaft 3 
continues to rotate and the magnet 18 is 
sufficiently energized. 

It has been pointed out in our prior ap 
plication, above referred to, that the opera 
tion of the inclined disk and magnet upon 
the shaft 3 is somewhat analogous to that 
of a cam. In the apparatus shown herein, 
the operation is similar, each of the two in 
clined disks acting in this cam-like manner. 

It will be observed that in the apparatus 
of the present application the magnetic cir 
cuit passing through the core 18 is com 
pleted through the inclined disks whereas 
in the apparatus of our former application 
either the frame or an auxiliary brush or 
arm was employed to complete the similar 
magnetic circuit. 
While the invention has been shown in 

what is considered its best embodiment, it 
may be embodied in other structures with 
out departing from its spirit and is not, 
therefore, limited to the structure shown. 
What we claim is:—: 
1. In a reciprocating motor, the combina 

tion with a rotatable shaft, of means for ro 
tating said shaft, a plurality of inclined 
disks upon said shaft and a magnet having 
its poles presented to the peripheries of said 
disks and adapted to attract said periph 
cries to move said shaft axially as it is ro 
tated. 

‘ 2. In a reciprocating motor, the combina 
tion with a rotatable shaft, of means for 
rotating said shaft, means disposed later 
ally of and exerting a pull, having a trans 
verse component, upon said shaft, for axi 
ally moving said shaft, and means for 
connterbalancing the transverse pull of said 
means for axially moving said shaft. 

3. In a reciprocating motor, the combina— 
tion with a rotatable shaft, of means for 
rotating said shaft, magnetic means dis 
posed laterally of and exerting a pull, hav 
ing a transverse component, upon said shaft, 
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for axially moving said shaft and means for 
counterbalanclng the transverse pull of said 
magnetic means. 

4. In a reciprocating motor, the combina 
tion with a rotatable shaft, of means for 
rotating said shaft, magnetic means dis 
posed laterally of and exertingapulhhav 
ing a transverse component, upon said shaft, 
for axially moving said shaft and magnetic 
means for counterbalancing the transverse 
pull of the aforesaid magnetic means. 

5. In a reciprocating motor, the combina 
tion with a rotatable shaft, of an inclined 
disk thereon, a magnet adapted to attract 
said disk to move the shaft axially as it is 
rotated, said magnet being disposed later 
ally of said disk and exerting a pull thereon 
having a transverse component, and a com 
pensating magnet adapted to attract said 
disk to counterbalance the transverse pull 
of the aforesaid magnet. 

(3. In a reciprocating motor, the combina 
tion with a rotatable shaft, of a plurality 
of inclined disks thereon, a magnet adapted 
to attract said- disks to move the shaft 
axially as it is rotated, said magnet being 
disposed laterally of said disks and exert 
ing a pull thereon having a transverse com~ 
ponent and a compensating magnet adapted 
to attract said disks to counterbalance the 
transverse pull of the aforesaid magnet. 

7. In a reciprocating motor, the combina 
tion with a rotatable shaft, of means for re 
tating said shaft, enlargements carried by 
said shaft and having peripheries surround 
ing said shaft, said peripheries being sepa 
rated, displaced axially from each other and 
each of said peripheries extending axially 
as well as circumferentially of said shaft, 
and a ‘magnet having its opposite poles 
presented to said enlargements respectively, 
said magnet and shaft being relatively mov 
able axially, and said magnet and enlarge 
ments exercising a mutual attraction to cause 
relative axial movement between said shaft 
and said magnet as said shaft is rotated. 

8. In a reciprocating motor, the combina 
tion with a rotatable shaft, of means for 
rotating said shaft, a plurality of disks upon 
said shaft and inclined to the axis thereof, 
and a magnet having its poles presented to 
the said disks, said magnet and disks adapt~ 
ed to be mutually attractive to cause rela— 
tive axial movement of said shaft and said 
magnet as said shaft is rotated. 

9. The combination with a rotatable shaft, 
of means for rotating said shaft, a plural 
ity of disks upon said shaft and inclined to 
the axis thereof, an impact tool-chuck or 
holder, and a magnet having its poles pre 
sented to said disks and adapted to attract 
said disks to reciprocate said chuck or holder 
axially as said shaft is rotated. 

10. In a reciprocating motor, the combi 
nation with a rotatable shaft, of means for 
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rotating said shaft, a plurality of disks upon 
said shaft and inclined to the axis thereof, 
a member of magnetic material extending 
adjacent to said disks, said member and 
shaft being relatively axially movable, and 
an electric coil adapted to establish magnet 
ism through said disks and member so that 
the mutual attraction of said disks and mem 
ber will cause relative axial movement of 
said shaft and member. 

11. The combination with a rotatable 
shaft, of means for rotating said shaft, a 
plurality of disks upon said shaft and in 
clined to the axis thereof, a member of mag; 
netic material extending adjacent to said 
disks, an impact tool-holder or chuck, and 
an electric coil adapted to establish magnet 
ism through said disks and member so that 
the mutual attraction of said disks and mem 
her will cause reciprocation of said tool 
holder or chuck. 

12. In an impact device, the combination 
with a ?xed coil, of a magnetic circuit for 
said coil comprising a part movable with 
relation to said coil, said part comprising 
a plurality of enlargements of magnetic ma 
terial presented to the poles of said coil and 
mechanically connected by an element of 
such magnetic conductivity as to cause the 
magnetism from said coils to pass through 
said enlargements, means for reciprocating 
said movable part of the magnetic circuit 
of said coil with relation to said coil and 
an impact tool reciprocating with said mov 
able part of said magnetic circuit. 

13. In an impact device, the combination 
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with an electric coil, of a magnetic circuit 
for said coil comprising a section movable 
axially with relation to said coil and having 
a plurality of masses of magnetic material 
mechanically connected together and corre 
sponding to the poles of said coil, means for 
reciprocating said section axially of said 
coil and an impact tool reciprocated by said 
section. 

14. In an impact device, the combination 
with an electric coil of a magnetic circuit» 
for said coil comprising; a part movable 
axially with relation to said coil, said part 
comprising a pluralitv of enlargements of 
magnetic material presented to the poles of 
said coil and mechanically connected by an 
element of magnetic material, said element 
being of such magnetic conductivity as to 
cause the magnetism from said coil to pass - 
through said enlargements, means for recip 
rocating‘ said movable part of the magnetic 
circuit of said coil with relation to said coil 
and an impact tool reciprocated by said mov 
able part of the magnetic circuit. 
In testimony whereof we have atlixed our 

signatures in the presence of two witnesses. 
‘WILLIAM H. KELLER. 
SAMUEL D. SIBLEY. 

\Vitnesses as to the signature of William 
H. Keller: 

E. O. Mourns, 
“W. M. TAYLOR. 

- Witnesses as to the signature of Samuel 
D. Sibley: 

W. F. RUssnLL, 
R. G. RUSSELL. 

Copies of this patent may be obtained for ?ve cents each, by addressing the “Commissioner of Patents, 
Washington, D. C.” 
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