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To all whom 11 may concern.

Be it Imown that I, Jomx Trex Myox
Hicououss, o citizen of the United States,
and a rvesident of the city of New Yor L..
in the county of New Y01
New York, United States of America, have
mvented cortain new and useful Improve-
ments in Klectropneumatic Tools, of which
the tollowing 1s a specification.

My invention relates to improvements im
electropneumatic tools, especially to that
type of tools or other mechanismg in which
a reciprocatory or vibratory motlon 15 used.
Its object is to improve upon structures of
this kind and to provide a tool which 1s
«imple in eonstruction and eflicient 1 opera-
{1011

To these ends my 1111‘"01’1t1011 resides 1n the
construction and  arrangement of parts
which T will describe in the following speci-
fication and the novel features of which I
will set forth in appended clalus.

eferring to the drawings, Figure 118 a
cectionzl plan view of a 11%01}111& tool or
hammer mnhod\,mﬂ my invention. Kigs. 2
and 8 are sectional end views of this demm
the uectmm being taken, respectively, on ‘the
lines 2—2 and 38 of Fig. 1. TFig. 4 is a
sectional su]e elevation of one of the mag-
nets which is used in carrylng out the 1n-
vention. Kig. 5 is a sectional side elevation,
on a somewhat larger scale, of a portion of
the tool shown 1 thg previous figures. Ig.

G iz a sectional end view of the tool the sec-

tion being taken on the ]me 6—6 of 1. 5,
a1l %met]w somewhat 1n detqﬂ a shdum
contact arrang cement which 18 uf-:acd N car-
rying oul my “invention. Fig. T 1s a S1IM11-
lar sectional view taken throueh the line
7—7 of Fie. 5 and illustrating the construc-
tion of a pole changer or reversing switch.
1o, 8 15 a dmmwm of the electrical parts
and thelr mnneetme circulits.

Tike characters of rveference designate
corresponding parts in all of the figures.

10 dounlmie% a casing which 1ncloses
nearly all of the working parts of the appa-
ratus. j.l {m_d 19 are the heads of this
Casing., |

00 js a cylinder centrally disposed within
the easing. 21 is a reciprocatory piston
within this eylinder 20. One end of this

piston 1s provided with a striking head 22. |

vl

and State of

surface of the spacing collars 35.

Its other end is bored out to form a chamber
93 which is closed by a hollow cylinder 24
which forms the other end of the piston.
The inner portion of casing 10 1s bored
out as at 13 so that 1t forms a Thollow cylin-
der. DBetween this surface and the outside
of cylinder 20 a plurality of electromagnets
are an
be pmnted out.
30, 30, &c., designate a plurality of fixed
cmtwnwy- electronnonets ‘Fach

Ol

and 1s 11"-%:10 into the shape of a S])OOI or
reel.
outer peripheries of the ilanges 39 and 33

are arranged to fit closely aﬂamfﬂt the inner

surface 13 of the casing 10.

35 designates a plumht} of finished an-
nular spacing collars fitting closely against
the surtace 13 and against the Der 1phe1 1es of
the flanges of ﬂd].«lcem JlOVELle magnets
which arve designated by 36, 36, &c.
movable maﬂheta fit eleaeir bfﬁtween the
outer surface of cylinder ‘?’O and the mner
Annular
spacing collars 87, which fit over the outside
of ¢y Tinder 20, are provided between the
movab]e mfmuetsﬂ and other collars 388 and

39 of the same diameter are e placed over the

cylinder 20 at the end% of Lh outer mov-

:’Lble magnets. |
25 and 26 arve flanges screwed onto the

ends of cylinder 20 and arranged 1o lock
the cylinder 20, the movable 111.:1611&‘(8 36,
ancd the %)acmo collars 37 toaether
cylinder 20 and the parts which ave thus
connected with it are so arranged that they
may move together freely back and forth

Ionoltudmﬂlly as a unit. | | |
97 and 28 are buffer springs arranged, re-

spectively, between the flange o5 and the
casing head 11, and the flange 26 and the
casing head 12. These buffer springs

dinal movement of the cylinder 20.

After the parts above described are as-
semb]ed the heads 11 and 12 are affixed to
the casing 10, and these engaging with the
first .md last of the hm,a maanetfs hold
them with their spacing collars 1"1016_1? tof
Oether with the msmﬂ 10.

14 designates an a1t dm’*t Whlch may be

Patented Dee. 20, 1910.

ranged 1n the manner which ‘W’ln NOW

of

these comprises a body pmtlon 31, having
o fixed flange 32 and a removable Lhnﬂe 3 -

34 is a wire coil upon this spool. I'he
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provided m the casing 10 as shown, or which | larly

may be 1n the form of a pipe connected with
the casing. At the left-hand end of the
travel of the movable magnets 50, openings
15, 15, &e., ave provided from the spaces be-
tween the movable magnets and the sta-
tlonary magnets into the air duet 14.

L6 designates an air passage in the head
L1 connecting the duct 14 with one end of
cvlinder 20, 164 is an air inlet valve con.
nected with this air passage 16. 17 clesio-
nates a similar air duet which may be ar-
ranged at the opposite side of the casing 10
and connected by means of ports 18, 18, &e.,
with the spaces between the right-hand side
of the movable magonets and the stationary
nagnets. 19 18 an air passage in head 12
connecting the dnet 17 with the opposite
end ot the evlinder 20.

194 15 an aiv inlet valve in the passage 19,

At the end of the casing head 11 and Pro-
jecting throueh it is a riveting tool 40. Tts
mner end is constructed to form an anvil 41
against which the striking head 22 is ar-
ranged to strike. A spring 49 is arrange
to press the riveting tool inward. At the
opposite end of the device and supported by

12 are a pair of contact

the casing head _
1ch bear, respectively, upon

briashes 43, 44 wi
<hiding contact strips 45 and 46 which ave
msitlated from hut mounted upon the cvhin-
der 20 so that they move with it,

12495 a housing serewed onto the head 19
and arranged to <upport the pole changing
device or reversing switeh which T will now
ceseribe. This  compriges six stationary
brushes 50. 51, 52, 33, 54 and 55 which ave
msulated from each other, A pair of mov-
able contact strips 36 and 57 are mounted
upon the block 58 of msulating material
which 1s affixed to a sliding frame 59. 60
destgnates a rod which is connected with
this shiding frame 59 and which is carpried
though the end 24 of piston 21 into the
chamber 23 where it terminates in an en-
[areement 61,

In IFig. 8 T have shown g way 1 which
the magnets. the brushes and contacts above
described mayv he eleetrically connected. In
this fignre + and — desiognate mains from
a1 suitable sonrce of eleetriceal supply.  The
positive or -+ main is connected witly the
brushes and -+ The negative or —
main 1= conneeted with the brushes 52 and
5. Al the magnets of one set. for exani-
ple. the fixed or stationary magnets 30, are
counected with the Lrushes of the reversing
switch 1 the followine manner: The leads
from the left-band side of everv other one
of these magrets 30, and all the leads from
the right-hard <ide of the intervening sta-
(lonary mwagnets are connected together and
to the contact brushes 51 and 54. The O-

D2

979,164

connected  together and {o contact
brushes 50 and 33. The movable nragnets
56 are connected with the right-hand lend
of one and the left-hand lead of the next
connected together and to one of the shding
contact plates 45, 46, and with their othep
teads connected together and to the other
of these contact plates.

The various pavtsof the mechanism shown
in the drawings have been pointed out and
I will now proceed to describe thelr opera-
ton.  Current passes from brush 44 and
plate 46 to opposite sides of alternate mov-
able magnets 36 and back throu oh plate 453
and Drush 43 so that it flows through every
other one of them in an opposite rection.

but ats direction through anv one of them

15 alwavs the same. Conzequently their po-
larity remains the same. Dut thoe polarity
of adjacent stationary magnets S0L which 1s
also 1 opposite divections., is o rranged to be
changed or alternated. This alternation of
polarity 1s accomplished by the pole changer
or reversing switch. Tt has heen <hiown
that the windings of adjacent stationary
magmnets ave connected together in opposite
directions and to the contact brushes 31, 54
and 50, 55, When the movable magnets are
at one end of their travel, for example. to
the left as thev are shown in I¢ 10. 8. the con-
tact strips 56 and 37 mayv e moved over to
the right as shown in 011 lines in this f12-
ure 1 a manner which will he presently de-
seribed. When in this position the contact
strip 56 will bridee and connect contacts 59

and 54, and the contact strip 57 will bridee
and conneect contacts 59 Al 535, The con-

nections with the magnets are so made that
with the parts in this position the polarity
of the right-hand faces of magnets 30 will
be the same as that of the left-hand faces of
movable magnets 36, and consequently will
repel the movable maonets and drive them
away. At the same time the polarity of the
left-hand faces of stationary magnets 30
will be opposite to that of {he rieht-hand
faces of movable magnets 36 so that the
movable magnets will he attracted on that
side.  This repulsion and attraction will
cause the movable magnets to move together
to the right until

they reach some such po-

sttion as that which is shown in s, 1 and

2. The movable contact strips 56 and 57
are then moved to the left in the position
indicated by the dotted lines in I7i0. 8. when
they will bridge brushes 52. 50 and 33. 31,
respectively.  This will reverse the current
through the stationary magnets 30 so that
they will repel and attract the movable
magnets 36 1 the opposite direction anc
drive them back again. The hrushes 49 and
+4 are so arranged that they alwavs remain
upon their respective sliding conftact strips

J—

posite leads of these magnets 30 are simi- | 45 and 46 so that the polarity of the mov-
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able magnets : always remaline in the same di-
pection. It is evident that the polarity of

the stationary magnets may be made con-

stant and that of the movable magnets re-
versed 1f desired. '

In moving from the left to the right the |

movable 111.:10110(% will compress the air or
other flmd which is between them and the
stationary magnets to their right. "The fluid
pressure thus obtained will pass through
ports 18 mto duct 17, and through passage
19 into the end of cyhinder 20. Thl% pres-
gure acting upon the end
dvive it to the left out of the position shown
in the drawings until its striking head 22
strikes “ﬂanmi anvil 41. While the mov-
abhle mwwi% are thus creating a pressure
at their right-hand sides they are making a
correspending ravefaction : o their left-hand
sicles. This 1&191.;1(,{101“‘ or parfial vaccum
will eause the fluld in eylinder 20 to the
left of pr%oﬂ 91 to be drawn out away from
this end of the piston, which, of course, will
sssist in the actuation of the piston. When
the piston has thus been moved away to the
loft the inner end of its portion 24 will
strike against the enlargement 61 on the rod
G0 aud will move it and its connected slid-
e frame 59 over to the left until the mov-
able contact strips 56, 57 are moved out of
umm(t with brushes a--l.} 55 and 1nto contact
hrushes 50, 51, The central brushes
59, 53 always remain in contact with these
movable contact strips. Now the polarity
of the stationary magnets will be reversed
and the movable magnets driven to the lett.
The piston 21 will “then be driven to the
vieht by the compression and rarefaction
created by this movement of the magnets.
When the piston moves to the right the bot-
tom of (‘h;;hllb{}i 23 will engage with the en-
Jargement 61 and push 1t and its connected
;]:111‘3 over to the right, thus again reversing
the polavity of the shtlonfuy 1}1.;1ﬁnets
Thus the movement of the movable 1111gnet‘5
96 in either direction will drive the piston
91 in the opposite direction, and the move-
ment of the piston will be used to actuate
the pole changer or reversing switch. I
it is desired to have the p1st011 move 1n the
ame divection ag that of the magnets 1t
u}]l only be necessary to lntelehflﬁne the
leads of ducts 14 and 17,

The mechanism as shown is designed to
operate with air and in order (o insure a
full supply of air w ithin the casing 10, the
air inlet valves 164 and 19 may be plowued
These are ordinary check- valves arranged to
allow intake of air but to prevent it from
flowing out.

T have not shown in detail the riveting
{ool or hammer 40 as this forms no part of

the invention, and especially as 1 do mnot

mean to limit my invention to a riveting

of piston 21 will

]

F

tool. T‘i is in fact adaptable for use in con-

nection with nearly any mechanism where-
m a 1(.,61]310 catory. vibratory wmovement is
desired. Rock
amples of such mechanisms.  The advan-
tages of using c,omplesscd air for such de-
vices is well known. in many localities,
however, a supply of C"‘*lllplﬁ%‘*-@d alr 18 not
available, and it 1s one of the objects of this
invention to overcome this difficulty.

The 11]"*@11&1115*11 which I have invented is
sel f-contained and mf:ﬁg be used in any place
where an electriea

obtaine . -

Tt is well known that the pull on electro-
lenetﬂ is much stronger when the air-gap

between them is shovt. 1t is also well known
th{lt to obtain a satistactory pressure for
setuating such a piston as that herein de-
%Iibed o comparatively long stroke 1s re-
]”119& ] mmumtmo cooether a plavality

DYV

ot movable members, ea el 'Mmm through

L compars A ely shor t distance of U-:W’QL ml
‘l{td]?lﬂ toge vther the volume of co mpr ogsed
a1n (,I'GIJ[Gd by them, this dlﬂluiltv 1s re-
moved., A meat{} ot 10%@01 number of mov-
able magnets and their 2 ssoclated stationary

magnets than those shown i the drawings -

nay be used, according to the requirements
of the specitic mechanism to w 111011 thig n-
vention is applied. -

The constiuction of the parts illustratea
is a preferred design as. {he apparatus 1s
seli- contained and is built up abeut a LQﬂtI al
axis with nearly all of its parts concen-
trically avy aneed, but, of course, other ar-
rangements and designs of the mechanism
may be made without (1@?}%*1111@ from the
spivit of the nvention. ih@ fAuid 1n the
spaces between the magnets acts as a cushion
ancl assists in the 1{1{-}1%&1 of mm*emﬂnt of
the movable magnets. In order to prev enL
the magnets sticking together or ™ freezing
2t the ends of their st C‘Le‘m -ashers 304 of
NoMn- nm{met ic material may be provided. 1
am aware that polavized magnetic members
have been arranged fo 2ltern: ately
and repel each other, but I believe *"hfzt the

TS ngemml which is herein disclosed is the

fivet 11 which more than three of such mem-
bers have bLL.H arranged to i ave this mmlml

action.

What 1 claim 1s:—

1. A plurality of magnets, an 11’1610‘5111“_

casine closely fitted about said magnets, cir-
cuits uuan%d to effect the energization ot
the magnets to cause a{l]acmt 1'11.:wnet% to
be moved toward and from each other to
thereby cause a difference of fluid pressire
within the casine, and a piston within the
casing arranged c0 be .:1(*tmted by said fluad
pressure.

9. An inclosing casing plm ality of fixed
clectromagnets thelemj 2 mwmtm member

s

drills and pumps are ex-

[ power supply may be
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arranged to be moved back and forth with-
in the casing hetween the electromagnets by
<a1d fixed ]lmﬂllf‘i‘w to thereby cre ate a dif-
for enee o1 fuid pves%m e, a 1}*-~f{}11 within the
casing arranged to be actuated by s
pressure, and menns actuated by the piston
101 mmmlhnﬂ saicl electmmaund%

An celesing easing, a phudhu ot fixed
de»ztwnm“nel% therein. a magnetic member
arranged to be driven back and forth with-
in the casing between the fixed electr oM Q-
nets by 5{11(1 imagnets to thereby create a
ditference of fluid pressure, a piston within
the casing arr: inged to be actuated by said
flud pressure. and means actuated by the
pl%ion for controlling said electro magnets.

4. An inclosing casing, a set of fixed elec-
(romagnets therein. a set of movable mag-
nets .;zu.:mﬂed to be driven back
within the casing between the fixed eleectro-
magnets to thereby create g clifference of
fluid pressure, a 1)19{011 within the casing

arranged to be actuated by said fiuid pres-
sure. and a pole changer for one of the sots
of said ma onets,

5. A 111L10~1110 casing, a plurality of fixed
electromagnets thelem. A plmahiv of morv-
able 111f1rmet<; arranged to be driven back and
forth within the casing between the fixed
electromagnets to ther ebT create a differ ence
of fluid pressure, a piston within the casing
arranged to be 1ctuated by said fluid pres-
sure, means for energizing the electlomao-
nets, a pole changer “for the fixed electro-
magnets, and a mechanical connection he-
tween the 1)1“"-t011 and the pole changer.

6. An mnclosing casing, a plu ﬂht*r of sta-

f

satd fluid |

and forth .

l
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tionary electromagnets affixed to said ¢ asing,
a cvlinder within said stationary electro-
magnets, plurality of movable magnets
about said cylinder and arranged to he
driven back and forth in unison between the
hxed electromagnets to thereby create a dif-
ference of fluid pressure. a piston ithin
the cylinder arranged to be actuated by said
fid - pressure, means for energizing  the
clectromagnets, a pole changer for rev CISing
the polarity of the stationary elechonmrr
nets, and a mechanical connection between
thn piston and the pole changer.

An  inclosing Cv]mduml casing, a
plumht‘: of Hf:ltl(;lldli" clectromagnets af.
fixed to said casing, a mov able cvlinder
centrally disposed within saic stationary
magnets, a plurality of movable magnets af-
fixed to said cvlinder and fluanued to he
driven back and forth between the station-
ary clectromagnets to thereby create a dif-
ference of fluid pressure at the opposite ends
ot the cylinder, a piston within the cvlinder
arranged to he actuated by said fluid pres
sure, means for energizing the electromag-
nets, a pole changer 101' reversing the po-
lavity of the fixed electr omagnets, a 511(1111&
contact device for the movable electr omag-
nets, and a mechanical connection between
the piston and the pole changer.

In testimony whereof T have signed my
name to this speuﬁcatmn 1n the presence of
two subscribing witnesses.

JOHN TEN EYCK NILLHOUSE.

Witnesses : "
Erxest W. Marsarn,,
Erra Tocn,

.
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