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UNITED STATES

PaTeENT OFFICE.

[IENRY II. VAUGIAN, OF CHICAGO, AND CHARLES HARRIS JOIINSON, OF
CHICAGO HEIGHTS, ILLINOIS.

MOTIVE-FLUID DRILL.

SPECIFICATION forming part of Letters Patent N O. 684, 325 da,ted October 8, 1901.

Application filed July 30; 1900.

Qerial No. 25; 279, (ITomodel} o

To wll wlion it 1wy coneer:

Be it known that we;, HENEY H. VAUGHAN,
residing at Chicago, and CHARLES HARRIS
JOHNSON, residing at Chicago Heights, in the
county of Cook, State of Illinois, citizens of
the United States, have invented certain new
and useful Improvements in Motive-Fluid
Drills; and we hereby declare the following
to be a full, clear, and exact description of
the same, reference being had to the accom-
panying drawings, in which—

Figure 1 is a plan view of a drill embody-

ing our invention. Fig. 2is a part cross-sec-

thIl on the line A A, Flﬂ' 1, and a part cross-
section on the line B B F1 . 1, of the drill
shown in plan view, Fig. 1. Fig. 3 18 a cross-
sectional view of the drill on the line C C,
¥ig. 1, parts omitted for sake of clearness.
Fig. 4 is a cross-sectional view on the line D
D, Fig. 1. Fig. 5 is a part cross-section on
theline Y Y, Fig. 2, and a part cross-section
on the line Z 7, Fig. 2, the main drill-spindle
being .omitted. Flﬂ' 6 is ::1 cross - sectional
view on the line X X, Fig. 2, parts omitted
and the ports leddmﬂ' to reversing-valve
shown in dotted 1ines. - Fig. 7 is a detached
view of the socket end of the drill-tool. Figs.
Sand 9 are diagrams illustrating the relation
of the ports or passagesof thereversing-valve.

I.ike symbols refer to like parts Wherever
they occur.

Our invention relates to the construection
of motive-fluid-operated drills, and has for
its objects the dispensing with the usual
valves for controlling the supply and exhaust
of the cylinders, the 1ncrease of the driving
power, and the multiplication of the drill-
spindles operated thereby without materially
enlarging the proportions of the drill, and,
n'eneral]y, the production of a compact and
efficient motive-fluid drill adapted for use
close to walls, in corners, and in like confined
places.

We will first generally describe our pre-
ferred construction as illustrated in the ac-
companying drawings, and will thereafter
particularly point out in the claims which

follow the combinations and arrangements
whieh embody our invention.

“In the drawings, A indicates a suitable cas-
ing wherein are formed or assembled a plu- |

| rality of cylinders in. pmallei relation, the

number in the present instance being four,
indicated, respectively, by thesymbols12 3 4.
The case A isclosed at one end by a detach-
able cap A’, having on its interior crank-
shaft bearings ¢ a, so that the cranks, pit-

R

men, and cylmder - pistons are removable
with the casing-cap A’ to facilitate assem-

bling of the parts, dismantling of the drill,
replaeement and repair. The cra,nk-shafb
bearings a @ on the interior of the cap A’ will
be positioned properly for the reception of
the crank-shafts, which in the present in-
stance are twoin number, with each of which
shafts two pitmen from the respective pis-
tons of two cylinders are connected, the
cranks on each shaft being opposite each
other and at right angles to the cranks on the
other shaft.
for the crank-shafts (see Figs. 3 and 4:) the
cap A’ is also provided on its interior with a
bearing a’, intermediate of the crank-shaft
bearings, for the support of an intermediate
driven shaft 5, which, as will hereinafter ap-
pear, also serves as a ‘drill- spindle.

6 6 indicate the crank-shafts, journaled 1n

the bearings a a of the casing-cap A, and 77
the pitmen, which connect the pistons 8 of-
the respective cylinders therewith, each pit-

60

In add1t10n to the bearings a « ‘}d

75
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man being connected with its piston by a suit- -~

able wrist-pin 7% and held in position on the

crank-pins of crank-shaft 6 by means of disks

9, let into the walls of cap A’, the upper of

which as to both eranks can be in the form

of an oil-cup (see Figs. 3 to 9) to insure proper

lubrication of the bearings.

On each of the crank-shafts 6, intermediate
of the cranks and preferably formed integral
with the shafts, is a pinion 6%, which meshes

with a pinion or gear-wheel 5* on the inter-

$1e

mediate driven shaft 5, and said intermedi-

ate shaft has a second gear-wheel or pinion
5°, which in turn meshes with the master-
gear 10* of the main drill-spindle 10.

The 95

lower end of intermediate shaft 5 (see Fw 4)

is provided with a square or polygonal _sockeb
5¢ for the reception of a tool and with a chuck
5% for holding the tool in position. By prefer-
ence the chuck 5%on intermediate shaft (and
also the chuck of the main drill-spindle 10)
is in the form of a rotating collar, having an

100
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elongated slot in its lower end for the pas- | eylinder is also Provided with a port, ;

sage of wings or flanges { on the upper end

~ or stem of the tool (see Fig. 7) and an elon-

IO
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gated slot s and set-screw s’ (see Fig. 3) for
Securing the chuck and limiting the e);tent} of
its rotation and in addition thereto an in-

claded spring s® (see Fig. 2) to prevent the

rotation of the chuck unless force is applied
to turn it. In practice the tool, Fig. 7, is in-
serted in the socket until its wings ¢ pass
through the oblong slot in the end of the
chuck, whereupon the chuck is turned

slightly, and being fastened by .means of the |

set-screw secures the tool in its spindle.

10 indicates the main drill-spindle, (see
Figs. 2, 4, and 6,) located intermediate of the
cylmders 1, 2, 3, and 4 and provided with the
ma.ster-#Wheel 10.“, which meshes with the
ion 5° on the intermediate shaft and spindle
9. The lower end of main spindle 10, which
may be integral with the master-wheel 102,
(see Kig. 4,) will have a tool-socket 10® and

- chuek 10°% which may be in all respects simi-

30

lar to that of the intermediate shaft 5, here-
inbefore described, and the master-wheel 10?
will have a race 10? on its upper face corre-
sponding to a similar race on the bearing, be-
tween which will be antifriction-balls, con-
stituting an antifriction-bearing on the cas-

ing A tor the master-wheel and main spindle.

The lower end of the casing A, constituting

- the master-wheel chamber, is closed by means
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of an end cap A% through which project the
lower ends of main spindle 10 and intermedi-
ate shaft and spindle 5. -

11 indicates the chamber of the reversing-
valve, (see Figs. 4, 5, and 6,) also located in-
termediate of the Cy Imdels and in-line with
the main drill-spindle 10 and the intermedi-
ate shaft and drill-spindle 5, with which
chamber are connected a series of ports or
passages leading from and to the respective
eylinders, the connections between which

ports or passagesare established through and

controlled by the reversing-valve 12.

13 indicates the motive- ﬂmd-supply pipe,

(see Fig. 4,) which will be provided with a
mntable thlottle valve and which delivers
into the motive-flnid-supply chamber 14, {see
Figs. 2, 3, 4, and 5,) located within the CaSs-
ing A lntermedlate of the cylinders.

The general plan and arrangemsent of the

eylmders 123 4andtheir supply and exhaust
ports is such that the working piston of one
cylinder controls the supply and exhaust of
another ¢ylinder and has its supply and ex-

haust in turn controlled by the working pis-

ton of some other c¢ylinder of the series. To
this end each cylinder .of the series is pro-

vided at one end with the usual supply and
‘exhaust port 1* (see Figs. 3, 5, and 6) and a

passage leading therefrom 10 the chamberll
of the i‘ev@rsing’-valve 12, and from opposite

points in sald reversing-chamber 11 a corre-

sponding passage leads toa port2*in a com-

‘panioncylinder,which latter portisconfrolled
Hach |

by the piston of said second cylinder.

pin=
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3%, (seé

Fig. 2,) communicating with the motive-flaid- . -

supply chamber 14, and an exhaust-port 42,

leading to the atmosphere, (see Fig. 2,) and_-- o
said several ports may be in the same plane. -~ - ..

and so located as to be covered at all times. .  .'5-_-_-:-_.-__ _51

by the piston of the c¢ylinder.
3 8 indicate the cylmder-plbtons each of

which is provided with two chambers 8 8, -

75

70 .'

occupying different portions of the plstm:l
the first, 3%, arranged to open and maintain

communication between supply-port 3% and =~
8o
of the piston, and the second chamber 8* ar- -~ =

port 2* during a certain portion of the travel

ranged to connect said port 2* with the ex-

haust-port 4* during a certain other portion

of the travel of the piston. As a result of
sald arrangement of ports and chambers in

the piston it will be seen that each piston ;:
constitutes a valve which controls the sup- . -+ .
ply and exhaust ports of a cylinder other ~

than its own.
against lateral pressure incident to the loca-

In order to balance the piston

tion of supply or pressure port 3* and pas- - -
sage 8% a passage or port 8° of equal area .-
(see Iig. 2) is formed on the opposite-sideof ~
the pl'-ton S, and the same communicates with .

the pa,ssa,ﬂ'e or port 8* through the hollow

wrist-pin 7¢ ‘Wthh connects. the pitman-7 smd S BT

piston 8.

Referring now to Fig. 6 of the dmwmﬂs,

where the ports and passages are shown in =~ =
I0D - |

dotted lines, it will be noted that the pdssafres-
(four in numbel) leading from the ports 2* of

the eylinders converge to the valve-chamber =~ = -

11, and the passages leadmﬂ' therefrom tothe - °.

Dm ts 1 diverge to the respeetwe cyiinders, -
tos

and by reference to Fig. 5 (which is ‘a hori-

zontalsection on parts of twodifferent-planes) -
it will also be noted that the passages lead-
ing from the pair of cylinders on the oneside
open vertically one above the other, but-ata =
certain distance apartin a vertical dwectmn
and the two sets of ports open into valve-}'_-_ﬁ_.
chamber 11 at a position approximately forty-
five degrees on each side of ‘a center line -
drawn thl ough the axis of chamber 11l and the
axis of the 1mermed1a,te shaft or drill- spmdle"i ]
5. 12 indicates the reversing-valve,whichis -

located in said chamber 11 and controls the
relatwe connection of the passages 1* 2°, lead-

ing from the cylinders, to thesaid chamber of
This valve, which is:
preferably of the plug type, (see Fig. 4,)is =
provided with two sets of passages 122 a.nd 190, -

the reversing - valve.

the first of which, 12*, pass directly thloucrh |

thevalvefrom sule toside, and the others 12"

pass through the valve in. 2 plane at I‘I*ﬂ'ht an- -

ogles to the plane of the first-named passages,

but instead of passing in a planeat right an-_.l'
glestothe axisof the valve the passagesdipso .~
that each port 12 opens on the wall of the -
*and at the opposite point on the level of .= -
Lhe other port 12%, the vertical distance be-

Valve 12 at the same level as one of the ports

tween the ports 123 198 being equal to the ver- o

tical distance between the Dorts 1 1*and 2* -

125




10

20

30

35

40

45

55

6o

684,325

2% which lead from the ¢ylinders to the valve-
chamber 11. The valve 12 being in position
in the valve-chamber 11, its four ports or pas-
sages will connect the four passages or ports
1* of the cylinders with the four ports or pas-
sages 2* of said eylinders, and the position of
the plug-passages 12* 12° will determine the
character of the connection and the direction
of rotation. In order to more graphically
illustrate the connection of the ports 1* 2% of
the eylinders where they enter valve-cham-
ber 11 with each other and with the valve 12

and its ports 12* 12°, diagrams, Figs. 8 and

9, have been introdnced into the drawings,
the diagram Fig. 8 illustrating the relation ot
the valve and ports when the motor is work-
ing in the direction of the arrow, Kig. 6, and
diagram Fig. 9 illustrating the relation of the
valve and ports when the mofor is reversed.
In the diagrams Iigs. 8 and 9 the symbols
I T? I'3 ¥ indicate the points where the pas-
sages leading from the ports 1* of the respec-
tive cylinders 1, 2, 3, and 4 enter the valve-
chamber, and the symbols H" H* H® H* indi-
cate the points where the passages leading
from the ports 2* of the respective cylinders
1 2 3 4 enter the valve-chamber, while the
broken lines indicate how the said ports are
connected by the position of the valve 12.
By a comparison of Figs. 3 and 6 of the draw-
ings, the first of which 18 a vertical section
on the line c ¢, Fig. 1, and the second a hori-
zontal section on the line x x, Fig. 2, it will
be seen that the pistons of eylinders 1 and 3
are coupled to one crank-shaff, and the pis-
tons of cylinders 2 and 4 are coupled to an-
other crank-shaft, the cranks of said shafts
being opposite on the same shaft and at right
angles on the opposite shaft.

Referring now to Figs. 2, 3, and 6 and bear-
ing in mind the relatlon of the ports of the
several cylinders, as illustrated by the dia-
ocram Fig. 8, also assuming that the motor is
Working in the direction indieated by the ar-
row, Xig. 6, it will be seen that as the piston
of cylinder 2 moves backward communica-
tion will be established by the chamber §° of
said piston between the exhaust-port 4* and
the port 2* in the cylinder of said piston, and
this establishes communication between the
back end of cylinder 1 and said exhaust-port,
(on the diagram Fig. 8 from H? to ¥',) and
this communication is kept open until the
crank of said piston has moved one hundred
and eighty degrees, by which time the piston
of eylinder 1 has made one complete back-
ward stroke and isat the back end of the ¢yl-
inder. The piston of c¢ylinder 2 then moves
farther forward and establishes communica-
tion, by means of the chamber 8* of said pis-
ton, between the ports 2* and 3* of saild cyl-
inder 2, and this admits the pressure from
pressme .chamber 14 through ports 8* 2° of
cyvlinder 2 and 1* of eylmder 1, back of the
piston of said cylinder1 This admission of
pressure back of the piston of cylinder 1 18

continued until the piston of eylinder 2 has | therefrom, and & pressure-port, the two lat-

el

D

returned to the position shown in Fig. 6, when
the pressure is shut off and the exhau&t again
opened, as previously noted.

By againreferring todiagram Fig. Sand fol-
10Wing out the above-noted operation with
each eylinder it will be seen that the piston of
cylinder 1 controls the piston of cylinder 4,
(diagram Fig. 8, H' to %) the piston of eylm—
der 4 controls the piston of eylinder 3, (dia-
oram Fig. 8, H*to I%,) the piston of cvlmdel 3
controls the piston of cylinder 2, (diagram Fig.

| 8, H?to F?,) and the piston of eyhnder 2 con-

trols the piston of cylinder1, (E[2 to F',) as be-
fore set forth.

In order to reverse the motor, the revers-
ing-valve is rotated through muety degrees,
(See Fig. 5,) when the relation of the passages
eonneetmn' the ports 1* 2* will be changed

 from the illustration given in diagram Fln' S

to that given in d1aﬂ'mm Fig. 9, in which the
piston of cylinder1 controls the. piston of ¢yl-

inder 2, (diagram Fig. 9, H to F%,) the pis-

ton of cylinder 2 controls the piston of c¢ylin-
der 3, (diagram Fig. 9, H? to F3,) the piston
of eyhndel 3 controls the piston of eylinder 4,

(diagram Fig. 9, H? to F%)) and the piston of
cylinder 4 controls the piston of cylinder 1,

(diagram Fig. 9, H* to F'.)

The arrangement and operation of the mo-
tor being such as before pointed out, the power
will be tra,nsmltted from the pinions 6* 6* of
the crank-shafts 6 6 through the intermedi-

ate pinion 5* to the mtermedlate shaft and

drill-spindle 5 and thence by pinion 5° to
master-gear 10* and main drill-spindle 10.

70

75

80

90.
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It will be noted that by so constructing the

working eylinders and pistons that one shall
control the supply and exhaust of another of
the series separate valves are dispensed with
and a more compact machine of less dimen-
sions is obtained without loss of power and
with an increased number of drill-spindles
better located for working in corners, angles,
and confined spaces.

Having thus deseribed our mventlon what
we claim, and desire to secure by Letters Pat-
ent, 1§~

1. In a fluid-pressure motor, the combina-
tion of a plurality of cylinders arranged
around a common center, each cylinder hav-
ing a port at one end and also a plurality of
ports located within the travel of its piston,
one of said latter ports of each c¢ylinder con-
nected by a suitable passage with the end
port of another cylinder of the series, a re-
versing - valve interposed in the passages
which connect the several cylinders, and a
piston for each cylinder of the series said
piston having ports or passages adapted to

ports of the cylinder located within its travel,

substantially as and for the pnrposes speci--

fled.

2. In a fluid-pressure motor the combina-
tion with a cylinder having a supply-passage
leading thereto, a supply-passage leading

10§ -

110

115

120

125

establish communication. between the plural =

130




~ ter so located as t0 be covered by the plbton

IO

20

25

during its working stroke, of a piston having

a port Or passage adapted to establish com-
munication between the pressure-port and
the supply-passage leading from said cylin-
der.and opposite thereto a port in the piston
adapted to balance the lateral pressure on the

piston; substantially as and for the purposes

Speclﬁed
3. In a fluid- motm the combination of four

cylinders arranged i in parailelrelation around

a-common eenter each of said eylinders hav-
1ng ports so located as to be covered by its
piston during its working stroke, passages

which econnect the séveral eylinders-with each

other, a reversing-valve interposed in said
connecting-passages, pistons for the respec-
tive ‘eylinders, and a series of cranks. with

which said pistons are connected said eranks
setat rightanglesto each other,substantially

as-and for the purposes Speclﬁed

4, In a fluid-pressure motor, the combina-
tion of fourcylindersar ranﬂ'ed around a com-
mon center, each cylinder -having a port at
one end, and a passage leading therefrom to

i

684,325

a valve-chamber, each of said ecylinders hav- =~

ing also a plurality of ports located within

the travel of its piston, a passageleadingfrom = -
one of said latter ports of each cylmder to
the passages leading

said valve - chamber,

from one pair of said cylinders opening into -
the valve-chamber above each other in ‘the -

same plane but at substantially right-angles
to-the passages leading from-the Other;pairj

of cylinders, a valve having two sets of'ports

therethrough in planes at r lﬂ‘ht angles, one of -
said sets of valve- passages dipping or ex- -

tending diagonally through the valve,:and a-

piston for each cylinder said piston having -

ports adapted to establish communication be-

tween the plural ports of its eylinder, sub- =~
stantially as and for the purposes specified. =~
In testimony whereof we affix our signa-- -

tures, in presence of two witnesses, this: 27th

day of July, 1900.
HENRY H. VAUGHAN. |
CHARLES HARRIS J OIINSON
Witnesses:
H. G. MORISON, -
GEO. L. MOELDOWNEY
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