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To all whom 1t may concern:

Be 1t known that I, FrEpERICK J. HUM-
PHREY, a citizen of the United States, resid-
ing at the city and county of Kalamazoo

State of Michigan, have invented certaln new

and useful 1111provements i Water-Motors,
of which the following 1s a specification.

This invention relates to improvements 1n
water motors.

The main objects of this imvention are,
first, to provide an 1mproved water motor
which will perform a maximum amount of
work with the power consumed; second, to

provide an improved water motor which has

a regular, even movement and one which
may “be started with the movable parts 1n
any position which they may assume there-
in; third, to provide an improved water mo-
tor in which the shock of reversing 1s very
slight so that the motor 1s practlca,lly noise-
less and easy running; and fourth, to pro-
vide an 1mproved motor, the parts of which
are economical to produce and easily as-
sembled and disassembled, and reassembled
should occasion require the same,

Further objects, and objects relating to
details of construction, will definitely appear
from the detailed descrlptlon to follow.

I accomplish the objects of my invention
by the devices and means described in the
following specification.

The 11117611131011 1s clearly defined and
pointed out in the claims.

A structure embodying the features of my
invention 1s clearly illustrated 1n the accom-
panying drawing, forming a part of this speci-
fication, 1n which,

I‘lﬂure 1 is a detail plan view of m

section, to show the structural details and
the relation of the parts; g, 2 1s a trans-
verse section taken on a line corresponding
to line 2—2 of Fig. 1; Fig. 3 1s a detal SBCthIl
taken on a lne correspondmﬂ to line 3—3 of
Fig. 2; Fig. 4 1s a detail section taken on a
line corr espondmﬂ to line 4—4 of Iig. 2; and
Figs. 5 and 6 are diagrammatic views show-

ing the relation of the valves and the passage

of water through the motor, Fig. 5 showing
the position of the valves when the piston 1s

at the left hand end of the stroke with the

valves In their reversing position, and lg.
showing the
the stroke with the valves in reversing posi-
t1on.

In the drawings, similar reference charac- |

my 1m-.
proved water motor, partially in longitudinal

the stroke of its piston heads.
‘the draining of the piston cylinder and per--

piston at the richt hand end of'~

| ters refer to similar parts throughout the sev- -
-eral views, and the sectional views are taken

looking in the direction of the little arrows at
the ends of the section lines.
Referring to the drawmgs, 1 represents the

60

supporting frame, which 1s here shown 1n de- - -

tail only. The piston cylinder 2 is mounted
at one end of the frame and the pump cyhn-
der at the other. The pump cylinder, as it
forms no part of this invention, 1s not here
illustrated.

vided with two heads 4, the piston rod 5 be-

ing adapted to connect the same to the pump.

On one side of the piston cyhinder 1s a-main
valve cylinder 6 to which the inlet or induc-
tion passage 7 is connected.
is preferably provided with an annular de-
livery portion 8 having a plurality of dis-
charge ports 11 through “the cylmdrlcal bush-
ing 10 of the Y linder. -

The valve ¢ yhnder 6 1s connected by a pair -

of passages 12 to the piston. cylinder, the
passage 12 opening into the piston cylinder
at each end thereof beyond or outside of the
stroke of the piston. These passages are con-
nected to t
of the annular passages 13 and the ports 14.

These ports 14 are 1ocated at each side of the
' inlet passage. |

The main valve chamber 1s connected to

the exhaust 15 by means of the passages 16, -

which terminate in the annular passages 17
and the ports 18, which ports are located at
each side of the ports of the connecting pas-
sages 12 for the main valve cylinder 1:0 the
plston cylinder..

The piston cylinder is connected to the ex-
haust by a passage 19, the passage 19 open-
ing into the wiston oyhnder at a point within
This insures

mits the equ ahzlnﬂ of the pressure 1n the pis-
ton heads. |

The main valve 20 1s provided with a plu-
rality of heads 21, which are adapted as the
valve is shifted to altemately connect the
passages 12 leading to the piston cylinder
with the inlet and with the exhau st.  With
the main valve in the position shown in Fig.
1, the left hand passage is connected to the
inlet while the right hand passage 1s con-

6.l-nected to the exhaust the main piston being

at the initial point of its stroke.
The trip valve chamber 23 1s almnged
parallel with the main valve and the pis-

The passage 7

the main valve chamber by means
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The piston 3 1s prefembly pro- -
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cylinder. The trip valve cylinder 1s con-
nected with the annular delivery portion 8

of the inlet or induction passage 7 by means |

of the passages 25, 25" and 24. The passages
24 open 1nto the trip cylinder at the outer
ends thereof.
venience in manufacture, in the form of a

oroove in the bottom of the casting, as 1llus-
trated in Fig. 4, and serves to connect the

passage 25 to the passages 24. The trip
valve cylinder is connected to the main valve

cylinder by means of the passages 26 which

open into the main valve chamber at points
bevond the stroke of i1ts valve, so that the
water may pass through the passages 24 to
the trip valve chamber thence through the
passages 26 to the outer end of the main valve
cylinder for actuating the main valve, which

1n turn controls the passage of water ta the

maln cyhlnder, as described, and connects
the same with the exhaust. "The trip valve

‘2718 provided with a pair of heads 28 adapted

as the trip valve 1s shifted to alternately con-

“nect or disconnect the passages 24 and 26.
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tively economical to produce and may
readily assembled or disassembled, as stated |

This trip valve is actuated from the piston,
being preferably provided with a tappet. pin
29 projecting through a suitable- slot-like

opening 30 mto the piston cyhinder, (see Figs.

2, 3 and 4,) so that 1t 1s engaged by the heads
4_ of the plston as the same reciprocates, thus
shif
the main valve, which in its turn controls the

~piston, as has been described.

The water from the ends of the main valve

cylinder exhausts through the passage 26
and the trip valve chamber and into the pis-
ton ¢ylinder through the slot 30 prowded for
the tappet, the. water escaping from the pis- |
ton cyhnder through the passage 19, as de-

scribed.

The piston valve cylinders are prefera,bly'
formed of two castings divided on the line
3-—3 of Fig. 2, which enables the easy forming

of the passan'es as described, either by means
of cores in the casting or bv drilling and cut-

the manufacture and also affords ready access
to the parts 1n case 1t 1s necessary to disas-

semble for the purpose of repair or the like.

My 1mproved motor is as stated compara-

be

The motor may be readily started by the
turning on of the water, no matter in what
posmon the movable parts may be, as it 1s
impossible for them to become so 1oc&ted but
that the main valve will be shifted in one
direction or the other.

My improved motor is reversed with com-
paratively little shock, so that 1t is compara-

tively noiseless. 1 have illustrated ana de-

scribed the same i detall 1n the form pre-~
ferred by me on account of 1ts structural

simplicity and economy. 1 am, however,
aware that 1t 1s capable of considerable vari-

The passage 25" 1s, for con-

'ting the trip valve, which in turn controls

ting away. This arrangement Tacilitates

—

at each side of the

880,737

| ation in structural details without dep&rtmg
from my invention.
Having thus described my invention,

what I claim as new and 1esn°e to secure by

Letters Patent is:

therefor; a main valve cylinder; a centrally-
located inlet passage for. said main valve

cylinder; connecting passages for said main

valve cylmder and sald motor cylinder,

opening into said main valve cylinder at
eaeh side of the said inlet passage and into

0
1. In a water motor, the Gombmatmn Wltl N
a motor cylinder of a double-headed piston

70

the said motor cylinder at points outside of -

the stroke or the piston heads thereof; a
main exhaust passage; a pair of exhaust con-
necting passages for said main valve cylinder
and sald main exhaust passage, opening into
said main valve cylinder at-each side of the

sald motor and main valve cylinder con-

necting passages; a main valve having four

“heads adapted to alternately connect sald

80 : |

85

connecting passages for said motor and main

valve cylinders to the sald inlet and exhaust
passages of said main valve cylinder; a trip.

valve cylinider; connecting passages for said

trip valve cylmder to said mlet passage; con-

necting passages for said trip valve cyhndel

to sard main valve cylinder, opening into the

same at points beyond the stroke of the said

valve thereof; a double headed trip valve
arranged in said trip valve chamber, adapted
to. alternately com

ect and disconnect the
sald connecting passages for said trip valve

cylinder to sald main valve cylinder to the

90

95

100

sald connecting passages for said trip valve

cylinder to the sald nlet passages; a tappet

on the said trip valve projecting into the
‘said motor cylinder to be engaged by the

said piston heads for shifting the trip valve;

‘and a passage connecting said motor cvlmde] -
to said exhaust passage opening into said
‘motor eylinder at a point within the stroke
of the said piston heads, for the purpose
spectied. '

" 2. In a water motor, the combination with
a motor cylinder, of 2. double-headed piston

therefor; a main valve cylinder; a centrally

located mlet passage for said main Valve

cylinder; connecting passages for said main

V&lVB cylmder and said motor cyhnder,

opeming into said main valve cylinder at
each side of the said inlet passage and into
said motor cylinder at points outside the
stroke of the piston heads thereof; a pair of

exhaust passages for said main valve cylin-
der, opening into said main valve cylinder
sald motor and main
valve cylinder connecting passages; a main
valve havmcr four heads adapted to alter-
nately connect said connecting passages for

said motor and main valve cylinders to the.
sald 1mlet and exhaust passages of said main
| valve cylinder; a trip valve cylinder;

con-
necting passages for said trip valve cylinder
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to said inlet passage; connecting passages for
sald trip valve thnder to said main valve

cylinder, opening into the same at points

beyond the stroke of the said valve thereof;
a double-headed trip valve arranged in said
trip valve chamber, adapted to alternately
connect and disconnect the said connecting
passages for said trip valve cylinder to said
main valve cylinder to the said connecting
passages for said trip valve cylinder to said
inlet passages, and a tappet on said trip
valve projecting into the said motor cylinder
to be engaged by the said piston heads for

shifting “the trip valve, for the purpose

spemﬁed

3. In a water motor, the combination with
a motor cylinder of a double-headed piston
therefor; a main valve cylinder; a centrally-
located inlet passage for said main valve
cylinder; connecting passages for said main
valve cyhnder and said motor cylinder, open-
ing Into sald main valve ¢cylinder at each side
of the said inlet passage and into said motor

cylinder at points outside of the stroke of the

piston heads thereot; a main exhaust pas-
sage; a pair of exhaust connecting passages
for said
exhaust passage, opening into sald main
valve cylinder at each side of the said motor
and main valve cylinder connecting pas-
sages; a main valve having four heads ad apt-
ed to alternately connect said connecting
passages for sald motor and main valve
cylinders to the said inlet and exhaust pas-
sages of sald mainvalve cylinder; a trip valve
cyl mder connecting passages for said trip
valve cylmder to said inlet passage; €On-
necting passages for said trip valve cylmder
to said main valve cylinder, opening 1nto the
same at points beyond the stroke of the said
valve thereof; a double-headed trip valve
actuated by said piston, adapted to alter-

nately connect and disconnect the said con-
necting passages for said trip valve cylinder
to said main valve cylinder to the said con-
necting passages for said trip valve cylinder
to the said inlet passages; and a passage
connecting said motor cyhnder to sald ex-
haust passage opening into said motor
cylinder at a point within the stroke of the

sald piston heads, for the purpose specified.

4.'In a water motor, the combination
with a motor cylinder, of a double-headed
piston therefor; a main valve cylinder; a
centrally-located inlet passage for said main
valve cylinder; connecting passages for said
main valve cylmder and said motor cylinder,
opening nto sald main valve cylinder at
each side of the said inlet passage and into
sald motor cylinder at pomnts outside of the
stroke of the piston heads thereof; a pair
of exhaust passages for said main valve
cylinder opening into said main vaive cylin-

der at each side of the said motor and main |
-valve cylinder connecting passages; a main

malin valve cylinder and said main.

valve having four heads adapted to alter-
nately connect said connecting passages
for said motor and main valve cylinders to
the said inlet and exhaust passages of said

main valve cylinder; a trip valve cylinder;
connecting passages for said trip valve
cylinder to said inlet passage; connecting
passages for said trip valve cylmder to salc
main valve cylinder, opening into the same
at points beyond the stroke of the said valve
thereot; and a double-headed trip wvalve
actuated by said piston, adapted to alter-
nately connect and disconnect the said con-
necting passages for said trip valve cylinder
to said main valve cylinder to the said con-
necting passages for said trip valve cylinder
to the said inlet passages, for the purpose
specihied.

5. In a water motor, the combination with
a motor cylinder of piston therefor; a
main valve cylinder; a centrally located in-

let passage for said main valve cylinder;

connecting passages for said main valve
cylinder and said motor cylinder, opening
into said main valve cylinder at each side of
the said inlet passage and into said motor
cylinder at points 0111351(16 of the stroke of
the piston thereof; a main exhaust passage;
a palr of exhaust connecting passages for
sald main valve cylinder and said main ex-
haust passage, opening into said main valve
cylinder at each side of the said motor and
maln valve cylinder connecting passages; a
main valve adapted to alternately connect
sald connecting passages for said motor and
main valve cylinders to the said mlet and
exhaust passages of sald main valve cylin-
der; a trip valve cylinder; connecting pas-
sag es for said trip valve oyhnder to sald inlet
passage; connecting passages tor said trip
valve cylinder to said main valve cylinder,
opening into the same at points beyond
the stroke of the valve thereof; a trip valve

arranged 1n said trip valve chamber adapted

toalternately connect and disconnect the said
connecting passages for said trip valve cyln-
der to said main valve cyhinder to the con-
necting passages for said trip valve cylinder
to the said inlet passages; a tappet on said
trip valve projecting into the said motor
cylinder to be engaged by the said piston for
shifting the trip valve; and a passage con-
nectmﬂ said motor cyhnder to said exhaust
passage, tor the purpose specified.
6. In a water motor, the combination with
a motor cylinder, of & piston theretfor; a
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11o

120

main valve cylinder; a centrally located inlet

passage for said main valve cylinder; con-
necting passages for sald main valve cylin—
der and said motor cylinder, opening into said
main valve cylinder at each side of the said
inlet passage and into said motor cylinder at
points outside of the stroke of the piston
thereot; a pair of exhaust passages for said
main valve cylinder, opening mnto said main

125
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valve cylinder at each side of the said motor

and main valve cylinder connecting passages;

a malin valve adapted to altemately connect

sald connecting passages for said motor and

main valve cylinder to the said inlet and

exhaust passages of sald main valve cylin-
der; a trip valve cylinder; connecting pas-

Sa,ges tor said trip valve cylinder to said

inlet passage; connecting passages for said
trip valve cylmder to sald main valve cylin-
der, opening 1nto the same at points beyond
the stroke of the said valve thereof; a trip
valve arranged in sald trip valve chamber
adapted t0 alternately connect and dis-
connect the said connecting passages for
said trip valve cylinder to said main valve
cylinder to the said connecting passages for
sald trip valve cylinder to the said inlet

‘passages; and a tappet on said trip valve

projecting mto the said motor cylinder to be
engaged by the said piston for shifting the
trip valve, for the purpose specified..
7. Ing
a motor cylinder of a plston therefor; a main
Valve cylinder; a centrally - located inlet
passage for said main valve cylinder; con-

necting passages for sald main valve cyhndet -

and said motor cylinder, opening into said
main valve cylinder at each side of the said

1nlet passage and into said motor cylinder at

points outside of the stroie of the piston
thereof; a main exhaust passage; a pair of ex-
haust connecting passages for said main
valve cylinder and said main exhaust pas-
sage, opemnﬂ into said main valve cylinder

at eacn side of the said motor and main valve

cylinder connecting passages; a main valve

adapted to alternately connect said connect-
ing passages for sald motor and main valve
(,yhnder to the said 1nlet and exhaust pas-
sages” of sald main valve cylinder; a trip
valve cylinder; connecting passages for sald
trip valve cyhnder to said main valve cylin-

der, opening into the same at points beyond

the-stroke of the said valve thereof; a trip
valve actuated by said piston, adapted to

alternately connect and disconnect the said
connecting passages for said trip valve cyl-

inder to said main valve cylinder to the Sald

“connecting passages for said trip valve cylin-

der to the said inlet passages; and a passage
connecting said motor cy linder to said ex-
haust passage, for the purpose specified.

8. In a water motor, the combination
with a motor cylinder of a piston therefor; a
main valve cylinder; a centrally-located i in-

let passage for said main valve cylinder; con-
necting nassages for said main valve (Jyhnd er

and said motor cyhnder, onemno mto said
malin vaive y]mdel at each side of the said
1njet passage and into said motor cylinder at
points outside of the strore of the piston
tnereof; a pair of exhaust passages for said
main valve eylinder onening

sa1rd motor cyli

water motor, the combination Wltﬂ |

connect
motor and main valve G}Thnder_s to the said

Into salc-'
mailn valve cvlinder at eaeh mde of the said |

880,737

motor and main valve cylinder connecting

passages; a main valve adapted to alter-
nately connect said connecting passages for
sald motor and main valve cyhndels to the

‘sald mlet and exhaust passages of said main
valve cylinder;

a trip valve cylinder; con-
necting passages tor said trip valve cyhnder

to Sdld intet passage; connecting passages

for said trip vaive cyhnder to said main valve
cylinder, opening into the same at points
beyond the stroke of the said valve thereof;

‘a trip valve actuated by said piston adapted

to alternately connect and disconnect the
said connecting passages for said trip valve
cylinder to said main valve cylinder to the
sald connecting passages for said trip valve
cylinder to the said inlet passages, and a
tappet on said trip valve, projecting into
nder chamber to be engaged
by said plston for shifting said trip V“th?’e for
the purpose specified.

9. In a water inotor,

the combination

with a motor cylinder of 2 piston therefor; a

main valve cylinder; an inlet passage for said

main valve cyhnder connecting passages for

sald main valve cvhnder and sald motor

cylinder; a main exhaust passage; a pair of

exhaust connecting passages for said main
valve cylinder and said main exhaust pas-
sage; a main valve adapted to alternately
t sald connecting passages for said

inlet and exhaust passages of sald main

valve cylinder; a trinp valve cylinder; con-

necting passages forsaid trip valve cylmder to
sald
said trip valve cy"lmder to said main valve
cylinder; a trip valve actuated by said piston
adapted to alternately connect and discon-
nect the said connecting passages for said

inlet passage; connecting passages for

70

75

80
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105

trip valve cylinder to Sa,ld mainvalve cylmder -

to the said connecting passages for said trip

valve cylinder to the said inlet passages;

and a passage connecting said motor cylinder
to said exhaust passage, for the purpose
specified.

10. In a water motor, the combination

with - a motor cylinder of a piston therefor;

a mam valve cylinder; an inlet passage for
sald main valve cyhnder connecting pas-
sages for said main valve cylinder and said
motor cyhnder a pair of exhaust passages
for said main valve cylinder; a main valve

adapted to alternately connect said connect-
Ing passages for said motor and main valve

cylinders to the said Inlet and exhaust pas-

sages of sa1d main valve cylinder; a trip valve

cyhnder connecting passages for sald trip

valve cyhnder to sald Iniet passage; connect-
Ing passages for said trip valve cvlmder to 1

said miain valve cylinder; a trip valve

actuated by salid piston “Ldepted to alter-
nately connect and disconnect the said con-

necting passages for said trip valve cylinder
to sald mamn valve cylinder to the said con-

110
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necting passages for said trip valve cylnder

10

1o

:!- J
ot

to the said inlet passages, and a tappet on
said trip valve, projecting into said motor
cylinder chamber to be engaged by sald
piston for shifting said trip valve, for the
purpose speclfied:

11. In a water motor, the combination
with a motor cylinder of a piston therefor;
a main valve cylinder; an inlet passage for
said main valve cylinder; connecting pas-
sages for said main valve cylinder and said
motor cylinder; an exhaust passage for said

main valve cylinder; a main valve adapted

to alternately connect said connecting pas-
sages for said motor and main valve cylinders
to the sald inlet and exhaust passages of said
main valve cylinder; a trip valve cylinder;
connecting passages for said trip valve cyhn-
der to said inlet passage; connecting pas-
sages for said trip valve cylinder to said main
valve cylinder; a trip valve actuated by
sald piston adapted to alternately connect
and disconnect the said connecting passages
for said trip valve cylinder to said main valve
cylinder to the said connecting passages for
said trip valve cylinder to the said inlet

passages, and a tappet on said trip valve, pro- |

jecting into said motor cylinder chamber to
be engaged by said piston for shifting said
trip valve, for the purpose specifed.

12. In a water motor, the combination

a main valve cylinder; a centrally located
inlet passage for said main valve cylinder;
connecting passages for sald mam valve
cylinder and said motor cylinder, opening
into said main valve cylinder at each side ot
the said inlet passage and into sald motor

>

cylinder at points outside of the stroke of the
piston thereof; a main exhaust passage; a
pair of exhaust connecting passages for said
main valve cylinder and said mam exhaust

 passage, opening into said main valve cylin-

der at each side of the said motor and main
valve cylinder connecting passages, a main
valve adapted to alternately connect sald

| connecting passages for said motor and main

valve cylinders to the said inlet and exhaust
passages of said main cylinder; a trip valve
cylinder; connecting passages for said trip
valve cylinder to sald inlet passage; connect-
ing passages for said trip valve cylinder to
salid main valve cylinder, opening

thereof; a trip valve arranged in sald trip
valve chamber, adapted to alternately con-
nect and disconnect the said connecting
passages for said trip valve cylinder to said
main valve cylinder to the connecting pas-

sages for said trip valve cylinder to the said

inlet passages; a tappet on said trip valve

| projecting into the said motor cylinder to be

engaged by the said piston for shifting the
trip valve; and a passage connecting said
motor cylinder to said exhaust passage open-

| ing into the said motor cylinder at a pomnt
" within the stroke of the said piston, said trip

valve being adapted to exhaust into said

‘motor cylinder, for the purpose specitied.
with a motor cylinder of a piston therefor; |

In witness whereof, 1 have hereunto set
my hand and seal in the presence of two
witnesses. , |
" FREDERICK J. HUMPHREY. {L.s.]
Witnesses:

- O11s A. EARL,
CrARA K. BRODEN.
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' same at points beyond the stroke of the valve
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