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UNITED STATES PATENT OFFICE.

HORACE L. ARNOLD, OF GRAND RAPIDS, MICHIGA.N ASSIGNOR OF ONE-
HALF HIS RIGHT TO WILLIAM T. POWERS AND WILLIAM H. POWERS OF

SAME PLACE.

IMPROVEMENT IN PISTON WATER-METERS.

Specification forming part of Letters Patent No, 203,984, dated May 21,1878; application filed
February 13, 1878.

To all whom it may concern :

Be it known that I, HORACE L. ARNOLD,
of Grand Rapids, in the county of Kent and
State of Michigan, have invented certain new
and useful Improvements in Liquid-Meters ;
and I do hereby declare that the following
specification, taken in connection with the
drawings furnished,and forming a part there-
of, is a true, clear, and complete description

ot my said improvements.

My invention relates to piston- meter%, and
the object thereof is to simplify their con-
structlon, with a view not only to lessen their
prime cost, but to secure accurate and easy
operation.

So far as my knowledge extends, plston-'

meters as heretofore constructed have in all
cases involved more or less valve-operating
mechanism of a more or less complicated
character, and such mechanism is not only
conducive to undue friction, but it is expen-
sive and liable to derangement.

A piston- -meter embodying the main feature
of my invention contains but two moving
parts, by which the admission and discharge
of fluid are attained alternately into and from
each end of the meter.

The main feature of my invention consists
in the combination, with a meter-cylinder hav-
ing suitable induction and eduction ports and
passages, of a remprocatmg piston having

“suitable water-passages;and a sliding valve,
- which is seated in a transverse valve-cham-

ber within and across the piston, is provided
with ports which alternately connect each end

of the meter with the induction and eduction

passagesin the meter-cylinderby the way of the
passages within the piston, and is actuated in
all its movements by the pressure of liquid
alternately on each of its ends or heads.
With this simple combination of elements,
the piston and. its valve constitute the only
moving parts within the meter by which the

. eontinuous discharge of water in-equal meas-

ures is effected. An indicating or registering
mechanism is, of course, essential in all meters,
and I employ the piston as the prime mover

“thereof, as is ‘common in piston-meters. By
.the dlrect pressure of the fluid on the heads’

of the valve it may be moved simply to and
fro, if limited to such movement, as in accord-
ance with one feature of my invention; or it
may also be semi-rotated in its seat dumng its
longitudinal movement, which rotation has
heretofore been effected by the employment
of a sliding rod and cam motion. When this
axial movement is-desired the valve-periphery
is prowded with an angular groove or score,
which is oceupied by a stationary pin in the
body of the meter-piston, and thus, in accord-
ance with my invention, the two movements
of the valve are attained solely by the press-
ure of fluid on the heads of the valve.

It is obvious that the water-passages in the
plston and the meter-cylinder will be varied
in their character, in order to co-operate with
valves having different movements.

It is important, with 'a view to lessening
fnctlon, not only that the number of ‘moving
parts in & meter be reduced to a minimum,
but also that their movements be of the sim-
plest order; and to thatend in my meter the
piston and its - valve are each limited to a
longitudinal movement, the valve moving
within the plston in a lme at right angles to
axis of the piston; and my invention further
consists in the comblnatlon, with a meter-cyl-
inder having oppositely-located induction and
eduction ports and passages and oppositely-
located valve-ports, of a reciprocating piston
provided with radial and longitudinal pas-
sages, and a sliding valve, which occupies a
transverse chamber located within the piston,
iz moved by the pressure of liquid on its heads;
is limited to a longltudmal movement in said
chamber, and is provided with ports for alter-
nately connecting each passage in the piston
with the interior of the meter-cylinder and
the induction and eduection ports in said
cylinder. The arrangement of the induction-
ports in the meter is such that water enters
through a radial passage in the piston, passes g
through the valve, and thence, by way of a
longitudinal passage in the piston, into the
meter - cylinder. The eduction-ports of the

‘meter-cylinder are located opposite the induc-
‘tIOIl ports, and water is discharged from the

meter-cylinder through the longitudinal pas-
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sages in the piston, through the valve, and
thence, by an opposite radial passage in the
piston, to the eduction - ports of the meter-
cylinder. The valve-ports in the meter-cylin-
der are located near each end thereof, the in-
duction-ports being diagonally opposite to
each other, and exactly opposite a co-opera-

tive eduction or exhaust port. The water.

which operates the valve is supplied from the
chamber which is common to the main indue-
tion-ports, and the exhaust valve-port com-

municates with the chamber which is common

to the main eduction-ports. The fluid which
is employed to operate the valve does not en-
ter the measuring-space of the meter-cylin-
der, and is therefore in excess of the cubic ca-
pacity thereof; but as it requires a certain
quantity of water to move the valve at each
stroke of the piston, it involves only such cal-
culations as will determine the exact cubie
capacity of both the measuring-space of the
cylinder and the water-space of the valve-
chibmber to the extent of themovement of the
valve, :

There are numerous minor features of in-
vention, which will be hereinafter referred to in
connection with the detailed description, in
connection with the drawings, in which—

Figure 1 represents, in perspective, a nieter
embodying my invention. Fig. 2 represents
the same in central longitudinal vertical sec-
tion, with the piston at or near the end of its
stroke. -Iig. 3 represents the interior of the
meter-cylinder in plane projection, with por-
tions of the lining broken away to show the
partitions in the shell. Fig. 4 represents, in
perspective, the piston detached. Fig. 5 rep-
resents, in perspective, the valve detached.
Figs. 6 and 7 represent, respectively, lateral
sections of the valve in line with the centers

~of its ports, and with the radial and longitu-

dinal passages of the piston shown in dotted
lines communicating therewith. Tig. 8 is a
transverse section of the piston in a line with
the center of the valve-chamber. Fig. 9 rep-
resents the under side of the cap-plate of the
meter detached, with the star-wheel, through
which motion is imparted from the piston to
the registering apparatus. TFig. 10 represents
the segmental gear-lever, which engages with
the piston. Tig. 11 represents the rack-bar,
which is moved to and fro by the gear-lever.
Fig, 12 represents the under side of the rack-
bar. Fig.13 represents, in plan, the rack-bar,
gear-lever, and star-wheel, operatively con-
nected. ’

A denotes the meter-cylinder. It is pro-
vided with beads @, which are recessed to re-
ceive the end of the piston to the full extent
of its stroke. Each head is provided with a
detachable finger-plate, al, which has on its
inner surface a rubber or other cushion, a?, for
relieving the piston from shock at the termina-
tion of its stroke.

The meter-cylinderis provided, also, as usual,
with oppositely-located induction and eduec-
tion eoupling-connections, and, although either

may be used as induction, I will, for the pur-
poses of this specification, designate that at b
as the induction, and that at ¢ as the educ-
tion. :

It is a matter of consequence that the cylin-
der be constructed at low cost, and by one fea-
ture of my invention I am enabled to cast the
main portion of the cylinder with a simple
core, and sedure free and capacious water-

passages. From a view of Fig. 3 it will be"

understood that the cylinder is mainly cast in
one piece, and provided with the annular web
d at each end, and the longitudinal webs e, or
portions which extend from end to end, each
in two lines, 50 as to secure between the webs

passages or water-spaces of the required size

and form. The casting thus formed, and its
webs properly reamed or surfaced on their
edges, is ready to.receive the cylindrical lining
or shell £, usually of brass or bronze, and this

“is united, by soft solder or otherwise, to the

webs of the iron shell.

It will be seen that when thus constructed
the cylinder has two large chambers, that.at
U being the induction and that at ¢! being the
eduction chamber. The bronze or brass shell
Jfis provided with two series of ports—the in-
duction ports or passages at b?, and eduction
ports or passages at ¢—respectively arranged
in rows at opposite sides of the cylinder. The
shell has also two diagonally-opposite valve-
ports, g, which communicate with the indue-
tion-chamber 0!, and two diagonally-opposite
valve-ports, ¢/, which communicate. with the
eduction -chamber ¢!, 5o that each induction
valve-port ¢ is opposite an exhaust valve-port,
¢’. This mode of construeting a meter-cylinder
with annular and longitudinal webs, and an
interior separate shell or lining, provided with
suitable ports, constitutes one portion of my
invention, and I thereby am enabled to pro-
duce a cylinder by the simplest methods of
casting, and secure perfectly free and open
water passages and chambers and ports of
any required number, size, or form. Although
several ports are shown for induection and

_eduction, it is to be understood that each
‘series operate as one long port or passage,

that they are separated only to secure a good
bearing for the piston and ample strength for
the brass lining, and that during the move-
ment of the piston, as hereinafter described,
more than one of these ports will be always
uncovered to the piston-passages.

The piston B is peculiarly constructed, and
embodies several minor features of invention.
It is hollow, and has central tubular water-
passages 1 and #, each of which alternately
serves for induction to and eduction from its
respective end of the meter. The piston has
a central transverse cylindrical chamber, and
these water-passages h and A/ extend through

the walls of this chamber and to the ends of

the piston, in which are heads 4, each tightly
soldered to the tube or pipe containing the
water-passage, and to the piston, so as to af-
ford an air-tight chamber within the piston,
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which, being filled with air, serves to secure

desirable buoyancy and lessen the friction of
“the piston in contact with the cylinder, The

piston has also two radial passages, one of
which—that at b*—serves always as an indue-
tion-passage, and that at ¢, oppositely located,
serves as an eduction-passage. = These pas-
sages in the piston all terminate in the central
cylindrical ehamber before referred to, and
which is the transverse valve-chamber %, to
which all of the several water-passages in the
piston extend. Near each end of the valve-
chamber is an annular recess, %, which
serves as a mud-pocket. The valve-chamber
at each end is provided with a head, I, which
has an outer surface conforming with the
periphery of the piston, and ‘on the inner

‘surface it has two bosses, I', with which a

rubber cushion on the valve (to be hereinafter
described) engages to prevent shock. Each
valve-chamber head ! has a rectangular port,
mm, for admitting water from the valve-ports g
to the valve-chamber, and discharging the
same into the exhaust valve-ports ¢’, before
described. The heads ! are secured in posi-
tion by countersunk screws.

The valve C is cylindrical, and fitted to
move. longitudinally in the valve-chamber k.
It is provided with two pairs of diagonal pas-
sages. The pair » and »’ communicate,throungh
the lower periphery of the valve, with the ra-
dial induction-passage b° in the piston, and
thence with the induction-ports 2 in the meter-
cylinder, and, according to the longitudinal
position of the valve, water is inducted either
into the central piston-passage % or the pas-
sage I/, as the case may be, to the spaces ad-
Jjacent to the ends of the piston. The other
pairof passages, 0o and o/, communicate,through

. the upper periphery of the valve and the ra-

dial piston-passage ¢% with the eduction-ports
¢ in the meter-cylinder, and also with the
central piston-passages & and %/, and thereby
afford a passage of the water from either end

- of the cylinder, according to the longitudinal

position of the valve.

At each end of the valve,and attached there-
to, is a cushion, ¥, which engages with the
bosses I! on the valve-chamber heads I, as be-
fore described. : :

The piston B is limited to a longitudinal
movement by means. of a longitudinal groove,
P, and a serew, p', which projects through the
cylinder, with its inner end occupying said
groove,

‘When the valve C is limited to a longitudi-
nal movement (which is preferable) the valve
is also provided, like the piston, with a longi-
tudinal groove, p?, and a screw, . 1If, as in
some prior meters, it is desired that the valve
shall also partially rotate, the groove, instead
of being straight, will be diagonal or helical ;
but it will, of course, be understood that when
the valve has this compound movement the
several water - passages will be modified to
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conform thereto, as in prior meters, in which
the valve is semi-rotated by the intervention
of mechanical appliances. .

Among the valuable features thus far de-
seribed there is one which constitutes one por-
tion of my invention—to wit, the combination,
with the piston and its valve, of valve-cham-
ber heads, having ports of a lesser area than
the aréa of the valve-heads, whereby the valve
may be made of such diameter as to secure
easy movement, and yet not be subjected to
pressure or be liable to. move until the piston
has nearly completed its stroke. The piston-
head, being of large area and having but a
short distance to travel after uncovering the
valve-ports, completes its movement without

_difficulty. .

For comprehending the operatibn of my me-

ter, it will be assumed that the piston has

nearly reached the end of its stroke and has
placed in coineidence the ports m in the valve-
chamber heads, respectively, with an indue-
tion valve-port, g, (see Figs. 2 and 3) and the
opposite eduction-valve port, ¢', at which mo-
ment the valve will be nearest the induction-
valve g. As soon as the water-pressure is re-

ceived by the valve it moves toward the edue- .

tion-port ¢, which receives the water within
the chamber at the opposite end of the valve,
and this movement occupies but little time.
The valve thus moved opens communication
between the filled end of the meter via a cen-
tral water-passage and the radial passage ¢
in the piston to the eduction-passages ¢?in the
meter-cylinder, and simultaneously said valve
opéns communication between the end of the
meter to be filled via the radial piston-passage
b® and the central passage, after which the
piston, by pressure on its head, is carried to-
ward the opposite end of the meter until, as
before, the valve-ports ¢ and ¢’ at that end

are in coincidence with the ports m in the .
valve-chamber, when the valve is again moved -

with the same result, and so on as long as
water is drawn through the meter.
‘While suitable registering or indicating

mechanism may be operatively connected, as -

heretofore, in various ways with the moving
piston, I have devised a novel means of oper-
atively connecting the piston with a rotating
shaft, from which the register may be oper-
ated. '

The cap-plate of the meter is provided with
a shaft ecarrying on its inner end an escape-
ment-wheel, g, which occupies a space between

two parallel slide-bearings, which support a -

sliding rack-bar, r, provided on its rear side

with lugs #! and 7% and certain posts which

maintain the rack-bar at a distance from the
surface of the cap-plate greater than the thick-
ness of the escapement-wheel. The lag 7,
when the rack-bar is moved in one direction,
engages with one of the teeth of the escape-
ment-wheel and turns it one-tenth of a revo-
lation ; and when the bar is moved in the op-

-



posite direction, the lug #* engages with an-
other tooth on the opposite side of the wheel
and imparts to it a similar movement.

The rack-bar is reciprocated to and: fro by
means of a toothed or segmental lever, s,
which engages with the rack-bar, and has its
working end extended downward into the me-
ter sufiiciently to occupy one of the radial
water-passages in the piston, which, when
moved in one direction ,imparts a longltudlnal
movement to the rack-bar in the opposite di-
rection, thus intermittingly rotating the es-
capement-wheel.

Havingthus described my invention, I claim
as new and deqne to secure by Letters Pat-
ent—

1. In a liquid-meter, the combination, with
a cylinder having suitable induction and educ-
tion -ports and passages, of a reciprocating
piston containing interior water-passages, and
a sliding v.llve which oceupies a chamber
within and is carried by the piston, and which
controls the interior passages of the piston,and
is actuated in all its movements by the press-
ure of liquid on its headb, substantially as de-
seribed.

2. In aliquid-meter, the combination, with a
cylinder having suitable, induction and edue-
tion ports and passages, of a reciprocating
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piston provided with interior passages, and a

within the plston is carrled bv it for control-
ling its interior passages,is moved by the
pressure of liquid on its heads, and is limited
to a longitudindl movement w1thm its cham-
ber, substantially as described.

3. A piston-meter cylinder composed of a
cast-metal shell, having ‘an annular web at
each end and longltudmal webs or portions
connecting said annular webs, in combination
with an interior lining provided with ports,
substantially as deseribed.

4, The combination, with a meter-piston, of
a sliding valve occupying a transverse cham-
ber in the piston, and heads at each end of
the chamber, which are provided with ports
of a lesser area than the area of the valve-
heads, substantially as and for the purposes
specitied.

5. The combination, with the piston, of the
segmental geared lever, the rack-bar, escape-
ment-wheel, and its shaft substan’mally asde-
scribed.

HORACE L. ARNOLD.

‘Witnesses:
‘W, H. POWERS,

JOSEPH J. LEVY.

valve which occupies a transverse chamber



