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UNITED STATES

PATENT OFFICE.

CIIARLES C. WORTHINGTON, OF IRVINGTON, NEW YORK.

PUMPING APPARATUS.

SPECIFICATION forming part of Letters Patent No. 694,513, dated March 4, 1902.
Application filed November 4, 1898, Serial No. 695,446. (No model.)

Lo all whom it may conecern:

Be it known that I, CHARLES C. WORTHIN G-
TON, a citizen of the United States, residing
atIrvington,county of Westchester, and State
of New York, have invented certain new and
usetul Improvementsin Pumping Apparatus,
fully deseribed and represented in the follow-
ing specification and the accompanying draw-
ings, forming a part of the same. '

This invention relates to an improved

pumping apparatus designed especially for

use in connection with automatic sprinkler
and other fire systems, but which may be
used also in' connection with any system in
which 1t is desired to maintain a fluid-supply
under pressure and which is liable to con-
stant or frequent slight withdrawal of fluid
by leakage or otherwise, such that the re-

quired pressure in the system may be re-
stored or maintained against such slight with-
drawal by a small auxiliary pump, so that the

main pump operates only when the system is

~=—-. called upon for fire or other servieé involvin oy

a larger withdrawal of fluid.

- The object of the present invention -is to
provide an improved pumping apparatus of
tnis class in which the main pump shall be
controlled from the auxiliary pump through
simple and positively-acting means, so as to
secure the proper operation of the latter when
required, and I secure this result by the use
of means controlling the supply of steam, the

electric current, or other svurce of power to |

the main pump and actuated by a member
controlled by the auxiliary pump through

suitable devices, so as to supply power for the
operation of the main pump when the latter

is to be called into action.

The invention, broadly considered, may be |

embodied in many different forms and vari-
ous means be used for operating the pumps
and securing the desired control of the main

pump by the auxiliary pump; but I prefer- |

ably control the main pump direectly by the
speed of the auxiliary pump, so that the de-
vice controlling the supply of power to -the
main pump is actuated for the operation of
the main pump by the increase of speed of

the auxiliary pump, which results from the
5o reduaction of pressure in the system caused
by a withdrawal of fluid in excess of the
quantity that the aaxiliary pump is con- |

structed or arranged to supply. This result
18 best obtained by the use of a speed-gov-
ernor actuated by the auxiliary pump and
having suitable connections to the valve con-

trolling the steam-supply to a steam-operated

malin pamp or to a switch controlling an elec-
trically-driven main pump or other device

| controlling the operation of the main pump

in any other spilable manner. I prefer also
to provide means for regulating the supply
of power to the auxiliary pump in accordance
with the amount of fluid to be puwmped there-
by, so that instead of the auxiliary pump op-
erating constantly or at a uniform rate of
speed it is operated intermittently or at vary- .
ing speeds by controlling the supply of power
thereto in accordance with the withdrawal of
fluid from the system at a rate less than the
rate of withdrawal at which the main pump
18 to be called into operation. This result
may best- be attained in steam - operated

| pumps by the use of a steam-acecumulator,

which also acts to maintain a uniform pres-

| sure within the system and secure the

smooth, uniform, and properly-regulated ac-

tion of the apparatus desired. " With such an

accumulatoralsoitispossible todispense with
the speed-governor by which the device con-
trolling the power-supply of the main pump is
actuated and actuate this device by connec-
tions to the accumulator-piston, and such a
construction is within the broader features of
myinvention. The construction may be such
that the action of the auxiliary pump controls
both the starting and stopping of the main
pump, but preferably the main pump when

- called intoaction continues in operation until

the poweris again shut off by hand or by means
operating independently of the auxiliary
pump, the action of the auxiliary pump oper-
ating only to start the main pump and operat-

-1ng tostop or control the stopping of the main

pump. - In such a construction also I pref-
erably provide means for positively holding
the device controlling the power-supply to
the main pump in position for the operation
of the main pump when the latter is called
into action, so as to avoid accidental stop-
ping of the main pump. Theaunxiliary pump
may operate, however, to both start and stop
the main pump, and such a construction is
within the broader features of my invention.
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end o' of the auxiliary pump.
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‘The invention includes, therefore, in ad-
dition to the broader features of the inven-

tion various specific features of construction |
and combinations of parts in pumping appa- |

i

ratus embodying such features and certain |

details of construction, many of which may
be applied in pumping apparatus used for
other purposes, all of which will be fully de-
seribed hereinafter and specifically claimed.

As a full understanding of the invention
can best be given by a description of a con-
struction embodying the same, such a de-
seription will now be given in connection with
the accompanying drawings, forming a part
of this specification, and showing so much ot
steam-pump systems embodying the various

features of the invention in some of the pre-

ferred forms as is necessary for the puarpose
of illustration. -
In the drawings, Figure 1 is a diagram-
matic side elevation, partly in section, show-
ing an apparatus in which the steam-valve of
the main pump is controlled directly by the
speed. of the auxiliary pump, so as to open
the valve when the speed of the auxiliary
pump becomes excessive on account of the
withdrawal of water from the system 1n ex-
cess of the pumping capacity of the auxiliary
pump. Ifig. 2 is a similar view of a system
in which the steam-valve of the main pump
is controlled by the same means, but a steam-
accumulator is combined with the auxiliary
pump to control the supply of steam thereto.
Fig. 3 shows a pumping apparatus similar to
that shown in Fig. 2, except that the main
steam-valve is opened and closed by the ac-

cumulator-piston, the speed-governor of IFigs.
1 and 2 being omitted. Fig. + is a detail
‘plan of the auxiliary pump and accumulator

construection of Fig. 3, and Fig. 5 is a longi-
tudinal central section of, the accumulator.
Fig. 6 is a detail of a modification. |

In Fig. 1, A is the steam end, and A’ the

water end, of the main pump, B the suction-
main, and C the forece-main, connected to an

automatic sprinkler system or other system
in which the water-supply is to be maintained
at a certain pressure. « «' are respectively
the steam and water ends of the auxiliary
pump, and b the suction and ¢ the delivery
pipe of the same. The suction-pipe b con-
nects with and takes its water from the water-
cylinder of the main pump through a small

chamber 10, mounted on top of the pump and-

connecting with thecylinder on oppositesides
of the diaphragm through passages 1, con-
trolled by check-valves 2, opening upward or
toward the auxiliary pump, there being such

a connection with the chamber 10 on the

pump-cylinders A’ at each side of the pump.
As shown in Fig. 4, two suction-pipes b are
used, entering at opposite sides of the water
The delivery-

pipe c connects with the force-main Cthrough
a pipe d, and thus to the system with which
the pumping apparatus is employed, so that

694,513

the auxiliary puinp, as well as the main pump,
delivers directly to the system.

While it is to be understood that the anx-

iliary pump can be connected to the suction-
pipe of the main pump or elsewhere, it 1s
preferable to connect it, as deseribed, so that
the cylinders of the main pump can be kept
normally free from air and charged with wa-
ter ready for the plunger to operate immedi-
atelyon solid water when called upon to move.

70

75

This arrangement dispenses with the neces-

sity of echarging or priming pipes for the cyl-
inders of the main pump as ordinarily used
for this purpose. The valves 2 are used, 8o
that communication will be shut off between
the two ends of the water-cylinders of the
main pump when the pump is in operation,
thus preventing the water from pulsating
from one side of the main-pump piston to the
other through the passages 1and chamber 10.

The steam end A of the main pump receives
itssupply of steam from the induction-pipe D,

the steam passing to the main pump in the.

usual operation of the apparatus through a

20

90

by-pass pipe E, having thereon a valve-cham-

ber I, through which the passage of thesteam
is controlled by a valve 11, which may be of
auy suitable form, being shown as a common

form of balanced piston:valve. The indue-

tion-pipe D is provided with a throttle 12 be-
tween the ends of the by-pass pipe E,by which

95

steam may be supplied to the main pump di- - '

rectly through the induction - pipe without
control by the valve 11, if desired,and a small
amount of steam may be allowed to passcon-

stantly to the main pump independently of -
the valve.11 to keep. the pump in condition |

for immediate nse. The valvellis normally - -
105 o

closed, so that the main pump is out of op-

oration, the auxiliary pump being in action

100

and being arranged to supply the system with

water sufficient to offset the loss by leak-
age or other causes producing such a small

withdrawal of water that it 1s not desired .

that the main pump shall act, the pressure in
the system thus being maintained by the
auxiliary pump, which receives a constant
supply of steam from the induction-pipe D
or, as shown, from the by-pass pipe K on the
inlet side of the valve-chamber I through
steam-pipe e.

is used upon the pipe e to secure and main-
tain uniform the desired supply of steam to
the auxiliary pump. The usual drain-pipes
17 for the steam end of the main pump an
the induction-pipe D is shown. . = =
The valve 11 is controlled directly by the
auxiliary pump and opened to admit steam

| to the.-main pump through the valve-cham-

ber F when the withdrawal of water from the
system is in excess of the amount for the sup-
ply of which the auxiliary pump is designed,
so that the desired supply of water and pres-

I1C

115

An automatic pressure-reduc- -
ing valve 20 of any common or suitable form

120

125

130

sure in the system is not maintained by the

auxiliary pump.
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In the eonstlueuen' shown in Fig. 1 the]

auxiliary pumpactsuponthevalvell threu gh
a device so actuated by the auxiliary pump
that when the speed of the auxﬂlaly pump
rises sufficiently through the reduction of
pressure in the system by the withdrawal of
water therefrom the valve 11 is opened to
start the main pump. For this purpose the

auxiliary pump has connected therewith a |

speed-governor, which may be of any suitable

form, the gover nor fshown being Wjell known ]

| under the name of the “Meson pump-gov—

20

30

ernor, (fully shown and described in United
States Letters Patent No. 312,138, dated Feb-
ruary 10, 1885,) the operating-arm of this gov-
ernor bemn' connected to a moving part of the
auxiliary pump by a link 13, so as to be actu-
ated therefrom, and having ltu weighted bell-
crank lever 14 eonneeted to the valve 11
through aslotted link 15, and slide 16 mounted
inthe head of the valve- ehamber F and bracket
3 on the end of the valve-chamber. In this’

--eonstruetlon with the suction of the auxil-

iary pump connected to the cylinder of the

main pump the speed of the auxiliary pump |

will nor mally be maintained while the main
pump is in operation, but a slotted connec-
tion 4 between the end of the bell-crank le-

ver 14 and the link 15 is pr eferably used and |

arranged as.shown in Fig. 1, so that the aux-
1llary pump acting threuﬂ'h the speed-ﬂ'ov-
ernor / will open the valve 11, but on the re-
turn of the bell-crank lever 14 by the weight

~ 1n case the auxiliary pump should slow down

35

the valve 11 will not be closed thereby, but
will remain open and the main pump remain
in action until the valve 11 is closed by hand

by the attendant or by any suitable auto-

40

matic means independently of the auxiliary
pump. If thesuction of the auxiliary pump
be not assisted by the pumping action of the

‘main pump, then such lost-motion connec--

tion is necessary unless it be desired to close

- the valve 11 by the'slowing down of the aux-

45

iliary pump as the" pressare in the system is
raised by the main pump.

the valve 11 not being closed accidentally, I
preferably provide some means for positively

~ holding the valve 11 against elo:.-,mﬂ* aftel it

5O

has been opened by the 'a,uxﬂlaly pump.
Simple means for this purpose isshown, con-
sisting in a spring-pressed pawl 5, mounted

- on the bracket 3 and engaging a netehed por-

55

60

tion of the slide 186.

The operation of the constr uction shownin |

Fig. 1 will be understood from a br ief descmp-
tion. The supply of water and pressure in
the system of which the force-main C forms
a part, is maintained by the auxiliary pump
supplying the loss by lea,ka,fre or other causes,
involving small w1thdrewel of water from the
system, the auxiliary pump under such con-

~ ditions of pressure operating at a speed be-

low that at which the governor f 1s operated

to open the valve 11. When a larger with-
drawal of water from the system occurs—as,

In order to assure |

S

for instance, in case of a sprinkler opening |

-
.\'J

3

on a fire-service of an automatic sprmkler Sys-

tem—the’ pressure againgt which the auxil-
#0

lary pump is workme is 1mmed1a,tely lowered
and the speed of the eumhery pump inereases,

thus operating the speed-governor J to throw |
the bell-cr'ans: lever 14 to the right in Fig. 1
against the resistance of the wew‘ht on 1ts_
'houzontm arm,which throu gh the lmk 15 and

slide 16 moves, the valve 11 to the 11frht in

this ﬁeure, so as to admit steam to the main

pump through the by-pass plpe E and valve-
chamber F.
opened position by the engagement of the
pawl 5 with a notch on slide 16, and the main

pump thus continues in operemen until again

closed by hand or other wise, when the nor mal
operation of the apparatus, with the auxiliary
pump in opemtlon and the main pump out of
operation, is to beresumed. When the with-

turns to the position shown in Fig. 1.

75

The valve 11 is then held in
30

drawal of water ceases and the main pumpis
| stopped, the auxlllary pump slows down to
normal speed, and the speed - governor re-

In Fig. 2 I have shown a eonstruetmn simi- -

lar to theb of Fig. 1, except that instead of

the supply of steem to the auxiliary pump

being constant a steam-pressure accumulator

18 eonnected to the auxiliary pump, which
regulates the supply of steam to the aumha,ly

95

pump, so that the operation of the latter is

varied in accordance with the amount of wa- -

ter withdrawn from the system on account of

leakage or other causes resulting in a small
withdrawal of water.’ The steam- -pressure ac-

camulator shown is the sa,me as deserlbed and

| claimed in my prior patent No. 524,013, dated
Aubust 7, 1894, and requires but a bmef de-
In this construection, ‘as shown
in detail in Figs. 4 and 5, g is the p1essu1e- |
chamber, h the steam-chamber, and ¢ the pis-

serlptmn

100

105

ton of the accumulator, the pressure -chamber

being connected to the delwery -pipe ¢ of the
au*{lhary pump by a pipe ¢, opening to theh

end of the chamber. The steeln-SUpply pipe

ea,rued by and moving with the plston and

IIC

e connects directly with the. steam- chamber
I, and the steam from the chamber A passes
‘throuwh openings 6 into the hollow stem 18, ;
115
from the stem t,hrouwh the Openmﬂs 7 into
| chamber 8, with whleh pipe ¢ connects and

through which the steam passes to the valve-

ehamber of the auxiliary pump, the supply"_}
of steam to the auxiliary pump, thus being ‘I20

increased as the piston ¢z moves toward the"; |

delivery end of the pressure-chamber ¢ by .

‘the passaﬂ'e of the steam through more of the
openings 6 into the stem 18, as these open-
ings are uncovered by belnn' moved throun'h

the head of the chamber %, so as to open mto

125

the chamber, end the supply of steain to the |
auxlhmy pump is decreased as the piston ¢

moves in the opposite direction and eloses_'_;
Sorae of the openings 6 by moving them into

or past the head of the chamber I,
eratlon of this constr uction is as follows

main pump being out of operation, the water
supply and pressure of the system 1S main-

130
The op-.
The
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tained against 1e'ajkage and other '.slight' with- |
drawal of water by the auxiliary pump, this

pump delivering more or less water,according
to the amount of withdrawal from the sys-
tem, the accumulator-piston ¢ controlling the

“supply of steam to the auxiliary pump, S0 as

10

20

25

30

33

40

to increase such supply as the accumulator-
piston 7 moves toward the delivery end of the
pressure- chamber g on the withdrawal of
water in excess of that delivered by the aux-
iliary pump and to decrease the supply of
steam as the piston ¢ is moved in the opposite
direction by the pumping pressure of the
auxiliary pump. The accumulator may be

arranged so as to cut off the steam entirely :

from the auxiliary pump or always to admit

‘sufficient steam to keep the pump running at

a low speed, this depending upon the leakage
or other withdrawal of water from the system.
The action of the accumulator in connection
with the pumpis fully explained in my prior
patent, No. 524,013, above referred to. On

the withdrawal of water from the system In |
excess of the pumping capacity of the auxil-

jary pump the pressure in the system 18 re-
duced and the speed of the auxiliary pump
increased, and the valve 11 is then opened by

the increased speed of the auxiliary pump

acting through the Mason governor f exactly
as fully described above in connection with

the construction shown in Fig. 1, and the

main pump then remains in operation until

‘the valve is closed again, when the speed of

the auxiliary pump is reduced and the parts
of the governor returned to position, as pre-
viously described. | |

In the construction shown in Fig. 2 the

speed-governor f may be omitted and the

valve 11 connected so as to be operated by
the piston 2z of the acecumulator. Such a con-
struction is shown in Fig. 3 and in the detail
Figs. 4 and 5, with the stem 18, carried by
the accumulator-piston 7, extending through
the head of the chamber /2 and connected to
the slide 16 of the valve 11. "As shown, the
accumulator-piston is connected to the valve

11, so as to move it in both directions, a lost-

_.50

~ thereby.

motion connection x preferably being used to
secure the proper action; but such a connec-

tion may be used that the valve will be opened

by the accumulator-piston, but not closed
Thesuction b of theauxiliary pump
in this construction is connected to the suc-

- tion side of the main pump, so that the aux-

55

iliary pump charges the suction or supply
side of the main pump, but not the pump-

- chambers, and the auxiliary pump works

60

against the pressure of the system when the
main pump is in operation, so that it slows
down as the pressure in the system is raised
by the main pump. The suction of the aux-
iliary pump may be connected to both the
suction and delivery sides of the main pump,
if desired, as indicated in Fig. 2, the con-
nection to the suction side being shown in
dotted lines. The operation of this accu-

694,513

shown in Fig. 2 and previously described,
except that the accumulator and auxiliary
pump are arranged so that the accumulator-
piston < will be normally some distance from
the delivery end of the pressure-chamber g,
as shown in Fig. 5, and will not move toward
the delivery end of the pressure-chamber from
this position sufficiently to open the valve 11,
except in case of such withdrawal of water
from the system as renders the operation of
the main pump desirable.. When, therefore,
by the withdrawal of waterfrom thesystem in
excess of the pumping capacity of the auxil-
iary pump the accumulator-piston 2 moves
toward the delivery end of the pressure-cham-
ber ¢ sufficiently beyond the point at which
it is shown in Fig. 5, the valve 11 will be
opened and the main pump brought into ac-
tion, and the accumulator-piston ¢ is again

75

30

moved to the left from the delivery end of

the pressure-chamber g, as the pressure in

‘the system is raised by the main pump when

the withdrawal of water from the system
ceases and at the proper time closes the valve
11 and throws the main pump out of action,
the normal operation of the apparatus being
then resumed. If a flexible or similar con-
nection be used between the accumulator-
piston and the valve 11, the valve 11 will re-

main open until closed by hand or otherwise,

as in the constructions previously described.
If the suction-pipe b of the auxiliary pump
be connected to thesuction of the main pump,

as in Fig. 3, the speed-governors of the con-

structions shown in Figs. 1 and 2 may be con-
nected to the valve 11, so as to both open and
close the valve, the means for holding the
valve open being omitted. |

Theinvention has been deseribed as applied.

90

95

ICO

105

to the common sprinkler system in which the
whole system is liguid; but such an appara-

tus may readily be applied also in connection
with what is knownin fire-protection systems

| as the “‘dry-pipe ” system, where air-pressure

is maintained on the piping and sprinkler
distribution until such time as the sprinkler

opens, when the air-pressure escapes and wa-

ter for the extinguishing of the fire follows.
On such a system the auxiliary pump de-

scribed might be an air-compressor used for
the maintenance of the air-pressure, its sub- .
sequent operations with reference to the main

pump being the same as those already de-
scribed, or this auxiliary pump may be both
a water-pump for keeping up the leakage in

such portion of the system as is constantly

under water-pressure and an air-pump for
keeping up theair-supply on thedry-pipe por-
tion of the system. - '
It will be understood that other arrange-
ments of the main and auxiliary pumps and
devices for controlling the operation of the
main pump by the auxiliary pump may be
used and that I am not to be limited to the spe-
cific arrangements or devices shown for this

purpose. The pumpsshown are of a common

mulator construction is the same as that | form of duplex steam-pump; but it will be un-

N 10O
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120

125
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&

derstood that the invention may be applled | the opelatlon of the main pump by the speed-

in connection with pumps of any other suit-

able form or driven by other than steam-
power. Should the pumps be electrically
driven, it will be readily understood that the
devices described may be made to operate
switches of well-known form or other devices
for turning on or off the electric current to
the motor or motors driving the main pump.

In case electricity be uqed the steamn-accu-

mulator described will not be applicable ex-

cept where theauxiliary pump issteam driven
and the main pump electrically driven, in
which case there will be substituted for the
balanced valve 11 an electrical switeh con-
nected to the main pump, as indicated in Fig.
6, in which « is the electrical switch to whleh
the operating-rod 16 from the governor is con-
nected and T.’vhmh controls the electrically-
driven main pnmp. If boththe aunxiliary and
main pump be electrically driven, the speed-
governor or similar device opemted by the

dumllmy pump will operate -the switch con-

trolling the main pump when the speed of the

&uuhary pump exceeds & eertdm Himit.
What I claim is—

1. The combination with a main pump and
1ts connected system, of an auxiliary pump

connected to the system for maintaining the
pressure against a small withdrawal of ﬂuld |

from the system, a device controlling the op-
eration of the main pump, and meehamsm
through which the pumping action of the aux-

iliary pump controls said device for operat- |

Ing the main pump on a larger withdrawal
of fluid from the system, substantlallv as de-
seribed.

2. The combmatlon with a main pump and
its connected system, of an auxiliary pump
connected to the system for maintaining the
pressure against a small withdrawal of ﬂmd
from the sybtem a device controlling the op-
eration of the main pump, and means con-
trolled by the speed of the auxiliary pump for
operating said device to start the main pump
by the increase in the speed of the auxiliary
pumpon a larger withdrawal of fluid from the

- system, substautlally as deseribed.

6o

3. The combination with a main pump and
its connected system, of an auxiliary pump
connected to the system for maintaining the
pressure against a small withdrawal. of ﬂmd
from the system a speed-governor actuated
by the auxiliary pump, and means for con-
trolling the operation of the main pump by
the speed-governor to operate the main pump
on a ]&I"TEI withdrawal of fluid from the Sys-

tem, substantmlly as described.
4, The combination with a main pump and

its connected system, of an auxiliary pump
connected to the system for maintaining the
pressure against a small withdrawal of Wa,_ter
from the system means for controlling the
operation of the auxiliary pump in aecord
ance with the withdrawal of fluid from the
system, a speed-governor actuated by the
auxiliary pump, and means for contmllmn-

governor to operate the main pump on a

| lartrer withdrawal of fluid from the system,

substanmally as described.
5. The combination with a main pump and
its connected system, of an auxiliary pump

connected to the system for maintaining the

pressure against a small withdrawal of ﬂmd
from the sjrs_tem, a valve controlling the sup-
Dly of steam to the main pump, and means
controlled by the auxiliary pump for opening

sald valve on a larger withdrawal of fluid

from the sy stemn and . arranged to permit the
valve to remain open 111dependently of the
action of the aumllaly pump, substantlally
as described.

6. The combination with a main pump fmd

its connected system, of an auxiliary pump

70

75
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connected to the system for maintaining the

pressure against a small withdrawal of ﬂmd'

from the system, a valve controlling the sup-
ply of steam to the main pump, means con-

trolled by the speed of the auxiliary pump

9o

for opening said valve when the speed of the

auxiliary pump is increased on a larger with-
drawal of fluid from the system, a,nd means
forholding said valvein position when opened

by the aumhaly pump, substantially as de-
seribed.

7. The combination with amain pump and

95

its connected system, of an auxiliary pump

pressure against a small withdrawal of ﬂmd

from the system a speed-governor actuated

by the aumhaly pump, and means for con-
trolling the operation of the main pump by
the speed governor to operate the main pump
on a larger withdrawal of fluid from the sys-

connected to the system for maintaining the

100
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tem and arranged to permit the main pump |

to remain in operation independently of the

auxiliary pump, substantially as deseribed.
3. The combination with a main pump and

its connected system, of an auxiliary pump

connected to the system for maintaining the
pressure against a small withdrawal of ﬂmd'
fromn the sybtem a valve controlling the sup-

ply of steam to the main pump, a Speed-ﬂ'ov-
ernor actuated by the auxiliary pump, and

connections between said speed-governorand -

valve for opening said valve when the speed
of the auxiliary pump is increased on a larger

withdrawal of fluid from the system and per-

mitting the valve to remain open independ-
ently of the action of the aumllarv pump,
substantially as deseribed.

9. The combination with a main pu mp and
its connected system, of an auxiliary pump
connected to the system for maintaining the
pressure against a small withdrawal of ﬂmd

from the System a valve controlling the SUp-‘

ply of steam to the main pump, a speed gOV-
ernor actuated by the auxiliary pump, con-
nections betwéen said speed - governor and
valve for opening said valve when the speed

of the auxiliary pump'is increased on a larger

withdrawal of fluid from the system, and

I1IO
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| means forholdmw S‘lld valve in position when |
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-

opened by the auxiliary pump, substantially |

as described. | |
10. The combination with a main pump and

its connected system, of an auxiliary pump |

connected to the system for maintaining the
pressure against a small withdrawal of fluid
from the system, means for controlling the
supply of steam to the auxiliary pump in ac-
cordance with the amount of fluid withdrawn
from the system, and means controlled by the
auxiliary pump for controlling the main pump
to secure the operation of the main pumpon
a larger withdrawal of fluid from the system,
substantially as described.

11. The combination withamain pump and
its connected system, of an auxiliary pump
connected to the system for maintaining the
pressure against a small withdrawal of fluid

- from the system, means for controlling the

20

supply of steam 1o the auxiliary pump in ac-

- cordance with the amount of fluid withdrawn

30

35

from the system, a valve controlling the sup-
ply of steam to the main pump, and means
controlied by the auxiliary pump for opening
said valve on a larger withdrawal of fluid
from the system, substantially as described.

12. The combination with a main pump and
its connected system, of an auxiliary pump

connected to the system for maintaining the

pressure against a small withdrawal of fluid
from the system, means for controlling the

supply of steam to the auxiliary pump in ac-.

cordance with the amountof finid withdrawn
from the system, a valve controlling the sup-
ply of steam to the main pump, and a speed-

‘governor actuated by the auxiliary pump for

opening said valve when the speed of the aux-

- iliary pump is increased.on a larger with-

40

drawal of fluid from the systemn, substantially

as described. | |
- 13. Thecombination with a main pump and

its connected system, of an auxiliary pump

- connected to the system for maintaining the

45
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pressure against a small withdrawal of fluid |

from the system, a steam-pressure accumil-
lator connected to the auxiliary pump and
means for varying the supply of steam to the
auxiliary pump in accordance with the move-
ment of the accumulator-piston, and means
controlled by the auxiliary pump for secur-
ing the operation of the main pump onalarger
withdrawalof fluid from the system, substan-
tially as described. |
14. Thecombination with a main pump and

its connected system, of an auxiliary water-

pump connected to the system for maintain-
ing the supply of water against a small with-
drawal of liguid from the system, a steam-
pressure accumulator connected to the auxil-
iary pump and means for varying the supply
of steam to the auxiliary pump in accordance
with the movement of the accumulator-pis-
ton, a valve conftrolling the supply of steam
to the main pump, and a speed-governor ac-

65 tuated by the auxiliary pump for openingsaid i

694,513

valve when the speed of the auxiliary pump
is increased on a larger withdrawal of water
from the system, substantially as described.

15. The combination with an intermit-
tently-operating pump, of asecond pump with
its suction or supply side connected with the
water-cylinder of the first-mentioned pump,
whereby the operation of the second pump

70

charges with water the cylinder of the inter-

mittently - operated pump, substantially as
described. o | |

16. The combination witha pumpnormally
out of operation, of a second pump with its
supply side connected with the water eylinder
or cylinders of the first-mentioned pump,
whereby the operation of the second pump
charges with water the cylinder of the nor-

mally iooperative pump, and means con-

trolied by the operation of the second pump
for starting the normally inoperative pump,
substantially as described.: o

17. The combination with a pump normally
out of operation, of a second pump with its
supply drawn from the supply of the first-
mentioned pump, whereby the operation of
the second pump charges with water the sup-
ply of the normally inoperative pump, and
means eontrolled by the operation of the sec-
ond pump for starting the normally inopera-
tive pump, substantially as desecribed.

18. The combination with an intermit-
tently - operating pump, of a second pump
drawing its supply from the supply of the in-
termittently - operating pump, whereby the
operation of the second pump charges with
water the supply of the intermittently-oper-
ating pump, substantially as described.

19. The combination with a pumpnormally
out of operation, of a second pump drawing
its supply from the water cylinder or cylin-
ders of the first-mentioned pump, whereby
the operation of the second pump keeps the
water cylinder or eylinders of the normally-
inoperative pump charged with water, and
valves 2 so arranged as to prevent the circu-
lation of water between the pulsation-cham-
bers of the normally inoperative pump when
in action, substantially as described.

20. The combination with a pump-cylinder-

75
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having chamber 10 and passages1fromtheop- 115 '

| posite ends of the cylinder, of a second pump

having its suction side connected with said
passages, and valves 2 permitting the passage
of fluid through said passages to the second
pump but preventing the circulation of fluid
between the pulsation-chambers of the first-

mentioned pump, substantially as deseribed.

In testimony whereof I have hereunto set
my hand in the presence of two subseribing
witnesses.

CHARLES C. WORTHINGTON.

Witnesses: - |
- Louis Ross ALBERGER,

B. W. PIERSON.
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