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Io all whony it may concern:
Be 1t known that I, JAMES H. BULLARD, a

~ ¢itizen of the United StatES of America, resuila
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ing at Springfield, in the county of Hampden
and dState of Massachusetts, have invented
new and useful Improvements in Automatic
Boiler-Feeding Devices, of which the follow-
ing is a speclﬁeamon

ThlS invention relates to automatic boiler-
feeding devices, and especially to that class
operated by means outside of the boiler in-
stead of by the usual float-operated devices,

the object of the invention being to produce |

an automatic boiler-feeding mechanism posi-
tfive 1n its action both in permlttmn' water to
be forced into the boiler and in excluding it
therefrom and whose operative functions are
induced by the contact therewith of either
the water from the feed-pump or other source
of supply or the steam from the boiler; and
the invention consists of a chamber located
substantially in the plane ¢f the normal wa-
ter-level of the boiler and which chamber is

alternately occupied by the water from the

pump or the steam from the boiler, according
as the level of water rises and fa.lls, Whereby
ingress to said chamber by the steam is either
cut off or permitted. Within said chamber
are located suitable valve-operating devices,
caused to act by the variations of temperature
between the water and steam to supply water
to the boiler or to cut off the water being sup-
plied thereto, all as fully described in the fol-
lowing speelﬁcatlon and clemly pointed out
in the claims.

In the drawings forming part of this speci-
fication, Figure 11is a perspectwe view of the

interior of a boiler-room, showing the appli-

cation of thisinvention and aCcessory devices
to a steam-boiler. Kig. 2 is an enlarged lon-

gitudinal section of the valve-operating mech-

- anism for controlling the supply of feed-water

- Fig. 5 isan enlarged section of the valve con--

entering the boiler. Figs. 3 and 4 illustrate
slight modifications in the adaptation of the
invention to different means of water-supply.

trollmn' the feed—watel supply and showing
applied thereto a spring to assist in moving
sald valve in one direction. S
Referring to the drawings, the boiler is in-
dicated by 2 and may be of any desired type,

1 "

in which are located the devices whereby by
changes of temperature with said chamber 4
va-,lve 4 1s operated to open and close the pds-
sage in a pipe leading from a suitable feed-
water tank 6 or other suitable source of sup-
ply to said boiler. To inject the feed-water

‘into said boiler, a pump 7 is provided. Said
| pump may be a contintiously-running belts

pump, such as is illustrated in Fig. 1, or a
steam-actuated pump 8, (illustrated in Flg 3,)

or the water may be supplied to the boiler by.

gl avity, the latter system being shown in Fig.

, or by an injector. o

The employment of a steam-actuated pump
or an injector or the employment of gravity
to supply water to the boiler necessitates only
some slight changes in the pipe connections,
which are illustrated in Figs. 3 and 4, which
will be described farther on. These changes
clearly lie within the scope of the invention,
however, which relates particularly to devices
for controlling automatically the supply of
water to a steam-boiler or other pressure-gen-
erating device wherein pressure is the result
of vaporization by heat by means lying en-

tirely outside of said pressure-generating de-

vice actuated by the rise and fa,ll of the wa-
ter-level therein.
- Itisassumed herein, for the sake of conven-
ience only, that water is always the hquld to
be vaporized.

Asstated above, the pump 7 (shown in Fig.
1) is a continuously-operating pump and is
provided with an intake-pipe 9 and a dis-

charge-pipe 10, the former running from said

pump to a water-supply (represented by 6)
and the discharge-pipe extending from said
pump to the boiler in the usual manner. In

sald pipe 10 are two branches 12 and 13. The
‘branch 12 leads back to the water-supply 6
and is located to permit water therefrom to

be discharged back into said tank 6 when it
1s not permitted to enter the boiler. In said

‘branch 121s located the valve 4. The branch

13 connects said discharge-pipe 10 with said
chamber 3 near one end of the latter, and in
sald branch is the valve 14. DBetween the
said branches 12 and 13 is located a check-
valve 15 in said pipe 10, as is usual in the
water-supply pipes for steam-boilers when
said water must be pumped in against the

and 3 (see Fig. 2) represents a chamber, with- b01ler-e-p1 essm e, A valve 10*is 1oca,ted in said
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pipe 10 between the branch 13 and the boiler.
A pipe 16 leads from said chamber 3 to the
steam-space in the boiler, and a valve 17 is
located in said pipe, which preferably enters
said chamber near that end thereof with
which the branch 13 is connected, but which
may enter sald chamber, 1f desired, at any
other point. Said valves 10* and 17 are pro-
vided merely for cutting off the boilerin case
any repairs to the water regulating and pump-
ing devices should be found necessary while
pressure is on said boiler.

Fig. 2 shows, on an enlarged scale, the con-
struction of the device by which the valve 4,
which controls the water-supply of the boiler,
1s operated, and, referring to said figure, said
chamber 3 is seen to consist of a metal tube,
one end of which is rigidly held in a bracket
18 and the opposite end of which is loosely
supported in a bracket 19 and has a sliding
movement therein to allow for the lengthwise
movements thereof under expansion and con-
traction. Each end of said chamber is closed
by a suitable plug 20, through which the ex-
pansion-tube 21 passes.  While said member
21 1is represented as a tube, it may, if desired,
be 1n the form of a bar or rod. This tube is
made of copper or zine or other metal havinga
high degree of expansibility. Suitable paclk-
ing-glands 22 are provided forsaid tube where
1t passes through said plugs. On said bracket
18 or other suitable fixed support is secured
an arm 23, from the end of which a link 24 is
hung by one end and whose opposite end is
connected to the end of the expansion-tube
by a pin 25 in the latter extending through
a vertical slot 26 in said link, thus permitting
freedom of longitudinal movementtothe tube
and a swinging movement to the link as the
lengthwise dimension of said tube changes
under the expanding and contracting effects
of changes of temperature. The end of said
tube 21 opposite to that connected with the
link 24 enters the valve 4, the same as would
an ordinary valve-stem, and it has all of the
functions of the latter, except that said tube
moves in the body of said valve by expansion
and contraction instead of being screwed in
and out. The end of said tube within said
valve 4 has secured to it a valve-disk 27 in
any convenient way, (see Fig. 2,) and thus
by the expansion and contraction of said tube
sald valve-disk may be moved away from or
toward its seat 28, thus opening or closing
the passage through the said branch 12 and
forcing the water in the discharge-pipe 10 to
pass through the check-valve 15 and into the
boiler.

Of course when the valve 4 is open the wa-
ter would naturally pass through it and back
to the tank 6, as the checlk-valve 15 would be
held closed by the boiler-pressure, which
would much exceed that necessary to force
the water back to the tanlk.

Preferably the expansion-tube 21 is com-
posed of two pieces outside of one end of the

chamber 3, and between it and the valve 4

€41,83%

the ends of said two pieces are united by a
right and left hand screw-coupling 30, where-
by fine adjustments of the valve-disk 27 and
its seat may be made.

Referring again to Fig, 1 it will be seen that
the chamber 3 is located so that the top there-
of lies substantially in the plane of the nor-
mal water-levelin the boiler, (indicated by the
line x xz.) Theelongation of a piece of metal
by expansion is relatively slight and bears a
certain fixed relation to its length, and there-
fore to obtain a sufficient degree of opening
of the valve 4 by the expansion of the tube
21 and to obviate the use of a very long tube
or other expansible member the extent of the
increase in endwise dimension is multiplied
or compounded as follows: Near the free end
of the chamber 3 there is secured thereon a
post 31, to which is secured one end of a rod
32, the opposite end of which extends to the
link 24 and is pivotally attached thereto at

33. DBy means of this construection the cham-
ber 5 as it elongates by expansion carries

with 1t the post 31, located near its free end,
and this movement through the connecting-
rod 32 causes the lower end of the link 24 to
swing toward the fixed end of said chamber,
the movement of the free end of the chamber
being multiplied by the connection of said
rod 32 near the pivotal point of said link.
The link as 1t moves toward the end of said

' chamber in turn moves the tube 21 endwise,

and as the latter elongates by expansion this
expansive elongation is added to the mechan-
ical movement imparted to it by the expan-
sion of the chamber 3 through the medium
of the rod 32 and said link 24. Thus the re-
sultant movement of the valve-disk toward
or away from 1ts seat is equal to the total
expansive elongation of the chamber 3, plus
the expansion of the tube 21, plus the multi-
plication of the expansion of the said cham-
ber as applied to said tube through the con-
nection of the rod 32 with said link at a point
near the pivotal point of the latter.

It is obvious that a still further multipli-
cation of the elongation of the chamber 3 may
be effected by increasing the length of the
link 24 between the point 33 of connection
therewith of the rod 32 and the point at which
sald link 1s connected with the end of the
tube 21.

As shown in Fig. 2 of the drawings, the ex-
pansion of the tube 21 closes the valve 4 and,
inversely, the confraction thereof opens said
valve.

Itis to be observed that the water from the
pump 7 passing into the boiler will, as the
water-level in the boiler rises, flow into the
pipe 13 and thus flood the chamber 3, the pipe
16, connected with said chamber and entering
the boiler above the water-level x x, equaliz-
ing the pressure in said chamber, and thus
permitting the water therein and in the
branch pipe 13 to have the same level as that
in the boiler. From the above description it

will be seen that the water from the boiler
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~ cannot enter the chamber 3; but the latter
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will always be filled by water direct from the
pump 7, for as water is pumped into said
boiler it at the same time fills said chamber,
and therefore the temperature of the water
therein is substantially that of the feed-water
and not that of the water in the boiler.

Some heat may be imparted to the water in
the chamber from the boiler by means of some
slight circulation in the discharge-pipe 10 be-
tween the check-valve and said boiler; but
it is too unimportant to take into account.
The frequent additions of a fresh-water sup-
ply from the pump entering said chamber
maintains a practically uniform temperature
therein. Thus water is foreced simultane-
ously into said boiler and chamber, and as it
flows into the latter it will cause it to con-
tract, and when 1t reaches the level of the
tube 21 that.,member in turn will also con-

tract, and following in reverse the move-

ments of those parts above deseribed as to
their expansive movements will draw the
valve-disk on the end of the tube 21 away
from 1ts seat in the valve-body, and thus open
the way for the water from the discharge-
pipe 10 to pass back again into the tank 0,
the pressure of steam in. the boiler holding the
check-valve to its seat with a greater force
than is necessary to carry the water from the
pump back fo the tank 6.

Erom the above description it may be seen
that the water-level in a boiler may be main-
tained at any desired point by the location of
the chamber 3 at the level to be maintained.

As long as the relatively cold water is pres-
ent in the chamber 3 in sufficient volume to
prevent its expansion no more water can en-
ter the boiler; but as soon as the water:level
in the boiler, and consequently in the cham-

ber 3, falls and steam begins to enter said |

chamber the expansion of the latter and the
tube 21 causes the passage in the branch pipe
12 to be closed, and the pump 7 will then
force waterinto the boiler until its rise in the
sald chamber drives out or condenses the
steam therein, and reducing the temperature
of sald chamber and tube causes the con-
traction thereof and the shutting off of the
water-supply tothe boiler, agabove described.
Thus the level of water is constantly main-
tained within a narrow range of variation in
an entirely automatic manner and without
requiringany attention on the part of the per-
son in charge.

The modlﬁeations in the above construc-
tion, heretofore alluded to and shown in Figs.
3 zmd 4 of the drawings, consist mainly in
certain changes in pipe connections. Refer-
ring to Ifig. 3, the arrangement therein shown
illustrates the substitution for the continu-
ously-running pump of a steam-actuated

pump, and in this case the valve 4 instead of

opening a passage for water not needed in
the boller, whereby it may be sent back from

-l

8

34, and the expansion and contraction of the

chamber 3 and tube 21 act to open and close
said valve to admit or cut off steam from the
pump. With this arrangement the valve-
disk is located on the 0pp031te side of the par-
tition in the valve-body from that it oceupies
in the valve shown in Figs. 1 and 2, for the
expansion must open the steam-valve, where
in Figs. 1 and 2 it is shown that expansion
mtist close the water-valve. In Kig. 4 the
arrangement of piping is shown which adapts
this invention to be used where water can be
delivered in service-pipes at a pressure ex-
ceeding that to be carried in the boiler and
whereby no pump is needed. In this last-
named arrangement the tube 21 is adapted to
operate a valve in the service-pipe 35, which
valve will, like that used in the construction

shown in Fig. 3, open by the expansion of the

tube 21 and, reversely, close by the contrac-
tion thereof.
Referring to Fig. 5, the construction there-

in illustrated consists in making that end of

the tube 21 which enters the body of the
valve 4 when the latterislocated in a steam-
pipe—for example, such as is shown in Fig.
3—of a separate piece. In such construction
it may be desirable to allow the valve-disk to
seat itself independently of the movement
of the tube 21 as the latter contracts, and to
that end, as stated, the said tiibe is made In
two pieces, the short end 36 thereof being
provided with an enlarged extrenmiity 37, which
is bored outat 38 toreceive the end of the tube

21, which is serew-threaded and has the two

nuts 39 thereon, one acting as a jam-nut for
the other. These nuts are so located on the
end of the tube that one of them will abut
against the end of the enlarged part 37 be-
fore the end of the tube can come to a bear-
ing against the bottom of the hole 33, bored
therein, and thus these nuts may be used as
nieans of adjustment between the tube 21 and
the portion 36 thereof to determine at what

point in the expansive movement of said tube

the valve will begin to open; but as the con-
tractile movement of the tube begins the por-
tion 36 of the tube and the attached valve-

‘disks will follow the movement of the tube,

actuated by the spring 40, and the valve-disk
will finally be held to its seat by said spring

and by the pressure of steam (or water, if

applied to the construction shown in Fig. 4.)
After the valve 4 is closed by the seatmu' of
the valve-disk 27 the tube 21 may still fur-

ther contract without setting up any strain

on the parts of the expansion device.
In adjusting the expansion device for ac-
tual operation when the parts are arranged

-as in Fig. 2 the coupling 30 is manipulated to

bring the valve-disk 27 to its seat, when the
said tube is expanded to its fullest extent by
the admission of steam into the chamber 8.
In the construction shown in Figs. 3 and 4
the said adjustment is made when the tube

whence it came, is located in a steam-pipe | 21 is contracted by the admission of water of
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a relatively low temperature into said cham-
ber 3

Having thus described my invention, what
I claim, and desire to secure by Letters Pat-
ent of the United States, is---

1. In an automatic boiler-feeding device,.

the combination with a boiler and a water-
supply pipe therefor, of a valve in said pipe,
and a thermally-actuated device for auto-
matically operating said valve, which device
consists of a tubular chamber of expansible
metal rigidly held by one end thereof, an ex-
pansible metal rod or tube extending through
said chamber, and movable mechanically
lengthwise therein, a swinging abutment for
one end of said rod or tube, and a rigid con-
nection extending from the free end of said
chamber tosaid swinging abutment, and con-
nected therewith, whereby expansive move-

ments of said chamber may impart mechan-
ical movement to said rod or tube, in addi- |

841,832

| tion to its expansive movement, substantially

as described,

2. Thecombinationin athermally-actuated
valve - operating mechanism, of a tubular
member immovably fixed by one end thereof,
a second member within said first-named
member, a connection pivoted to the fixed
end of the latter and one end of the second
member, and a rigid connection between the
free end of said first-named member to said
pivoted connection whereby a mechanical
movement will be imparted to said second
member by expansive movements of the first
member in the direction of movement of the
latter,inaddition toany expansive movement
of the second member, substantially as de-

scribed.
JAMES H. BULLARD.
Witnesses:
. A. CHAPIN,
K. I. CLEMOXNS,
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