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UNITED STATES PATENT OFFICE,

HOWARD E. CADE, OF PENCOYD, AND DAVID R. XNAPP, OF PHILADELPHIA,
PENNSYLVANIA.

BOILER-FEED REGULATOR.

953,734,

Application filed August 19, 1508,

To all whom it may concern:

Be it known that we, IIowaro CapE
and Davip R. Kxave, citizens of the United
States, residing, vespectively, at Pencoyd,
in the county of Montgomery, and at Phil-
adelphia, in the county of Philadelphia,
both in the State of Pennsylvania, have in-
vented certain new and useful Improve-
ments in Boiler-Feed Regulators, whereof
the following is a specification, reference
being had to the accompanying drawings,
and forming part of the specification.

Our invention relates to that class of de-
vices wherein an expansion tube is connected
to a stean boiler at the mean water level
and is so arranged that when the water in
the steam boiler is at its norinal height, the
expansion tube is closed to the steam space
of the boiler by the water in the boiler act-
ing as a seal to the steam to the expansion
tube and vice versa, when the water in the
boiler is below normal, due to the evapora-
tion of the water, the expansion tube is
connected to the steam space in the boiler
and the expansion and contraction of said
tube due to the difference in temperature
when opened and closed to the boiler steam
being utilized to control a valve in the feed
water line to said boiler, the actuation of
gaid valve In turn controls hydraulic means
wherein the steam supply to a steam pump
supplying water under pressure to said
boiler may be regulated with precision.

It is the object our invention, first, to
provide a simple and efficient means for
automatically regulating the flow of water
to a botler, provided with an expansion tube,
as aforesaid, and in case a boiler feed pump
is required to furnish feed water under pres-
sare to said boiler, hydraulic means in co-
operative relation with said tube whereby
the operation of the boiler feed pump may
be adjustably predetermined with precision,
second, to provide a means whereby the
boiler steam may be admitted to said tube
on low mean water level and cut off to said
tube on high mean water level, third, to
provide an arrangement of mechanism con-
trolling the valve in said feed water line
whereby the tendency of abnormal hydraulic
pressure to open same will be reduced to a
minimum and thereby prevent water being
admitted to the boiler at an undesirable
time, fourth, to provide mechanism support-
ing said tube so that when under expansion,

.
0.

Specification of Letters Patent.
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all tendency of said tube to buckle may be
climinated, fifth, to provide mechanism
supporting said tube so that no bending
strains will be exerted on same upon installa-
tion, and sixth, to provide means whereby
the condensation of steam in said tube may
be drained back to the boiler. -

With these objects in view our invention
consists in certain novel features of construe-
tion, arrangement of parts as will be herein-
after fully described and pointed out in the
claims, reference being had to the accom-
panying drawings in which,

Figure 1 is a front elevation of a boiler,
showing a convenient embodiment of our
invention applied thereto, Figs. 2 and 3 are,
respective, plan and elevation views show-
ing more clearly the arrangement of parts
connected to the free end of the expansion
tube. Figs. 4 and 5 are elevation views of
the supporting mechanism for said tube,
Tig. 615 a vertical section of an automatic-
ally-operated governor controlling a bal-
anced valve in the steam line to the afore-
said boiler feed pump, Fig. 7 is a section
on A—DB showing the arrangement of the
yoke in relation to the supporting standards,
ig. 8 is a side elevation view showing the
relative position of the valve operating
mechanisin upon the expansion and con-
traction of said tube and Fig. 9 Is an end
elevation view of Fig. 8.

Similar figures vefer to similar parts
throughout the several views.

Tn said figures, 1 designates a boiler pro-
vided with a feed water pump 4 whicl sup-
plies water under pressure to said boiler
through pipe 2. and 5 designates the supply
pipe for said pump.

6 designates a {ube made from some
metal having a high coeflicient of expansion,
such as copper, and is connected at one end
by the pipe T to the mean water level of the
boiler and at the other end by the pipe 8 to
the water in said boiler. Pipe 8 serves as a
drain for any condensation of steam that
takes place in said tube 6. The pipes 7 and
8 are small in comparison with the expan-
sion tube G and are put in place after said
tube has been connected and adjusted
throughout. The maximum travel of the
expansion tube is a small fraction of an inch
and the lengths of pipes 7 and 8 and the
number of bends required to make the said
cennections enables these pipes to have suf-
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ficlent flexibility to allow the L\P’mkl()n
tube to expand and contract and perform its
met?rm
The mean water level of the boiler is in-
i ~. 1 by the dotted line C and
on '"'1ed thereto at the water
e 9, 2 1(11 determined by the mean
er level on same, When the water is at a
s indicated by the gage, steam is
; Le tube 6 and vice versa., when
he water rises above said mean water level
Le said fube is de; ived of steam, due to
’ t al to pipe 7.
s tube being subject-

o

5 9 dhmnu or bcam a8 usu-
he top and at the front of

i which 1s mounted the ex-
ube The lower extremity of
i8¢ m““ueu to th terminal mem-
.

pport 11 by lie pul 12, The ~npport 11
wed to the beam 64 by bolted engage-

25 ment.

lesignates o yoke upon which a bell

fever is mounted. The bell crank

lever is pivotally cennected to the yoke 15

by the pin 14 and is free to osciliate there-

30 on. 'The upper and frec extremity of the
tube © is pivotally connected to the short
arm 13 of the crank, through the con-
necti ¢ by the pin 21,

16 ates n standard connected at one

35 end yoke Dy threaded engagement
and at the cther f‘nU to the m"mbu‘ 17 by
sl nethod.  The member 17 is pivot-
all aected by the pin 18 to the support
19 3 1s secured to the beam 64 by bolt- |

49 ed wgement

: s a yoke ad ‘1 sted to embrace
¥ 1 1% secured thereto by the pin
id ared {o the yoke _/‘O by threaded

nent, is the adjusting rod 21 which
hrough the ‘umuuo in the member
ist d and provided with
elther \‘u"e the part 10. 1t is
by shifting said nuts longita-
dlmll} with respect to sald vod, a cer-
50 tain degree of oscillation of the bell crank
can be efected w hicn_ permits of a michrom-
eter adj ut of the velation of the parts.

3 designates a check valve in the feed
water lne and 25 designates the stem of

55 sqid valve to Whid‘ is atfached, by threaded
engagement, ul yoked support 26 which
carries the voller be‘\rlng 27 free to revolve

29 desiwnntes a yolee secuved to sald check |

80 valve and in alinement with the valve
stem 23
50 designates a cam_ pivoted to the yoke
29 by the pin =2 and is free to oscillate
thereon. The pe >hn13 of said cam is
ax a 8 Fa 1
85 adapted to engage vwith the roller 27 Dy line.

contact. This line contact being so near in
alinement wi h the stem of =aid valve and
the cany pivot, that the leverage exerted on
said caun by any force acting on the stem
23 of the valve 3 and the tendency of said

; eam to escillate due to the force acting on
;Q‘I(l -wm will be zero. The voller 27 is

k opt m alinement with the cam 30 by meauns
of the yoke 26 p‘n't‘.:nlv embracing said
cain and which 11%) acts as a guide theretor.

U'ignntﬂs a pin envried on sald can and
serves :ib a stop e limit the depree of oscil-
lation of the cawm by its engaging with the

Cvoke 29.

*u apuatur will ex-

38 designates o lever arm attached to the
cam 20 and earries the adjustable weipht
34 which s secuved to said lever arm 33 by
the set screw 35, Thiy weight acting
thrv'-e‘h its leverage is saflicient to cause the
cam to o m“u\ and close the valve 3 against

wormal feed water pressure. The e long arm
'J() of the | L crank lever connects with the
lever arm 33 by the connecting rod 37. This
conne (iwn Detieen lever arm 36 and lev er
aral 35 can be made a chain or other flexi
ble connection as its function being only
It gaid lever avin 33 and open said valve as
the weight 35 acting thereon is suificient to
cause the lever avm to lower against norma
feed water pressure and cloze sald valve as
aforesaid stated. 38 designates a lever arm
attached to said cam 30 and disposed oppo-
site to lever arm 33, By transferring the
weight 24 from the lever arm 33 to lever
arit 38 an opposite movement of the vaive
is effected by a downward movement of the
Weigh’f This may be desived in caze it be-
comes necessary to invert the valve mech-
anism dne to structural conditions near the
teed line.

39 designates a steam line to the steam
end of the pump £ and 40 designates the
exhaust therefor. 41 designates a balanced

valve controlling the steam suj pply to saad
pump. 42 dtblolh ites the stem of sald valve
which Dasses thrOUOh the stutling box 43
and terminates in the yoke 44 w hicl: is L)1\'0t—
ally connected to the governor piston 435 by

=+
@]

62

~the pin 46.

+7 desiguates a governor cylinder in which

L is adapted to reciprocate the 1,1~L(>11 45.
l

bove said piston 45 the cyvlinder 47 is con-
cete 11)3 a pipe 48 to the feed water pipe
9 and below said pl\t()l‘ sald cylinder 1s
conuect Ld b\ the pipe 49 mih the steam sup-
ply pipe 89, The stan('drds 50 ave pr ovided
with 11:‘.,nge 51 and 52, Klange 51 is con-
nected to the governor a‘hndu‘ by bolted
engagement a wd is provided with a stufling
box 53 through which the stem 42 of said
ralve 41 passes. Flange 52 iz rigidly con-
nected to the valve 41,

60 designates plugs screwed into &11)@1-
tures in the upper and lower parts of the

cylinder 47. Upon removing these 111110.3 any ;
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refuse that may have collected in the cylin-
der may be readily blown out through these
apertures.

54 designates a lever of the first order,
one end being provided with a yoke em-
bracing the standards 50. The lever 54 is
mounted to oscillate upon the fulcrum 56
on said standard and is pivotally connected
by the pin 55 to the stem 42 of the bal-
anced valve 41,

57 designates an adjustable weight on the
lever arm 54 and is fixed in any desirable
position by the set screw 63.

It is obvious that the feed water pressure
must be greater than the steam pressure in
order for the feed water to enter the boiler.
The pressure on the top of the piston is
therefore greater than that on the bottom
and said weight is therefore so adjusted as
to just overbalance the pressure on the top
of said piston coacting with the steam pres-
sure on the under side of said piston and
therefore serves to open said valve 41 when-
cver the piston 45 is relieved from the ex-
cess of pressure above it in the cylinder 47.
Provisions arve made by the aperture 58
in the lever 54 and the aperture 59 in the
standard 50 to fulecrum the lever at this
place and thereby convert said lever into a
fever of the second order so as to cause a
reverse motion of the valve stem 42 by a
downward movement of said lever.

Having thus described the various parts
throughout the several views and upon their
being proportioned and connected through-
out, all of which will be readily understood
by those skilled in the art to which this in-
vention relates, its mode of operation will
be substantially as follows:—The position
of the mechanism as shown in the accom-
panying drawings is such as they occupy
wlen the expansion tube has expanded due
to the low water level as shown and water is
being admitted to the boiler through the
check valve 8 supplied under pressure from
{he pump 4. The water in the boiler will
thus continue to rise until normal water level
is reached when the tube 6 will be deprived
of steam due to the water in the gage acting
as a seal to the pipe 7 that sapplies steam
to said tube. Said tube 6 being deprived of
steam will get cold and contract and the
following movements of the mechanism will
take place. The tube 6 being pivotally con-
nected to the short arm of the bell crank
lever and the fulerum of said lever being in
a fixed position, the contraction of said tube
will cause the bell crank lever to oscillate
on its fulerum 14 in such a direction as to
lower the long arm of said bell crank lever
and thus deprive the lever arm 33 of its sup-
porting force. The pressure acting under
the valve 3 has caused the valve to Iift to
such a height as determined by the engage-
ment of the cam 80 with the voller 27. 1t

It

[

is obvious that so long as pressuve is acling
on the under side of said valve the voller 27
will be kept in engagement with the cam 30
and the amount of opening of the valve will
therefore be determined by the relative po-
sition of the cam in relation to said roller.
As aforesaid the weight 34 acting through
its leverage is sufficient to cause the cam to
depress the roller and thereby close the valve
and as the contraction of said expansion
tube has deprived, as aforesaid, the lever 33
of its supporting force, the weight will de-
scend forcing the cam to move in such a
direction as to depress the roller and there-
by close the valve 3, shutting off the feed
water to said boiler. The cam is free to os-
cillate until it has firmly seated the valve
on its seat which will restrict any further
movement of the cam. The said tube be-
ing now deprived of steam and upon be-
coming cold the steam therein condenses
causing a slight reduction in pressure in
said tube which is accompanied by a slight
surging of water from the boiler. This
water together with the water of condensa-
| tion is drained back to the boiler.

| The maximum oscillation of the cam is
determined by the pin 31 which is adapted
to engage with the yoke 29 and on this posi-
tion the cam will have- depressed the valve
the maximum distance. 1t is obvious that
with the proper adjustment of the posilion
of the cam in relation to the said rvoller cun
the stem of said valve, that any wear ou
the valve or the parts connected thereto will
be readily taken up by the increased degrece
of movement of the cam and will so continne
until the maximum degree of oscillation shall
Lave taken place which is determined by the
pin 31 engaging with the yoke 29 as afove-
said. The balanced valve 41 being still on
the opened position allows the pump to con-
tinue to act.

Tt is obvious that the valve 3 being closed
and there being no outlet for the feed water,
the hydraulic pressure in the feed line 2
will rise. The top of the cylinder 47 being
thus connected to the feed water line 2 by
the pipe 48, the top of the piston acting
therein will be subjected to and under the
influence of this increased pressurve. The
lever arm, as aforesaid, is so adjusted that
its foree coacting with the steam pressure
on the under side of the piston, supplied by
the pipe 49, will just raise the balanced
valve 41 against normal feed water pressure
acting on the top of said piston. The con-
tinued action of the pump will cause the
hydraulic pressure to increase on the top of
the piston and will continue so until it is of
suflicient amount to overpower the effect of
the lever arm and the steam pressure as
aforesaid and cause the valve to lower and
close the steam supply to the punp, and the
| pump being thus deprived of steam will
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cease to operate. The conditions ave now
as follows: The water in the boiler is at nor-
mal Tevel. the valve 3 has closed the feed
water to the boiler and the pump has ceased
operating. There is however sufficient pres-
sure in the feed line 2 to admit water to the
boiler in case the valve 3 opens. The water
m the boiler will evaporate and thus lower
the level of the same.  When the water shall
have evaporated below the normal level as
indicated, steam will be admitted to the ex-
pansion tube § which will cause it to expand
and thereby raise the Jong arm of the lever
which in tarn will raise the lever arm 33
through the connecting rod 37. The raising
of the tever arm 33 will release the pressure
of the cain on the roller 27 and the water
pressure neting under the valve will 1ift the
same and allow water to be adwmitted to the
botler uuder pressure that was determined
when the valve 41 closed the steam supply to
the pump.  The feed water line 2 being thus
relieved of the excess of pressure will also
relieve the excess of pressure acting on the
top of the piston 45. This reduction of
pressure will therefore allow the weight 57
coacting with the steam pressure on the un-
der side of said piston to open said valve
and allow a steam supply to said pump. The
pump being thus subjected to steam pressure
will start to act and furnish feed water to
the boiler under the desived pressure. The
water will continue to rise in the boiler under
this condition until the expansion tube is
closed to the steam supply when a cvele of
operation will take place as aforesaid and
thus accomplish the aforesaid first, second
and sixth ohjects of our said invention.
After the valve 3 has been closed against
the boiler feed line it is obvious that the
hydraulic pressure in said feed water line
will rise due to the continued action of the
pump. The balance weight 34, as aforesaid
is just sufficient to close the check valve 3
under normal feed water pressure and it is
therefore obvious that abnormal feed water
pressure will open the valve against the
weight 34 and allow  water to be admitted
to the boiler at an undesirable time unless
the mechanism controlling said valve is so
arranged so as to prohibit the same. The
contact between the roller and cam being
of line contact it is obvions that the leverage
acting on the cam by the upward pressure
of the stem 23. due to abunormal hydranlic
pressure, will be reduced to a minimun.
Any increased hydraulic pressure acting on
the valve 3 will be so near in a straight line
against the pivot 32 and this force being
with so small a leverage will be unable to
move said cam from its position. The cam
being in a fixed position maintains the valve
on its closed position, thus preventing water
from being admitted to the boiler, due to
the abnormal hydraulic pressure on the feed

,734
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|

line, after the contraction of said expansion
tube has closed said valve and thus accom-
plishing the heretofore third mentioned ob-
ject of our said invention.

The expansion tube 6 being pivotally con-
nected to the Dbell crank lever arm 18 by the
connecting member 23, it is obvious the alti-
tude of the free end of the tube changes as
the Dbell crank lever oscillates through its
degrce of travel. This change of the alti-
tude of the free end of the tube will change
the angle formed by said tube and the beam
64 acting as a base. It is obvious that if the
parts 10 and 11 were in a fixed position rela-
tive to the tube and the base 64 an undue
bending strain would be exerted on the tube
as the altitude of the free end of said tube
vavied. The parts 10 and 11 being pivoted

i by the pin 12 will readily yield to any angu-

lar change of the tube with the base 12,
cansed by the oscillation of said bell crank
lever and therefore no undue bending strain
will be exerted on said tube in its act of
expanding or contracting and thus accom-
plish the aforesaid fourth mentioned object
of our said invention.

64 being a beam or channel located above
the boiler is usually of rough surface due
to dirt and paint thereon and it is obvious
that if the angle formed by said base and
said expansion tube is fixed and cannot be
varied, considerable trouble will then be ex-
perienced in making the connection of the
free end of the tube to the short arm 18 of
the bell crank lever. Tf these connections do
not coincide upon the tightening down of
the supports an undue strain will be exerted
on the tube which will cause its liability to
buckle on expansion or contraction. As
aforesaid the expansion tube 6 being pivoted
to the support 11, will allow a limited
change in the angle formed by the base 12
and said tube which will relieve any tend-
ency of the tube 6 to strain upon the tighten-
ing down of the supporting members and
thus accomplish the aforesaid fifth men-
tioned object of our said invention.

We are aware that expansion tubes have
been employed in connection with devices
for controlling the flow of feed water to a
boiler but know of none similar to that
which is herewith shown and described.

We do not wish to limit ourselves to the
exact construction of the apparatus as shown
as it is obvious that slight departures can
be made therefrom without departing from
the spirit and intent of our said invention.

Having thus described the nature and ob-
jects of our said invention, what we claim
as new and desire to secure by Letters Pat-
ent; 1s,

1. In a boiler feed regulator, in combina-
tion with the feed line. and a valve therein
provided with a stem, a yoke adjustably con-
nected to said stem, a roller pivoted between
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the arms of said yoke, a second yoke sup-
ported from the feed line, a cam pivoted be-
tween the arms of said second yoke and hav-
ing its free end guided between the arms of

sard first yoke to engage said roller of the |

first yoke, a pin carried by said cam to en-
gage the second yoke and thereby act as a
stop for limiting the movement of the can,
a lever connected to said cam, an adjustable
weight on one end of said lever, and means
to operate said lever by the boiler water
level.

2. In a boiler feed regulator, the combina-
tion with an expansion tube connected to
the boiler below and at the normal water
level therein and a feed luie with a valve
therein provided with a stem, of a roller ro-
tatably connected to said stem, a cam, means
for pivotally supporting said cam at its up-
per end from the feed line, said cam being
adapted to have its lower end engage with
said voller, a counter weighted arm connect-
ed to said cam and extending outwardly
from one side of the cam above the lower
end of the cam, and a connection between
said expansion tube and said can.

3. In a boiler feed regulator, the combina-
tion with an expansion tube connected to the
boiler below and at the normal water level
therein and a feed line with a valve therein
provided with a stem, of a yoke extending
upwardly from the feed line, a cam pivoted
at its top end between the arms of the yoke
and being adapted for engagement with the
stem to operate the same, means carried by
the cam arranged on one side thereof and
extending outwardly therefrom to engage
with the yoke to restrict the swinging move-
ment of the cam, and a connection between
said expansion tube and said cam.

4. In a boiler feed regulator, the combina-
tion with an expansion tube connected to the
boiler below and at the normal water level
therein, and a feed line with a valve therein
provided with a stem, of a yoke carried by
and supported from the feed line and ex-
tending upwardly to be disposed on opposite
sides of the valve stem, a cam pivoted be-

(s
B

tween the arms of the yoke at the upper end
of the same, and being disposed between the
sides of the yoke, a second yoke carried by

t the valve stem and disposed between the

arms of the first named yoke, a roller jour-
naled between the arms of the second yoke
and adapted to be engaged by said cam, and
a connection between said expansion tube
and said cam.

5. In a boiler feed regulator, in combina-
tion with the feed line, and a valve therein
provided with a stem, a cam pivotally sup-
ported so as to directly overlie said valve

stem, and adjustable means carried by the,

stem to engage said cam, said means being
formed to receive the cam so0 as to guide the
latter and being held against rotation by
engagement with the opposite side faces of
the cam, and means to operate the cam by the
level of the water in the boiler.

6. In a boiler feed regulator, in combina-
tion with a feed line, and a valve therein
provided with a stem, a cam, means for piv-
otally supporting said cam, said cam being
adapted for engagement with the stem to
operate same, means carried by the cam ar-
ranged on one side thereof to engage with
said supporting means to restrict the swing-
ing movement of the cam, and means to op-
erate said cam by the level of the water 1
the boiler.

7. In a boiler feed regulator, in combina-
tion with a feed line and a valve therein
provided with a stem, a yoke, a cam pivoted
to the yoke and extending downwardly in
the space between the arms of the yoke, one
side of the cam extending ontwardly from
the adjacent side of the yoke, and a pin car-
ried by said outwardly projecting side of
the cam and extending outwardly from one
of the sides of the latter to engage the adja-
cent side of the yoke to restrict the swinging
movement of the cam.,

HOWARD E. CADE,

: DAVID R. KNAPP.

Witnesses:

Davip LEVINSON,
Grorer B. Smxry.
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