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To all whom 1t may conceri.:

Be it known that we, Howarp Ii. CaDm
and Davip R. Kxarp, citizens of the United
States, residing, 5pﬂcuvdy at Pencoyda,
in the county of Montgemury and at Phil-
adelphia, in the county ot Philadelphia,
both in the State of Pennsylvania, have 1n-
vented certaln new and useful 1111}31 ove-
ments in Boiler-Feed Regulators, whereot
the following is a specification, reference
being had to the accompanying drawings,
and fonmn part of the specification.

Our 111Ventmn relates to that class of de-
vices wherein an expansion tube 1s connected
to a steamn boiler al the mean water level
and is so arranged that when the water in
the steam boiler is at its normal hieight, the

;xp‘m&,mn tube is closed to the steam space

f the boiler by the water 1 the boiler act-
ing as a seal to the steam to the expansion
tube and vice versa, when the water 1n the
boiler 1s below 1101mal due to the evapora-
tron of the water, the expansion tube 1s
connected to the steam space 1n the boiler
and the expmmon and contraction or said
tube due to the difference 1n temperature
when opened and closed to the boiler steam
being utilized to control a valve 1n the Teed
water line to said boiler, the actuation of
sald valve 1 turn contr ols hydraulic means
wherein the steam supply to a steam pump
supplying water under pressure to said
boiler may be regulated with precision.

It 1s the object our 1mvention, frst, to
provice blmple and ecfficitent means for
automatically regulating the flow ol water
to a boiler, pr ovided with an expanglon tube,
as atoresaid, and 1u case 3 bmlﬂr feed pump
is required to furnish f@il{] rater under pres-

sure to said boiler, hy f!muh(, means 1 co-
Opemtlm relation with said tube whereby
the operation of the boiler feed pump may
be adjustably predetermined with precision,
second, to provide a meansg whereby the
boller team may be admitted to said tube
on low mean water level and cut off to S:i.lid
tube on high mean water level, third,

provide an arrangement of mechanism con-
trolling the valve in snid feed water line
wher eby the tendency of abnormal hydraulic
pressure to open same will be veduced to a
minimum and thereby prevent water being
admitted to the boiler at an undesirable
time, fourth, to prwide mechanism support-
g caid tube so that when u

- expansion tube

nder expansion, |

- J—

| all tendency of said tube to buckle may be

climinated, fifth, to provide mechanism
aupportmo said tube so that no bending
strains will be exerted on same upon installa-
tion, and sixth, to provzde means whereby
the condensation of steam in said tube may
be drained back to the boiler. *

With these objects in view our mvention
consists 1n certain novel features of construe-
tion, arrangement of parts as will be herein-
after fully “described and pointed out 1n the
claims, reference being had to the accom-
panying drawings in Whlch

Figure 1 is a front elevation of 2 boiler,
51101\1110 a convenlent cmbodlmem of our
invention applied thereto, Ifigs. 2 and 3 are,
respective, plan and clevation views show-
ing more clearly the arrangement of parts
connected to the free end of the eXPAns1on
tube. Iflgs. 4 and 5 are elevation views of
the “::’Llpp()l‘tlllﬂ mechanism fox sald tube,
Fig. 6 15 a vertical section of an automatic-
a. 13 -operated governor controlling a Dbal-
anced valve in the steam line to the afore-

sald boiler feed pump, If1g. 7 15 a section
on A-—B showing the "llldll‘i’(—“l’l{i"ﬂt of the
voke in relation to the anppodmo standards,
Fig. 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 18 an end
clevation ﬂew of Fio. 8.

Siunilar figures refer to similar
throughout the several views.

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

6 designates a tube made from some
metal h‘l\]nﬂ a high coeflicient of expansion,
such as copper, and ig connected at one e_nd
by the pipe 7 to the mean water level of th
boiler and at the other end by the pipe 8 t()
the water m said botler. plpe S serves as a
drain for any condensation of steam that
takes place in said tube 6. The pipes 7 and
3 are mnall I comparison with the expan-
sion tube 6 and are put 1n place after said
tube has Dbeen connected and adjusted
throughout. The maximum travel of tne
1s a small fraction of an inech

and the lengths of pipes 7 and 8§ and the
nuntber of bends required to make the said

connections enables these e pipes to have sut-
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Lictent fexibility to allow the prﬂmum
tube to expand and contract and perform its

function.
rqﬂ} ' :

fhe mean waten tevel of the boiler 18 1in-

dicated In Fig. 1 bv the dotted Iine C and
the pipe T 18 connected therete at the water
ouge D0t o p@ii l tevrmined by the mean
water level on same., When the water 1s at a
low Eemi_ A _L_:.hdl_icm,ed by the gage, steam 1s

J

admitted ! ¢ tube 6 and vice versa, when

tie w..;m,r 1*1:;{15 ahm gsald me an water level
the s hi fuoe is j). rived of s cean, due to
the al LO plpe

g .

| 01* buml NS UsU-
(op and at the front of
Cand on whieh 1s mounted the ex-

nected to the terminal mem-
s prvotally connected to the
11@ pin 12, The support 11
beam G4 by bolted engage-

15 designates & yeke upon which a bell
te i% mounted.  The beil cranl
L}T cecunected to the yoke 15
11{“{ 15 free to osciliate there-
nd free extremity of the
oiw“dul to the :zhoit
ank, through the con-

_ bx iﬂe DIi 2
E:ﬁigll?it% 2 standara connected at one
to 5:-1iu yoke Dy threaded engagement
the other end to the mﬁmbel 17 by
imiiar method.  The meimmber 17 is pivot-
iy coennected by the pun 15 to the support
hici 1 ired to the beam 64 by bolt-

} , ]f‘i
N L—"n

13 se ﬂ”vd there

- !f:eu 'efi to the yoke 20, bf leeaded
1gement, 1s the ad usting rod 21 which
' *wuuue 11} the. member

Llle pin

FL
'I
""w"-.
-
peod
l-_-
f'.'ﬁ

22 on Lliilel -~1«t e the pult 10.
covious thal by shifting sard nuts longitu-
dinally with respect to <aid vod, a cer-

tain deoroee of o=cillation 01 the bell crank

{}
e

can be etfected v hwﬂ_ permits of a michrom-
eter actjustment of the velation of the parts.

3 deglgﬂ wes a check vaive 1 the feed
water ilne and 25 designates the stem of

said valve to which is attached, by threaded

engagement, Hl voked support 26 which
carries the rojiev ?{3:11*1113 27 free to revolyve

on the pin 25

29 designates a voke secured to said check
valw and 1 alinement with the valve

cam pivoted to the yoke
and 13 fiee to oscillate
)h”l} of sald cam is

The lower extremity of

Tt s

th tne rolier 27 by line

- the cam ]mo

Ceanl to oselilate doe

953,734

Th ':~: {ime contact 'ljeing SO near In
ih the -~T9111 of eaid valve and
that the leverage exerted on

contact.
atinement wl

salct caun by any force acting on the stem
05 of the valve 3 and the U—*nden{jv ot satd

to the Torce acting on

satd =tein wili be zero. The voller 27 is
IS ept 111 ahinenient with the cam 30 by means

of the yo Iw 263 ]Jai‘t‘.a l*jﬁ embracing waid
catnt and which also acts as a guide therefor.
51 designates w pin eavried on sald can and
serves as a stop to hmit the deg}_ee ot oscil-
N
1NN

lation of the cam by ifs engaging with the

; Tf‘l”‘ 24

A —— i — — — e A T e e — .

e e e T L

—_ —— e ———- TR T e —— e e

55 designates a lever arm attache
canl 32U and carrles the adj mt{?

34 which is secured to sald lever
the set screw TI s weloht
through 1ts Teverage i hmu { to
cam t(; ceclllate and 1;15 e the va

h._} e
edel).

| RN
normal feed watev pne;u'-%:_ile The iong ar
36 mf the }1.31}_ rank lever conneets with thaf
lever arm 33 by 1 e connecting rod 37, This
connection betiveen lever arm 8¢ and lever
Al 33 can be unl’_ a chain or other flexi-
ble connection as 1ts function being only to

:J
¥ i

It gaid =ever arin 33 and open sald valve

' ﬁ"{)}; it 35 actiige thereon 1s sufficient
cause the lever arm to lowe guﬂ;ﬁt NOria
feed water pressure and cloze sa1d valve as
atoresaid stated. 38 desicnates a ]ever ALTNL
attaciied to sard cam 30 and disposed oppo-
site to lever arm 33, By transferring the
wereht 34
arny 59
15 effecte
veloht,
colnes necessary to invert the v
anism due to structoral conditions near
feed line.

59 designates a steam line to the steam
end of the pump 4+ and 40 designates the
exhaust therefor. 11 designates a halanced
valve controlling the steal) su vply o said
pump. 42 d(,bmm rtes the stem of said valve
which passes thlounh the stuthng box 43
and terminates in the yoke 44 whicli is gwot-
ally connected to the governor piston 43 by
“"‘E ‘)111 4.

+¢ designaies a governor cylinder in which
is adapted to reciprocate the piston 45.
above 5.:11(1 p1ston 15 the cvlinder 47 is con-
nected by a pipe 48 to the f{%ed water pipe
2 and below said piston said cyvhinder is
conutiected by the pipe 49 Wﬂh the steam sup-
ply pipe 39, The standards 50 ave provided:
with flanges 51 and 52. Flange 31 1s con-
nected to the COVernor cy linder by bolted
eugagement a; i is provided with a studling
box 53 through w 111(, 1 the stem 42 of sail
alve 41 passes.  Flange 52 1z rigidly con-
nected to the *ml“e 41,

G0 designates plugs screwed mm apm—
tures in the upper and lower parts the
cylinder 47. Upon removing these lJ_LH.Qb ALY

r“lh_

5
]

opposite niov ﬂ-meﬂt of the wvaive
ed by a L‘lmwmard movement of the
This 3 may be desired 1n casze it De-
alve mech-
the

*] ["i

fl‘(‘?ﬂl the lever arm 23 to lever
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refuse that may have collected in the cylin-

der mav be readily blown out throueh these |
Y. : 1 L‘_‘:: :

apertures.

54 designates a lever of the first ovder,
one end being provided with a yoke em-
bracing the standards 50. The lever 54 1s
mounted to oscillate upon the fulcrum 50
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

e

position by the set screw 03.

It 1s 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 1s
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 1s relieved Irom the ex-
cess of pressure above it in the cylinder 47.
Provisions are made by the aperture 53
in the lever 54 and the aperture 59 in the
standard 50 to fulerum the lever at this
place and thereby convert said lever mto a
lever 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 1n-
vention relates, its mode of operation will
be substantially as follows:—The position
of the mechamism as shown in the accom-
panying drawings 1s such as they occupy
when the expansion tube has expanded due
to the low water level as shown and water 1s

being admitted to the boiler through the

check valve 8 supplied under pressure from
the pump 4. The water in the boiler will
thus continue to vise until normal water level
15 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 supplies steam

to said tube. Said tube ¢ 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 fulecrum 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 1n such a direction as to
lower the long arm of said bell crank lever
and thus deprive the lever arm 33 of 1ts sup-
porting force. The pressure acting under
the valve 3 has caused the valve to It to
such a height as determined by the engage-

“

lever arm 54 and is fixed in any desirable

———r

water to said boiler.

Csurging of water from the boller.

will rise.

-
€ o3

e

is obvious that so long as pressurve 1s acting
onn the nnder side of said valve the roller 27

- will be kept 11 engagement with the cam 50

and the amount of opening of the valve will
therefore be determined by the relative po-
sition of the cam 1n velation to said roller,
As aforesaid the weight 34 acting through
its leverage 1s 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 383
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 oft the feed
The cam 1s free to 0s-
cillate until 1t 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
sald tube which i1s accompanied by a shight
1his
water together with the water of condensa-
tion is drained back to the boiler.

The maxunum oscillation of the cam 1s
determined by the pin 31 which 1s adapted
to engage with the yoke 29 and on this posi-

tion the cam will have depressed the valve

the maximum distance. 1t 18 obvious that
with the proper adjustment of the position
of the cam in relation to the said roller on
the stem of said valve, that any wear on
the valve or the parts connected thereto will
be readily taken up by the increased degrec
of movement of the cam and will so contimue
until the maximum degree of oscillation shall
have taken place which 1s determined by the
pin 31 engaging with the yoke 29 as afore-
said. The balanced valve 41 being still on
the opened position allows the pump to con-
tinue to act.

It is obvious that the valve 3 being closed
and there being no outlet for the feed water,
the hydraulic presswre in the feed lme 2
The top of the cylinder 47 being
{hus connected to the feed water Ime 2 by
the pipe 48, the top of the piston acting
therein will be subjected to and under the
influence of this increased pressure. The
lever arm, as aforesaid, 1s so adjusted that
its force coacting with the steam pressure
on the under side of the piston, supplied by
the pipe 49, will just raise the balanced
valve 41 agamst normal feed water pressure
acting on the top of said piston. "The con-
{inned action of the pump will cause the
hydraulic pressure to increase on the top ot
the piston and will continue so until 1t is of
sufficient amount to overpower the eifect of
the lever arm and the steam pressure as
aforesaid and cause the valve to lower and

e- | close the steam supply to the pump, and the
ment of the cam 80 with the roller 27. It | pump being thus deprived of steam will
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to the Doiler

cease {0 operate.
15 Tollows: The water in the boiler is at nor-
mal levell the valve 3 has closed the feed
water to the boiler and the pump has ceased
operating. There 1s however sufficient pres-
sure in the feed line 2 to admit water to the
boiler 1 case the valve 3 openb The water
i the boiler will evaporate and thus lowu
the level of the same.  When the water shall

mdicated, steam will be admitted {o the ex-
“-':r.e:mirm tiube 6 which will cause it to expand
and therebyv 1 the long arm of the lever
which m turn will 1 ¥

' 18e th(, lever arm ¥
dm:ﬂ el the con necting rod 37, The 1.-.1151110
'i TI U ]{”‘:Li

arm 33 will release the pressure
ot the camm on the roller 27 and the water
11@%%111 aciing under
ame and allow water to be admitted to the
])011@1 unicler pressure that was determined
when the valve 41 closed the steam supply to
me pump. The feed water line 2 being thus
relleved of the excess of pressure w ill also
wheve the excess of pressure acting on the
top o1 the piston 45, This veduction i
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 allew a steam %upph‘f to said pump. The
pump being thus subjected to steam pressure
will start to act and fmmsh feed water to
the bml_el uncler the desired pressure. The
water will continue to rise in the boiler undey
this condmon until the expansion tube is
closed to the steam supply when a evele of
operation will take place as aforesaid and
thus acecomplish ﬂ‘re aforesaid first, second
and sixth objects of our said invention.
iter the valve 3 has been closed .;12.;111151,
llm boiler feed line it is obvious that the
nydraulic pressure in said feed water line
will rise due to the continued aection of the
pump. The balance weight 34, as aforesaid

.
]*:n:“'

is just sufficient to close the check valve 3

Uudu normal Teed 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
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 lie contact 1t 18 obvious that the everage
acting on the cam by the upward pressure

of the stem 29, due te abunormal lwdlmuc
pressure, will be reduced to a minimum.
Am mumaed hydrauhe pressure acting on
the valve 3 will be so near in a %tmwht line
against the pivot 32 and this 101(30 being
with so smah a leverage will be unable to
move said cam from its position. The cam
veing 1n & fixed position maintains the valve
on its Club d position, thus preventing water
from being admltted te the boiler, due to
the abnormal hiydraulic pressure on the feed

0953

The conditions are now |
" tube has closed said valve and thus accom-
- phishing the heretofore third mentioned ob-

iave evaporated below the normal level as
tude of the free end of the tube will
- the angle formed by :

the valve will 1ift the |
- by the pimn 12 will readily 1?'1(—31(1 to any anou-

734

line, after the contraction of said expansion

ject of our said 1nvention.

1'he expansion tube 6 being pivotally con-
nected to the bell e .;111L lever arm 13 by the
connecting member 23, it is obvious the alti-

tude of the free end of the tube changes as

i1llates throuan 1ts
he altl-
change
satcd 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
varied. The parts 10 and 11 being pivoted

the bell erank lever osci
deoree of travel. This change of

[ar change of the tube with the base 12.
caused bv the )ﬁcﬂl’l‘rmn of said bell crank
lever and therefore no undue ben(hno 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 beine a beam or channel located above
the boiler is usually of rough surface due
to dirt and paint thereon and it is obvious
that 1f the angle 10111’1@(1 by said base and
sald expansion tube is fixed and cannot be
varied. considerable trouble will then be ex-
pﬂuenced 1 making the connection of the
free end of the tube to the short arm 18 of
the bell crank lever. If these connections do

not commeide upon the tightening down of
the support

< an undue strain will be exerted
on the tube which will cause its hability to
buckle on expansion or contraction. As
atoresaid 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-
g down of the supporting members and
thus aecomph&h the aforesaid fifth men-
ttoned object of our said invention.

We are aware that expansion tubes have
been emploved in connection with devices
tor controlling the flow of feed water to a
boiler but kuow of none similar to that
which 1s herewith shown and described.

We do not wish to limit ourselves to the
exact construction of the apparatus as shown
as 1t 18 obvious that slight departures can
be made therefrom without departing from
the C~p111t and 1ntent 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 bv Letters Pat-
ent ;

1. In a boller 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 Iine, a cam pivoted be-
tween the arms of said second yoke and hav-
1ng its free end guided between the arms of
said first yoke to engage said roller of the
first yoke, a pin carried by said cam to en-
oage the second voke and thereby act as a
stop for limiting the movement of the camn,
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.

FA LT PR E—T——— —— p—— —— — - —

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 lme 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 1its up-
per end from the feed line, said cam being

adapted to have its lower end engage with

sard roller, 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 cam.

3. In a boiler feed regulator, the combina-
tion with an expansion tube connected to the
boiler below and at the normal water level

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-

therein and a feed line with a valve therein

ment of the cam, and a connection between ; £
the cam and extending outwardly from onc

said expansion tube and saxd cam.

4. In a boiler feed regulator, the combina-
tlon with an expansion tube connected to the
hoiler 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-

i

tween the arms of the yoke at the upper end
of the same, and being disposed beltween the

sides of the yoke, a second yoke carried by

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 overlic said valve

stem, and adjustable means carried by the
stem to engage said cam, said means beimng

formed to receive the cam so as to guide the
latter and being held against votation by
engagement with the opposite side faces ol
the cam, and means to operate the cam by the
level of the water 1n the botler.

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 ax-
ranged on one side thercof to engage with
sald supporting means to restrict the swing-
ing movement of the cam, and means to op-
erate said cam by the level of the water 1n
the boiler.

7. In a boiler feed regulator, in combina-
tion with a feed line and a valve therem
provided with a stem, a yoke, a cam pivoted
to the yoke and extending downwardly i
the space between the arms of the yoke, one
side of the cam extending ontwardly from
the adjacent side of the yoke, and a pimn cax-
ried by said outwardly projecting side of

of the sides of the latter to engage the adja-

cent side of the yoke to restrict the swinging
movement of the cam.
HOWARD K. CADL,
| DAVID R. KNAPP.
Witnesses:
Davio LEVINSON,
Gronrer BB, SMyr.
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