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My invention relates to -2 method of and-
improved apparatus for controlling boiler

- feed pumps, and more specifically, to the con-
trol of motor-driven boiler.feed pumps.

;. The objéct of my invention is to maintain
a variable pressure between the steam pres-

sure of the boiler and the feed line pressure

at the pump, said pump pressure being. in-
creased on a decrease in boiler pressure and

©ury likewise -decreased on “an ‘increase in boiler

pressure. ‘Heretofore differential boiler feed

pump governors have been so.arranged that
‘the difference in pressure between the steam
generated by the boiler and the water sup-

15 plied by pump was either-of a constant value
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for varying steam pressures or that the dif-
- ference in pressure would be reduced on in-
éreased boiler loads and likewise increased
on'low boiler loads: . S Gt

1t is readily conceivable that this is the
- wrong- method -of control, and that it is

desirable to employ regulating equipment.
~ *+which will maintain an increased pump-.pres- .

sure 'when the boiler is generating an in-
» creased amount of steam, for the simple rea-
son that the more steam the boiler generates,
the more water must be fed to the boiler, and
sn order to feed an increased amount of :water
on an increase in boiler load, it is necessary

o7 to'maintain a higher pump pressure. -

. Where a constant pressure.is maintained,
or where the pressure tends to decrease on
increased boiler load, it becomes necessary
to either continuously adjust a
or adjust the regulator. .

- Tt will be understood that the préss_ure of

a steam  boiler varies ‘with the demand or.
boiler load, usually termed the pressure op-.

erating range, and that such variation.is a
reliable indicator of the requirements for
more or less fuel and more or less air to sup-
‘port combustion. - Also, a reliable indicator
“of the requirements for more or less. feed
water to maintain the required water level in
_the boiler. LT R e
My invention provides novel means where-
by on a drop in steam pressure due to an in-
crease in boiler load, the feed line pressure is
increased, and likewise, on a rise in pressure
due to a falling load, the feed line pressure

feed valve,
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is' decreased. ‘This increase and decrease in*"

pressure is: of -a predetermined value, it be-
ing such as may be required-to feed an amount

.of water corresponding to-the amount of

water being evaporated by the boiler. Tt will

55

be understood- that in pumping feed water -

through the feed line pipe with the various

valves, also through the feed water heater,
that- there will .be a considerable drop in
“pressure;:and ‘the pressure drop will be in-

60

creased on increased volume demand ; it is,™

“therefore,- the purpose of my- invention -to
80 vary.the pressure: at the pump as to com- -

pensate for these losses, thereby, always in-
suring a sufficient supply of water at.the re-
quired pressure to feed the boilers under
varying load demands: . - S
Referring to the drawing,—19 represents
a_steam’ boiler, 18 is a pump for supplying

-the boiler with water, 20 is a motor for driy-
ing the pump, 21 is the feed line to the boil-

er it being understood that in this line there
will . be ‘installed - the ordinary boiler. stop

‘valve. (not shown in the drawing) and usual-
1y a feed water heater for raising the tem-

perature of ‘the feed water, 16 represents a

-theostat for controlling the speed of the mo-
“tor 20 ; 15-is a pilot'motor for operating the

rheostat 16, and- 81 is a switch for controlling
the operation of the pilot motor 15. "~ -

Thus far I have enumerated apparatus
“which is old in the art, and I will now de-

seribe the novel ‘features of my invention.

A pressure head 1 has upper and lower

pressure chambers 22 and 23; these cham-

the upper chamber is pressure connection 24
whereby the feed line pressure is allowed to
exert a force'on the under side of diaphragm
3. To the lower chamber is: a pressure-con-
nection 25 which permits the steam pressure
of the boiler to exert a force on the upper
gide of diaphragm 2. The feed line pressure

‘in-the chamber 22 is counteracted by means

of coil spring 9 acting through lever.7 and
pressure cap b, and likewise the steam pres-
sure in chamber 23 is counteracted by means
of spring 8 acting through lever 6 and pres-
sure cap 4. The spring 8 being adjusted for
a predetermined boiler pressure, and likewise
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the spring 9 being adjusted at predetermined
feed line pressure, in excess of the boiler
pressure, it will be seen that the levers 6 and
7 will float up and down in accordance with
variations in the feed line and boiler pres-
sure, the lever ¢ being responsive to varia-
tions in steam pressure, and lever 7 respon-
sive to variations in feed line or pump pres-
sure.

At the right hand end of the levers 6 and
7 is connected the pilot motor controlling
switch, the lever 6 being connected to the bar-
rel 11 of the switch and lever 7 being con-
nected to the frame 10 of the switch.

I will now describe the operation of the
pilot switch: the frame of this switch has
msulated contactors and terminal connec-
tions 12—13 and 14, while the barrel of the
switch is made up of a cylindrical contacting
portion 26 and two portions of insulating
material 27 and 28. The switch as shown 1s
in a neutral or open circuit position, but if
the barrel should be moved upward, or the
frame downward, then terminal 18 would
make contact with cylindrical portion 26 and
current would flow from one side of the
line and from 12 to 13 operating the pilot
motor in one direction, and if either the bar-
rel was lowered or the switch frame raised,
current would flow from the line and from
12 to 14, thereby operating the metor in the
opposite direction. It will be noted that one
side of the line is direct to the pilot motor,
so all that is necessary to reverse the motor,
it being of the split field type, is to alternate
the flow in the other two lines.

The operation of the system is as follows :—
assuming a normal steam pressure in chamber
23 of 100 pounds and a feed line pressure in
chamber 22 of 180 pounds, and these pres-
sures represent a pressure differential re-
quired to feed the boiler under a mean aver-
age load condition ; and assume that the steam
pressure rises, due to a falling load of 101
pounds,—then diaphragm 2 will be forced
downward compressing counteracting spring
8 and raising the right hand end of the lever
6, which in turn raises contact barrel 11, and
the conducting portion 26 will complete a
circuit from terminal 12 to terminal 13 on
switch frame, thereby operating the pilot
motor to install additional resistance in the
motor circuit of motor 20 and slow down the
pump 18. This slowing down of the pump
would reduce the feed line pressure and dia-
phragm 3 would therefore be compressed by
the counteracting spring 9 and the frame10cf
the switch would be raised thereby returning
the switch to its neutral or open circuit posi-
tion and preventing the further operation of
the pilot motor. The feed line pressure has
now been reduced due to the increase of the
boiler pressure,

Now assume that the steam pressure de-
creases from 100 lbs. to 99 Ibs, due to an in-
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crease in boiler load ; the counteracting spring
8 will now depress the diaphragm 2 which
will operate lever 6 to complete a circuit
from terminal 12 to 14 which will operate

the pilot motor in the opposite direction to .

cut out resistance and speed up pump motor
20; this in turn will increase the feed line
pressure which will force diaphragm 8 up-
ward thereby lowering the switch frame and

again returning the switch to a neutral or

open circuit position and preventing further
operation of the pilot motor. We now have
an increase feed line pressure due to a de-
crease in steam pressure caused by a rising

boiler load, and assuming the steam pressure .

continued to further drop to say 98 Ibs. then
the operation would be repeated and the feed
line pressure proportionally increased. This
increase in feed line pressure would continue
with the drop in steam pressure until the
steam pressure device had operated over its
entire pressure-operating range which would
be when the left-hand end of the lever 6 en-
gaged the stop screw 29 and no further move-
ment was possible. This pressure-operating
range of the steam pressure device would be
adjustable by increasing or decreasing the
travel of the diaphragm 2.

Now assuming the steam pressure device

should be adjusted for a 10 lb. operating .

range, that is to say, 5 Ibs. above and below
the mean average stean pressure,—and as-
suming the water-pressure device should be
adjusted for a like pressure-operating range:
now if the boiler load should increase to an
amount which would cause the pressure to
drop from 100 to 95 1bs., then the feed line
pressure would be increased from 180 to 185,
and the differential would now be 40 1bs. in-
stead of 80, as was the case when the steam
pressure was at its mean average value of
100 1hs.

Assuming the boiler load should fall off
to an extent which would cause the steam
pressure to rise to 105 lbs.,—now the feed
line pressure would be reduced to 125 Ibs, and
the pressure differential would be 20 1bs.
stead of 30, as was the case when the steam
pressure was at its mean average.

From the foregoing, it will be seen that I
have devised control apparatus which will in-
crease the pressure differential on increased
boiler loads and will likewise decrease the
pressure differential ‘on decreased boiler
loads.

So far I have described my invention in
connection with a single boiler, and we will
now consider a condition in which there are
several boilers, all being fed by the same
pump and operated at the same mean average
pressure of 100 Ihs. Tt will be readily con-
ceived that variations in steam pressure of all
the boilers, assuming the pressure pipe 25 to
be connected to a steam line common to all
boilers, will cause corresponding increage atd
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 decrease in the differential pressure as before,
but assuming an éxtra boiler  should be cut.

into the line,  which would mean that addi-

‘tional feed-water must be pumped to supply
this extra boiler; or that a boiler should be

cut out of the hne ‘which would mean that

less’ feed-water would be required; we now
“have a condition where a variation in feed

line pressture. may take place without ‘any

, change in’steam pressure, and under such

condltlons, the control is from the feed line
pressure only. ‘Assuming an’extra boiler

‘should be cut into the line, the feed line pres-
“gure Would drop, which would decrease the

pressure in' chamber 22 causing the spring
9 to depress the diaphragm’3 and theleby

_raise the right-hand end of the lever 7 and ]
also'the switch frame 10, this would complete
“a circuit from termmal 12 to terminal 14

which would operate the pilot motor to cut

~out resistance 16 and speed up motor 20.

This would cause the pump to-discharge more
water and consequently i increase the pressure
in the feed line 21 and in the chamber 22 to
its original value, at which time the switch
frame 10 would be lowered to its neutral or
open circuit position and the further oper-

" ation of the pilot motor stopped.

Likewise, if a boiler should be cut out of the

30. line, then the feed line pressure would in-

crease raising diaphragm. 8 and 'lowering

“switch framie 10 which would complete a cir-

cuit from terminal 12 to terminal 18, which
would operate the pilot motor 15 to cut in re-
sistance, thereby reducing the feed line pres-
sure and returning the switch to neutral.

It, will be seen that my invention prov1des ‘

an independent control of the feed line pres-
sure and-also prov1d°s steam-pressure-oper-

- ated means to correct this control; whereby
‘the feed line pressure is changed in the oppo-

site direction to the change in steam pressure.
While T have. descmbed my invention. in

"connection with electric motor-driven: pumps,
5 it will be readily concelved ‘that the same
_method of control is equally applicable to-

steam-driven pumps, as the controlling’ de-

~vice can just as well be a pilot valve in which

the body of the valve is operated from one
pressure device and the valve stem from the
other.
would be substituted for the pilot motor and

this would operate a throttling valve in place
of the rheostat; which in furn would control

the operation ofa steam-driven pump.’
Various other modifications might be made

in the structure and arrangement, of parts of

my improved method of controlhncr boiler

feed-water without departing from the scope

of the invention; therefore, without limiting
myself to the pre01se embodiment herein
shown and described, I claim: »

1. ‘The method of controlhnfr boiler feed-
water which consists in automat-ically main-
taining the feed line pressure a predeter-

In this way, a fluid pressure motor - V'

mmed valile in excess of the steam pressure
in the boiler:for a mean average boiler pres-
sure, and ‘automatically increasing the feed

line p1 essure on a decrease in boiler pressure;
and - automatically decreasing the feed line

pressure on an:increase in- boiler pressure..
2. ‘The method of controlling boiler feed-

taining the: feed ‘line pressure -a predeter-
mined value in excess of the steam pressure
in ‘the boiler"for varying demands, so long
as the steam pressure remains' constant, and

3

‘water which consists in automatically main--

automatlcally increasing ‘the feed line pres- -

‘sure when the boiler pressure falls below its

mean: average value, and likewise decreas-
ing-the ‘feed line: pressure’ when the boiler

“pressure exceeds its mean average value. ‘
3. In a regulating system for maintaining
"a boiler feed line pressure -differential - for
‘feeding  the boiler ‘with water,
means for maintaining a-pr edetermined feed
“line pressure in excess of the steam pressure

governing

in the boiler for a mean average boiler pres-
sure, and governing means for i increasing the

feed line pressure on a decrease in steam pres- - ¢

sure, said governing means. likewise decreas-

ing. the feed line pressure on an mcwase in

steam pressure.

4. In a differential pressule redulator,A g

means for controlling the pressure at the high

‘pressure-source; a: motor for controlhng the

pressure- -controlling means, a governing ‘de-
vice for the control of said motor, nmeans con-

‘trolled by the pressure at the high and low
pressure source for jointly controlling said 1t

governing  device for maintaining a prede-
fermined pressure differential for a mean
average pressure’ value atthe low pressure
source, and means for increasing the pres-

-sure at the high pressure source on a decrease it
“in’pressule at the low pressure source; and
“means for decreasing the pressure at the high

pressure source on’'an increase in. plessme at
the low pressure source.

5. In a differential pressure control system

for boiler feed pumps, a motor for driving
said pump, a speed-controlling device for said
motor, & reéversible motor for controlling the
operation of:the speed-controlling device, a

governing device for the control of the re-

versible motor, pressure- responsive’ “device
controlled from the pump pressure for actu-

ating the orovermnor device to. maintain:a .
mean average pressure. differential for -a
mean average steam pressure, and means 1°

o
&)

whereby’ the pump pressure is increased on'a -

‘decrease in' steam pressure below the mean

average. value and likewise decreased when

the steam pressure mcleflse above 1ts mean

average value.

6. In a differential pressure: regulator, a
motor and means controlled by said motor
for regulating the. pressure at the high pres-

sure source, a governing device for contl 0l-.
llng the operation of said motor, sald govern- " ¢
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ing device comprising two independently op-
erated co-operating elements, means whereby
the operation of either element will affect the
operation of said motor, means to control the
operation of one of said elements from varia-
tions in pressure at the high pressure source,
and means to control the operation of the
other element from variations in pressure at
the low pressure source, all as specified and
for the purpose set forth.

7. Ina differential pressure regulator, a re-
versible motor and means controlled by said
motor for regulating the pressure at the high
pressure source, a governing device for said

, motor, said governing device comprising two

co-operating elements, means whereby the op-
eration of either element will control the
starting, stopping and reversal of operation
of said motor, means to control the operation
of one of said elements from variations in
pressure at the high pressure source, and
means to control the operation of the other
element from variations in pressure at the
low pressure source, all as specified and for
the purpose set forth.

8. In a differential pressure-control sys-
tem for boiler feed pumps, & motor for driv-
ing said pump, a speed-controlling device for
said motor, a pilot motor for controlling the
operation of the speed-controlling device, a
governing device for the control of the pilot
motor, means whereby said governing device
is jointly controlled by the pump pressure
and by the pressure of the steam in the boiler,
and means whereby an increase in steam pres-
sure would cause a decrease in pump pres-
sure, and likewise a decrease in steam pres-
sure would cause an increase in pump pres-
sure.

9. In a differential pressure control sys-
tem for boiler feed pumps, a motor for driv-
ing said pump, a speed-controlling device
for said motor, a reversible pilot motor for
controlling the operation of the speed-con-
trolling device, a governing device for con-
trolling the operation of the reversible motor,
said governing device being arranged to
start, stop and reverse the operation of the
pilot motor, means whereby said governing
device is jointly controlled by the pump pres-
sure and by the steam pressure of the boiler,
and means whereby an Increase in steam pres-
sure will operate the governing device to de-
crease the pump pressure and likewise a de-
crease in steam pressure will operate the gov-
erning device to increase the pump pressure.

10. In a boiler feed-water regulator com-
prising means for supplying the boiler with
water, a governing device for regulating the
water-supplying means, said governing de-
vice having two co-operating elements, said
elements having a relative neutral position
and two relative effective positions for regu-
lating the water-supplying means, a pres-
sure device operated from the steam pressure
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of the boiler for actuating one of said ele-
ments to either of its effective positions, and
a pressure device operated by the feed line
pressure for actuating the other element to a
relative neutral position, all as specified and
for the purpose set forth.

11. In a boiler feed regulator, a motor and
means controlled by said motor for regulat-
ing the feed line pressure, a governing de-
vice comprising two independently operated
co-operating elements, means to control one
of said elements from variations in the feed
line pressure, and means to control the other
element from variation in the boiler steam
pressure, and means, whereby, the combined
operation of the said two elements controls
the operation of the motor to maintain an
increased feed line pressure on an increase in
steam demand.

12. In a boiler feed regulator a reversible

motor and means controlled by said motor

for regulating the feed line pressure, a gov-
erning device comprising two independently
operated co-operating elements, said elements
having a relatively neutral position at which
the operation of the motor is not effective,
and two relatively effective positions in
which the motor is operated in either of two
directions, means to control one of said ele-
ments from variations in the feed line pres-

sure, and means to conitrol the other element

from variations in boiler steam pressure,
and means, whereby, the combined operation
of the said two elements controls the opera-
tion of the motor to maintain an increased
feed line pressure on an increase in steam
demand.

13. In a boiler feed regulator, a pump for
supplying the boiler with water, a motor for
controlling the speed of the pump, a gov-
erning device for operating the motor, said
governing device comprising two independ-
ently operated co-operating elements, means
to control one of said elements from varia-
tions in feed line pressure, and means to con-
trol the other element from variations in
boiler steam pressure, and means, whereby,
the combined operation of the said two ele-
ments controls the operation of the motor
to maintain an increased feed line pressure
on an increase in steam demand.

JAMES LEWIS KIMBALL.
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