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1

This invention relates to methods of control
and control apparatus and more particularly to
feed water regulation for steam boilers.

A general object of our invention is to provide
an improved and simplified method of and means
for feed water regulation. Preliminary to men-
tloning our more specific objects a general prob-
lem to which our invention is addressed will be
exemplified with reference to the sugsestive
cnarts and diagrams of Figures 1 1o 4.

In these figures time is the gbkscissa and each
curve has its own independent ordinates. The
several curves must be taken as merely illustra-
tive of the conditions described. These curves
cemit for simplicity’s sake many extrinsic con-

siderations and values known to those skilled in_

the art. |

In Figure 1 we suggest an ideal relation be-
tween the steam outflow from g boiler and the
water inflow during an increase in load. The
upper curve S represents a substantially con-
stant load prior to the time T as shown left-
wardly of the time line Ti and the lower curve

W represents a corresponding substantially con-
stant feed water input during the same t'me. Be- 2

tween the times T1 and T2 the load is seen to in-
crease rapidly and then continue at the increased
substantially constant rate after the time T2,
1. e. rightwardly of the line T2. Ideally the water

flow is not increased at the same time that the =

load increases but rather is continued at sub-
stantially a constant rate to the time T2 and
fhen increased until time T3 when the rate of
feed again corresponds to the load. The delay
in time in increasing the feed avoids chilling the
boiler while the rate of steaming must be in-
creased, avoids aggravating the surge in water
level incident to the increase in load, permits an
oraerly and desirable reduction in welght or mass
of water in the boiler that goes with an increase

in load (assuming g substantially constant water

level before and after the increase) and permits
dissipation of the water level surge before the
rate of feed is increased.

in Figure 2 the proplem is exemplified in terms
of the diagrammatically charted results of single
element water level control of feed water. Here
the curve S corresponds to the curve S of Figure
1 and represents the same change and rate of
change in load between the times T1 and T2,
The water flow curve Wi while corresponding
to the curve W prior to the time TI and long
after the time T2 at the extreme right of the

figure shows the characteristic and often unde~
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sirable fluctuations reflecting and contributing
to the surges and fluctuations in the water level
25 represented by the curve L in the same pe-
riods of time. That is to say, the initial surge
in water level between the times T1 and T2, in-
duced by the increase in load, first pinches down
the water flow and then produces a hunting
cycle with its well known undesirable effects.
While this type of regulation is not necessarily
deleterious with boilers having relatively con-
stant loads or not subjected to large swells or
shrinks in water level incident to changes in
loads, the hazards of wide fiuctuations in water
level and rate of water feed are well understood
and appreciated especially in relatively small
drum boilers upon which the loads and the rates
o change of load may be great and variable.

In Figure 3 we seek to show that phase of the
problem that turns more particularly upon the
rate of change of boiler load and have under-
taken to depict by the curves in ffigure 3 the
results and effects of the prior and currenly
conventional types of two and three element
controls where both the changes in boiler load
and/or load and feed as well as the changes in
boiler water level have their joint and several
influences upon the control of the rate of flow
of feed water to the boiler. Considering first;
a two element control, in Fieure 3 the curves S
and W in solid lines, representing the steam
flow and water flow respectively with respect to
the times TI and T2, correspond substantially
to the curves S and W of Figure 1 and repre-
sent respectively the same conditions, i. e. the
increase in load between the times T and T2
and the delayed increase in flow of fteed water
with the load and flow of feed water running
substantially constant before and after their
Téspective changes. For illustration we assume
tliese prior art controls may obtain or approach
this ideal result for some particular rate of
change or rate and amounc of change in load.
The solid line curve Ij represents the water
level under these idea] conditions and shows the
cnaracteristic Surge reaching a maximum at or
about the time 12 and a aesirable smooth re-
establishment of substantially the initig] water
Ievel'ai‘ter the change in load. The solid line
curve LE is intended to represent the water level
eliect or more particularly the influences of the
waler level responsive part of the control upon
the flow of feed water. In the instant example,
the water level effect or influence is shown as

dipping or becoming negative approximately
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equally and oppositely of the surge in boiler
water level reaching its maximum point of ne-
oation at or about the time T2. The solid line

curve SE is intended to represent the steam flow
or load effect, i. e. the influence exerted upon

the flow of feed water by that part of the con-
trol responsive to change in load. AS shown in
the solid line, current practice affords mecha-
nisms in which the steam flow effect may rise
with the increase in load between the times Tl
and T2 in such a way that the positive influence
of the increased steam flow substantially cancels
out and balances the negative influence of the
surge in water level wherewith to hold the rate

of feed substantially constant between the times :

T and T2 with the advantages mentioned ahove
with reference to Figure 1. As suggested in Fig-
ure 3 the algebraic sum of the steam flow and
water level effects, as shown in the solid line
curves, may bring about the smooth desirable
increase in feed water up to the point of time
T3 and the subsequent smooth substantially uni-
form increased rate of flow of feed water there-
after. All of this as shown in the solid lines,
however, with the conventional prior art types
of regulation are dependent upon the coincidence
that the rate of change of steam flow just hap-
pens to be such in view of the adjustment of the
equipment as to bring about the desirable re-
sult shown in the solid lines.
digenous to this type of control however is that
if the rate of change in load is greater or less
than that shown in solid lines, that the water
level influence or effect will be different in
amount from the steam flow influence or effect
since the height of the surge in water level 1S
infiuenced very greatly by the rate of change in
load while the steam flow effect is influenced
primarily by the amount of the change rather
than the rate of the change.

We have undertaken to depict these condi-
tions in the broken lines in Figure 3. The hroken
line S’ departs from the curve 5 befween the
times Tl and T2 and depicts a departure from
the condition shown by the curve S in that it
shows the same amount of increase in load hut
a hicher rate of change in the shoiter nericd ox
time, i. e. between the times Tt and T4; the loads
being the same as shown in the curve < hefore

the time Tl and after the time T4. This differ~ |

ent and greater rate of change in load produces a
much ereater surge in the water level as shown
by the broken line curve L’ in its deparvures from
the curve LI. The initial surge which rises very
abruptly from the time T! to the time T4 is seen
to give a correspondingly auemented inivial
negative water level effect as represented by the
hroken line curve LE’ which represents the de-
partures in water level efiect from the spolid line
curve LE 25 -a result of the more rapid increase
in load. Thus at the time T4 the water level
effect is much greater than was the water level
effect at the time T2 under the conditions shown
by the solid line curves. Xowever the steam flow
effect, as shown by the broken line curve of da-
parture SE’ from the line 3L, is no oreatel in
magnitude at the time T4 than was the steam
flow effect at the time T2 shown in the solid
curve SE. The algebraic sum of the water 1avel
and steam flow effects is shown in the hroken
line curve W’ which suggests the departures and
characier of fiow of feed water from the solid
line curve W and shows a pinching off of the
water flow at the time T4. This pinching oiI cf
the water flow is often if not always undesiranle

The problem in- 6

Y
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75

4
and ig illustrative of the problem that is in-
gizerious in the prior art methods of control be-
canse they fail to distinguish the difference he-
tween the effect of the amount of change In
14 and the effect of the rate at which a change
After pinching off of the flow of

"-*

in the supply of feed water brings abouf a sharp
din in the water level as shown by the hroken
Yine T/ at about the time T2, the corresponding
sharp increass in the water level effect as shown
in the breizen line LE’ between the times T4 and
72 and the wide and abnormally large increase
in the flow of feed water at about the same time
ss shovm by the broken curve W’. This will be
reccenized as the beginning of a hunting cycle
o5 shown by the broken line curves L7, LE’ and
W’ after the time T2 until a much later time
when finally the fluctuations may flatten out
and join in the solid line curves on the assump-
tion that the steam flow meanwhile has remained
constant from and after the time T4.

Thus we have sought to illustrate this aspect
of the nroblem of feed water regulation arising
from the insensitivity of prior art two-element
controle with particular respect to the rate of
change of load. The conventional prior art
ihrea-siement control offers no solution to the
problem since the curves of Figure 3 substan-
sinlly represent the critical conditions ohtaining
in o three-clement control as well as in a two-
clament control. To be sure Figure 3 does not
depict specifically a curve suggestive of the in-
Auence and effect of the so-called third element

in such controls. Having in mind, however, that
e third element is dependent on the flow of
feed water and that the mischief of the surge
<t foilews the rate rather than the amount
of inecrease in load. It will be understood that
the same kind of problem persists in the three-
element control as described more particularly
with reference to the two-element control.

In Figure 4 we have suggested in the same dia-
srammatic and illustrative way one of the ob-
jects of our invention in respect to the solution
of the problem illustrated and discussed above.
Crenerally spealzing our object and solution pro-
ceeds on the basis of controlling the feed of water
essentially and substantially through the boiler
water level whilst the load is substantially con-
stant and then while or incident to the change
in load to provide an “impulse” or effect of
limited duration and desirable magnitude that
is responsive to the rate of change as well as the
amount of change in load that will ofiset the
deleterious effects and influences and facilitate
the opiimum and desirable feed above discussed.

In Figure 4 the solid line curves S, LI and W
correspond to the curves similarly marked in the
preceding figures and represent substantially the
conditions and effects described with respect
thereto. The curve SEI(, however, showing a
steam flow effect, differs in kind from the curve
SE of Figure 3 inasmuch as its value prior to the
time TI1 is substantially the same as its value
after about the time T3 when the cycle provided
by our invention incident to a change in load has
taken place, and the value of both these flat parts
of the curve is preferably zero. The curve SEI
therefore preferably represents a value for the
steam flow effect rising from zero at the time Tl

to a maximum at or about the time T2 and re-
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turning to zero at or about the time T3. This
we have called an impulse steam flow effect be-
cause I accordance with the objects of our in-
vention we cause the steam flow effect to influence
the flow of the feed water substantially only by
way of and during an “impulse” over a limited
period of time bheginning with the change in load
and ending shortly thereafter. The several solid
ling curves in Pigure 4 therefore show a transac-
tion involving the increase in load between the
times Ti and T2; the surge in water level and the
corresponding negative water level effect, curve
LE{ tending to pinch off the flow of feed water,
but with the impuise steam flow effect offsetting the
water level effect up until about the time T2 and
thereby maintaining the even flow of fesd water
&8s shown by the curve W between the same times.

Atter the time T2 as the surge subsides the

water level effect is caused to increase more than
the steam flow effect decreases with the result
that the water flow is increased in the de-
sired way as shown by the curve W. The means
hy which the water level effect will increase de-
sirably with an increase in load without much or
sunstantial decrease in water level preferably in-
ciudes a reset control with, if desired, other im-
proved means to be more fully described herein.
T'he rate cf decrease of the steam flow effect with
respect 1o the rate of increase of the water level
eifect after the load has changed is preferably
adjusted to aid in the initiation of the increase
in the rate of flow of feed water,

furning now to the broken line departures from
the solid line curves of Figure 4 the facility with
wiich our invention meets a different (increased)
rate of change of load is shown. In this instance
the broken line 8’ is the same as the broken line
S° In the preceding figures and represents the
same more rapid rate of increase in load shove
discussed. The broken line I’ to the extent that
1t departs from the solid line curve LI reprezents
the higher surge in boiler water level resulting
irom the increased rate of change of load. Inter
alia, it shows the surge I’ rising to approximately
the same height at the same time T4 that the
surge L’ shows in Figure 3 but as distinguished
from the surge L’ deseribed in Figure 3 the surge

L’ of Figure 4 is restrained according to the ob-

jects of my invention and is caused to diminish
in orderly fashion not falling below the normally
desired water level shown by the right part of the
solid line Li{. That is, the abrupt rise between
the times T and T4 is followed by an orderly fall
down t0 a normal level shortly after the time T2
Correspondingly the broken line of departure
curve LI shows an abrupt departure of the
water level effect oppositely of the surge 1.’/ but
an orderly return of the water level effect to the

higher substantially constant value shown by the .

rightward horizontal portion of the line LE|.
According to our invention we obtain in this in-
stance a steam flow effect as shown by the broken
line SE’’ which is materially different from the
steam flow effect SE’ in that the steam flow effect
has preferably been adjusted to have a magnitude
substantially equal and opposite the water level
effect and therefore substantially greater than the
effect B’ because it reflects the abruptness and
rate at which the load is increased in much the
same way that the character of the surge in
water level reflects the same change in condi-
tione. By causing the steam flow effect to be
similar o bub cpposite to the water level effect
the smoothness of the water flow is preserved as
snown in the line W'’ between the times T! and
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6.
T4 since here as in the immediately preceding ifi~
stance, shown in the solid line curves, the water
flow is not subjected to any changing influence
during the interval when the load is increasing
and the surge rising. Between about the times
T4 and T2 the negative influence of the water
level effect diminishes rapidly as the surge dimin-
ishes and while the positive influence of the steam
flow effect diminishes, it is adjustable and pref-
erably adjusted to diminish at a slightly lesser
rate whereby a net positive influence is exerted
on the flow of feed water to bring about its smooth
desirable increase as shown by the broken line
W', After about the time T2 the water leve] ef-
fect as shown by the rightward part of the line
LE'" becomes positive at a rate and amount of in-
crease greater than the rate and amount of de-
crease ol the steam flow effect, continuing the

- Increase in feed until the feed levels off smoothly
-at the desired increased rate as shown by the line

W'’

Thus our general object is defined and served
in obtaining the same smooth desirable change in
feed water flow whenever the load changes
regardless of the rate, direction or amount of the -
change; it being understood that while we have
specifically referred to increases in load and cor-
responding surges in water level that the same
kind of mode of operation obtains in the same
beneficent way with respect to decreases in load
and shrinkages in water level when the rate of
steaming is reduced. - |

specific objects of our invention will be men-
tioned and enlarged upon in connection with the
following description of the method and means
and particularly the preferred form thereof
through which the advantages of our invention
may be had and enjoyed. Among the more
specific objects of our invention is the provision
of method and means for solving the problems
herein above stated and discussed and for carry-
ing out our general objects herein above illus-
trated. A further object is to provide that the
mechanism and apparatus be simple and eco-
nomical of construction and operation and that
they be adaptable to widely different conditions
of use. More particularly it is among our ob-
Jects to provide that the mechanisms employed

~ be readily adjustable as for example in respect to

the kind and degree of impulse effect to be em-
ployed in the control and the constancy or vari-
ability of the water level desired to be maintained
by the control. A further object is to insure that
the results of the control or regulation in terms of
the actual flow of feed water respond correctly
to the rate and amount intended to be fed. |

Our invention though illustrated with respect
to boiler feed and water level control is not in-
tended to be necessarily limited thereto but may
well be useful in cther instances, processes and
circumstances. |

Other objects and advantages will appear from
the following description of a preferred form and
embodiment of our invention, reference being
made to the accompanying drawings in which
Figure 1 is a diagrammatic chart comparing
steam flow and water flow in g desirable relation;
Figure 2 is a diagrammatic chart comparing
steam ilow, water flow and boiler water level
according to prior practice; Figure 3 is a dia-
grammatic chart comparing steam flow, water
level, water level effect, steam fow affect and
water flow under different conditions of rate of
change of load according to prior practice; Fig-
ure 4 is a diagrammatic chart comparing the
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same thines compared in Figure 3 but with dif-
ferent results obtained with our invention; Fig-
ure 5 is a diagrammatic view of control mecha~
nism embodying our invention; Figure 6 is an
elevation of the main control apparatus; Figure
7 is a partly diagrammatic side elevation partly
in section of the steam flow responsijve part of our
control: Figure 8 is a sectional view of the water
level responsive apparatus; Figure 9 is s some-
what diagrammatic plan view of the linkage be-
tween the water level apparatus and the control
mechanism: Figure 10 is a longitudinal section
of the pilot valve employed in our invention;
Pigure 11 is a diagrammatic showing of a water
flow proportioning control for the feed water
valve, and Figure 12 1s a fragmentary part of
Foure 6 showing the bellows 83 and 84 offset
from one another on the lever (2.

‘A preferred form of apparatus of our inven-
tion iIs illustrated partly and diagrammatically
in Figure 5 and is adapted to control the water
level in a steam hoiler drum ! by varying the
opening of a main feed water valve 2 locafted in
the water intake pipe 3. The apparatus includes
control mechanism designated generally at 4
which is adapted to produce & control pressure
in a conduit § which connects with the fiuid mo-
tor 85 of the feed water valve 2 and to which
pressure the valve 2 responds; the valve 2 open-
ing as the pressule Increases and being spring
closing. A boiler water lever rasponsive element
is designated generally at € and a steam flow re-
spensive element is designated generally at T
which measures and responds to the flow of steam
through the steam output pipe 8. These elements
transmit their respective forces and effects to the
main control means 4 which in turn synthesizes
and converts them into the desired control pres-
sure in the manner suggested above and now to
be described.

In Figure 6 is illustrated the proportioning and
reset control apparatus 4 responsive in its opera-
tion to the water level means § and respcnsive
also to the steam fiow means 1 particularly to
the extent of the “impulses” above mentioned.
The apparatus 4 is wmounted in a box (1 housing
a control lever 12 supported at and fulerumed
about a pivet point I3 and operatively connected
to the operating stem of a pilot valve t4 of the
supely and bhleed type. The pilot valve Is adapted
to sunply fluid under pressure, preferably alr, to
the conduit 5 which is shown for the sake of
simrlicity in Figure 5 to lead directly to the fluid
motor of the feed water valve 2. We prefer how-
ever to lead the conduit 5 indirectly to the valve
2 by way of the improved means shown in Figure
11 wherewith to cause the flow of feed water to
correspond to the pressure from the pilot valve
{4 As shown in Figure € clockwise movement
of the lever 12 results in an increase In control
pressure from the pilot valve {4 and conversely,
counterclockwise movement of the lever |2 causes
o decrease in control pressure. Clockwlse move-
ment of the lever 12 tends to increase the flow
of feed water. An increase in boiler water level
tends to move the lever countercleeckwise, see Fig-
ures 5, 8 and 9. Torque from the water level
responsive element 6 is preferably applied to the
lever at the pivot point (3.

Also tending to apply torque to the lever 2 isa
steamn flow effect hellows 15 which acts on the
lever to the richt of pivot point {3 as shown.
The amount of torque exerted by bellows 19 1s
preferably directly proportional to the magnitude
of steam flow and is determined by the pressure
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of air within the bellows as supplied by the steam
flow element 1 through the conduit 18 subject
to manual adjustment by a supply and hleed

valve {0 which gives any desired proportion of
the pressure from the element 7 to the bellows

(5. The valve {8 may Lo called the impulse
magnitude adjuster. The operation of the cle-
ment 1T will be discussed more fully below. In
order to modify the steam iflow effect from one
representative of magnitude of stearm flow or
10ad to one reflecting the rate of change of steam
flow as well as the magnitude of the change and
otherwise as will more fully appear, we provide a
cecond bellows 16 preferably in all respects sim-
ilar to bellows 5 and positioned to act upon the
lever oppositely to bellows 19 as shown and con-
nected to the bellows 15 by a fluid conduit 7
having a needle valve 8 interposed therein.
The needle valve 18 can be adjusted to restrict
the flow of air between bellows (5 and (& by
any desired amount, so that upon a change in
pressure in cne of the bellows 5 or (6, air will
leak or fiow to the other hellows to equalize the
pressures thersin after any desired determinable
period of time. 'The net cffect of bellows (5 and
6 reflects the rate and magnitude of change of
steam fow. For example when the needle valve
is set g0 that air can bleed between the hellows
ot a relatively slow rate and if the steam flow
shonld increace relatively greatly and rapidly, the
pressure in bellows (& would instantaneocusly
areatly exceed the pressure in the hellows {6 and
the net torque exerted by bellows 12 and (6
would Le relativelv large. The increased pres-
sure in bellows I8 would then, however, begin to
hleed into bellows 1€ but very slowly o that bel-
lows 158 would neutralize bellews (5 only slowly
snd ony after o relatively long pericd of time.
On the cother hand if the rate of flow of steam
should increase by the same amount at a Very
<low Tase the increage in pressure in hellows {9
would take place slowly and would pe transferred
i hellows 1§ at substantially the same rate. In
the first instance, the net resultant force exerted
Ly both bhellows is relatively izvge and sndures,
while decreasing, for z longz time. In the second
case the pellows virtually convinucusly neutraliz

each other and their resultant force ig relatively
small or negligible. The cppoaszed nellows 16 and
(6 with the restricted passage hetween produce a
total net effect upon the lever 12 which 15 pro-
portional to or representative of tlie rate of
chanege of steam flow and has the characteristic
of an impulse whose magnitude and duration
measures or reflects the rate at which the load
changes as well as the amount of change for &
civen rate of change. That is to say, it the In-
crease in load were 180 units and came ¢n in an
extremely small or least possible minimum time
and the maximum torgue IP inch pounds was
tnereupon deliversd to the lever (2 substantially
instantaneously, assuming the valve I8 permitted
no substantial fiow from the heilows 15 to the bel-
lows 15 during the time of the substaniially in-
stantaneous increase in load, then if the same 1n-
crezce in load came on in a much longer period
such as five minutes, a substantially lesser maxi-
mum torgue, IP—C, would he exerted on the
lever: C in inch pounds corresponding to the loss
of pressure in the bellows 15 due to the bleeding
from the bellows |5 to the kellows {6 while the
pressure in the bellows {5 was increasing in the
five minute period. However if the load were in-
creased by 200 units in the same extremely short

time with the bleed valve set as mentioned above
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substantially twice the torgue, 2IP, would bhe im-
rosed upon the lever, and similarly it the 200 unit
increase came on in five minutes the maximum
torque exerted would be 2(JP—C). This we have
underiaken to depict in substance in the rising
parts cf the impuise curves of SEl and SE” in
Figure 4. The height of the impulse curves, i. €.
the magnitude of the impulses in respect to 1oad
changes and/or water level sureces or shrinks is
readily adjustably controlied by the valve {8, the
disposition of the closure element of which in re-
spect to the fixed seat 24 tends to throtile the
fiow therethrough and in respect to the adjust-
able seat 45 throttles the desired bleed through
the orifice 43 to atmosphere. Closing the orifice
£3 puts the whole pressure from the element 1
on the bellows 5 directly. Putiing the closure
element about midway between the seats tends
to put about half the pressure from the element
T on the bellows {3, and so en. The needle valve
18 in its control of flow between the bellows {5
and (6 facilitates adiustment of the duration of

the impulse by controlling the time required to

balance or substantially kalance the pressures in
the bellows {8 and 18 after any unbalancine
thereof. An air reservoir, not shown, may be
interposed between the valve 12 and the Dbel-
lows I8 whereby to delay the time equalization
without wundesirably constricting the passage

through the valve 18. With the facility of ad~ :

justment afforded by both the valves {9 and |8
my invention provides whatever magnitude and
duration of impulse may be desired to meet or
offset in whole or in part any surge or shrink ef-

fects in substantially any boiler under substan- -

tially all conditions of operation. For examnple,
the impulse can be adijusted to subsbantlally ex-
actly neutralize the “surge” effect on the water
level control or “over” or “under” neutralize it

in respect to rate, time or magnitude: the mag- .

nitude depending on the adiustment of the valve
19 and additionally as a matter of choice or de-
sign on the size of the bellows 15 and 16 and/or
the length of the lever 12 from the pivot point 12
to the points of contact with the bellows com-
pared with the relative strength and mechanical
advantage of water level means, whilst the rate
and time is facilitated by adjustment of the
needle valve {8, It is also within the purview of
cur invention to provide that either of the bellows
{3 or {§ be greater in size than the other or if
of like size to be disposed to have contact with
the lever {2 at a greater distance from the pivot
peint {3 than the other. By whatever means the

betlows 13 is caused to have a greater influence .

on the lever {2 than the bellows 16 then corre-
spondingly a residual positive steam flow effect
will be imposed and maintained on the lever after
the pressure in the bellows I5 and 18 becomes
equalized through the connecting conduit {7 and
the needle valve {8, For the same reasons if the
bellows 1€ Is arranged or provided to have s
greater influence on the lever {2 than the bellows

(3 |
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and additional effects may also be had where the
same are desired.

Acting on the lever i2 are also a proportion-
ing bellows 19 and a reset bellows 28. The bel-
lows 19 is connected to the control pressure
conduit § so that it is exposed at all times to
the control pressure emanating from the pilot
valve {4, Thus when the water level changes
and/or when the steam flow changes, the re-
sulting torque on the lever will cause or tend
t0 cause a change in control pressure and so
cause a corresponding change in force exerted
by the bellows 18. The reset pellows 20 is prefer-
ably similar in all respects to bellows {9 and
mounted to bear directly oppositely thereof on
the lever 12. It is connected to bellows 19 by
2, conduit 21 having an adjustable needle valve
22 therein so that the pressure in bellows 28
will lag behind that in bellows 19 at a rate de-
terminable by adjustment of the valve 22. An
air reservoir may be interposed between the
valve 22 and the reset bellows 29 for the rea-
sons mentioned in reference to the valve 18 and
the bellows 16. As those gkilled in the art un-
derstand, the proportioning and resetting oper-
ation of the bellows under the determinable in-
fluence of the valve 22 permits that the con-
trol as a whole have, inter alia, a desirable sensi-
tivity or lack thereof, a desirable throtftling
range, freedom from hunting and an asymptotic
return to the control point as well as the elimina-
vion of non-lineal characteristics of the pilot
valve. While we prefer that the bellows 19 and
28 be equal in size and acting equally distant
from the pivot point 13, we are not unmindful
that advantageous characteristics of operation
may be had when desired by modifying the rela-
tive influence of the proportioning and resetting
bellows. Thus if the resetting bellows be given
a slight advantage over or a little disadvantage
with respect to the proportionine bellows the
water level control point can be held substan-
tially wherever desired throughout the whole
range of boiler loads:; causing, when the reset
has an advantage, the water level to be held at
a greater height at higher loads. The coaction
of the resetting function with the steam im-
pbulse effect is well illustrated in the operation

- In the period of time between the flattening out

o0

¢ a negative residual steam fow influence will -

be imposed and maintained on the lever after

vhe fluid pressures in the bellows have become
equalized through the connecting conduit and
neecle valve. While, as mentioned above, we pre-
ter that the bellows 15 and 18 be equal in size

and equally spaced from the pivot point 13 for -~

the sake of having a true steam impulse effect
characierized by the complete absence of steam
flow effect whenever the pressure in hoth the
Peliows is the same, we mention the facility with
which the impulse effect may be had and enjoyed

15

of a “surge” and the ending of an impulse. For
example, if the impulse effect be adiusted to
outlast the surge for s short time following an
increase in load, there will be a small net clock-
wise though diminishing torqgue on the lever from
the bellows 15 as the surge falls and approaches
the water level which existed before the change
in load. This initiates an increase in control
pressure via the pilot valve {4, a corresponding
increase in pressure in the proportioning kellows
19 and the beginning of the bleed into the reset
bellows 28 and the opening of the feed valve 2
and an increase of flow of feed water, see Figure
4. The increased feed offsets the fall of water
level but with the reset bellows pressure now
increasing as the net impulse pressure 15—15
Is decreasing there is a smooth transition and

maintenance of a decreasing net component of
clockwise torque that increases the feed to meet
the new load until the water level- means, re-
sponding to an increase in level, adds its counter-
clockwise torque to that of the proportioning
bellows to balance the system and establish the
control pressure at the desired increased amount
to effect the necessary increased feed. Mean-
while if the reset bellows has had a small ad-

-
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vantage over the proportioning bellows the water
level will not necessarily have returned to 1ts
original level at all but will have come aut of
the suree smoothly and directly to its new de-
sireé water level as far example an inch or So
higher than that obtaining prior to the :surge.
1t will be understood that the values given are
merely illustrative and may be taken in refer-
ence to the fact that equally opposed Propor-
tioning and reset bellows may In a given in-
stance hold the water level to about a 17 fall
from no load to full load. What we have termed
the smal]l advantage that may be given the re-
set bellows may, of course, In yarying degree
be employed merely ‘to reduce the ordinarily ex-
pected 1’ fall as well as bring about an actualiy
higher level at the higher loads. Depending on
the size of the drum, advantage or disadventage
of the reset hellows relative to the proporiion-
ing bellows may be used to modify the weater
teve] from no load to full load substantially as
much or little as may be desired, it being €n-
tirely practicable to have the level 6’’ or a foob
more or less higher or lower at full load than
no load as may be desired.
the facility of smoothness of control will al-
-ways be cf the same kind within any rcasenahly
desired rance of water levels and the determin-
able control points thereof.

The water level element 6 may take any one
of a number of forms but we prefer that it take
the form shown in Figure'§, which determines the
water level by measuring the differential -head
between the points A and B, see Figure ‘5, "The
respective heads are led by conduits 23 and 24
to opposite sides of a diaphragm oOr bellows 2%
which js connected to a'lever 26 in:such a manner
as to rock the lever in a vertical plane abont the
axis {3 as shown by the arrows a whenever the
relative heads change, i. e.-whenever the water
level chenges. By the linkage shown in Figure
-9-movement of the lever 26 applies torque to the
control lever {2 at the pivot point '{3. The ele~
ment 6 comprises a housing consisting of a bhody

78 and a cap member 29: the latter preferably

With ‘our invention -
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heine removably secured in Auidticht relation in

and to the former as by a split ring 21 and an Q
ring seal 25. Pressure from the stesm space 0f
the drum and the constant water head of the

conduit 22 with its condensate reservoir 23’ is led .

to the chamber 3{ below the diaphragm 25 and
hoiler pressure and the variahle and controlled
head from the water space of the drum and con-
duit 28 iz lad to the chamber 38 above the dia-
phragm. The diaphragm 25 preferably takes
the form cf a hellows which has its inferior ex-
nosed to the pressure in chamber 30 and its ex-
terior exnosed to the pressure in chember 2l
The faneced upper end 32 of the bellows is fixedly
seenred and sealed tight to the hody as by bolts
33- its lower closed end comprising the plate -39
is free to take a position determined by the gif-
ference in chamber pressures and to move in re-
sponse to changes in the Aifferential head be-
tween the chambers 30 and 34§. Vent screws 40
facilitate bleeding air from the chamber when-
ever necessary. A short stub projection 36 eX-
tending from the plate 39, asshown, bears goainst
the lever 26 and transmits movement of the hel-
1ows thereto. In order to adiust the element &
for various water levels at control points we pPro-
vide -2 compression spring 31 interiorly of the cap
member 23 and confined between the adiustakle
member 38 and the plate 39; the spring acting
through the plate 38 and projection 3% on the rod
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26. In order to adjust the force of the spring the
end member 38 ‘threadedly receives -& SCrew
threaded adjusting stud 41 which has & project-
ine wrench head 42. ‘The water level at which iv
is-desired the boiler-operate may be get. for control
by -compressing spring 37 more or less, the force
of the spring opposing the greater constant head
of the conduit 23 and reservoir 23’ and supple-
menting the lesser head from the boiler water
level. The net resultant of the differential head
and the spring pressure 1s transmitted to the
lever 26 and thence to the control mechanism §.

For example, if it be desired to raisethe control
point for the water level, the compression of
the spring 31 is reduced with the result that the
smaller force of the spring transmitted to lever
96 and thence to the control lever {2 tends Lo
yotate the lever {2 clockwise and raise the leit

end of the lever 12 from the pilot valve 4 to in-
crease the control pressure and raie of feeli.

This raises the water level until the incrensed

head thereof added to the reduced spring Dpres-

sure brings the control pressure back to normal.

The movement of lever 26 acts to adjust the
position of control lever (2 by exerting torque
upon the lever through the more or less conven-
tional torque tube arrangement shown diagram-
matically in Figure 9. The lever 26 is secured
to a pivotally mounted block 46 ‘and thus to the
closed end of a torsionally “yieldable tube 47 the
opposite -open -end ‘of “which is flanged and se-
cuired as by welding or otherwise to a fixed hous-
ing part 48 which 1s in-effect an extension of the
body 28 enclosing the lever 26 and tube 41. The
housing 48 is rigidly secured to the casing 1. A
shaft-49 secured to the tube at its ‘closed end ad-
jiacent the block 46 extends -out -from the tube
to connect with the control lever 42 at point 13.
The inside of the tube 47 is at atmospheric pres-

sure, the outside at ‘boiler pressimre. Movement
of Jever 2§ in -response to change in

spring ad-
justment or-in .response to change in water level
causes twisting of tube 41 and rotation of the
shaft 46 -as is well understood. Actual movement
of the parts’is quite small since but a very.smail
fraction of an inch is required to move the pilot

valve between its extreme positions. This small

mavement is freely facilitated thrcueh the toraul
tube and attendant mechanism and housings
without frictional losses or impairment.

The leftward, as viewed, end of the control lever
12 is adapted to bear against the stem 52 of pilot
valve (4, Figures 6 and 10, and thus operate the
valve to vary the control pressure in conduit %.
Preferably the pilot valve is of the supply and
bleed type. The stem 52 together with lower
separate stem part 53 and spring 54 is adapted
+o control the position of ball 35 within the cham-

ber 56, the position of ball 55 determining the

pressure in conduit 5§ by dividing the stream of
compressed air which enters the valve at inlet
port 51 between conduit 5 and the vent passage
58 in the threaded plug 538 which leads to atmos-
phere. It will be seen that when the stem 52 is
pressed downwardly by ‘the control lever {2 the
pressure in conduit & will be decreased and when
the stem is allowed to rise upwardly under the
infiuence of spring 54 the pressure in conduit 5
will be increased. The extreme limits of travel
of the ball 55 is adjustable by positioning the
plug 59 and locking the same with a lock nut
as shown.

To produce a pressure in bellows 13 correspond-
ing to steam flow we preferably ntilize the steam
flow .element 1 shown in Figure 7 which measures
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the pressure drop across an orifice §0 in the steam
line 8. Pressure from the high pressure side of
the orifice is led by a conduit §1 to g chamber
64 within a mercury pot 68, and pressure from the
low pressure side of the orifice is led by a conduit
84 to a chamber 65 within a higher merecury
pot 68. The pots are connected by a U-conduit
10 and have a common mercury pool 7f. A mov-
able float or mass 72 preferably of constant sec-
tion floats cr is buoysd upwardly on the mercury
In pot 86 and takes its position within the cylinder
according to the mercury level therein which level
is a function of steam flow. The “float” 72 is
suspended from the left end of a lever 87 which
is pivotally supported about an axis 68 preferably
through g torque tube connection such as shown
in Figures 3 and 9; the axis also supporting a
lever 7% in a control box 76. The lever 15 is sup-
poried leftwardly of the axis 68 by spring 79: the
latter also supporting the “float” 12 in the mer-
cury pool. The left end of the lever 75 acts upon
a piotv valve T7 similar to valve 14 to vary the
pressure in conduit 78 leading to bellows 5. In
order that the pressure in conduit 78 be truly a
linear function of steam flow several corrections
are mace. As is well-known the pressure drep
across an orifice is not a linear but is a sguared
Tunction. We correct for this therefore by pro-
viding a fixed mass 88 of varying cross-section
in cylinder 68 as shown. This eross-section is
such as to cause the mercury level in pot §5 to
change linearly with steam flow. Tor this reason,
the cross-section of float 72 is uniform so its po-
sition or buoyancy is proportional to steam flow.
in order to correct for possible non-linear char-
acteristics in the pilot valve 1T we provide a pro-
portioning bellows 81 connected the conduit 78
and acting to orpose spring 719. The pressure
in bellows 8{ is thus insured as corresponding
directly and linearlv to steam flow, and hence
the pressure in bellows {5 is also proportional
10 steam flow.

In some cases, as mentioned above, it may be
desirable to vary the water level with the load,
carrying, for example, a proportionately hich
level for high loads. To do this other than by
the means heretofore mentioned and independ-
ently thereof we provide a third pair of bellows
83 and 84 preferably identical in size and posi-

tioned on opposite sides of the lever 12 at un-

equal distances from the pivot noint (3 as shown
with exaggeration in Figure 12. The bellows at
all times are preferably subjected to pressures
equal to that in bellows (5 or as supplied directly
by the conduit 78.
lever arms, the bellows bias the lever in the de-
sired direction and by the desired amount. In
crder to provide a slightly hisher water level at
high loads it is practicable to impose s modest
clockwise torque on the lever {2 by the net effect
0i the bellows 23 and 84, and accordingly the
bellows 84 is placed slightly farther to the left,
as viewed in Figure 12, than bellows 83. The
bias therefore is in the direction to increase the

control pressure and the degree thereof for any i

particular setting of the bellows is directly pro-
portional to the pressure therein. If on the other
hand it should be desired to lower the level for

g gteam fcads the vosition of the bellows on
the lever relative to the axis {3 can be reversed
wherewith to bias the lever oppositely. When the
bellows 83 and 84 are equal and oppositely dis-
posed equal distances from the axis {3 as shown
in Figure 6 no bias or effect therefrom is im-

parted to the control and the water level is not

By reason of the unequal :

0

pat

2
b

30

40

14

affected by the pressure in these bellows. When
the bellows 83 and 84 are subjected to the steam
flow effect pressure and given different advan-
tages on the ever (2 the results are analogous
to those discussed above in connection with mod-
Ifying the relative advantage of the bellows 15
and 16 on the lever. The bellows 83 and 84 may
however be connected to the conduit 5 wherewith
to be subjected to the control pressure for the
feed valve and the results thereof will be analo-
gous to the “over” or “under” resetting described
with relation to the relative position of the reset

‘bellows 20 andg the proportioning bellows 19: the

bias from the bellows 83 and 84 in the latter in-
stance following the control pressure immediately
rather than with the tendency to lag incident to
the needle valve 22.

Preferably the main control 4 is provided with
a pressure gauge 13 for showing the control pres-
sure, a dash pot 74 to dampen movement of the
lever {2, and the lever 12 preferably has a spring
pressed extension 82 to shield the vilot valve
from excessive pressure should the lever move
substantially more than the limited travel of the
pilot valve: the extension vielding when and if
the lever moves counterclockwise beyond the
closed position of the valve.
- As mentioned above we prefer that the conduit
9 carrying the control pressure to or for actuating
the fluid motor 85 of the feed water valve 2
should not lead directly to the diaphragm cham-
ber or fluid motor 85 of the valve, as shown in
Figure 5, since such a direct connection as is
gnown to those skilled in the art does not neces-
sarily produce a flow of feed water through the
valve proportional to the contro] pressure. The
departures from a true and direct proportion be-
tween the control pressure and the flow of feed
water through the valve eome about hecaiee of,
among other things, variations in water pressure
ahead of the valve, non-linear characteristic of
valve ports, spring build-up, diaphragm stiffness.
packing gland friction and the like. 'To obtain a
true and direct proportional relationship between
the control pressure delivered from the pilot valve
4 to and through the conduit 5 and the flow of
feed water through the feed water valve 2 we
have provided a mechanism, which may wel] be
called a flow positioner, disclosed in Pigure 11
wherein the conduit 5 connected to the control
mechanism 4 shown in dotted lines is diverted
from a direct connection with the diaphragm
chamber 85 of the feed water valve 2 and ter-

- minates in an expansible bellows 86, one end of

T
ot

60

which is fixed in relation to a control panel 87
and the free end of which bears on a lever 88
pivotally mounted about a horizontal axis 89
whereby an increase in control pressure con-
ducted through the conduit 5 to the bellows 23
induces or tends to induce the counterclockwise
movement of the lever 88 about the oxis 89 The
lever 88 is fixedly connected through the axis 89
to a second lever 99 extending substantially par-
allel therewith which is also fixedly connected
to the axis 89 whereby the levers 88 and 98 move
together about the axis 89. The lever 99 is pref-
erably enclosed in a housing 91 which preferably
corresponds to the housing 48 shown in Figure
9 embracing the lever 28 and preferably has a
torque tube connection to the axis 89 substan-
tlally the same way that the lever 28§ is connected
to the shaft 49 and pivoted with respect to the
axis 13. The remote end of the lever 80 is con-
nected to the “float” 92 which may correspond
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in the bellows 86, 1. e. the control pressure ema-
nating from the main control 4 reflecting the
conditions and circumstances above described.
The operation of the several parts and whole
of our invention has keen in a large measurc Gis-

158
10 the “foat” 12 of Figure 7, being disposed in &
mercury pot corresponding to the pot 66 of Fig-
ure 7 which communicates throuzh tne tube 94
with the second mercury jpot 9§ having a oradu-
ated mass 96 therein all substantialiy correspondl-

&l

ing to the pot 63 and ‘mass 80 shown and de-
seribed ‘in Figure 7. The pots 93 and 95 con-
tain a-mercury pool 87 corresponding to the mer-
cury pool Ti of Figure 7. 'The pot communicates
via a-conduit 89 with the highpressure side of an
grifice ‘98 in the feed water line 3 adjacent to
and down stream of the feed valve 2. The pot 93
communicates via the conduit 100 with the feed
water line on the downstream or low Pressure
sice of ‘the orifice:98. For the reasons mentioned
in .connection with the description of Figure -
the pressure drop across the orifice 88 and its
displacement of the mercury pool 971 taken with
the shape of the mass 95 and the buoyant effect

of ‘the mercury in the pot 93 with respect to the

iy

level incident thereto.

cussed above. In illustrative summary it will
be recalled that we provide a determinable and
adiustable steam impulse effect which can be
+ailored to fit the characteristics and peculiari-
ties of substantiaily any boiler or condition; the
impulse being advantageously useful to offset or
neutralize the deleterious effects cof changes in
load at different rates of change anc the char-
acteristic swells or shrinkages of hoiler water
In the operation cf our
invention the impulse effect is peculiarly able to
take cognizance of the rate of ciange in hoiler
load while not being unrespensive 1o the magni-
tude of the change. Features of the operation
of our invention include propcriioning and re-

setting actions in conjuncticn with the utiliza-
tion of the steam flow and water level effects
as the same are employed to control the rate of
seed whilst the actual rate of feed is always pro-
portioned to correspond to the intended rate In

“float” 92 ‘tends to raise or lower the float 92
and hence swing the levers 90 and 88 in linear
relation ‘to the flow of feed water through the
orifice 98. A pilot valve 101 corresponding sub-
stantially to the pilot valve diselosed in Figure

10-is acted upon by the leftward end of the lever
88 but in this instance the pilot valve is turned
-upside-down with its air supply conduit {02 com-
ing in at the top and its control pressure taking
off from the left side -as viewed via the conduis
483 ‘which leads to the diaphragm chambher 8%
of the feed valve. The pilot valve 102 has ils
actuating ‘stem 104 corresponding to tihe stem b7
.of the pilot vdlve 14 in contact with the leftwarc
end of the lever 88 whereby clockwise rotation
.of the lever £8, as viewed in Figure 11, tends to
close ‘the pilot ‘valve and reduce the pressure in
the conduit i03. A sprinz 183 adiustably op-
poses the action of hellows 56,

Therefare -when -the ‘pressure from the pilot
valve 14 -as -transmitted by -the conduit 5 in-
creases, requiring an increase in feed water the
lever 88 will be moved counterclccRwise unsier the
influence of the bellows 86 opening the pilot valve

i61 ‘and increasing the pressure in the chambar .

‘85 of the feed valve 2. 'This movement of the
lever 88, however, tends also to depress the “float”
82 in the mercury pot 93 while the increased
pressure in-'the motor 8% and corresponaing open-

ing of the feed valve 2 increases the flow of feed .

water through the orifice 98, lowering the level
of the mercury podl in the pot 85 and raising the
mercury level in the pot 93. Both the initial de-
pression -of the “‘foat” and the raising cf the

level of the rool in the pot-£2 increases the bUoy- |

ancy of the “float” tencing 16 rotate the lever &8
clockwise against the increased pressure in the
bellows 86, -and these tendencies and forces Come
to balance only when the flow of feed water cor-
responds to .the pressure in the bellows 86. That
is to say any change in the pressure in the bei~
1ows 86 will move or permit the movement of the
lever 88 in the direction of the change and there-
upon change and continue to change the pres-
sure in the motor 85 until the rate of flow of feed
water corresponds to the pressure in the bellows
88 regardless of the pressure Or changing pres-
sure in the motor 85. Similarly while the pressure
in the bellows 86 remains constant any changze

in the rate of flow of feed water affects the mer-

-cury -pool 97 and thereby the torque on the lever
88 whereby to cause a corrective change or the
necessary corrective changes in the pressurc in
the motor 85 to restore the rate of flow of feed

water to properly .correspond with -the pressute

53y
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terms of the synthesis of the controlling effects.
A characteristic of the operation of our inven-
tion may be and preferably is that the regulation
5f the feed is ‘substantially exclusively respon-
sive tn deviation from a desired water lave] 80
long as the boiler load remains substantially
constant, but when the water level surges or
«shrinks due to changes in load wherewith to
tand to influence the water level control deleteri-
ously, the imrnulse provided by our invention 1is
nrought forward in such appropriate magnitude
and duration as to bring about a heneficent con-
tro] of the flow of feed water according to the
orizets of our invention. Jt is also & character-
istic of the operation of our invention that whila
the impulse effect may and preferably does op-
erate only in abhout the reriod of = change in
load, the operation may also.be characterized by
retaining in the character of the control any ds-
<irakle bias reflecting the load whereny to €s-
tablish different water levels at diiferent loads
when ‘the same may be found advantageous in
the operation of any boiler.

while we have illustrated and described a Dre-

favyred form and embodiment of our invention

noth with respect to method and apgaratus along
with certain modified forms thereof, changes, ad-
ditional ‘modifications and improvements will
cceur to those skilled in the art who come to
mwnderstand our invention without departing from
the spirit and fundamentals thereof and/or the
hroad teaching of this specification snd there-

fore we do not care to be limited Iin the scone

of our patent to the forms and embodiments
herein specifically disclosed or in any inammer

other than by the claims appended hereto.

We claim:

1. The method of feeding water to a stcam
Loiler which comprises maintaining a substan-
tally constant rate of feed while the load is sub-

stantially constant, creating a first effect in-ic-

pendently of boiler drum pressure initially suabh-
stantially directly proportional to ine ratn of
chanze of boiler load, creating a seccind cifect
substantially proportional to the swell or shrine
in boiler water level due to change in load, hal-
ancing said effects against each other to nsu-
tralize said effects and maintain the said sub-

stantially .constant rate of feed while tne ioad
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is changing and while the ~said water leveél is
“swelling ‘or 'shrinking, -and ~after the load “has
changed causing-the -firsteffect ‘to diminish-en-
tirély out-more-slowly than thevsecond effect-and
‘changingthe-rate of -feed- directly from:said- con-
stant rate only-in-the direction-corresponding to
‘the direction -of -the -change “in *load. |

2. The -method -of -cldim °1 ‘with the “step-of
controlling the .rate of feed substantially ex-
clusively in respect “to boiler “water level after
said first effect has expired-so long as the load
‘is'substantially . constarit. o

3. The method of feeding water to a steam
boiler which consists in influencing the rate of
flow of feed water substantially exclusively in
response to boiler water level conditions while
the boiler load is substantially constant, creating
an effect independently of changes in boiler drum
pressure corresponding to the rate of flow of
steam from the boiler, modifying said effect when
the load changes to an impulse substantially
proportional to the rate of change of flow of
steam from the boiler, exerting said impulse in

opposition to the water level responsive influence
while the load is changing, continuing to exert ¢

sald impulse for a limited time after the load
has changed and thereby initiating g change in
rate of flow of feed water in the direction of the
change in load preliminary to returning the con-
trol of the flow of feed water to the exclusive in-
fluence of said water level conditions.

4. The method of claim 3 with the step of
biasing said water level responsive influence in
proportion to the rate of flow of steam from the
boiler independently of said impulse.

9. Apparatus for controlling the water leve] of
a steam boiler comprising a control lever and a
pilot valve operatively connected to said lever
and supplying fluid under pressure to a fluid
pressure system adapted to influence the flow of
feed water and being adapted upon movement
of the lever to vary the pressure within said sys-
tem, means connected to said lever and adapted
to exert a force upon said lever proportional to
the change in said water level, a first bellows
‘having fluid supplied thereto by said pilot valve
and forming a part of said fluid pressure system
and adapted fo exert a force on said lever in a
directlon opposing the force exerted by said level

control, a restricted fluid passage, a second bel- :

lows connected with said first bellows by said
restricted fluid passage and adapted to oppose
said first bellows and asymptotically neutralize
its effect, means producing a second fluid pres-
sure proportional to steam flow, g third bellows
having fluid supplied thereto by said second
means and disposed to act upon said lever in a
~direction tending to neutralize the change in
force exerted by said first means resulting from
a change in water level, a second restricted fluid
passage, and a fourth bellows opposing said third
bellows and connected thereto by said second re-
stricted fluid passage and adapted to negative
the effect of said third bellows when the flow of
fluid through said second restricted fluid pas-
sage has substantially equalized the pressures
in the said third and fourth bellows.

6. The combination of claim 5 with a third
means responsive to the rate of flow of feed water,
a second lever actuable thereby, a second rilot

valve actuable by said second lever to produce
feed valve actuating pressures, a fluid motor con-
nected to said first pressure and acting on said
second lever in opposition to said third means.

7. The combination of claim 5 with fifth and
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18 .

‘sixth ‘opposed -fluid ‘motors :acting with “respec-
tively ‘different advantage-on-said.lever:and:eon-

nected to respond to said second“fluid ‘pressure.

8. Apparatus -according to claim 5 in which
sald fluid pressure’system also-comprises a fifth
bellows having fluid supplied thereto by said pilot
valve, said apparatus also comprisine a’feed water
valve actuating “fluid :motor, a ‘souree of fluid
pressure independent of the.pressure in said. sys-

tem, fluid .connections between . said seuree -and
said motor,.a second pilot valve in said .connec-
tions -influencing the pressure .in said motor, a
second lever operatively .engaging said second

pilot valve, said fifth bellows exerting a force
on said lever corresponding to the pressure in
sald system, and means responsive to the rate of
flow of feed water urging said lever in opposition

to the force exerted by said fifth bellows,
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9. Apparatus according to claim 5 with means
for changing the prorortional relation of said
second fluid pressure to steam flow. |

10. Apparatus according to claim 9 with means
for changing the restriction in said second re-
stricted fluid passage,

11. Boiler feed water regulatinge mechanism
comprising g pressure actuated feed water valve,
a source of fluid pressure, fluid connections be-
tween said valve and said source, a pilot valve in
saild connections influencing the actuating pres-
sure for said feed valve, a member movable in
response to changes in boiler water level and
moving said pilot valve, a fluid motor responsive
to said actuating pressure connected to said mem-
ber to oppose motion thereof that tends to change
sald actuating pressure, a second fluid motor
connected to said member in onposed relation to
sald first motor, means producing a fluid pres-
sure corresponding to the rate of flow of steam
from the boiler, means conducting said last
named pressure to said second motor, a third
fluid motor opposing said second motor, and re-
stricted pressure conducting means connecting
sald third motor to said last named fluid pres-

sure. -
12, Boiler feed water regulating mechanism

comprising a pressure actuated feed water valve,
a lever pivotally mounted on an axis and mov-
able about said axis in response to changes in
boiler water level and influencing the actuating
pressure for said valve, proportioning and reset
fluid motors actuated by said valve actuating
pressure and acting in opposition to each other
on said lever to influence movement of said lever
about said axis, means producing a second fluid
pressure proportionate to the rate of flow of
steam from the boiler, a pair of impulse fluid
motors actuated by said second fluid pressure and
acting in opposition to each other on said lever
to influence movement of said lever about said
axis, means delaying the response of said reset
motor to said valve acting pressure, and means
delaying the response of one of said impulse
motors. to said second pressure: the other of said
impulse motors and said proportioning motor
responding immediately to said second pressure
an sald valve actuating pressure respectively and
acting on said lever in opposition to each other.
- 13. The mechanism of claim 11 with a second
membper movable in correspondence with the rate
of flow of feed water, a second pilot valve actu-
able by said second member to produce immedi-
ate feed valve actuating pressures, a fourth fluid
motor responsive to the actuating pressure in-
fluenced by the first pilot valve and acting upon
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