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5 Claims, (CL 236--24.5)

This invention relates to combustion control systems
and more particularly to a system for controlling the
rate of combustion in a steam boiler to maintain sub-
stantially constant steam pressure and temperature.

It has heretofore been common practice to control the
rate of fuel supply to a steam boiler in response to changes
in the steam pressure. In such systems it is necessary
to employ stabilizing means which introduce a time delay
into the response of the system to changes in steam pres-
sure to match the time delays inherent in operation of
the boiler due to heat lag and the like.

It has also been proposed to control the fuel supply
in response to steam flow but in such systems, it has
been necessary to introduce time delay in order to ob-
tain the necessary stability. Control in response to steam
flow has furthermore been considered undesirable be-
cause the system is subject to errors in- response which
may be cumulative and may produce undesirable or even
dangerous conditions.

It is highly desirable to effect control operations for
the fuel supply as rapidly as possible upon a change in
demand and without stabilizing time delays or even with-
out waiting for the steam pressure to change. This is
particularly true in modern boilers operating at extreme-
ly high temperatures and pressures and having rela-
tively small storage capacity.

It 'is one of the objects of the present invention to
provide a combustion control: system in which the fuel
supply is initially changed rapidly in response to changes
in steam flow and is corrected relatively slowly in re-
sponse to steam pressure

Another object is to provide a combustion control
system in which air supply to the boiler is controlled
solely in response to steam flow and fuel supply is con-
trolled in response to both steam flow and steam pressure.

“Still another object is to provide a coatrol system for
a plurality of boilers in which the air supply to the boilers
is controlled in response to steam flow from the respec-
tive boilers and the fuel supply for all of the boilers is
controlled in response to the total steam flow and steam
pressure.

A further object is to provide a control system whlch
operates electricaily to effect rapid and accurate control.

The above and other objects and features of the in-
vention will be more readily apparent from the follow-
ing descrlptlon when read in connectxon with the accom-
panying drawmg in which:

Figure 1 is a diagrammatic view of a combustion con-
trol system for a single boiler embodying the invention.

Figure 2 is a circuit diagram of the system.

Figure 3 is a view similar to Figure 1, showing a con-
trol system for a plurality of boilers, and °

Figure 4 is a graph illustrating different control ef--

fects.

variable load, such for example. as a turbine, it is desira-
ble ‘that-the steam supply be maintained-at substantially
constant pressure and temperature to supply variable

In. a boiler or bank of boilers supplymg steam to a
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steam flows to the turbine as required. Steam flow is
normally controlled by one or more valves which are
adjusted solely in accordance with the demand and have
no particular relationship to the operating condition of
the boiler. As shown in Figure 4 by the upper line 10,
the steam may remain constant over a substantial period
and may change suddenly due to opening of the valve to
an increased value which will then remain constant for
an additional period. It will be noted that such changes
may occur rapidly due to cutting one or more turbines.
into or out of operation as indicated by the sudden in-
crease in steam flow shown in the upper line on Figure 4.

An increase in steam flow will normally produce a
gradual decrease in steam pressure as indicated by the
second steam pressure line in Figure 4. 'As the combus-

" tion rate of the boiler is increased to compensate for the
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increased load, the steam pressure will gradually build
up to the desired value and so long as the control sys-
tem is functioning properly and the load remains con-
stant, will stay at that value. :

The third line in Figure 4 illustrates the type of con-
trol effected by conventional control system which em-
bodies stabilizing time delays and which may respond
either to changes in steam pressure or in steam flow. As
there shown, the fuel supply will remain constant-so long
as other conditions are constant and when the demand is
increased by suddenly increasing the steam flow, the fuel
supply will be gradually increased. The rate of increase
will depend upon the stabilizing time delays employed in
the control and may depend in part upon the change in-
pressure resulting from increased flow. Normally the fuel
supply will increase to a value greater than that required
to maintain the new flow and will then gradually be re-
duced to the correct value as indicated by the graph.

The control effected by the present invention is indi-
cated by the lowermost line on Figure 4.  As shown, the.
fuel supply will be maintained constant as long as the flow
and pressure conditions remain constant. . As soon as
the steam flow increases, the fuel supply will increase
substantially instantanecusly and proportionately in re-
sponse to steam flow and will be adjusted to a new value
approximating the desired rate of fuel supply for the new
load conditions. This value may be either slightly above.
or slightly below the actual desired vaiue as indicated by
the solid line 19 or the dot-dash line 11. It has been:
found in actval practice that the fuel supply rate will nor-
mally be within less than 1% error from the desired rate
so that only a very small correction is required to bring
it to the desired rate. This correction is effected in re-

. sponse to steam pressure at a relatively low rate so that

eventually the fuel supply will be brought to the exact
value required to maintain the pressure at the desired.
value under existing load conditions.

While exact times for correction are variable with
different installations, the conventional system has on the
average required approximately 4 to 5 minutes to effect

~an 80% correction in fuel supply and 15 to 20 minutes
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to effect the final correction and bring the fuel supply back
to the desired value. With the present invention 80%

. correction is effected in aproximately 8 seconds and com-

plete final correction is effected in less than 2 minutes.,
Therefore, the firing rate of the boiler is substantially in--
stantaneously and proportionately adjusted to changes in
demand so that the load is supplied with steam at the de--

- sired pressure and temperature even though the demand.

" varies rapidly. and relatively widely. Another important .
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aspect is the safety provided by the rapid control of the
firing rate in high prsssure, high temperature boilers hav-
ing a small storage capacity. With such boilers if the load.

- is suddenly reduced materially or cut.off, serious: danger,

of explosion may result because the temperature and



2,743,880

3

pressure values may build up to dangerous levels before
the firing rate can be adjusted. With the present inven-
tion, the firing rate is adjusted so rapidly that dangerous
conditions are not allowed t6 build up so that a safe oper-
ation i$ provided.

Figure 1 illustrates application of the invention to a
single boiler 12 which may be 4 high temperature, high
pressure boiler having a relatively small storage capacity.
Fttel is supplied to the boiler through any suitable supply
means depending upon the type of fusl employed. For
simplicity of illustration, the fuel supply means is indi-
cated as a pipe 13, flow of fuel through which is con-
trolled by a valve 14. Air may similarly be supplied by
converntional forced or induced draft fans but for con-
venienice of illustration, the air stipply is indicated as a
pipe 15 having a control valve 16 theérein. Stéam from
the boiler flows thiough an outlet conduit 17 to any de-
sited 1oad stich as a turbine or the like under the control
of valve means indicated diagram at 18.

According to the present invention, the fuel and air
supplie§ are controlled substantially instantaneously and
proportionately in response to steam flow from the boiler.
For this purpose the steam outlet conduit 17 is provided
with a restriction 19 and thé drop across the restriction
is measured by connecting opposite sides thereof fo the
opposite sides of a diaphragm 20. The diaphragm 26
may form the sensing element of a control device 21 such
as the transmitter more particularly described and claimed
in my copending application Serial No. 268,378 filed Jan-
uary 26, 1952, As shown this transmitter inc¢ludes a bal-
anced beam 22 urged in one direction by the diaphragm
20 and controlling a nozzle 23 supplied with air through
a restrictioft orifice 24. ‘The regulated pressure produced
by the nozzle 23 is transmitted to a balancing diaphragm
25 which acts on the beam 22 to rebalance it and is also
transmitted to a fluid motor including a cylinder 26 hav-
ing piston 27 slidable therein to be urged in one direction
by a spring 28 and in the opposite direction by the regu-
Jated pressure. The piston will move to a position corre-
sponding to a flow through the steam outlet conduif 17.

The transmittér produces a regulated controlling force
which as shown is an electrical force regulated by moving
a wiper 29 which is connected to the piston 27 over a re-
sistance 31. The resistance 31 is connected across an al-
térnating current scurce 32 so that the voltage to the
wiper 29 will be proportional to the steam flow through
the outlet conduit. The wiper 29 is connected directly to
an electric motor 33 which is connected to the air control
valve 16 to regulate the air supply solely in response to
steam flow. The wiper 29 also i§ connected to a totalizing
circnit 34.

Steam pressure is measured by a regulator indicated
génerally at 35 which includes a diaphragm 36 con-
nected at one side to the steam outlet conduit 17 to sense
the steam pressure therein. The diaphragm 36 is con-
nected to a lever 37 movable toward and away from a
nozzle 38 to control the pressure behind the nozzle.

A power element for the regulator includes a cylinder
39 having a differential piston 41 slidable therein. The
piston inclides a cylinder 42 extending through one end
of the cylinder 39 and operating fluid such as liquid vn-
der pressure is supplied through an inlet 43 to the space
above the differential piston. This space is connected
through a restriction 44 to the nozzle 38 and also to the
space beneath the piston 41. The cylinder 42 carries a
piston 45 connected fo the lever 37 as shown.

In the opération of this regulator an inctease in steam
pressure will move the léver 37 toward the nozzle 38 fo
increase the pressure back of the nozzle and cause the
differential piston 41 to rise. This will occur even though
the pressure below the piston as controlled by the nozzle
38 it léss than that above the piston due to the largér
effective area on the lower side of the piston. Movement
of thé diffetential piston i$ transmitted through the dash-
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pot formed by the cylinder 42 and piston 45 to the lever
37 to move the lever away from the nozzle 38. Liquid
will leak gradually past the piston 45 so that as long as
the steam pressure is at a Higher value than desired, the
differential piston 41 will continue to rise slowly as de-
termined by the rate of leakage past the dashpot piston.
In this way a stabilizing tlme delay is introduced into
response of the regulator and in the normal use of such
regulators, the rate of adjustinent is set to compensate for
time delays inherent in response of the boiler.

In the present systén the moévertient of the differential
piston contiols the position of a wiper 45 over a fe-
sistance 47 which is connected to the source 32 in paral-
lel with the resistance 31. The Wwiper 46 is connected to
the totalizing circuit 34 so that the output of the totalizing
circuit will depend tipon both steart flow and steam pres-
sure. The totalizing circuit output is connected to the
fuel control valve 14 to control the fuel supply to the
boiler.

The eélectrical components of thé Figure 1 are illus:
trated in detail in thé circuit diagram of Figure 2. As
best shown in this diagram the wiper 29 is connécted:
acros$s a resistor 49 having manually adjustable wipsr 51
slidable therealong. Thé wiper 51 is connected to one
input terminal of an amplifier 52 whose other input ter-
minal is connected to a wiper 53 movable over a resistance
54 which is connected across the source 32. The motor
33 as shown is a two-phased reversible motor having
power winding 55 ¢onnected to a suitable source such as
at source 32 and having a control winding 56 connecfed
to the output terminals of the amiplifier 52. The motor
33 is mechanically connected to the valve 16 to adjust
it and is also connected to the wiper 53 to move it over
the resistance 54.

The wiper 51 may be manually adjusted to set the fuel
air ratio ahd is normally left in a fixed position of adjust-
ment after being once properly set. As lofig as the voltage
at this wiper which will be varied in response t6 move-
ment of the wiper 29 is equal to the vcltage at the wiper
53, the motor 33 will remain stationary. Upon move-
ment of the wiper 29 the amplifier will supply voltage of
one phase or danother to the motor control winding 56
and will cause the motor to run in a direction to adjust
the wiper 53 to rebalance the voltage and simultaneously
to adjust the valve 16 to a new position corresponding
to the position of the wiper 29. It will be seen that this
operation is effected very rapidly so that the air supply
will be adjusted rapidly to correspond to steam flow as
measured by the control device 21. )

The wiper 29 is also connected to the mid point of a
transformer .secondary winding 57. The transformer in-
cludes a primary winding 58 supplied with voltage from
a. wiper 59 movable over a resistance 61 which is con-
nected across the source 32. The transformer secondary
winding 57 is connected directly across the resistance 47
and the wiper 46 thereon is connected to one of the input
terminals of an amplifier 62. The circuit elements just
deseribed constitute the totalizing circuit 34.

In this circuit when the wiper 46 is centered on the
resistor 47 or occupies the same position in this resistor
as does the tap from wiper 29 to winding 57, the voltages
will be balanced and the voltage impressed on the input
terminal of amplifier 62 will equal the voltage of wiper
29. However, if the wiper 46 is displaced by the regu-
lator 35, the voltage impressed oa the amplifier input ter-
minal will be equal to the algebraic sum of wiper 29
and the voltage developed due to displacement of wiper
46. The regulator 35 is set to maintain the wiper 46
at the csnter of the resistance 47 when the steam pressure
is at the desired value so that the steam pressure effect
is présent only whén the steam pressure is above or below
the desired value.

The othér input terminal of the amiplifier 62 is con-

' nécted to a wiper 63 movable over 4 resistance 64 which

i§ conifiécted acioss the source 32. Motor 48 is cortrolled
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through a control winding 65 connected to the amplifier
62 and is mechanically connected to the wiper 63 and
valve 14 to adjust them.

It will be seen that in the operation of this portion of
the system whenever the steam flow changes the wiper
29 will be quickly adjusted and will effect a rapid change
in the fuel supply. If the steam pressure is not main-

tained at the desired value by this adjustment a slower .

follow-up adjustment will be effected through the regu-

lator 35 and wiper 46 to bring the steam pressure back

to the exact value desired.

Figure 3 illustrates application of the invention to two
similar boilers 66 and 67, each of which may be identical
to the boiler 12 and may operate in a similar manner.
For simplicity of description, elements in the system of
Figure 3 corresponding to identical elements in Figures
1 and 2 are indicated by the same reference numerals. As
shown the steam outlet lines for the two boilers combine
in a single steam header, flow through which is controlled

by a steam valve 69.

-~ ‘Each boiler has a steam flow responsive control device
21 connected across an orifice 19 in its individual steam
outlet conduit 17 and the air supply for each boiler is
controlled individually solely in response to the control
force developed by the corresponding control device 21.
In addition, the output voltages of the two control devices
are connected to amplifiers 71. and 72. The amplifiers
are interconnected as illustrated to provide a single output
voltage equal to the sum of the two voltages and this
single output voltage is supplied to the totalizing circuit
34 in the same manner as the voltage from the wiper 29
of Figures 1 and 2. The amplifiers 71 and 72 are em-
ployed to prevent cross feeding between the two control
devices 21 and it will be apparent that any other desired
type of circuit arrangement which will totalize the two
voltages and will prevent cross feeding may be employed.

The regulator 35 is connected to the steam header 68.

to be responsive to steam pressure therein and its output
voltage is supplied to the totalizer 34 in the same manner
as in Figures 1 and 2. The output voltage from the
totalizer 34 is connected to both of the motors 48 in
parallel so that the fuel to both of the boilers is con-
trolled in exactly the same manner in response to the
total steam flow and the steam pressure. Thus the loads
on the boilers are maintained the same or in a desired
ratio where the boilers may be of different sizes.

It will be understood that in the same manner the
control system might be expanded. to -a greater number
of boilers than two. In all cases the air flow to.the boilers
is controlled solely in response to the individual steam
flows therefrom and the fuel supply to the boilers is con-
troiled jointly by steam flow with a slower correction in
response to steam pressure.

While the invention has been illustrated in detail in

connection with two typical installations, it will be ap- ¢

parent that these aré for the purpose of illustration only
and- are not to be taken as a definition of the scope of
the invention, reference being had for this purpose to
the appended claims. '
What is claimed is: v
1. A combustion control system for a steam boiler
having fuel and air supply means and a steam outlet com-

6

outlet and constructed to produce a second control force

_proportional to steam pressure, means in the second . con-

trol device to introduce a time delay into response of the
second control force to changes in steam pressure, means
responsive to the first control force to control supply of
fuel and air to the boiler, and a connection from the
second control device to the fuel control means to modify
control of the fuel supply in response to the second force.

2. A combustion control system for a.steam boiler
having fuel and air supply means and a steam outlet com-
prising a first control device responsive to flow of steam

- through the steam outlet and constructed to produce a
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prising a first control device responsive to flow of steam -

through the steam outlet and constructed to produce a
first control force changing substantially instantaneously
and proportionately with changes in steam flow, a second
control device responsive to steam pressure in the steam

85

first control force changing substantially instantaneously
and proportionately with changes in steam flow, a second
control device responsive to steam pressure in the steam
outlet and constructed to produce a second control force
proportional to steam pressure, means in the second con-
trol device to introduce a time delay into response of
the second control force to changes in steam pressure,
control means for the air supply means responsive solely
to the first control force, and control means for the fuel

~supply means responsive to both the first and second con-

trol forces.

3. A combustion control system for a steam boiler
having fuel and air supply means and a steam outlet com-
prising an electrical control device responsive to flow of
steam through the steam outlet to produce a first voltage
substantially instantaneously proportional to steam flow,
a second electrical control device responsive to steam
pressure in the steam outlet to produce a second voltage
proportional to variations of steam pressure from a nor-
mal value, means in the second control device to intro- .
duce a time delay into response of the second voltage -
to changes in steam pressure, means to control the air
supply means responsive solely to the first voltage, and
means to control the fuel supply means responsive to the
algebraic sum of the first and second voltages.

4. A combustion control system for a plurality of
steam boilers each having fuel and air supply means and
a steam outlet and having the steam outlets connected
in a common header comprising a first control device
for each boiler substantially instantaneously proportion-
ately responsive to flow of steam through the steam out-
let to produce a first control force, a second control de-

5 vice common to all of the boilers and responsive to the

steam pressure in the header to produce a second control
force, means in the second control device to introduce
a time delay into response of the second force to changes
in steam pressure, control means for the air supply means
of each boiler responsive respectively to . the first forces
to control the supply of air to the individual boilers,
means to total the first forces, and control means respon-
sive to the total of the first forces and to the second
force to control the fuel supply means of all of the boilers.

5. The system of claim 4 in which the control devices
are electrical and the control forces are electrical volt-
ages.
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