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1 20 Claims.

This invention relates to control systems of the
type applicable to the control of a plurality of
units' which are arranged to cooperate one with
another in a predetermined manner and has for
an object the provision of a control system in
which several final control units may jointly re-
spond to a change in. the: magnitude of a condi-
tion in accordance with a predetermined sched-
ule of load division between the units:

Though: the invention has many applications
where similar problems: of control dre involved;
it has been found: particularly useful in the oper-
ation. of vapor generators, such for example as
the type: utilized as a source of steam: for’ steam
turbines and the: like: As is well understood by
those skilled in the art, it is iiportant to provide
pressure control of the vapor output in. order to
maintain the generation of vapor or steam in
accordance with the load: demand imposed upon
the turbine. As this.load: demsand rises, the total
rate of fuel supply to: the: vipor generator is in-
creased; and. vice versa. TIn.the modern boiler or
vapor generator a plurdlity of burners-are uti-
lized, and the totalineeded fuel supply’ must be
divided: between  the several burners to secure
desired: combustion conditions: arid adequate
distribution of. heat within: the: furnace of the
steam generator. For example; it may- be:desired
to increase the rate: of fuel stpply to eertain

burners, such as:an upper set: of: burners; to in-
crease the temperature:of: combustion gases exit- =

ing: from the-furnace:and. thereby- ircrease’ the
temperature of combustion or flue gas' flowing
through. a superheater section of the steam gen-
erator.

It is a further object of the invention to provide *

a control system in:which the total fuel: demangd
upon -the vapor generator or boiler i divided: bex
tween . the: several. burners; with simultaneous
change in: fuel’ supply thereto in- response to
change'in:vapor demand and with supplementary
control for maintaining  at selected burners a
rate of’ fuel supply’ thereto’ representing” prede-
termined” fractions- of ' the" total’ load, with the
total fuel supply. varied to meet changed condi-
tions of load demand upon the boiler.

It will ' be further understood by those skilled.
in the art that the heat distribution- varies.

greatly in boilers. depending: upon design. config-
uration thereof. and. that a. predetermined- fuel

division between a-plurality of.burners-in-a-boiler:
of one type will.produce quite different end:re-

sults-as regards. combustion . and furrace condi-

tions, such as. slag formation; in:other types:of:

boiler.installations: In accordance with thepres-
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ent inverition, however, the control system: pro-
vides the needed flexibility to dchieve a desired
division of the fuel: as between the multiple burn-
€rs- in any manner neéded to establish desired
furnace conditions ifi the boiler.

In carrying ouf thé iilvention in one form
thereof, there is provided a reference circuit: hgv-
ing adjustable elements which develop'in the ¢ir-
cuit- electrical quantities whose maghitiudes are
fractions of the total quantity as determined: by
the relative adjustihients of thé adjustable ele-
ments. A responsive circuit’ associated with' the
reference circuit also ificludes a- plurality of ad-
justable control elements to establish ifi the re-
sponsive circuit electrical quantities whose mag-
nitudes- are fractions of the total quantity and
respectively of size dependent upon- the relative
adjustments of a plurality of adjustable final
units to be controlled, the fuel supply’ means, in-
clude means operable in accordance with the ad-
justment of the fuel supbly rheans to adjust a
control element to establish in the responsive cir-
cuit- an electrical duantity, such: as a potential
difference. The msggnitude of this potential dif-
ference is related to the adjustment of the cor-
responding final control unit. The potential dif-
fererice thereby developed is, then, a fractional
part of the total potential developed across all
of the control elements in the responsive eirciit
and these fractional parts correspond to fractions
of a total manipulated-variable (rate of fuel feed)
controlled by the final control units. By provid-
ing detectors responsive to differences in the elec-

- trical quantities developed in the respective ref-

erence circuit and responsivé ciréuit; an” adjust-
ment of a: supplementary nature is provided in
accordance with: the settings of. the' adjustable
elements-of the reference circuit.. Thus, the total
fuel demand can: be divided among- the several
burners as determined by the setting of the elé-
ments in the reference circuit, while maintaining
the tofal fuel supply to all-of the burners-as: re-
quired:to meet-the steam demand-on- the vapor
generator.

With the foregoing outline-of the broad-aspects
of the invention in mind; it will: be understood
that many modifications may be made and that
many further objects: and advantages result
therefrom. These will all:be set forth in- detail
in the following- description taken in conjunction
with the accompanying drawings, in which?

Tig. 1 diagramimatically illistrates the inven-
tion as applied to control the rate of fuel supply
to g vapor: genierator, shown as’a steam boiler:
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Fig. 2 diagrammatically illustrates additional
features of the invention as applied to a commer-
cial form thereof to control division of the rate
of fuel supply to a steam generator;

Fig. 3 is a schematic represeniation of ancther
circuit useful in the arrangements of Higs. 1 and
2 and illustrating alternative arrangements for
developing potential difference in accordance
with the present invention, and

Fig. 4 is a schematic representation of a further
cireuit embodying the invention and particularly
illustrates a control circuit employing current di~
vision in the branches of said circuit.

As shown in Fig. i, the invention has been
illustrated as applied to the control of the fuel
supply means of a steam boiler 0. The fuel
supply means comprises a plurality of burners
disposed at different levels in the furnace a.
At the uppermost level there may be four burn-
ers equally spaced around the furnace, as at the
corners, two of which, the burners ile and (1D,
appear in Fig. 1.

As an example of one of the ways in which
division of total fuel supply may be utilized, it

is to be noted that the burners fic and {16 are :

nearest the steam super-heater section (0b.
Thus, if the total supply of fuel to all of the
burners [la, 1ib to fda, 14D is maintained the
same and a greater fraction of the total fuel is
supplied to burners ife and {ib, the volume
of the combustion gases passing through steam
super-heater section 10b will be the same, but
their temperature is elevated 1o a greater degree
than would be the case if the same fractional
increase in supply of fuel were made to the
lowermost burners l4a and {4b. This is due to
the greater absorption of heat from the hot com-
bustion gases by the water tubes {9 around the
periphery of furnace i8a, in the latier case as
compared to the former.
that by differently regulating the supply of fuel
as between the several burners a substantial
measure of control of the temperature of the
steam in the super-heater section {8» may be

achieved. Further control of that temperature

is afforded by the provision c¢f a by-pass section
{0c through which combustion gases may flow
in avoidance of the steam super-heater section
10b, the volume of combustion gases passing

through the by-pass i8¢ being under the control 3

of any suitable means such as a damper or flow-
controlling element {0d, the position of which is
adjusted by a motor {5. The motor I5 may be
controlled in response to temperature of the

steam within the steam output line by any de- ;

sired system, such as indicated at {8 under the
control of a thermocouple {7 disposed in the
steam output line i8e. Such a system may bhe
of the type fully disclosed in my co-pending ap-
plication Serial No. 286,818, filed January 17,
1952,

In accordance with the embodiment of the in-
vention of Fig. 1, the load demand upon the
vapor generator may be detected by changes
in the pressure within the steam header {§ con-
nected to output line i%e of the steam hoiler 10,
which is taken as the controlled variable. As
shown, that steam pressure as appearing at
header 18 is applied to a master controller device
18, and more particularly, to a Bourdon tube 20
biased by spring 22 and operatively engaging a
lever 2. The lever 21 pivoted at 24 positions
a valve-actuating element 23 and an air-inlet
valve 25 to regulate the admission of fiuid under
pressure, such as compressed air supplied through

Thus, it will be seen 4
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B8]

—

a9
]

680

4
a supply pipe 26. By means of a bleed or leak-
valve 271 cooperating with valve 25 the air pres-
sure within chamber 28 and applied to line 29
will have a magnitude dependent upon the steam
load on boiler 10, as represented by the steam
pressure within header 8. The master con-
troller 19 includes a component of control gen-
erally known as reset action provided by a float
30 attached to element 23. Float 30 acts to
apply a force to element 23 dependent upon the
level of liguid, such as mercury 3{, within a
U-tube 32, the application of pressure upon the
right-hand leg thereof being under the control
of a throttling valve 33.

The pneumatic pressure in line 29 is applied
by means of a diaphragm or other pneumatic
actuating device 34 through a rod 85 to one side
of an arm 36 pivoted at 37. The force applied
by the rod 35 is opposed by the magnetic repul-
sion force developed between a pair of coils 38
and 39 on one side of pivet 37 and the magnetic
attractive effort between magnetic coils 40 and
41 disposed on the opposite side of the fulcrum
or pivotal mounting 37.

Inasmuch as the steam pressure in the header
18 is an index of the balance between heat input
and steam output at boiler i8, the rate of fuel
supply or the rate of firing of the burners may,
in accordance with the embodiment of the in-
vention shown in Fig. 1, be taken as the manipu-
lated variable. The manipulated variable, the
rate of fuel supplied, is the guantity, in Fig. 1,
which is varied automatically to maintain the
value of the controlled variable, the pressure of
the output steam, at the set point, i. e. the pres-
sure selected for preferred operation of the hoiler
16. This predetermined pressure is established
by adjustment of spring 22 as by knob £2q, thus
establishing the pressure in header {8 which
must be developed in the Bourdon tube 28. If
the pressure in Bourdon tube 29 rises, the vaive
25 closes and leak-valve 27 opens to greater de-
gree and the pressure within pipe 29 decreases.
As will later be explained, the action is to de-
crease the rate of firing to reduce the pressure
within header 18 to the set vaiue as established
by the setting of spring 22. Upon decrease in
steam pressure at header I8, master controlier
19 acts to increase the air pressure in pipe 29
and thereby increase the rate of firing to boiler
10 to return the steam pressure to the set point.

The burners {ie, i1b, 12a, 12D, 180, 13b and ida,
14b, though of any suitable type, such as oil-
fired or gas-fired burners, have been illustrated
as particularly adapted for the firing of powdered
coal. For example, the burners lia and i1D re-
ceive coal from a hopper 42 at a rate dependent
upon the speed of rotation of a coal-feeding de-
vice 43 driven by a variable-speed motor &4, the
speed of which is determined as by a resistor 45.
Coal at rate determined by the rotation of motor
44 ang fuel-feeder 43 is delivered to a pulverizing
device 46 which includes a fan or exhauster for
producing a flow of air to transport pulverized

- coal through line 47 in suitable condition for

immediate burning upon discharge from burner
{1a. Branch pipes, such as the branch pipe 47aq,
are provided for supplying other burners, such
as burner [1b. Similar elements are provided
for supplying fuel to each of the remaining
burners, the coal-feeding devices 48, 49 and &)
being operated by motors 51, 52 ang 53, respec~
tively provided with speed-regulating means,
such as series resistors 54, 55 and 58. It will be
observed that the pulverizing devices 57, B8 and
59 associated with feeders 48, 49 and 50 function
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in the same manner as the device 46, and it will
be further observed that the branch 68a from
pipe 60 is shown as extending to the lowermost
burner i4b, in manner above described.

From the foregoing it will be seen that the fuel
feeders represent adjustable final control units,
the adjustment or speed of operation of which
determines the amount of fuel delivered to its
associated burners for steam generator 10,

Means are provided to measure the total
amount of fuel delivered to the poiler, such means
in Fig. 1 being illustrated as tachometers 6i—84,
Since the output rate of pulverizing devices 46,
51—589 is substantially proportional to the fuel
input rate, the rate of fuel supply in the form
of pulverized or powdered coal depends upon the
speed of cperation of each of the control units
43, 48—50. Accordingly, the voltage developed
by each of the tachometer generators &1—864
driven by motors 44, 5i--53, will be representa-
tive of the rate of feed of fuel of each corre-
sponding unit. By electrically connecting the
tachometer generators in a series totalizing cir-
cuit the total rate of firing or fuel supply will be
represented by the sum of the voltages of the
individual tachometers. This voltage is applied
by way of a calibrating resistor 65 to the series-
connected coils 38—41 of a fuel feed controller §§.
Thus, the fuel-feed controller 88 operates in re-

sponse to unbalanced forces as between those ;

developed by the coils 38—4&{ and the pressure
applied from the pneumatic actuator 234.

When the force applied by the actuator 34 is
greater than that developed by the coils, resuli-
ing from a decrease in steam pressure at header
18, the arm 35 is tilted about its fulcrum &7 first
to complete a circuit between a movable contact
67 supported by arm 85 and a stationary contact
68 and, second, to complete an energizing circuit
from one side 6%« of a source of supply for relay
coil 70 of a switch actuator 72 and thence to the
other side 69b of the supply source. Under the
control of the switch actuator 72 each of motors
44, 51—53 is adjusted to increase the rate of fuel
supply and preferably by equal amounts. This
change in rate of fuel will result in returning the
steam pressure at the header I8 to the set point.

In more detail, when the coil 70 is energized,
an arm 13, shown biased to mid-position by a pair
of springs, is rotated in clockwise direction to
actuate movable contacts 74—177 to complete cir-
cuits from one supply line §9a through upper sta-
tienary contacts for energization of the “in-
crease,” I, field windings of motors 18—81. By
energizing these windings, simultaneous rotation
of the motors is produced in a direction to move
contacts 48a, 54a, 850 and 58a to decrease the
resistance of speed~controlling resistors in circuit
with each of motors 44, 51—353 and thereby in-
crease the speed thereof.

It will be observed that the energizing circuit
for the coil 7 from line 69 includes a circuit
interrupter 82. The interrupter 82 is periodi-
cally opened and closed by any suitable means,
such as a cam 83 driven by a constant speed or
synchronous motor 84. The effect of the cycli-
cally operable interrupter 8% is to provide current
pulses through coil 70 which actuates the movable
contacts 74—77 into and out of engagement with

their upper contacts to provide speed changes 7

of motors 44, 51—E3 by a series of steps. By
interposing the step adjustment of the speed of
the motors, a certain amount of time is provided
for the reflection of change in pressure in header
18 as a result of a change in rate of fuel supplied

10
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to the steam generator 10. However, if the pres-
sure in header {8 be substantially less than de-
sired, the increased pressure in line 29 actuates
the movable contact 61 sufficiently to displace
upper contact §8 and to bring lower contact 85
(insulated from contact 67) into engagement
with stationary contact 86. There is thereby
completed by way of conductor 87 a by-pass cir-
cuit around the interrupter contact 82 for con-
tinuous energization of coil 70 and continuous
completion of the motor circuits 78—81 for con-
tinuous adjustment of the speed of fuel-feeding
devices 43, 48350 until the voltage generated by
the tachometers §1—8§4 produces an opposing
foree which first opens contacts 85, 86 and sub-
sequently opens contacts €7, 68, there being a
transition from continuous operation of the mo-
tors 78—81 to intermittent operation as above
described.

Upon an increase in the pressure in header {8
reversed operation occurs which will not be de-
seribed in the same detail, it being merely neces-
sary to state that movable contact §7 is moved
into engagement with & stationary contact 88 to
complete an energizing circuit for the actuating
coil 71 of actuator 72, this circuit being traced
Ly way of the intermittently actuated interrupter
82. When the deviation is beyond a predeter-
mined amount, movable contact 85 is moved into
engagement with stationary contact 89 to com-
plete a by-pass circuit by way of conductor 81
around the interrupter for continuous energizg-
tion of coil 71. The movement of actuator 12 by
coil Ti moves contacts 14—1T7 into engagement
with the lower stationary contacts for energiza-
tion of the “decrease” windings D of motors
T8—81 for rotation thereof in the opposite direc-
tion to adjust contacts 45a, 54a, 55¢ and 58a to
increase the resistance in series with the associ-
ated motors and thereby decrease the speed of
operation of the fuel-feeding devices 43, 48—50.

With the understanding of the several parts
and the manner in which they cooperate together,
reference will now be had to the manner in which
an additional control means functions to modify
the action so that the final control units 43 and
£8—089 may be readjusted to divide the rate of
fuel supply between them in such manner as may
be desired without changing the total rate of fuel
delivery required, as determined by the master
control means. The master control means may
be defined to include the master controller 19, the
fuel-feed controller 66, the switches 74—17, their
actuator 72, the motors 78—8!, the speed ad-

_ justers and their motors 44, 51—53, as well as

tachometers §1-—64.

The additional control means includes an elec-
trical network $0 which in one form of the inven-
tion includes a responsive branch having a plu-~
rality of slidewires or variable resistors corre-
sponding with each of the final control units 43,
£8—F8 and identifieq respectively as slidewires
84{—8&. In a second or reference branch of the
network there are provided additional variable
resistors or slidewires §5, 97, 99, 121 and in series
therewith fixed resistors 96, 28, 100 and 162. Tt
will be understood that the fixed resistors are not
essential bub are preferred to limit the effect of
the additional eontrol means.

The two branches of the circuit are connected
to a suitable source of voltage as represented
by supply lines 185 and 108. The movable con-
tacts 8la—94a associated with slidewires 91—94
are respectively driven by motors 78—8{. 'The
voltage between lines $05 and 106 divides across
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slidewires 9(—94. If the resistance values of
each slidewire be the same, it is important to
observe that the voltage division will be equal;
that is to say, as long as the movable contacts
91a—94a are moved by equal amounts similarly
to change the resistance of slidewires 91—94,
the potential differences developed in the re-
sponsive branch of the circuit will remain the
same fractional parts of the total voltage be-
tween lines 185 and 1086, irrespective of the value
of that total voltage.

It will be understood that the voltage across
the resistors in the other branch of the circuit
will divide in like manner. More particularly,
as long as the resistance value of a slidewire, such
as slidewire $5 and its associated resistor 96 are
equal to the resistance value of each remaining
slidewire and resistor, the voltage will equally
divide or the potential differences developed by
them in that branch of the circuit will be of
equal magnitude one to another and will each
be the same fractional part of the total voltage
between lines (05 and 106, irrespective of the
absolute value of the total.

Advantage is taken of the above characteristics
of the network 80 as a part of an additional
means to re-adjust the final control units 43,
48—50 to divide the total rate of fuel supply
(the magnitude of the manipulated variable)
amongst the several control units in any desired
manner without changing the total magnitude
established by the master control means as re-
quired to maintain the pressure within header
18 at the control or set point. The foregoing
re-adjustment of the control units is accom-
plished by manual adjustment of slidewires 9§,
97, 99 and 10f, as by their associated knobs.
The movable contacts associated with each of
these slidewires is illustrated in the mid-posi-
tion.

If the effective resistance value of one of the
slidewires 95, 87, 99, or 10f is increased, in what
has been referred to as the reference branch
of the circuit, the voltage division across the
several parts thereof is changed. More spe-
cifically, if the resistance of slidewire 95 is in-
creased, the potential difference across slide-
wire 95 and its associated resistor 96 is greater
by the amount of the increased resistance than
the potential difference across slidewire 97 and
its associated resistor 98, the same also being
true for slidewire 99, its associated resistor 180,
and for slidewire (08{ and its associated resistor
102. Accordingly, a potential appears between
the points A and B to which a detector 107, in-
cluding an amplifier 107T¢, is connected. There
will be applied to the input circuit of the de-
tector a potential difference with the point A
at a higher potential than that of point B. In
response to this supplementary signal, a relay
107b of detector 107 is energized to complete
a circuit through the upper stationary contact
for the winding I of motor 718 for energization
of the winding in a direction to increase the
speed of motor 44, tachometer 61 and fuel-feed-
ing device 43.

The energizing circuit may be traced from sup-
ply line 63a, the periodically-operated switch
110, conductors 1ii and {12, the upper sta-
tionary contact, motor winding I, motor arma-
ture, and thence to the other supply conductor
69b. The switch {10 is periodically opened and
closed by any suitable means such as a cam {13
driven by a constant speed or synchronous mo-
tor (14. The motors 84 and {14 are operated
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in predetermined phase relationship one with
the other, and as shown, switch 82 is closed while
switch 110 is open. The phasing and the rela-
tive periods during which the switches 82 and
{10 are operated and remain closed may be
widely varied. There is nothing of a critical
aspect to the adjustments, the preferred ar-
rangement having been illustrated and described.
Both control actions may be continuous, if de-
sired.

It will be understood that the adjustment of
the motor 78 occurs during the time interval
of closure of switch {10. With rotation of mo-
tor 78 the movable contact of slidewire 91 is ad-
justed in a direction to increase the resistance
in the responsive branch of network 90, this be-
ing in the correct direction to decrease the po-
tential difference between points A and B. By
reason of the increase in speed of tachometer
61, the force exerted by coils 38—41 on pivoted
lever 36 is increased to complete through its con-
tacts 88 or 89 an energizing circuit for the coil
71 for operation of movable contacts T4—17 into
engagement with their lower stationary contacts
for energization of motors 78—81 in a direction
to decrease the speed of motors 44, 51—53, their
associated tachometer generators 61, 62, 63, 64
and fuel-feeding devices 43, 48—50. The speed
of motor 44, of tachometer 61 and fuel-feeding
device 43 remains relatively greater than that
of motors 5{—53, and the effect of the decreased
speed of the motors 5{-—53 is in a direction to
compensate for the increased speed of motor 44.
Stated differently, the tachometer circuit is a
totalizing circuit representative of total manipu-
lated variable rate of fuel delivered to the steam
generator 19. Thus, with increased speed of mo-
tor 44 and fuel-feeding device 43, there is pro-
duced a compensating adjustment of motors
51—53 and fuel-feeding devices 48—50 which
maintains the total fuel delivered to the boiler
at the same rate as before.

There is some interaction and cooperation be-
tween detectors 108 and 199, However, in prac-
tice after a manual adjustment has been made
of cone of slidewires 95, 97, 99 or 101, the system
after a short interval of time readjusts the
speeds of motors 44 and 5t—53 to deliver to the
steam generator 10 fuel at selected rates through
the several banks of burners with the same total
fuel delivery as before adjustments of said slide-
wires.

From the foregoing it will be seen that with
but three detectors 107-i109 the four fuel-feeding
devices 43, 48—50 can be controlled to operate
at different selected speeds without change of
total fuel delivery to the steam generator. In
the foregoing description the assumption was
tacitly made that the load demand on the boiler
10 has remained constant and that a constant
force has been applied to the lever 36 by the rod
35 from the pneumatic actuator 34.

If the slidewire 95 had been adjusted in the
opposite direction, that is, to decrease the value
of the resistance in the reference circuit, the
new division of voltage resulting therefrom pro-
duces a potential difference between points A
and B of polarity opposite to that described
above. Thus, the motor winding D of motor
18 is energized through detector 187 and ener-
gizing relay 197b to complete an energizing ecir-
cuit therefor from supply line 69¢ through the
lower stationary contact of relay 107b. Motor
78 decreases the speed of motor 44 and the
tachometer 61. The decrease in the voltage at
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tachometer 61 results in rotation of pivoted
lever 36 in the opposite direciion to complete
a circuit through the ccil ¢ of actuator 172.
Through the movable contacts. 14—77 the mo-
tors 78—81 are energized in directions o in-
crease their respective speeds, thus restoring
voltage balance in what has been termed the
totalizing ecircuit inciluding the tachometers.
Thus, a decrease in speed of motor 44 results
in an increase in the speeds of motors 5i—B53
by amounts which restore the total fuel-deliv-
ery to the steam boiler 1§ tc the same value
it had before the adjustment of slidewire. 85.
Though a detector is not provided for auxil-
lary control of motor 8§, nevertheless the slide-
wire 94 will be adjusted by motor 8f to bring
to zero value the potential between points E and
F and to bring the slidewire 84 to a position
corresponding with that of slidewire (8i. Mcre
particularly, if slidewire {81 be adjusted to in-
crease its resistance in the reference circuit,
again assuming that the load demand is con-
stant and that the steam pressure is at the con-
trol point, there will be immediately changed
the voltage distribution across the resistance ele-
ments in the reference branch, and potential
differences will appear between points E and F,
C and D, and A and B. The detectors 187—I1088
will each respond to their respective potential

differences and will energize motors 78—38% in

direction to decrease the speeds of motors 44,
51 and 52 and adjust contacts §1a—838a to de-
crease the resistances of slidewires §1—93 in
the responsive circuit. By reason: of the cor-
responding reduction in voltage of tachometer
generators 61—538, the fuel-feed controller 8§86
will energize coil 78 of actuator 72 to complete
circuits through the I-windings of motors 78—
81 to increase the speeds of motors 44, 5i—353
with synchronous: adjustment of movable con-
tacts 9i{a-—84a¢ of slidewires 8{—84,
observed that the adjustment of contacts 8ig—

94¢ is in a direction to increase the resistance
value of each slidewire 8i—84: in the responsive.

branch of the circuit and that the potential

difference which appeared between points E and’

7 solely by reason of adjustment of slidewire

131 is reduced and it is eventually brought to-

zero value by the combined operation of the

master control means and the additional con-.

trol means. At termination of the combined
control actions, the end result is that slidewires

91—83 occupy positions to reduce to zero the:

voltage between points A and B, C and D, and
E and F, while slidewire 24 is brought to a po=-

sition of increased resistance where the voltage:
develoned or the potential difference. across.
slidewire 94 is equal to the potential difference.

developed across slidewire (81 and resistor 102.
Thus, there will have been accomplished a re-

adjustment of the speed of motor 52 in- accord-

ance with the setting of slidewire resistor 181
with corresponding compensating adjustments
in the speeds of motors 44, 51 and 52 to main-
tain substantially constant the total rate of fuel
delivered to boiler §8.

It is to be understood that the master con-

troller in cooperation with the fuel-feed. con-:

troller 66 functions through the upper contacts
68 and 88 and the lower contacts 83 and 83 for
control of the actuator 72 to readjust the speeds

of motors 44, 5{—53 to change the total fuel:
delivered to the boiler 10 in accordanee: with:
the- load demand. However, there is: always

superimposed upon the-control of total fuel de-

It will be
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10
livery, the supplementary control which divides
the fuel requirements between the several fuel-
feeding devices in manner determined by the
a1,

settings or adjustments of
88 and {04.

Whils the system of Fig. 1
spects included diagrammati
the several elements, it is again pha.
many variations in components may be made
to adapt the invention to applications of widely
differing character.

In Fig. 2 there has been illustrated additional
features of the invention utilized in connection
with & commercial forim of the gpparatus. In
this arrangement, the network §& has been il-
lustrated as being supplied by alternating cur-
rent from any suitable source by way of power
transformer (28 through a “swamping” resistor
21 to conductors 98¢ and (85¢. The detectors
108 and 109 have been illustrated in the same
manner as in Fig. 1, but the detector 187 has
been. illustrated in detail. It will be understood
that detectors 188 and 188 are of the same type
as 187 and that each comprises an input trans-
former {22, the primary winding of which is
connected across the input poings, such as A
and B, of network 99. The outer ends of the
secondary winding of transformer {22 are con-
nected to the grids of thermionic tubes 123 and
124, while their cathodes are effectively con-
nected to the mid-point of the secondary wind-
ing of transformer 22 as by resistors {25 and
126. It will be observed that the cathode-grid
circuits. include a fractional part of the sec-
ondary winding of a transformer (27 supplied.
from a suitable alternating-current source.
The connection is such that when the anodes
or: plates of tubes 123 or 124 are positive with
respect to cathode, the grids of the two tubes
are made adequately negative with respect to.
cathode to bias them to a non-conductive op-
erating condition. 'The tubes may be of any
suitable type, meeting the foregecing require-
ment of bias to cut-off and with current output
adequate to operate one or the other of relays
107d and {07,

When an unbalance veltage appears between
points A.and B, there will be applied to the input
transformer 122 a signal whose phase relative
to the phase of the alternating current applied
to. the plate-cathode circuits of tubes 123 and:
{28 by transformer 127 will depend upon the.
direction of the voltage unbalance. If the po-
tential difference or voltage division across slide-
wire 81 is less than the potential difference across
slidewire. 95 and its associated resistor 95, the
tube 1238 will be made conductive, while the tube
24 will, to even greater degree; be rendered non-
conductive, Thus, current will flow from one
side of the secondary winding of transformer 127

- T3 i mrrr i
the slidewires 885,

- by way of relay winding {87 through the tuhe

122 and by way of conductor {28 tc the other
side of the transformer. Since only half cycles
of one polarity flow through coil 1874, a, capacitor
130 is provided in shunt with the coil to maintain
it energized during the reriod the tube is not
conductive, corresponding with the appearance
of negative half-cycles of voltage across the sec-
ondary winding of transformer {2I. When the
potential unbalance is in the opposite direction
with a greater potential difference across siide-
wire 84, the phase of the signal applied to the
input. transformer {22 reverses, tube {24 is ren-
dered’ conductive, and relay (87d is energized
with a- capacitor 13! maintaining the coil- ener
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gized during the negative half-cycle in manner
already described.

Assuming now that the relay coil 107i is ener-
gized as above described, the energizing circuit
for the operating coil of a motor contactor 1382
is partially completed by the closure of relay con-
tacts 167c. This circuit is completed as soon as
the synchronocus motor (33 rotates cam (34 so
that the crest thereof closes the contacts 135.
The energizing circuit may then be traced from
line L—1{ through contacts {35, contacts {07c,
operating coil of contactor 122i, contacts 135a
of a limit switch {36, and thence to the other
supply line I—-2, Accordingly, the contactor 4327
closes and energizes a motor 127, shown as being
of the three-phase induction type, to rotate a
speed-controlling member of a variable speed
drive (88. As schematically illustrated, the
speed-controlling drive 148 includes threaded
member i(4{ which adjusts the driving element
between a pair of conical members {42 and 143,
the former being driven by any suitahle means,
such as motor (44, The conical element {43
drives the fuel-feeding device 43 at a speed de-
termined by the setting of the driving element
positioned by threaded member {41.

It will be observed that in Fig. 2 the coal from
hopper 42 is fed by unit 43 to a pulverizing mill
146 of pulverizing unit 46. After reduction of
particle size the coal is delivered by an exhauster
fan 147 and is forced through fuel supply lines
47 and 4%a to the burners tle and 1ib (Fig. 1).
It will be observed the motor i44 by drive shaft
{48 drives both the pulverizer 146 and the ex-
hauster fan {47.

Returning now to the operation of the system,
it will be recalled that upon energization of mo-
tor 131 the relative position between slidewire
91 and its contact 91¢a is changed, the mechanical
connection being shown by the broken line 1560,
The length of time the motor 31 is energized
is determined in the first instance by the ener-
gization of relay (0%i, and secondly by the move-
ment of cams {34 to close contacts 135.

The operation of the detector 107 and detectors
i88 and 18§ is the same as in the modification
described in Fig. 1. Each of the variable speed
drives 140 will have associated with it a tachom-
eter, only one of them being shown, the tachom-

eter 61 together with its associated permanent 5

maghet §la. The remaining tachometers will be
electrically connected in a totalizing circuit in
the same manner as shown in Fig, 1, and they
will funeciion as there described to apply a force
to the pivoted operating lever 36 of the fuel-feed
controller 86, a fractional part only of which
appears in Fig. 2.

When relay 187d is energized, a similar ener-
gizing circuit is completed by way of its contacts
187e for the operating coil of the other motor
contactor 132d for energization of the motor 137
in the reverse direction, namely, to decrease the
speed of the final control unit or coal feeder 43
to decrease the rate of fuel delivered to the steam
generator 16. The motor contactors 1827 and
{32d in reversing one phase only of the three-
phase alternating-current source of supply are
provided with a mechanical interlock 149 so that
after energization of the coil of one of the con-
tactors 132 or 122d the other may not be closed
upon energization of its coil.

While separate limit switches may be utilized,
the single limit switch (36 has been shown asso-
ciated with a single cam 152 driven through me-
chanical connection 150 so that upon movement
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of the driving element positioned by screw {41
to near its low-speed position, the lever 153 is
actuated by the cam to open limit switch contacts
{26d and (36e, while at the position of the maxi-
muin speed for unit 43, the levers 154 and 155
open contacts 136c and (365,

At times in the operation of a steam boiler
it may be desired to control the rate of firing
or fuel delivery thereto by manual control of
one or more fuel feeders independently of the
automatic control already described in detail.
Ag shown in Fig. 2, this is conveniently done by
operation of a transfer switch 168 as by raising
handle 161 to open contacts 152 and {53 and to
close contacts 164 and 185, The opening of con-
tacts 162 opens the energizing circuits controlled
by relays 18, 71, i08Ti and [01d. The opening
of contacts 168 opens the energizing circuit for
the operating coil of a relay 165 which closes its
contacts to short-circuit the detector 191. By
connecting points A and B together the potential
therebetween is equalized at the same time that
the input of detector 187 is short-circuited.

The closure of contacts 164 by operation of
transfer switch 160 partially completes an ener-
gizing circuit for the motor contactor {327 which
can be completed at will by operation of a push-
button switch 187, Similarly, the closure of con-
tacts {65 partially completes the energizing cir-
cuit for the motor contactor {32d which may be
completed at will by the push-~button switch 168.
Thus, either of motor contactors 132{ or 132d
can be energized manually for change of speed
of the control unit 43 in a desired direction.

It is to be observed that with relay 166 de-ener-
gized and the potential equalized as between
points A and B, the detectors 188 and 109 may
continue to function to control their respective
final control units 48 and 42 (Fig. 1) automati-
cally and in cooperation with the fuel-feed con-
troller 8¢ will position final confrol units 58 and
51 in manner already described. In this connec-
tion the tachometer 81 remains in the totalizing
circuit in series with the remaining tachometers

5 62—54 so that the force applied to the pivoted

lever 36 by coils 238—41{ is representative of the
total fuel feed to the steam generator 10. 'The
result is that the automatic control remaining
in operation functions to maintain the total rate
of fuel delivery at a constant value, notwith-
standing the change in fuel delivery effected by
Znanual control of the control unit or coal feeder
3.

While only one of the detectors 187 and asso-
ciated control circuits has been illustrated in de~
tail in Fig. 2, it is to be understood that each of
the remaining control units 48—B8 will be pro-
vided with identical control systems and that any
one of them may be changed from manuel to
automatic operation with the several tachometers
continuing to function in the totalizing circuit
as above described. The only difference between
the remaining control systems is the arrange-
ment of contacts on the relays corresponding
with the relay 166, When relay 179 is deener-
gized, the arrangement of contacts for relay 70
is such that contacts {78« short-circuit or reduce
to zero the potential drop across slidewire 92 in
the responsive circuit and contacts 1760 short-
circuit or reduce to zero the potential drop across
slidewire 87 and its associated resistor 88 in the
reference circuit. By operation of contacts [10a
and {100 the potential between the points A and
C is equalized, and the potential between points
B and D is equalized. Similarly, the contacts
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17{d and 171b of a relay IT1 equalize the poten-
tials between points C and E as well as between
points D and P\

There is one further variationn in the control
meéans associated with the drive of contact 24a
and with a relay {72 having contacts 172¢ for re-
ducing the potential between the points E and ¥
to zero. For reasons explained hereinbefore,
there is omitted from such control means the
counterpart of relays #1817 and 187d and their
associated functions, since a detector is not as-
sociated with the control for the fuel-feeding
unit 50. ‘

While the invention in both Figs. 1 and 2 has
been set forth in connection with the control of
four finhal control units, it is, of course, to be un-
derstood that the prineiples involved are applica-
ble t0 any désired number—two or more—of
final control units. Ih a system with a greater
number of units, the conirol cireuits and switch-
ing arransements for the intermediate detectors
will éorrespond with those provided for detectors
108 and 108, while the control circuits at the
outermost parts of the control system 80 will cot-
respond with relays 168 and 172. Likewise it is
t0 be noted that the supplementary or additional
control means provided by network 99 and detec-
tors 107—109 is capable of functicning inde-
pendently of or in the absence of the master
control means inecluding master coniroller {9,
fuel-feed controller 66 and tachometer genei-
ators 61—64 t6 maintain predetermined relations
between the control units. Such a system may
be employed where it is not essential o maintain

the total fuel supply at a predetermined value. '

Referring now to the arrangement of Pig. 3,
there is shown a schematic representation of an-
other ¢ircuit useful in the arrahgements of Figs.
1 and 2. There is particularly illustrated in Fig.
3 an alternative circuit for developing potential
differences in the responsive branch of the sup-
plementary control system.

The supplementary control circuit, identified
as 80q, includes a reference circuit of the same

type as that shown in Figs. 1 and 2, including .

slidewires 95, 87, 99 and 101 as well as the asso-
ciated resistances 96, 98, 190 and {02. However,
in the responsive branch of network 88a, poten-
tial differences are developed across impedance

members 209, 201, 202 and 283 which in the pres- ;

ent arrangement are secondary windings of
transformers 204-207. The potential differences
across windings 2080-203 are of course dependent
ypon the voltages applied to the primaries of
transformers 294-207. These primary windings
are respectively arranged to be energized from
variable output auto-transformers 208-21i. The
variable auto-transformers 208-211 are excited
from a source of alternating current potential
stich as lnes 212, 213. Associated with each of
the variable output auto-transformers 288-211
are movable contacts 208a-21la respectively
moved in accordance with the rotation of motors
18—8i. As shown in both Fig. 3 and Fig. 1, the
the rotation of motors 78—81 controls the posi-
tioning of conbacts 45¢ and 54a—56a on resistors
45, 54-56 respectively to control the speed of
thotors 44 and 51-53 and the final control units
43, 48-50.

In operation, the potentials developed across
impedance elements 200-203 function in manner
gimilar to the arrangements shown in Figs. 1 and
9, since elements 200-203 establish a potential
division in the responsive branch of network §0a,
in ‘the same manner that slidewires 91-84 per-
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form that function in Pigs. 1 and 2. However,
in the presenf arrangement impedance elements
200-203 are also potential developing means and
the total potential developed bhetween lines (05b
and {06b will be the sum of the individual po-
tentials across windings 280-203.

A particular advantage of the arrangement of
Fig. 3 is that the totalizing circuit including coils
38—41 of fuel-feed controller §6 is supplied di-
rectly from network 90a rather than from a sep-
arate circuit reguiring auxiliary potential gen-
erating devices such as tachometer generators
61{-64, as in Figs. 1 and 2. In the present em-
bodiment the totalizing circuit is energized by
means of a full-wave rectifier 214 connected
across lines {08b and 1066 through a variable re-
sistor 215 and a supplementary transformer 216.
The transformer 21{8, whose primary may be sup-
plied by any suitable source of alternating cur-
rent provides compensation for the variable re-
sistance characteristics of the rectifier elements
of full-wave rectifier 2i14. In wvractice, the po-
tential applied by the secondary winding of
transformer 216 may be from 4 to 6 volts as com-
pared to a total voltage between lines i85 and
1666 of irom 80 to 100 volis for maximum fuel
supply by final control units 42, 46-56. The out-
pue of rectifier 214 is connected in series with
coils 38-41 of fuel-feed controlier 66 by way of
lines 2iT and 218.

From the foregoing description of the arrange-
ment of Fig. 3, it will be apparent that upon
adjustment of the slidewires 95, 97, 99 or 104,
detectors 187183 respectively operate to drive
motors 78-80 in manner described in connection
with Figs. 1 and 2, which motors, as well as
motor 81, are arranged to drive movable con-
tacts 288a-21lla. Movement of contacts 209a-
21tg varies the potential applied from auto-
transformers to transformers 204-297 so as to
maintain the potential difference between points
A and B, C and D, as well as E and F at sub-
stantially zero in the same manner as described
in the operation of Figs. 1 and 2.

While the functions of the slidewires and re-
sistances in the reference circuit are substan-
tially identical with the arrangement of Figs.
1 and 2, desirably, the total resistance across
elements 95-102 in the present arrangement
is substantially higher than the circuit through
rectifier 214 and coils 88-41 of fuel-feed con-
troller 66. By making this total resistance high,
adjustment of any of the reference slidewires
85, 91, 99 or 01 will not have appreciable effect
upon current flow through coils 38-41.

In the arrangement of Fig. 4, there is shown
in schematic form a further modification of the
supplementary control circuit, identified in the
present embodiment as 98b. As particularly dis-
tinguished from the arrangements of Figs. 1-3,
that of Fig. 4 illustrates the present invention
as applied to a control network in which the
electrical quantity to be divided in the responsive
circuit and reference circuit is a total current
flow, as distinguished from a total potential
difference. The reference branch of control net-
work 88b, including slidewire resistors 258, 25i,
252 and 253 is so connected with the responsive
branch of the network, including slidewires 254—
267, that the total current through both branches
is the same. In the circuit shown in Fig. 4 both
the reference and responsive branches are con-
nected to a source of current through input lines
258 and 259 and the two branches interconnected
by conductor 260.
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As particularly distinguished from the fore-
going embodiment, it will be chserved that the
slidewires 250-253 in the reference branch are
connected in parallel, and in series with each
of the slidewires 250, 251 and 252 there are
respectively connected current detector windings
or coils 261, 262 and 263. Each of the slidewires
250-253 may have connected in series therewith
fixed resistances 264-267. Correspondingly, the
adjustable control elements 254-257 in the re-
sponsive branch of network 80b are connected
in parallel; and in series with elements 254, 258
and 256, there are connected current detector
windings or coils 268, 269 and 279. The windings
261 and 268 are mechanically arranged to form
a differential current detector means for opera-
tion of an armature 271 in accordance with the
sense of unbhalance of current flow in the re-
spective circuits to which responsive windings
261 and 263 are connected. Armature 2Ti is
arranged to connect drive motor 78 through
either its increase, “L,” winding or its decrease,
“D,” winding in manner similar to the opera-
tion of detector relay {07b in Fig. 1. In simi-
lar manner, the direction of drive of motors 79
and 80 may be controlled by the movement of
armature 272 positioned between windings 262
and 269 and the direction of drive of motor
80 may be controlled by movement of armature
273 positioned between windings 283 and 270.

In the operation of the arrangement of Fig. 4.
upon any relative change in current flow in cne
of the four branches of the reference circuit
as determined by the relative adjustments of

slidewires 250-253, associated current dstectors :

will operate armatures 271-273 to establish cor-
responding relative current fiows in the associ-
ated branches of the responsive circuit in man-
ner to make the division of current in each
branch of the responsive circuit similar to the
current division in each branch of the reference
circuit.

Though the terms used herein in general have
the same meaning as the definitions proposed by
the Terminology Commitiee of the Industrial In-
struments and Regulators division of the Ameri-
can Society of Mechanical Engineers (see “Me-
chanical Engineering” for I'ebruary 1946), they
are susceptible of somewhat broader interpreta-
tions. For example, the controlled variable is
in general a quantity or condition which is
measured and controlled while the manipulated
variable is the quantity or condition which is
varied by an automatic contreller or by the final
control element or unit. However, the two vari-
ables in some instances may be the same and
hence the use of one term is not used to the ex-
clusion of the other. Similarly, the reference to
an electrical quantity is to be taken as generic
to voltage or current or to another selected elec-
trical condition.

While modifications and changes will become
apparent to those skilled in the art from the fore-
going description, all such modifications and
changes as fall within the scope of the appended
claims are intended to be embraced thereby.

What is claimed is:

1. A control system comprising adjustable final
control units, control elements connected to-

. Lrd
gether in a responsive circuit and respectively

corresponding with said control units, means
operable in accordance with adjustments of said
units for adjusting said control elements to es-
tablish in said responsive circuit electrical quan-
tities whose magnitudes are fractions of a total
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electrical quantity and respectively of fractional
size dependent upon the extent of relative ad-
justments of said units, a reference circuit having
elements for establishing electrical quantities
whose magnitudes are desired fractions of a total
electrical quantity as determined by the relative
values of said reference circuit elements one
to the other, and means including electrical
quantity difference detectors respectively con-
nected between different portions of said circuits
for changing the adjustments of said units until
the fractional electrical quantities of said re-
sponsive circuit and of said reference circuit
bear the same relationships one to the other.

2. A control system comprising adjustable
final control units, control elements connected
together in a responsive circuit and respectively
corresponding with said control units, means op-
erable in accordance with adjustments of said
units for adjusting said control elements to es-
tablish in said responsive circuit potential dif-
ferences whose magnitudes are fractions of the
total potential across said responsive circuit and
respectively of fractional size dependent upon

5 the extent of relative adjustment of said units,

a reference circuit having elements for develop-
ing potential differences whose magnitudes are
desired fractions of the total potential across
said reference eircuit as determined by the rela-
tive values of said reference circuit elements one
to the other, and means including detectors re-
spectively connected between different portions
of said circuits for changing the adjustment of
said units until the fractional potential differ-
ences of said responsive circuit and of said refer-
ence circuit bear the same relationships one to
the other.

3. A control system comprising adjustable
final control units, control elements at least one
for each control unit connected together in a
responsive circuit, means operable in accordance
with the adjustments of said units for adjusting
said control elements to establish in said re-
sponsive circuit electrical currents whose mag-

45 nitudes are fractions of the total current in said
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responsive circuit and respectively of fractional
size dependent upon the extent of relative ad-
justments of said units, a reference circuit hav-
ing elements for establishing electrical currents
whose magnitudes are desired fractions of the
total current in said reference circuit as deter-
mined by the relative values of said reference
circuit elements one to the other, and means in-
cluding detectors respectively connected between
different portions of said circuits for changing
the adjustments of said units until the fractional
currents of said responsive circuit and of said
reference circuit bear the same relationships one
to the other.

4. A control systexa comprising adjustable
final control units, control elements connected
together in a responsive circuit and respectively
corresponding with said control units, means op-
erable in accordance with adjustments of said
units for adjusting said control elements to es-
tablish in said responsive circuit electrical quan-
tities whose magnitudes are fractions of a total
electrical quantity and respectively of fractional
size dependent upon the extent of relative ad-
justments of said units, a reference circuit hav-
ing adjustable elements for establishing electri-
cal quantities whose magnitudes are desired
fractions of a total electrical quantity as deter-
mined by the relative adjustments of said refer-~
ence circuit elements one to the otheér, and
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mieans inciuding eclectrical quantity difference
detectors respectively connected between differ-
ent portions of said circuits for changing the
adjustments of said units until the fractional
electrical quantities -of said responsive circuit
and of said reference cireuit bear the same re-
lationships ons to the other.

8. A control sysiem comprising adjustable
final control uniss, control elements connected
together in a responsive circuit and respectively
corresponding with said control units, means op-

rabie in accordance with adjustments of said
units for adjusting said control eleinents to es-
tablish in said responsive circuit electrical quan-
tities whose magnitudes are fractions of a total
electrical quantity and respectively of fractional
size dependent upon the extent of relative ad-
justments of said units, a reference circuit hav-
ing adjustable elements for establishing electri-
cal quentities whose magnitudes are desired
fractions of said total electrical quantity as de-
termined by their relative adjustments, one to
the other, and means incltuding electrical quan-
tity difference defectors respectively connected
between different portions of said circuits for
changing the adjustments of all but one of said
unifs until the fractional electrical quantities of
said responsive circuit and of said reference cir-
culb bear the same relationships one to the other.

5. A confrol system for maintaining a con-
trolled variable at a set point comprising a plu-
rality of adjustable final control units, each es-
faklishing o fractional part of a manipulated
variable, control elements connected together in
2 responsive circuit and respectively associated
with said control units, means operable in ac-
cordance with adjustments of said units for ad-
justing said control elements to establish in said
responsive eircuit electrical quantities whose
magnitudes are fractions of a total electrical
quantity and respectively of fractional size de-
pending upen the extent of relative adjustments
of said units and the total manipulated variable
controlled by said units, a reference circuit hav-
ing adjustable elements for establishing electri-
cal quantities which represent fractions of a
total electrical quantity as determined by their
relative adiustments, one to the other, for pre-
determining the division between said units of
said manipulated variable, and means including
electrical quantity difference detectors for
changing the adjustments of said units until the
fractional electrical quantities of said responsive
circuit and of said reference circuit hear the
same relaticnshio one to the other thersby es-
tablishing the fractional parts of said manipu-
lated variable controlled by each of said units.

7. A control system for maintaining a con-
trelled variable at a set point comprising a plu-
rality of adjustable final control units, each es-
tablishing a fractional part of a manipulated
variable, control elements connected together in
a responsive eircuit and respectively associated
with said contrel units, means operable in ac-
cordance with adjustiments of said units for ad-
justing said control elements te establish in said
responsive circuit electrical quantities whose
magnitudes are fractions of a total electrical
guantity and respectively of fractional size de-
pending upon the extent of relative adjustinenis
of said units and the total manipulated variable
controlled by said units, a reference circuit hav-
ing adjustable elements for establishing electri~
cal quantities which represent fractions of a total
clectrical quantity as determined by their rela-
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tive adjustments, one to the other, for predeter-
mining -the -division between said units of said
total manipulated variable, means including
electrical quantity difference detectors for
changing the adjustments of said units until the
fractional electrical quantities of said respon-
sive circuit and of said reference circuit bear the
same relationship one to the other thereby pro-
ducing said division of said total manipulated
variable between said units, and means for si-
muitaneously adjusting all of said units in re-
sponse to-deviation of said manipilated variable
from a predetermined value.

8. A control system for maintaining a con-
trolled variable at a set point comprising a plural-
ity of ‘adjustable final control units, each estab-
lishing a fraeticnal part of a manipulated varia-
ble, control elements connected together in a re-
sponsive circuit and respectively associated with
said control units, means operable in accordance
with adjustments of said units for adjusting said
control elements to establish in said responsive
circuit €lectrical quantities whose magnitudes are
fractions of a total electrical quantity and respec-
tively of fractional size depending upon the ex-
tent of relative adjustments of said units and
the total manipulated variable controlled by said
units, a reference circuit having adjustable ele-
ments for establishing eleetrical quantities which
represent fractions of said total electrical quantity
38 determined by their relative adjustments, one
to the other, for predetermining the division be-
tween said units of said manipulated variable,
means including detectors for changing the ad-
justments of all but one of said units until the
fractional electrical quantities of said responsive
circuit and of said reference cireuit hear the same
relationship one to the other thereby producing
said division of said manipulated variable between
said units, and means for simultanecusly adjust-
ing all of said units in response to deviation of
said manipulated variable from a predeterminsd
value.

9. A ‘control system for maintaining a con-
trolled variable at g set point comprising a plural-
ity of ‘adjustable final control units, each estab-
lishing a fractional value of 2 total manipilated
variable, a.control element for each of said units
capable of developing a potential difference, a
responsive cireuit in which said control elements
are connected, master control means responsive
to the magnitude of the controlled variable for
simultaneously ‘adjusting said final control units
for maintaining ‘that total magnitude of said
manipulated variable as required to maintain said
controlled variable at said set point with simul-
tanecus related adjustment of said conirol sle-
ments, each of said control elements developing
in said responsive circuit s potential difference
whose magnitude is a fraction of the total poten-
tial across said responsive eireuit and of fractionsal
size dependent upon adjustment of its associated
unit relative to.adjustments of other of said uuits,
means.- including a reference circuit having ad-
justable elements for developing potential differ-
ences of magnitudes which are fractions of the
total potential across said reference cireuit as
determined by differences one o the other in their
relative setiings, and additional means to read-
just said control units to divide said total mag-
nitude of the manipulated variable between the
several control units, said additional means in-
cluding detectors for changing the adjustment of
all-but one of 'said units in response to differences
between the fractional potential differences in
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said responsive circuit and the corresponding
fractional potential differences in said reference
cireuit.

10, A contrel system for maintaining a con-
trolled variakle atb a set point comprising a plural-
ity of adjustable final contrel units, each estab-
lishing a fractional value of a total manipulated
variabie, a control element for each of said units
capable of developing a potential difference, a
responsive cireuit in which said control elements
are connected, master control means responsive
to the magnitude of the contrclled variable for
simultensously adjusting said final control units
for maintaining that total magnitude of said
manipulated variable as required te maintain said
controlled variable at said set point with simul-
taneous related adjustment of said control ele-~
menis, each of said control elements developing
in said responsive civeuit a potential difference
whose maenitude is a fraction of the total poten-
tial across said respongive cireuit and of frac-
tional size dependent upon adjustment of its as-
sociated unit relative to adjustments of other of

sald units and which fracticns are independent of
the total poiential difference across said respon-
sive circuit, msans including a reference circuit
having adjustaiie elements for developing poten-
tial differences of magnitudes which are fractions
of the total potential across said reference circuit

as determined by differences one 6 the other in
their relative setfings and which fractions are
independent of said total potential across said
re nee circuit, and additional means to read-
just said control units to divide said total mag-
nitude of the manipulated variable hetween the
several control units, said additional means in-
cluging detectors for changing the adjustment
of all but one of said unifs in response to difier-
ences between the fracticnal potential differences
in said responsive circuii and the corresponding
fractional potential differences in said reference
circuii;.

. A control system for dividing a manipulated
var able among g plurality of final control units
comprising g plurality of series connected control
elernent s ana a plumbty of series connected ad-
] ce elements, connected in paral-

oi potential, detector means con-
Alemen between the junction of two of said control
elements and two of said adjustable impedance
elements, means operable in response to potential
differences between said junctions for adjusting
oqe: 0: sa*u cr_‘-n“grcl units, and means for reduc-

48,
O'e

oY syotem for dxv@mg a mampulated
3 ; *1011g o plurality of final control units
comprising a responsive circuit including a plural-
ity of connected control elements and a
vefersnce cireult including a plurality of series
connected adiustakle impedance elements, said
cireuits being connected in parallel to a socurce
1, detector means conunected between
uiﬂn of two of said control elements and
diustable impedance elements, means
response to potential differences he-
wvions for adjusting one of said
and means for reducing substan-
said potential differences in response
of said control units.

A eontrgl system for dividing a manipu-
]fn,ew variable among a plurality of final control
units comuprising a plurality of series connected
contbrol elements and a pluralify of series con-
nected adjsutable impedance elements connected
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in parallel to a source of potential, one of said
control elements and one of said adjustable im-
pedance elements correspending to each of said
plurality of control units, a debector means con-
necied between the junctions of two of said con-
trol elements and the corresponding two of said
agdjustable impedance clements, means operable
by said detector means in response to potential
differences between said junctions for sdjusiing
one of said control units corresponding ito said
elements adjacent one of said junctions to which
said detector means is connected, and means op~
erable in response to adjustment of said control
units for reducing said potential differences be-
tween said junctions substantially to zerc.

14, In a control system, the combination of a
plurality of control units, each adjustable to di-
vide a common output, master control means in-
cluding a totalizing circuit for simultaneously ad-
justing each of said units fo maintain said com-
mon outpul, control elements associated with each
of said control units, said elements being con-
nected in series in a responsive circuit to de-
velop potential differences of magnitude related
to the fraction of said common output on a
corresponding control unit, a reference circuit,
adiustable elements connected in series in said
reference circuit corresponding to each of said
units for developing potential differences in said
veference ecircult corresponding to desired frac-
tions of said common outpui, the sum of the
potential differences across the adjustable ele-
ments in said erence cireuit being equal to the
sum of the potential differences across said re-
spcnme cireuid, and means ineluding o detector
responsive to noteaual differences between ad-
iacent adjustable elements and adjacent control
elew en"os for adjusting a corresponding countrol
unit and its asscoiated control elements to main-
tain at suLsuan iaily zero sald potential differ-
ences hetween smd adjacent elements.

15, A control system in accordance with claim
i4 which muluuwg transfer means for manual con-
trol of at least one of said control units, said
means operating simultancously to disconinect the
corresponding detector from said conirol system.

16. A system in accordance with claim 14 in
which said control elements are potential-gen-
erating means and said totalizing cireuit is con-
necied in parallel with said series connected con-
trol elements.

17. A control system in accordance with claim
14 in which said potential-generating means are
o plurality of series connected transiormer
windings upon which there is impressed an alter-
nating current potential corresponding in magni-
tude with the fraction of the common output on
each of the corresponding conivol units.

18. In a control system comprising a plurality
of control units each movable between predeter-
mined Yimits, means for applying a total potential
to a circuit comprising a series connected im-
pedance element for eacix of said control units
adjustablz in accordance with the position of
that unit between said limits, means for apply-
ing said total potential to a veference circuit com-
prising series connected impedance means for
each of said units adjusiable in accordance with
desired relative positions of said units, and means
ineluding detectors responsive to the potential
difference between each point intermediate he-
tween two impedances in. said first circuit and
a corresponding point intermediate between two
impedances in said reference circuit for read-
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justing the positions of all except one of said
units,

19. A control system for a group of final con-
trol units comprising control elements corre-
sponding to said units each connected as a
parallel branch of a responsive circuit to divide
a total current in relation to the adjustments of
said units, a reference circuit having correspond-
ing parallel branches for dividing in a prede-
termined manner a current of the same magni-
tude as divided by said responsive circuit, de-
tector means responsive to differences between
the currents in said branches of said responsive
circuit as compared with the currents in asso-
ciated branches of said reference circuit to ad-
just said confrel units to the desired predeter-
mined relationship as predetermined by the cyr-
rent division in said reference branch.

20. A control system for a group of final con-
trol units comprising means for establishing a
signal related to the deviation of a controlled
variable from a predetermined set point, balance-
able means operable jointly in response to said
signal and the adjustment of said final control
units for adjusting said final control units to
change the manipulated variable, supplementary

[
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control means comprising control elements cor-
responding to said final control units and ad-
justed relative to the adjustments of said con-
trol units, each of said control elements being
connected as a circuit branch of a responsive
circuit to divide the total electrical current flow-
ing in said branches in relation to the adjust-
ments of said units, a reference circuit having
corresponding parallel branches for dividing in
a predetermined manner a total current equal in
magnitude to the total current in said respon-
sive circuit, means operable to readjust said final
control units in response to current differences
until the division of current in said branches of
said responsive circuit is the same as the division
of current in said branches of said reference cir-
cuit.
EDWARD S. BRISTOL.

References Cited in the file of this patent
UNITED STATES PATENTS

Number Name Date
1,745,094 Wild et al. ____.____ Jan. 28, 1930
2,238,431 Haines _____________ Apr. 15, 1941
2,498,101 Wannamaker __.___ Feb. 21, 1950



