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The present invention relates to an improved control
system for automatically regulating the operation of
a multiple boiler steam generating plant to meet a
varying demand for steam.

Steam generating plants of the type herein shown
may be used advantageously and economically in situa-
tions in which the demand for steam fluctuates to a con-
siderable extent from time to time. For example, the
heating of railway passenger cars which are temporarily
out of service and stationed in railway terminal yards.
When such terminal yard is filled with trains of pas-
senger cars the demand for steam may be very high
and require the full output capacity of several steam
generators. "At other times, with only one or two
trains of cars on hand, the demand may be considerably
reduced and require the output of but a single generator.
Likewise in large laundry establishments when the plant
is in full capacity operation, the services of several
steam generators may be required while at other times,
during night operation for instance, a single generator
or two at the most may be adequate to care for the
demand for steam.

These are but two suggested situations in which
multiple steam generating units may be used and to
which the present control mechanism may be advan-
tageously applied. However other uses for such a sys-
tem will readily suggest themselves. Regardless of the

particular use to which the multiple boiler system may

be put, the control system of this invention is designed
to automaticaliy regulate the operation of the system to
satisfy varying demands for steam at any time without
needlessly exceeding the demand and without requiring
a large maintenance personnel to manually regulate the
operation of the generators.

According to the invention a coatrol system is pro-
vided whereby when the demand for steam, as reflected
by the steam pressure maintained in a header or mani-
fold connected to a series of generators, is sufficiently
low that a single generator is capable of satisfying the
demand; one generator of the series is set into operation
to satisfy that demand. If the first generator fails to
supply the necessary volume of steam within a prede-
termined time period its output is augmented by the
automatic setting into operation of a second generator
calculated to deliver the necessary additional steam to
provide the desired pressure in the common header.
Similarly, if the first two generators do not supply the
amount of steam required to maintain the desired steam
pressure, a third generator will be set into operation and
thereafter, if the demand is not satisfied, additional gen-
erators will be brought into operation in succession
until such time as all of the available generators are
operating. However, if after a particular generator
has been set into operation the desired steam pressure
is attained in the said header, no further geneérators will
be set into operation. The generators which have been
put into operation will be maintained in operation until
such time as the demand for steam warrants-disabling of
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one ‘or more of them. In such an instance the present
control system is designed to automatically cut out of
operation one or more generators until the steam pressure
in the header is reduced a point. In order to accomplish
this result, the system operates to disable the generators
in the reverse order from which they were initially
brought into operation.

In bringing the various generators into operation or
in cutting them out of operation, the fire and water are
controlled automatically to protect the generator struc-
ture. For example, prior to cutting a particular gen-
erator into operation certain routine procedure wherein
the fuel and atomizing air apparatus are first set into
operation, followed by operation of the water pump and
blower apparatus is invariably followed. Similarly in
shutting down a generator from a full fire condition to
a stand-by condition the fuel and air apparatus is first
disabled and the water pump is allowed to run for a
short period of time so as to cool the generator and
insure the fact that the coils are filled with water and
that the generator is left in a stand-by condition prior
to a subsequent operation.

The control apparatus as briefly outlined above will
so function that the operation of a generator may be
interrupted after the generator has been selected for
operation and before it has reached its full operation, if
the demand for steam is such as to indicate that the
service of the gemerator is not required. In this con-
nection, the portion of the control apparatus which
affects the operation of the selected or partially operated
generator will complete a cycle which may not necessarily
bring the generator to full operation but which néverthe-
less will leave the generator in readiness for a subsequent
operation if a later demand for steam requires. its
operation, .

Other objects and advantages of the invention, not
at this time enumerated, will be expressed as a further
statement of invention after a description of one par-
ticular steam generating plant to which the invention is
applicable has been made and after its intended opera-
tion has been set forth.. In this manner a better under-
standing of the principles ‘of the invention may be had
and repetitious description of function will be avoided.

In the accompanying drawings, one illustrative em-
bodiment of the invention has been shown, wherein:

Fig. 1 is a schematic view of a multiple boiler steam
generating system or plant provided with the impreved
control system of the present invention;

Fig. 2 is a view partly in section and partly in elevation
illustrating a steam generator unit and showing the
several electrical control elements associated therewith;

Fig. 3 is a circuit diagram showing the said electrical
control elements -connected in their associated control
circuits; :

Fig. 4 is a schematic view of an electrically operated
timing control mechanism employed to initiate and con-
trol the operation of the control apparatus of the in-
dividual steam generators of the system;

Fig. 5 is a timing chart illustrating the operation of
the timing control mechanism of Fig. 4.

Multiple unit steam generating systemn

Referring to the drawings and in particular to Fig. 1,
a multiple-unit steam generating system is designated gen-
erally by the reference numeral 10 and includes a plural-
ity of substantially identical steam generators. For con-
venience of illusiration, a bank of seven such units are
shown schematically and the individual generators are
designated 18a to 10g inclusive. It will be understood,
however, that a greater or lesser number of such units
may be employed according to the desired maximum ca-
pacity of the system. The steam generators are prefer-
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ably, though not necessarily, of the water-tube type. For
convenience, the steam generat01 194 is shown in Fig. 2.
Water is drawn from a source of supply 11 by means of
the individual feed pump 12 associated with each of the
steam gener'xtors The flow path of the water includes a
manifold supply line 13 and a series of branch pipes 14
in thch the feed pumps 12 are mterposed to deliver the
water to a coil 15 (see Fig. 2) of its associated generator
10a-16g as operating conditions may require. Hot water
and steam discharged from any one of the steam gener-
ators is received by an associated steam scparator 16.
The steam passes from the top of the separator through
a pipe 17 and check valve 18 into a steam header 19.
The water separated from the steam is discharged from
the separator 16 through a branch conduit 20 into a
water return manifold 21 leadmg back to the source 11.

'Fuel, which preferably is oil, is supplied from a fuel
tank 22 to a spray head or nozzle 23 of each steam gen-
erator through a fuel supply ‘manifold 24 and branch
condult 25 in which there is mterposed a fuel pump 26
and a solenoid opened fuel valve 27, which is eaerglzed
open. Compressed air for atomizing the liquid fuel is
delivered to the spray head 23 through a branch conduit
28 ‘leading from an air supply manifold 29. Each air
branch conduit is provided with a solenoid opened
valve 30.

The water pump 12 is operated by a motor 31 and the
combustion air is supplied to the fire chamber by means
of a blower 32. The fuel pump 26 is preferably oper-
atively connected with the operating shaft of the blower
32 and the blower is operatively connected, for example
by means of a belt 33 with the motor 31, whereby the
fuel pump, blower and water feed pump are all operated
by the motor 31. Consequently, when it is desired to
shut off the delivery of fuel while the blower 32 and the
pump 12 continue their operatlon, a fuel by-pass valve
34 opened either electrically or by pressure permits the
fuel in branch pipe 25 to return to the fuel tank 22
through branch pipe 35 and manifold return pipe 36.

The steam header 19 may be employed for supplying
steam to all manner of steam powered equipment such
as heat exchangers, turbines, steam engines, nozzles,
steam expansion or steam escapement devices and the
like. Such devices have not been illustrated herein but
it will be understood that each device is operatively con-
nected to the header 19 by a suitable steam take-off or
leader line such as the lines indicated at 37.

Individual generator control

The control of the multiple steam generators 10a~10g
involves the exercise of control, by means of master and
individual timers (Fig. 4) of the individual control sys-
tems of the several generators. It is deemed desirable,
therefore, to describe the operation of the individual con-
trol system for one of the generators before describing
the manner in which the individual generators are cut in
and out of the multiple control system.

Referring now to Figs. 2 and 3: Certain of the control
clements are illustrated in Fig. 2, and these elements, to-
gether with other elements not shown in Fig. 2, are con-
nected in the circuit diagram shown in Fig. 3. The com-
ponent parts of the control mechanism of Fig. 3 includes
a manual cut-out switch X interposed in positive line P,
a main switch A capable of being set for either manual
control or for automatic control under the influence of
the timing mechanism of Fig. 4. The main switch A may
be a rotary type switch having contacts 1 to 6 inclusive
adapted to be opened and closed in predetermined se-
quence, but the particular construction of the switch is
not important for an understanding of the present inven-
tion. Therefore, it can be regarded as six manually op-
erated contacts 1 to 6 inclusive.

The system further includes four relay operating
switches including a master relay B having movable con-
tacts 1, 2 and 3; a motor control relay C having contacts
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1 to 4 inclusive; a single contact alarm relay D; a single
contact interlock rclay E; a single contact out-fire relay
F; a temperature contrel switch G having contacts 1 and
2; a relay control switch H which operates under the
control of a photo-electric cell (I) disposed in the fire
chamber of the generator and having a manual cut-out
switch J; and a water pressure switch K having contacts
1 and 2 controlied by the water pressure, the contacts
being operable under the control of a pressure actuated
element L whereby contact 1 is opened during the pres-
ence of water pressure and contact 2 is closed during the
presence of water pressure in the generator.

Additional operating devices associated with the system
are relay actuating magnets B’, C’, D', B’ and F’ for the
relays B, C, D, E and F, respectively.

The various operating elements illustrated in Fig. 3
are shown in the positions which they assume when the
manual switch X is closed, but the main switch A is in
its off position. In this position the contact 2 of said
main switch is closed. The closing of the manual switch
X establishes circuit No. I for energizing motor gener-
ator M which in turn energizes a transformer Q for stp-
plying electrical current to a spark plug 38 (Fig. 2).
Also, a visual signal, for example an electric light “O” is
interposed in a circuit No. 2 connected across the positive
and negative lines of the system.

When the main switch A is in its off position its No. 2
contact is closed, thereby establishing circuit No. 3 for
energizing the master relay B. This circuit leads from
the positive line P through said No. 2 contact of the main
switch A, leads 29, 49, relay magnet B’ and lead 41 to
the negative line N. The energization of relay B closes
its No. 1 and 2 contacts and opens the No. 3 contact. A
circuit No. 4 leads from positive line P through lead 42
through a normally closed coatact 1 of relay E, leads 43
and 44 through the magnet F’ of cutfire relay F and
thence through lead 43 to the negative line N. A second
circuit designated No. 3 is also effective for energizing the
out-fire relay. This circuit leads from positive line P
through lead 46, normally closed contact 2 of relay C,
leads 47 and 44 through the magnet F’ and lead 45 to
the negative line N.

Assuming that there is no water pressure in the genera-
tor, the contact No. 1 of water pressure switch X is closed
and thereby establishes a circuit No. 6 through the mag-
net F’ of said out-fire relay F. This circuit leads from
positive line through lead 48, contact No. 1 of water pres-
sure switch K, leads 49 and 44, magnet F’ and lead 45 to
the negative line N. The energization of the out-fire relay
F by any one of the said circuits 4, 5 or 6, establishes a
holding circuit for maintaining the master relay B ener-
gized. This holding circuit is designated circuit No. 7
and leads from the positive line P through a normally
closed low temperature No. I contact of temperature
switch G, lead 50, energized closed No. 2 contact of
master relay B, lead 51 through energized closed contact
of out-fire relay F, leads 52 and 53 and leads 54 and 40,
magnet B’ of relay B and thence through lead 41 to the
negative line N. This holding circuit (circuit No. 7) will be
effective to maintain the master relay B energized so long
as the out-fire relay F is energized closed. The said out-fire
relay F is constructed to delay its opening for five seconds
after all energizing circuits therefor have been opened.
This feature is not important for the present, but is im-
portant as a safety measure to interrupt the operation of
the system in the event of failure of fuel to 1gn1tc for a
period of five seconds.

The heating coil 15 of the generator is filled with water
before fuel i is 1gmt°d in the fire chamber of the generator.
The operation for filling the coil is accomplished by posi-
tioning main switch A to open its No. 2 contact and close
its No. 5 contact. This operation of the main switch
can be effected without disturbing the closed position of
the master 1e1ay B, since its holding circuits through the
out-fire relay (circuits Nos. 4, 5 and 6) remain eﬂecllve
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The closing of said No. 5 contact of the main switch A
establishes an encrgizing circuit for the relay C and there-
by effects energization of the motor 31 for operating the
fuel pump 12. The circuit for energizing relay C is desig-
nated circuit No. 8 and extends from the positive line P
through the closed contact 5 of the main switch A, lead
55, energized closed contact 1 of relay B, lead 56, mag-
net C’, of relay C and thence through lead 57 to the
negative line N. The energization of relay C opens its
contact No. 2 and, therefore, breaks circuit No. 5, but
closes its contact Nos. 3 and 4 to establish an operating
circuit designated circuit No. 9 through the motor. - This
circuit extends from positive line P through lead 58, ener-
gized closed contact 3 of relay C, lead 59 through the
motor 31 and thence through negative lead 60, energized
closed contact 4 of relay C and lead 61 to the negative
line N.

The said motor 31, in addition to operating the said
pump 12, also operates the fuel pump 26 and the blower
fan 32, but the fuel valve 27 is de-energized during the
coil filling operation, and, consequently, the fuel from
pump 26 is by-passed through the by-pass valve 34 and
conduit 35 o the fuel tank, the by-pass valve 34 being
opened in this instance by pressure of the fuel created
by the operation of pump 26 while the fuel valve 27 is
closed. If it is desired to continue the operation of the
generator uinder manual control, the contact No. 3 of the
main switch remains closed and the contact No. 4 is
closed and the operation just described is continued until
the water pressure in the generator coils 15 is sufficient
to close No. 2 contact of pressure switch K and opens
No. 1 contact thereof. The closing of the said No. 2
contact of pressure switch K establishes circuit No. 10
for energizing open the fuel valve 27 and the air valve 30
to deliver atomized fuel into the fire chamber of the gen-
erator where it is ignited by the sparking plug 38 of the
ignition circnit. The said circuit Nig, 18 leads from posi-
tive line P through the closed contact 4 of the main switch
A, lead 62, energized closed contact No. 1 of relay C, lead
63, closed contact No. 2 of pressurs switch K and lead
64 through the magnet winding 65 of fuel valve 27 and
lead 6% to the negative line N. The air valve 30 is con-
nected in parallel with the fuel valve 27 by means of a
branch lead 67 connected in lead 64 and extending through
magnet winding 68 and lead 69 to the negative line N.
The closing of contact No. 4 of the main switch A estab-
lishes a second circuit designated 16a for energizing the
interlock relay E and thereby de-energizing circuit No. 4
through the magnet T’ of relay F. The circuit 18a leads

from a junction in lead 62 through leads 79, 71, magnet

E’ of relay E and lead 72 to the negative iine N. It
will be noted in this connection that circuit No. § for
energizing the magnet F* of outfire relay F is also de-
energized by the opening of the low pressure contact No.
1 of pressure switch K. Consequently, all energizing. cir-
cuits through the magnet ¥ of out-fire relay F are now
de-energized. However, the relay F’ is constructed to
remain closed for a period of five seconds after its energiz-
ing circuits have been open. If the fuel fails to ignite in
the fire chamber within the period of five seconds the
relay F is de-energized to open its contact and thereby
opens the holding circuit No. 7 through the magnet B’
of the master relay B and thereby de-energizes the con-
trol system. However, the ignition of the fuel in the fire
chamber within said period of five seconds results in acti-
vating the photo-electric cell (I) so as to close relay con-
tact H and thereby establish a holding circuit through
the magnet B’ of master relay B, which holding circuit
maintains the master-relay energized as long asignition of
the fuel continues in the generator. This circuit is desig-
nated circuit No. 7a and extends from a connection in
lead 51 through lead 73, closed contact 74 of relay H, lead
75, closed manual cut-out switch J, leads 76, 54 and 40
through the relay magnet B’ and thence through lead 41
to the negative line N.
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‘The manual operation may be interrupted by opening
the No. 4 and No. 5 contacts of the main switch and
closing switch No. 2 whereupon the delivery of fuel and
feed water to the generator is discontinued and the control

- elements of the system are returned to the positions illus-

trated in Fig. 3 so as to correspond to the “off” position
of the main switch A.

Steam generator automatic control

Adter the generator has been filled with water and is
otherwise conditioned for operation, the main switch A
is set for automatic operation. In this position of the
switch A its contacts Nos. 1 and 6 are closed and its con-
tacts 2, 3, 4 and 5 are open. The control elements B, C,
D, E, F, will assume the positions shown in Fig. 3 by
virtue of the existence of circuit No. 7. The valves 27
and 38 will be closed and the low temperature contact No.
1 of temperature switch G will be closed. Closure of the
Nos. 1 and 6 contacts of said main switch A are ineffective
at this time inasmuch as they are in series, respectively,
with timer cam contacts 77 and 78, which are open. How-
ever, the generator otherwise stands in readiness for opera-
tion when called for by closure of the cam operated
timer contacts 77 and 78.

At this point it should be noted that the entire control
apparatus attains a static condition with ceitain circuits
under energization and certain other circuits potentially
available for energization, all awaiting closure of the timer
controlled contacts 77 and 78 to place the generator in im-
mediate operation. The opening and closing. operations
of the contacts 77 and 78 under the control of the timer
mechanism of Fig. 3 will be described subsequently but
for the present the function of these contacts 77 and 78
in the system will be set forth.

Closure of the timer contact 77 establishes a circuit
through magnet E’ and thereby energizes relay E to open
circuit No. 4 through the out-fire relay magnet F’. -The
closing of timer contact 78 re-establishes parts of circuits
No. 8 so as to energize relay C and thereby open circuit
No. 5 through out-fire relay magnet F’ and closes the
circuit No. 9 through the motor 31 to initiate operation
of the pump 12. Operation of the pump 12 produces
sufficient pressure in the water coil 15 to open closed con-
tact No. 1 of pressure switch K and thereby open the
remaining energizing circuit (circuit No. 6) through mag-
net F’ of out-fire relay F. - However, as before indicated,
the out-fire relay remains closed for five seconds after its
energizing circuits are opened. The water pressure in the
generator coil 15 also closes the contact No. 2 of pressure
switch K and thereby completes parts of circuits Nos.
1¢ and 10a to energize open the fuel valve 27 and the
air valve 30. The parts of circuits 10, 104 thus
established lead from the positive line P through
closed contact No. 1 of main switch A, closed timer con-
tact 77, leads 71, 79, 62, closed contact No. 1 of relay C,
lead 63, closed contact 2 of pressure switch K, magnet
coil 65 of fuel valve 27 and lead 66 to negative line N.
The air valve 30 is simultaneously energized open by a
branch lead 67 extending through magnet coil 68 of valve
30 and thence through lead 69 to the negative line.

Ignition of the fuel delivered into the fire chamber
will normally take place within the period of five seconds
that the out-fire relay remains closed. Such ignition acti-
vates the photo-electric cell I and thereby closes the con-
tact 74 of relay H and thereby establishes a holding cir-
cuit 7—7a and part of circuit No. 3 to maintain the master
relay B energized, so long as the ignition continues in the
fire chamber.

If for any reason the temperature at the discharge end
17 of the generator exceeds a predetermined maximum,
a thermal element 79 of the temperature switch G func-
tions to close its No. 2 contact. The closing of No. 2
temperature contact energizes the solenoid of the fuel by-
pass valve 34 and thereby cuts off two-thirds of the normal
volume of fuel delivered to the fire chamber. This re-
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duction in the delivery -of fuel is accomplished without
affecting the délivery of water. The circuit for energiz-
ing open the fuel by-pass valve 34 extends from positive
line ‘P thiough closed contact No. 2 of temperature switch

‘G and lead ‘83 through the solenoid of by-pass valve 34 °

and thence to negative line N.

If the reduction of the fuel delivery is-sufficient to cor-
rect the high temperature conditions of the steam and
thereby prevent the development of superheated steam,
the contact No. 2 will again open and the full operation
of the generator will be resumed. However, if the steam
temperature at the outlet 17 increases above such maxi-
mum, contact No. 1 of temperature switch G will open
and thereby open the holding circuit 7 and 7a through the
'solenoid B’ of relay B. The opening of the said holding
circuit and consequent de-energization of relays B and C
opens the operating circuits Nos. 9 and 104 so as to shut
‘down the boiler operation. The de-energization of relay
B also closes its contact No. 3 and thereby energizes the
signal R to notify the attendant that the boiler requires
inspection. Afier the boiler is completely shut down, it
cannot be again activated until certain manual adjustments
are made ds follows:

(1). The temperature switch G must be manually reset
-to-close its contact No. 1 and open its contact No. 2.

(2). The main switch A must be turned to its off posi-
tion so as to close its confact No. 2 and thereby establish
“an energizing circuit through solenoid B’ to close contacts
No. 1 and No. 2 of relay B.

(3). If the water coil 15 is filled with water the No. 2
contact of water pressure switch K will be closed and if
the timer switch 78 still remains closed the boiler may be
set into operation by shifting main switch A from its off
position to its automatic run position to close its switch
contacts Nos. 1 and 6. However, if the water coil 15
is not filled with water the MNo. 2 contact of pressure
switch K will be open. Consequently, the main switch
must be turned to a position to fill the water coils as pre-
viously described and thereby open the No. 1 contact of
pressure switch K and close its No. 2 contact before {uel
will be delivered into the fire chamber of the boiler.

Multiple generator control

1t will be seen that the demand for steam by the various
steam-consuming devices connected to the several con-
duits 37 will vary widely, depending upen the number of
such devices actually in operation at any given instant and
according to the combined steam consuming capacity of
the devices in operation at such time. This demand for
steam will, of course, be reflected by the varying pres-
sure of steam existing within the header 19.

According to the present invention, control means are
provided whercby when the demand for steam is suffi-
ciently low that a single generator is capable of satisfying
this demand, the generator 18a will be set into operation
to supply the necessary head or steam. If the continued
demand doses not exceed the capacity of the single genera-
tor, that generator will remain in operation indefinitely to
maintain the necessary balance of steam pressure in the
header 9. If, however, the single generator 18a fails to
maintain the desired steam pressure in the header i9, a
second generator 18b is set into operation to augment the
supply of stcam delivered to the header. If and when the
demand for steam increases beyond the capacity of the
said two- generators, additional generators are cut in until
such time as all of the available generators 16z—10g in
the bank are in operation.

The contro! system is so designed that-when two or
more generators 16a, 1@b, etc., are in operation and the
‘demand for steam is decreased and as a result of the re-
duced demand, the steam pressure within the header 19
rises above a predetsrmined maximum, one of the genera-
tors will be automatically cut out of operation without
disturbing the opération of the cther generator or genera-
tors which may be functioning at the time. If the de-
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mand for steam is further decreased to such an extent as
to justify. the shutting down of one or more additional
generators, ‘these additional generators will be automati-
cally cut out successively at predetermined time intervals.

According to the present control system, the various
generators 10a to 10g inclusive are cut into operation
in a definite sequential order, i. e. in the order named
as the demand for steam increases. Likewise during a
decrease in the demand for steam the various generators
are cut out of operation in the reverse order so that in
such an instance the last generator which has been set
into operation will be the first generator to be cut out
of operation. Furthermore, the control system is so de-
signed that in the event that after a particular generator
has been set into operation due to a sudden increased
demand for steam, if that demand is reduced before the
the generator attains its full operation, the firing of the
generator is interrupted, but its feed water pump will
continue operations to cool -down the generator and in-
sure the filling .of the water coils thereof so as to leave
the generator in readiness for a subsequent operation if
occasion so demands.

The multiple generator control system of the present
invention is predicated upon the use of the individual
control mechanism hereinbefore described for genera-
tors 10a to 10g inclusive, together with a timing mech-
anism such as shown schematically in Fig. 4, which
timing mechanism is employed for the purpose of con-
trolling the operation of the various individual control
apparatus. The timing mechanism of Fig. 4 is cyclic in
its nature and is capable of a cemplete cycle of opera-
tion from an initial starting time until completion of a
full cycle, during which time it will cause all of the
generators 16a to 18g to be sequentially cut into opeia-
tion at definite spaced time intervals. The mechanism
is also capable of being interrupted or reversed in its
cyclic operation as the demand for steam in the header
19 lags or falls.

The cycling operations of the timing mechanism of
Fig. 4 is responsive to and depends solely for its revers-
ible operations on a rise or fall of steam pressure from
a predetermined normal in the steam header 19 as evi-
denced by the pressure exerted upon the 1espective dia-
phragms 85—86 of a pair of pressure actuated switches
87—88 (Fig. 1) operatively connected to the header
19. Said timing mechanism comprises a reversible mas-
ter timer S and a number of sub-timing units T-1 to
T-7, including a unidirectional motor Ma to Mg, respec-
tively, are associated with the several generators. The
master timer includes a plurality of time operating cams
Sr, 5-1 to S-7, inclusive, and Sf each of which, except
Sr and Sf, when once set into operation, will activate
a non-reversible sub-timer to set its associated steam
generator 10a-19g into full operation. FEach of these
sub-timing units T-1 to T-7, inclusive, is operatively
associated with one of the individual generator control
systems shown in Fig. 3; the latter, when set up for
automatic operation, is responsive to its own sub-timer
T-1 to T-7, respectively, for cutting into or out of oper-
ation. Al of the sub-timing units T-1-T—7 are respon-
sive to the reversible master control S in a definite
sequential order or pattern and the master control S
operates on a predetermined time basis so that during
an uninterrupted operating phase of the master timer
for increasing the number of operating generators, the
sub-timing units T-1 to T-7 will initiate their individual
cycles at equally spaced intervals of time. Each sub-
timing unit T-1 to T-7, once it has entered upon its
unidirectional cycle of operation, will progress to a mid-
cycle point wherein it causes the control mechanism
(Fig. 3) of its associated generator to bring the genera-
tor up to {ull operation and at that point the sub-timer
unit will automatically come to rest. If the operation
of the master timer continues in a direction to increase
the number of operating. generators, the activated sub-
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units will remain inactive with their associated genera-
tors in full operation until such time as the cam Sf of
the master timer S is operated to open the forward cir-
cuit through the timer motor Uf and the cam Sr oper-
ates to close a circuit through the reversing timer motor
Ur. On a reverse operation of the master timer cams
S-1-S-7, the sub-timing units are successively released
from their mid-cycle point and are allowed to finish out
their previously commenced cycles. During the reversal
of operation of the master timer S the sub-timer units
exert an influence on the generator control mechanism
to cut out the generators successively, while at the same
time maintaining the cut-out generators in condition for
subsequent instant operation if occasion demands.

Timer control mechanism

As previously set forth, the timer control mechanism
of Fig. 4 is designed to control the operation of all of
the steam generators 10a to 10g inclusive, cutting them
in one at a time and successively as the demand for
steam in the header 19 rises and cutting them out singly
and in the reverse order as the demand for steam dimin-
ishes. The timer mechanism operates under the control
of the said pressure switches 87 and 88.

In certain installations the demand for steam during
one period of time may be greater than the demand for
steam during a different period of time. Such class of
operation may be prevalent in the operation of large
laundry and dry cleaning establishments, particularly
where a night shift is not -employed and where, as a
consequence, machinery operation is relatively heavy
during the day and relatively light or non-existent at
night. Similarly, in bus- or railroad terminals where
according to schedule a large number of vehicles may
be on the stand-by line during certain hours and only
a few. at other hours, this class operation is required.
Purely for purposes of illustration herein, it is assumed
that the class of operation illustrated is applicable to
day and night maintenance where operating steam pres-
sures are to be maintained in a range of from approxi-
mately 105 pounds to approximately 115 pounds during
the day and in very low range not exceeding 90
pounds at night. Obviously these ranges may be varied
if desired and a greater number of ranges may be accom-
modated by the simple expedient of providing additional
pressure responsive circuitry.

Referring now to Fig. 4 in detail, the previously men-
.tioned pressure operated switch 87 is responsive to rela-
tively low steam pressure in the header 19. Accord-
ingly its No. 1 contacts are designed to close at 1 pound
of pressure and to open at 2 pounds. Its No. 2 con-
tacts are adapted to close at 90 pounds and to open at
89 pounds. The switch 88 is responsive to higher pres-
sures and its No. 1 contacts close at 104 pounds and
open at 105 pounds. Its No. 2 contacts close at 115
pounds and open at 114 pounds. It will be understood
_that the pressures specified are purely arbitrary and in
practice they may be approximate pressures.

A selector switch V is provided with contacts 89 and
90 and is arranged in series relation to each of the
switches 87 and 88 and to a circuit breaker switch W. -

With. the switch W closed and with the switch V set
for day operation with its contact 90 closed, a circuit
will exist from the positive line Y' through the contact
90 of the switch V, leads 100, 101, No. 1 contacts of
the switch 88, leads 102, 103, cam controlled contacts
104, lead 105, motor Uf and lead 106 to the negative
line Z.

The motor Uf is a unidirectional motor and it is
operatively connected to a cam shaft 167 on which there
are mounted a series of seven cams S-1 to S=7 inclusive,
one for each of the steam generators 16a to 10g inclusive,
and two additional cams including a forward drive cam
Sf and a reverse drive.cam Sr. The cam Sr controls the
opening and closing movements of a pair of contacts 108
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disposed in the circuit ‘of a motor Ur. The motor Uf;
when energized serves to drive the cam shaft 107 in a
forward direction as indicated by the. arrow while the
motor Ur when energized serves to drive the shaft 107
in a reverse direction, likewise indicated by the arrow.

Each of the cams S~1 to S-7 inclusive constitutes a
master control cam for initiating operation of one of
the previously mentioned sub-cycle units associated with
the timing mechanism. The sub-cycle units are desig-
nated as T-1 to T-7 inclusive and each controls the
operation of cne of the steam generator units 16a to 10g
inclusive as far as its cutting-in and cutting-out operations
are concerned. - The various sub-cycle units T-1 to T-7
inclusive are identical in their mechanism construction
as well as in their electrical function with respect to
the particular control mechanism of Fig. 3 which they
in turn contrel, Therefore, a description of one of these
sub-cycle units will suffice for all such units, The unit
T-1 has been selected for descriptive purposes and similar
reference characters have been applied to certain of the

* other units.

As soon as the pressure of steam in the header 19
attains its setting of 104 pounds, the No. 1 contacts of
the switch 88 will close to establish the previously
described circuit through the motor Uf and initiate for-
ward rotational movement of the cam shaft 167. Imme-
diately thereafter the contact 188 of cam Sr will close
without function because the No. 2 contacts of the switch
88 are open. The No. 2 contact of the cam S-1 of master
timer (normally closed at this time) js adapted to remain
closed for a period of one minute after closure of the
main circuit switch W due to a dwell 109 provided in
the cam. When this period of time has elapsed the
No. 2 contact of the cam S-1 becomes open and the No. 1
contact closes, thereby energizing a unidirectional timing
motor Ma through a circuit leading from the line Y
through lead 116, motor Ma, No. 2 contact of a timer
cam Cr-1, lead 131, No. 1 contact of the cam S-1 to
the negative line Z.

The timer cam Ct-1, together with three other timer
cams Cr-2, Ct-3 and Ct-4 are disposed on a motor shaft
112 for movement in unison. The shaft 112 is adapted
to make one complete revolution in six minutes unless
previously interrupted.. The cam Cr-1 is provided with
a one minute dwell 113 during which dwell the No. 2
contact of its switch remains closed with the No. 1 con-
tact open. The cam Cr-3 has a one minute dwell 115
for maintaining its switch 77 (see individual boiler control
Fig. 3) closed. The cam Ci—4 has a five minute dwell
116 for maintaining its switch 78 closed.

As shown in the timing chart of Fig. 5 the dwell 113
is effective immediately upon energization of the timer
motor Ma; the dwell 114 is effective fifteen seconds after
the motor Ma is energized; the dwell 115 is effective
thirty seconds after the motor is energized, and the dwell
116 is effective forty-five seconds after the motor is
energized. :

With the No. 1 contacts of the control cam S—1 closed
and the motor M« in operation, the No. 2 contact of
the cam Cz-2 will close at fifteen seconds in the cycle
(see chart—TFig. 5) and establish a concurrent parallel
circuit with the previously described motor circuit which
extends through lead 118, motor Ma, No. 2 contact of
the cam Cr1 (still closed), lead 126, No. 2 coatact
of the cam Cr-2, and lead 121. At thirty seconds in the
cycle, the switch 77 of the cam Ct-3 closes. This function
results in energizing relay E and thereby opens circuit
No. 4 through out-fire relay magnet F’. The closing
of said switch 77 also conditions circuits 10 and 184 so
that they will be effective to energize open the fuel and
air valves 27, 30 when.No. 1 contact of relay C is closed
and No. 2 contact of pressure switch K closes. At 45
seconds the switch 78 of the cam Ctz-4 closes to energize
circuit No. 8 and thereby energize relay C to open its
contact No, 2 so as to break out-fire magnet circuit No, 5
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and also close contdcts I, in fuel and air valve circuits
10, 104 and to close cortacts 3, 4 and 5 of said relay
to coniplete said mototr operating circuits Nos, 9 and 9a.
This operation, as previously described, sets the pump
motor 31 into operation, whereby the No. 2 contact of
pressure switch closés to complete the circuits through
said fuel and air valves 27, 30 and thereby cuts the
generator 10« into full operation.

At sixty seconds in the cycle the No. 2 contact of the
cam Cz-X will open both of the two parallel metor circuits
for the motor Ma and, since the No. I contact of the
cam Ct-2 is still opén there. is no closed path for motor
current through any of the contacts associated with the
timer cam Cr-1 or Ct2, so the motor Ma will stop,
leaving the cam switchés 77 and 78 closed and allowing
the generator 19a¢ to function to supply its steam to the
header 19.

Increasing steam demand

Assuming now that the generator 10g is incapable of °

supplying the demand for steam at the header 19 as re-
flected by failure of the No. 1 contact of the pressure
switch 88 tc open. In this event, the motor Uf will con-
tinue to operate and three minutes after the switch W has
been closed (which is two minutes after closure of the
No. 1 contact of the cam control S-1, or one minute
after stopping of the motor Ma), the No. 1 contact of
the master timer cam S-2 will close and energize the
timer motor Mb and set the sub-cycle unit T-2

into operation exactly in the same manner that was

described in connection with the sub-cycle unit T-1.
Such operation of the sub-cycle unit T-2 wil] close the
contacts 77 and 78 in due course at thirty and forty-five
seconds in the six minute cycle respectively, and if the
demand for steam stil] exists, the control cam S-3 will
set its respective sub-cycle unit T-3 into operation five
minutes after closure of the switch W or two minutes
after the No. 1 contact of the cam S—1 has closed.

The cperation of the various sub-cycle units T-1 to
T-7 inclusive will progress sequentially in the order
named as long as there is a progressively increasing de-
mand for steam at the header 19 or until such time as
the last sub-cycle unit T-7 has brought its respective gen-
erator $0g into operation. Thereafter, 1. e. fifteen min-
utes after the switch W has been closed, the cam Sf will
open switch contact 104 to thus de-energize the circuit
of the motor Uf.

From the above description it will be seen that at sixty
seconds in the operation of each sub-cycle unit a period
of dwell will exist wherein the respective motors Ma, Mb,
Me, etc., thereof will come to rest and switches 77 and
78 will remain closed to maintain their associated gen-
erator in operation, The generator will continue to func-
tion in a normal manner until such time as the demand

for steam in the header 19 warrants shutting down that °

particular generator.
Constant steamn demand within a fixed range

Assuming now for instance that sub-cycle units T-1,
T-2 and T-3 are at their period of dwell with their as-
sociated switches 77, 78 closed, that the steam genera-
tors i8a, 10D, and ¥8c¢ are operating and that the re-
maining generators are in a stand-by condition. If the
steam pressure in the header 19 rises to 105 pounds, the
No. 1 contacts of the switch 88 will open and the pre-
viously described circuit for the motor Uf will become
open so as to stop the motor Uf and bring all of the
control cams S-1 to S-7 inclusive to a standstill, This
dwell in the operation of the various control cams will
remain effective during the range existing from 104 pounds
to 115 pounds, this being the range between the closing
pressures of the Nos. 1 and 2 contacts of the switch 88.
Within this range of pressure the steam generators 104,
105 and 10c will function normally until such time as
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the pressure range is exceeded as evidenced by closing; of
the No. 2 contacts of the switch 88.

Decreasing steam demand

When the pressure of steam in the header rises, during
normal daytime operation, to its upper limit, for example
115 pounds, it reflects a decreased steam demand and
closes No. 2 contacts of the switch 88 to establish a cir-
cuit through motor Ur, the circuit extending through
switch- W, closed contact 98 of switch V, Iead 100, closed
No. Z contacts of switch 88, lead %22, closed confact
188 of cam switch Sr, lead 123, motor Ur and lead 106.
Encrgization of motor Ur will rotate shaft 187 in a di-
rection to reverse the rotation of all cams of the master
timer S and drive them counterclockwise to the positions
indicated in Fig. 4. As soon as the previously opened
Wo. 2 contact of the cam S-3 is reclosed, a circuit will
exist through the sub-cycle timing motor Mc which will
permit this sub-cycle timing mechanism to complete or
run out its previously interrupted six minute cycle. This
circuit exists through lead 110, motor Mc, WNo. 1 con-
tact of the cam Ci~1 (previously closed at the beginning
of the sub-cycle dwell), lead 124, and No. 2 contact
of cam switch S-3. The motor Mc will thus drive its
cams Ct-1, Ct-2, C~3 and Cit~4 in a clockwise direc-
tion and at one minute and fifteen seconds in the inter-
ropted cycle, i. e. fifteen seconds after the completion
of the first one minuvie period of the cycle, the No. 2
contact of the cam Ci-2 will open and the No. 1 con-
tact thereof will close. Opening of the No. 2 contact
of the switch Cs2 will open the motor circuit through
this contact but closure of the No, 1 contact of the cam
Ct-2 will establish a new motor circuit extending through
lead 119, motor Mc, No. 1 contacts of the cam Ct-1,
{ead 125, contact No. 1 of the cam Ct-2, and lead 121.
The motor Mc will thus continue to drive the cams Ct-1,
Ct-2, Ct-3 and Ct—4 and during this time the switch 78
of cam Cr—4 will maintain the energizing circuit No. 9
closed through feed pump motor 31.

At one minute and thirty seconds in the cycle, the
switch 77 of the cam C¢-3 will open and de-energize the
solenioid of the fuel and air valves 27, 30 and thereby
close these valves. The switch 78 of the cam Cr-4
however will remain closed until five minutes and 45
seconds in the sub-cycle, thus allowing five minutes for
the motor 31 to function after the resumption of the
interriipted cycle or four minutes and 15 seconds after the
fuel and air valves have closed as a result of the opening
of their energizing c¢ircuits. The prolonged operation of
the motor 31 and fuel pump 12 and blower 32 performs
the function of cooling down the generator and filling
the coil 15 in readiness for renewed operation of the
generator should the conditions require such operation.

At the end of the six minute cycle, the cam Cr—1 will
cause the No. 1 contacts of the cam Ct-1 to open, thus
opening the circuit through the motor Ma at which time
the cams Ct-1, Ct-2, Ct-3 and Ct-4 will assume their
original positions as shown in Fig. 4 and the generator
18c will be in a stand-by condition of inactiveness. The
master timer cam S-3 however at this time will be in
mid-dwell condition wherein the No. 2 contact thereof
is closed. Tt will continue to rotate in a counter-clock-
wise direction until it assumes its initial position as shown
in Fig. 4, at which time the cam Sr, operating as a limit

5 cam, opens its contact 108 after all of the generators have

Leen automatically cut out of operation.

It will be vnderstood that if, after the No. 2 contact
of the master timer cam S-3 is closed during the reverse
movement of the cam, the steam pressure in the header
19 is such as to warrant cutting out of the generator
10b, the No. 1 contacts of the pressure switch 88 will
remain closed to maintain the circuit previously described
through the motor Ur. Two minutes after the No. 2
contact of the cam S-3 has closed, the No. 2 contact of
the cam S-2 will close to allow the interrupted cycle of
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the sub-cycle unit T-3 to finish its cycle and reduce the
generator 106 to a stand-by condition.

Disabled or malfunctioning generator

If one or more of the steam generators 10a to 10g
have been purposely disabled, due to manipulation of
the respective master switch A in the control mechanism
of Fig. 3, or if any of these generators are disabled due
to malfunctioning thereof, the system will operate as
intended and in the manner previously described and
the sub-cycle unit will enter upon its cycle, become inter-
rupted at the sixty second point in the cycle, and continue
the interrupted cycle when directed to do so by closure
of the No. 2 contact of its respective master timer cam
S-1, S-2, S-3, etc. However, due to the failure of the
generator to deliver steam to the header 19 at the desig-
nated time, the demand for steam will fall upon the
next succeeding generator in the series and although the
switches 77 and 78 will close or open as the case may
be, at their designated time, such opening and closing
thereof will either fail to operate the relay mechanism
of Fig. 3 which will not be conditioned for such opera-
tion or failure of the photoelectric cell I to actuate the
switch H will negative the operation of the relay mecha-
nism,

Mid-cycle change in steam demand

Under certain circumstances an occasion may arise
wherein a particular sub-cycle unit has commenced its
operation and immediately thereafter a change in the
demand for steam will set the reverse drive motor Ur
into operation. Under these circumstances the sub-cycle
unit will function until the sixty second point of the cycle
has been reached and it will not go into the usual dwell
but will continue to function to the end of the cycle with-
out interruption, This is made possible by the provision
of the timer cam Ct-2. As previously stated in connec-
tion with the sub-cycle mechanism T-1, the sub-cycle unit
will not commence its operation until the No. 1 contact
of the control cam S-1 has closed the circuit extending
through lead 110, motor Ma, No. 2 contact of the cam
Ct-1, lead 111, and No. 1 contact of the master timer
cam S-1. If now this latter contact is opened almost im-
mediately after its initial closure, the motor circuit just
described will be broken. But meanwhile the control
cam Cz-2 will have established a parallel circuit through
the motor Ma extending through lead 110, motor Ma,
No. 2 contact of the cam S-2, lead 120, No. 2 contact of
the cam Cz-2 and lead 121.

Low range operation

The operation of the timer control mechanism of Fig.
4 is not altered if the switch V is set for a lower range
of pressures by closing of the contact 89 thereof and
opening of the contact 90, In such case; the switch 87
will prevail over the switch 88 and potential circuits
through the motors Uf and Ur will be available for such
low pressure regulation of the timer apparatus.

In the case of low pressure operation, the circuit for
the motor Uf exists through the switch W, contact 89
of the switch V, No. 1 contacts cf the switch 87, the con-
tacts 199 of a space thermostat 208 which may be ar-
ranged in series in the motor circuit, leads 201, 103, con-
tacts 104 of the cam Sf, lead 10r, motor Uf and lead
106. The circuit for the motor Ur in the case of low
pressure operation extends through the switch W, con-
tact 89 of the switch V, No. 2 contacts of the switch 87
(mow closed), leads 202 and 122, contacts 108, lead 123,
motor Ur and lead 106. Utilizing these two motor cir-
cuits in place of the circuits previously traced through the
Nos. 1 and 2 contacts of the switch 88, the operation of
the entire control system remains unchanged.

We claim:

1. In combination with a multiple boiler steam generat-
ing plant including a steam header for receiving the
steam output from each activated boiler of the system,
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electrically activated means individually associated with
each boiler for delivering fuel, air and water thereto, and
electrical control circuits therefor comprising a plurality
of cooperative circuit closers including a pair of timer
controlled switches operable to energize the control cir-
cuits for said electrically activated means, and timer con-
trol means responsive to predetermined pressure condi-
tions in said steam header for closing the pairs of timer
controlled switches to activate the several boilers in pre-
determined sequence. .

2. In combination with a multiple steam generating
plant including a steam header for receiving the steam
output for each activated boiler of the system, electrically
activated means individually associated with each boiler
for delivering fuel, air and water thereto, and electrical
control circuits therefor comprising a plurality of coopera-
tive circuit closers including a pair of timer controlled
switches operable to energize said electrically activated
means; and timer control means responsive tc prede-
termined pressure conditions in said steam header for
closing the pairs of said timer controlled switches to ac-
tivate the several boilers in predetermined sequence; the
said control circuits for the individual boilers including
means directly responsive to the continuance of fire in the
individual boilers for maintaining its control circuits
effective.

3. In a control system for regulating the operation of a
bank of steam generator units arranged in parallel in a
steam-generating circuit, each unit including a steam
generator provided with a fluid fuel burner and adapted
to feed stéam into a common steam header, a fuel pump
for supplying fuel to said burner, a water pump for sup-
plying feed water to said generator, an electric motor
for driving said fuel and water pumps in unison, a nor-
mally closed fuel valve interposed between said fuel pump
and said burner, a solenoid for opening said fuel valve,
an individual control system for each generator unit com-
prising an -electrical energizing circuit including a relay
switch for energizing said motor, a plurality of selec-
tively energized circuits including an additional relay
switch and a plurality of selectively operable switches con-
nected in series therewith for energizing said valve open-
ing solenoid, a relay including an actuating magnet for
closing both of said relay switches, a circuit for energizing
said relay actuating magnet comprising a plurality of
cooperating circuit closers including a timer controled
switch, and timer control means responsive to a prede-
termined pressure in said header for closing said timer
controlled switch.

4. In a control system for regulating the operation of a
bank of steam generator units arranged in parallel in a
steam-generating circuit, each unit including a steam gen-
erator provided with a fluid fuel burner and adapted
to fe_ed steam into a common steam header, a fuel pump
for supplying fuel to said burner, a water pump for sup-
plying feed water to said generator, an electric motor
for driving said fuel and water pumps in unison, a nor-
mally closed. fuel valve interposed between said fuel
pump and said burner, a solenoid for opening said fuel
valve, an individual control system for each generator
unit comprising an electrical energizing circuit including
a relay switch for energizing said motor, a plurality of
selectively energized circuits including an additional re-
lay switch and a plurality of selectively operable switches
connected in series therewith for enmergizing said valve
opening solenoid, a relay including an actuating magnet
for closing both said relay switches, a circuit for energiz-
ing said relay actuating magnet comprising a plurality of
cooperative circuit closers including a timer controlled
switch, and timer mechanism responsive upon the attain-
ment and maintenance of a pressure within a prede-
termined range in said header for closing said timer con-
trolled switch.

5. In a control system for regulating the operation of
a bank of steam-generator units arranged in parallel in a
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steam-gencrating -circuit, reach -unit including a:generator
provided -with -a liquid.fuel burner. and.adapted.to-feed
steam into a common steam header, a. fuel pump  for sup-
plying liquid fuel to said burner, a water.pump.for sup-
plying feed water ‘to said generator, an electrical motor
for driving said fuel .and water pumps in unison, a nor-
mally closed fuel valve interposed between said fuel pump
and said burner, a solenoid - for opening said fuel valve,
an individual control system for.each generator unit com-
prising an electrical energizing circuit including a relay
switch for energizing said motor, a plurality of selectively
energized circuits .including an . additional . relay switch
-and a.plurality of selectively operable.switches including
a timer:controlled switch connected in series therewith. for
energizing said frel valve cpening sclenoid, a relay includ-
ing an.activating :magnet-for. closing both of said relay
switches, a circuit.comprising a plurality of circuit closers
including a master relay switch and a relay magnet for
closing the same and an additional timer controlled switch
connected in series with said master relay switch and op-
erative in timed relation to the first mentioned timer con-
trol switch for energizing. the actuating magnet of the first
mentioned relay subsequent to the closing of the first men-
tioned timer. controlled switch, and timer mechanism re-
spensive to the attainment and- maintenance.of a pressure
in said header within a predetermined range for actuating
the first. mentioned. timer. controlled switch- and for.operat-
ing said additiona] timer controlled switch.

6. A .combination structure as defined in claim 5 charac-
terized in that said timer mechanism for actuvating said
timer contrelled switches for the individual control system
for each of the several generator units includes separate
cam elements operatively engaging said timer controlled
switches and further characterized by the provision of sepa-
rate unidirectional motors for ‘each control system -of
the several generator units to operate both said cam ele-
ments asscciated with such contro! system.

7. A combination structure as defined in claim 6 charac-
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terized.in that the timer. control mechanism for controlling
the timer controlled switches for the individual control
systems of the several generator units comprises a cyclicly
operable subcycle unit-‘operable -upon ‘initial actuation

‘thereof to close said timer controlled switches and to
‘thereafter become interrupted within the limits of its cydle,

and further .characterized by the. provision of reversible
means responsive to the attainment and maintenance of a
predetermined pressure range in said ‘header for initially
actuating said sub-cycle units in a predetermined sequential
order and responsive.to the attainment of-a pressure higher
than said range for initiating completion of the interrupted
cycles of said sub-cycle units successively in reverse order.

8. A combination structure as defined in claim-6 charac-
terized in that said reversible means is a timer controlled
portion of said timer mechanism and functions to control
initial energization of said unidirectional motors in a
sequential order and is responsive to the attainment of a
pressure higher than said predetermined range for energiz-
ing said.unidirectional motors in the reverse order to move

said cam elements through the remainder of the interrupted

cycle.

"9, The combination structure as defined in claim 8
characterized in that ome of “the -selectivély operable
switches in the circuit for energizing the fuel valve open-
ing solenoid is responsive to the water pressure in the gen-
erator.
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