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5 Claims.

- This invention relates to control systems and
‘particularly to temperature control systems.
In steam  power installations it is usual to
superheat the steam above the temperature cor-
- responding to its pressure.’ Superheated steam
is used in practically all steam turbines, but in
many turbine installations the steam is reheated
between some-of the expansion stages so that a
reheater is employed as well as & superheater.
This is particularly the case where high pressure
turbines are used for it hag not proven practi-
cal or economical o use high enough initial tem-
perature to prevent excessive wetness of steam at
the lower pressure end.

It is frequently desirable to have a unitary"

installation in which the steam’ generated and
superheated by a single boiler furnace supplies a
"single turbine, and'in which case the steam ex-
tracted from a preferred stage of the turbine
may be reheated in a fluid path heated by ‘the
same furnace or by.a separate furnace.  For
economic and operating reasons & single setting
is most desirable, .- The arrangement in: which
our.invention is particularly advantageous is one
wherein the steam to be reheated is returned to
the same furnace assembly, and in this case the
control of the temperature of the superheat and
of the reheat must be separately and collectively
accurate and. speedy. ,
A particular feature of..our invention resides
.. In the control of a vapor generating unit where-
in. three primary results are attained; namely,
steam is generated, steam is superheated to de-
sired - degree, ‘and steam is reheated to: desired
degree, .

The rate of generation of steam, the tempera-
ture to which the steam is superheated, and the
temperature to-which steam is reheated in such'a
unit-may be regulated or controlled manually
under the guidance and by the aid of measuring
instruments, or by automatic ‘means .positioned
by. measuring means; in either case by mecha-
nisms operating dampers controlling the filow of
hot gases over heat exchange surfaces. Auto-
matic means are of course desirable in the inter-
est of constant vigilance; promptness of action,
etc.  Naturally the arrangements disclosed and
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perature, and that the temperature standard
(usually superheat) of the flows may be the same
or be different. Furthermore, that the tempera-
ture standard for: either ‘or both flows may. be
constant -or variable with rating. ‘These possi-
bilities exist and are herein disclosed for either

‘hand or automatic regulation.

“While the particular embodiment {llustrated
and described herein is shown as having two
steam heating gas passes and an idle puss, it is
contemplated that any number of active and idle
passes may be in combination, and that the
passes may be horizontal or vertical. Further-

‘more, the fluid flow paths located in the gas

basses need not contain steam or vapor. For
example, one active pass may have a steam super-
heater, while another active pass may have an

- economizer : section of ¢ither steaming or non-
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steaming - type therein.  Such an arrangement
has particular advantage where the water enter-
ing the boiler drum should be near the saturation
temperature at the drum to prevent leakage at

-the tube seats in the drum. ;

Inasmuch as a steam reheater may be con-
sidered as a form of. superheater, the invention
may broadly be considered as relating to the
heating of a plurality of superheating surfaces in
a single boiler setting, preferably where such
superheating surfaces are not connected for series
flow, but are independent parallel superheater

In the drawings: :

Fig. 1 illustrates in somewhat diagrammatic - ;
fashion a sectional elevation of a vapor generat-
ing unit to which the invention -has been ap-
plied. . ;

Figs. 2, 3, 4 and 5 glagrammatically Mustrate
different arrangements of electrical apparatus
which may be substituted for the electrical ar-
rangement of Fig, 1.

Figs. 6 and 7 illustrate in diagrammatic man-

ner arrangements: which may be applied to the

>‘boiler of PFig. 1 illustrating control of the heating
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claimed herein are useful with vapor generators -

or furnaces other than the exact type used as an .

example in the description.

In regulating the temperature of either of the
flows of vapor in such a combination unit, it is of
course to be appreciated that the pressure of the
steam may be different in one flow than in the
other, consequently a different saturation tem-

conjointly from a measure of temperature and
of flow.

Fig. 8 diagrammatically illustrates how the in-
vention may be carried out by means of hydraulic
or pneumatic control arrahgements. .

Referring now particularly to Pig. 1, a water-
cooled furnace { is fired by .burhers 2 and the
unit is arranged for vertical upward gas flow. A
slag’ screen 3 is positioned across the furnace
outlet ‘and is backed by a bank of convection

“tubes 4. The gases In passing upward from the
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furnace |, pass. successively through the slag




2
screen 3 and convection bank 4, where after they
- are divided into three parallel gas flows confined
by the closely fitted water walls §, § forming three
parallel passes 1, 8, 9 to the economizer {8 and alr
heater t1. In pass T is located the superheater
{2, in pass 9 the reheater 13, while pass 8 is an
idle pass..

In the three gas passes are arranged inde-
pendent dampers, so that the division of gas
flow over the two different superheatirg surfaces
{2, 13 may be adjusted in accordance with the
operating demands. This permits of the follow-
ing combination of operating conditions:

(1) All gas up the idle pass. no superheating,
and no reheating. This would probably be &
starting condition with the economizer cooling
the gases and thus protecting the damper.

(2) No gas up the idle pass, the whole gas
flow being divided between superheating and re-
heating in any desired ratio as adjusted by the
dampers of these two gas passes, from zero super-
heating and all reheating, to zero reheating and
all superheating. .

(3) Part of the gas up the idle pass with the

rest divided between the other two passes, in
any ratio as may be necessary to give the proper
final steam temperatures, but with less {otal heat
to be divided between the heaters in proportion
as gas is by-passed through the idle pass.
- Conditions 2 and 3 represent operating condi-
tions to control both superheat and reheat
through control of the quantity of gas for both
and its division between them.  Condition 1
represents a starting condifion, or perhaps a con-
dition after a sudden loss of a heavy load when
there is little or no steam flow and before the
unit is cooled off, )

In Fig.' 1 and throughout the description we
refer to the damper or dampers at the outlet of
the superheater pass 7 by the number 14; the
damper or dampers at the outlet of the reheater
pass 8 by the numeral i§; and the damper or
dampers at the outlet of the idle pass 8 by the
numeral 15.° The number and type of dampers
used at the various locations (4, 18, 16 is imma-
terial to the broad concept of our invention.,

A preferred embodiment: of the invention uti-
lizes reversing electric motors for positioning the
dampers, and to that end the motors are dia-
grammatically represented at 7, {8, {§ respec-
tively, each shown with double windings repre-
sentative of the possibility of rotation in-either
direction according as to which winding is ener-
gized. The motors are, of course, provided with
the necessary gear reduction, linkage, etc. for
connection to the respective dampers and for
positioning the dampers at a speed relatively low
compared to the speed of the motors.  In order
to readily follow the description in connection
with the drawings, we have designated the wind-
ings of the motors 11, 18 and 19 by M and L,
indicative of “more” and: “less,” by which we
mean the winding of the motor which would be
energized to rotate the motor in proper direction
to position the related damper or dampers-to
allow the passage of “more” or “less” gas flow
therethrough. - It will be observed that in the
M and L wires: to- each of the motors we have
shown a spring closed limit switch 28 provided

to limit the travel of the motor in either direction *

to thus protect the motor and gearing, as well
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as the damper, from travel beyond predetermined -

limits. .
It will be apparent from an examlnation of
Fig. 1 that through the control of motors {7,

n)

5 tion, of any-or all of the motors 17,
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18 and {8, and consequently of dampers i4; I8

and {6, we may proportion the flow of the hot
gases through the passes 7,8 and 9 in any de-

Ssired manner, such as to attain the desired tem-

perature of the steam leaving the superheater

12 and/or of the steam leaving the reheater 13.

In the steam header 21 is located the bulb of a
gas filled temperature sensitive system connected
through & capillary 22 with a Bourdon tube 23,
adapted to position an indicator 24 relative to an
index 25 for providing a visual indication of the
temperature of the steam leaving the superheater
i2. In the outlet conduit 26 from the reheater

13 is located the bulb of a gas filled temperature

sensitive system connected through the capillary
27 with a Bourdon tube 28, adapted to position
an indicator 29 relative to an index 30. for pro-
viding a visual indication of the temperature of
the steam leaving the reheater 13. In general,
the positioning of the dampers 4, I8 and {6, and
correspondingly the proportioning of the gas flow
through the passes T, 8 and 8, is accomplished
automatically responsive to the positioning of
the Bourdon tubes 23, 28 and correspondingly
responsive to the value of, and changes in the
value of, the temperature of the superheated
steam and of the reheated steam. .

To this-end the Bourdon tube 23 is arranged

‘to angularly position a contact bar 3f around a

pivot to cause engagement or disengagement with
contacts 32, 33, 34, or 85. In like manner the
Bourdon tube 28 is arranged to angularly posi-
tion a pivoted contact arm 38 to open or close
contacts 37, 88, 39, or 40. The contact bars
34 and 36 are connected to-one side of & power
source #{ through a normally closed finger of a
switch 48 to be mentioned hereinafter.  The
neutral of the motors 11, {8 and 19 are all con-
nected to the other side of the power source 4;
through & normally closed finger of the switch
48 and an interrupting finger 42 which is peri-
odically opened and closed through the agency
of a cam 43 driven by a continuously running
motor 44,  Such periodic interruption of rota-~
I8 or 19
which may be energized, Is ta provide movement
of the gampers 14, {5 and/or 18 by periodic in-
crements rather than continuously, and. thus
precluding any possibility .of over-correction or
hunting. It will be evident that in one installa-
tion the speed or frequency of. the opening and
closing of the finger 42 may necesarily be dif- -
ferent from that in another installation, and to
that end the gearing between the motor 44 and
the cam €3 may have to be different on one job
from another, and at the same time the shape of
the cam 43 may desirably be changed. In fact,
on certain installations- it ‘may not be necessary
to have the interrupter 42, 43, 44 at all.

In general, the arrangement of Fig, 1 is such
that when the boiler is started from a cold con-
dition the dampers 14 and 6 are preferarly
closed, and the damper 15 is wide open. This
may be accomplished through the provision of
manually actuated switches 495, 46 and 41.and
the manually actuated selector switch 48. The
latter is indicated on the drawings as having two
positions representative of autoatic and hand
control. . The three switches 45, 46 and 471 are
preferably spring urged: to the shown position
wherein they are not closing any circuits, “Wten
it is:-desired to actuate the motors 11,18 or 19
manually and entirely independently of the au-
tomatic control system, then the selector switch
481s moved to the hand position (shown. in auto-
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matic position in Fig. 1), wherein the power line
41 is connected directly to the neutrals of the
motors 17, 18 ‘and 18 through ‘the lowermost
(shown open) contacts of switch 48, without
‘passing: through ‘the interrupting finger 42. At
the same time.the switch 48 breaks the circuit
between the power line 41 and the contact arms
31, 36 so that the contactors are without power
and thus ineffective for the control of the ‘mo-
tors; and energizes switches' 45, 4§, and 471,

Atter placing the switch 48 in the hand posi-
tion, and thus connecting the neutrals -of the
motors 17, 18:and (9 directly to the power source
41, any or all.of the switches ‘45, 48, 4T may be
actuated to either a more or:a less position for
moving the dampers (4, {8 or 1§ in the “more”
or- “less” -direction separately or collectively.
The moment & switch 45 or 46 or 41 is relessed

by hand, it is spring urged to a neutral position

as shown in Fig. 1. 'The switch #8 must be re-

- turned to automatic position before the contac-:
tors 31,:36 become effective to:automatically con-
trol the dampers.

- It will be seen that the manual control as well
as the automatic control is subject to the limit
switches 20, so that there is no danger of run-
ning the motors (1, 18 or 19-in one direction or

- the other past a predetermined ‘extreme of travel;
thus-avoiding the possibility.of damage to the
motors or dampers, ) L

A preferred method of placing the boiler unit
in operation from a-cold condition is to so
manipulate the switches 48, 45, 4§ and 47 that
the dampers 14 and (§ are closed and that the
damper 15 1s wide open.  All of the gases from
the furnace | will then pass through the idle

pass 8, be cooled by.the economizer 0, and pass-

through the damper 1§ at a temperature not high
enough to damage the damper. The same condi-
tion may be encountered after s sudden loss of
a heavy load when there is no appreciable steam
flow, and before the unit has cooled off. More
will be said about this operating condition here-
inafter, ) :

The arrangement of Fig. 1 provides for the
automatic control of the dampers {4, I5 and 1§
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3
dampers 14, the increasing ‘temperature. of ‘the
steam leaving the superheater will ‘be effective
to .position the Bourdon ‘tube 23 ‘and eventually
‘open the contact 34. - If, however, ‘the tempera-
ture of the 'steam leaving ‘the superheater ‘con-
tinues to fall, or falls at a fast rate, so that the
counterclockwise rotation -of ‘the -contact bar 31
causes engagement of the contacts 33, this re-
sults in a positioning .of the damper (5 in ‘s less
direction to. further csuse -an Increase in gas
flow past the superheater 12. RN .
Conversely, ‘should ‘the temperature of ‘the
steam leaving the :superheater ‘be- higher ‘than
desired, then the Bourdon tube 23 will have ‘posi~
tioned the contactor arm 31 .ina clockwise direc-
tion, first closing ‘the contacts 82 to ‘energize the
L ‘coll of the motor 47, and for a ‘continued in-
crease in temperature to next ‘close ‘the contacts
35 effective to energize the M ‘coil :of ‘the ‘motor
I8. It will be appreciated that when more. gas
Is by-passed through the idle pass 8.1t tends to
decrease the amount of gas effective through the
passes T'and 9, and vice versa. R
‘The Bourdon tube 28 is positioned representa-
tive of the temperature of the reheated steam
leaving through the conduit 26, and. as such
.temperature. falls below .a predetermined value,
the contact 38 is first :closed, causing ‘an ener-
€lzation of the M coil of the motor 49, and if a
continued decrease occurs then the contacts 38
are next closed, causing an energization of the
L coil of the motor (8. 'The result, for ‘a de-
crease In steam. temperature leaving . the re-
heater, is to first open the damper 16 in & “more”
direction to allow a greater gas flow over the
reheater, and if this does not satisfy the condi-
tion to then tend to close the damper 15 and de-
crease the amount of gas by-passed through the
idle pass 8. Obviously the motor 18 must be of
& type wherein no damage to the motor windings
will occur if the M and L windings are simul-
taneously energized, the one from the contactor
31 and the other from the contactor 38, or vice

. versa;.in such a case the motor being responsive

45

responsive to temperature of. the steam pass-

Ing through the conduit 21 and the temperature
of the steam passing through  the conduit 26.
Assuming that the switch 48 1s as shown In the
automatic position, then the contact bars 31, 38
will control the position of the dampers . (4, 15
and 16 responsive {o temperature of the steam
leaving the superheater and of the steam leaving
the reheater. - A ‘
Assume that the temperature of the steam
leaving the superheater 12 decreases below the
desired value. The Bourdon tube 28 will tend to
“contract, moving its free end in'a clockwise direc-
~tion, thus positioning the pointer 24 downward
relative to the index 28 to give g visual indica-

tion of the change in temperature, and at the.

same time positfoning the contact arm 31 in a
counterclockwise direction around its pivot. If
the said temperature deviates a predetermined
number of degrees bolow the desired value, then
the contacts 34 are close cireuited, thus complet-
ing the circuit for énergization of the M coil of
* the motor 17, whereby the dampers (4 are moved
in an opening direction, .The energization of the

M coil of the motor {1 will be by increments (so -

long as the contacts 34 are closed), through the
agency of the interrupter fingers 42. As the in-
creased flow of hot gases through the superheater
12 is accomplished by a further opening of the
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to the algebraic sum of the contacts. - - ;
It will be appreciated that in the remaining i1-

" lustrations of the present application we. have

avolded duplicating thereon those parts of Fig.-1
which -are common %o all of the drawings. - For
example, we have not duplicated the arrange-
ment of boiler, superheater, reheater, etc., but in
most’ instances have illustrated only those parts
of the .control arrangement which differ from
that shown in Fig. 1. We intend that with any
‘of the remaining figures of the drawings we may
apply ‘the limit switches, as well as the hand- .
automatic -arrangement of switches, of Fig. 1,
without the necessity of duplicating the showing
In each of the other figures of the drawings.

Fig. 2 illustrates a somewhat similar arrange<
‘ment of the control to that illustrated in Fig. 1,
except that herein the free end of the contact
bar 31 and that of the contact bar 36 are pivotally -
.connected to position a floating contact bar bf
adapted under. certain conditions to close the

- contacts 49 or the contacts §0. The arrange~

78

ment is such that if. the superheat temperature
should decrease, and the reheat temperature
should increase, each by a certain amount, the
contact member 51 would be relatively moyed in
one direction or the other, but the center thereof
‘would remain substantially undisplaced and
neither the contacts 49 or 50 would be closed.
Such a condition would be indicative that the
proper total amount of heat, as represented by
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hot gases, was being applied through the passes

T and 9, but not properly distributed there-

through.: It would indicate that no change

should be made in the amount of hot gases by-

- passed through the idle pass 8. If, however, both 5
the superheat temperature and the reheat tem-
perature were to fall and in substantially the
same amount, ‘as for example upon a sudden
change in load, theu the contacts 50 would be
closed, energizing the less: coil of the motor 8 10
fcr positioning the damper 1§ in a closing direc-
tion whereby the flow of hot gases through the
idle pass 8 would be decreased and additional
gases would be sent over the passes T and 8 to
bring both of the temperatures up toward pre- 15
determined normal.. Conversely, if both tem-
peratures increased in substantially the same
amount, then the contact 49 would be closed,
-calling for an opening of the damper 1§ to take
some of the total heat away from the reheate. g9
and superheater. Thus in the arrangement of
- Fig. 2, the contact arms 31 and 38 will cause &
distribution of heat relatively between the super-
heater and reheater, while the contact member

. 3l controls the total heat applied o both the re- o5
heater and superheater.

Fig. 3 shows an arrangement somewhat similar
to that of Fig. 2, but herein a second Bourdon
tube 23’ is positioned responsive to temperature
of the superheated steam along with the Bourdon. 30
tube 28; while a second Bourdon tube 28’ is posi-
tioned along with the Bourdon tube 28 respon-
sive to temperature of the reheated steam.. The
differential in temperature between that of the
superheated steam and that of the reheated 35
steam, as indicated by the position of the contact
beam §i’, controls the damper (5 of the idle
pass 8.  Fig. 3 provides over Fig. 2 many possi-
‘bilities as to adjustment of the spacing between
the contacts and otherwise to arrange for tem- 40
perature value or differential to result in a move-
ment of the damper 15, as well as in the sensi-
tivity and speed of motion of said damper rela-
tive to the dampers I4, 16. - In Fig. 3 we provide

- two interrupting fingers entirely independent of .45

" each other, the one in connection with the motor
18 and the other in connection with the motors
17, 19. Thus the motor 18 may be effective to
open or close the damper {6 at a faster or slower
rate than the other dampers and for longer or 50
shorter increments of time and-af- desired fre-
‘quency.

In Fig. 4 we show an arrangement wherein either
the Bourdon tube 23 or the Bourdon tube 28 will
simultaneously control ‘all three of the motors 55
171, I8 and {3 in proper direction. For example,
an increase in temperature of the superheated
steam will result in a closing of the contacts 32,

* - vhug energizing the. relay 53 and closing the

proper circuits to energize the L coil of the motor 60
{1, the M coil of the motor I8 and the M coil
of the motor I9. Thus to take care of too high a
superheat  temperature the dampers (4 will be
moved in a closing direction, while the darmpers
15 and 6 will be moved in an opening direction. 85
In similar manner the Bourdon tube 28 is adapt-
ed to position all three of the motors {7, 18 and
(8. . The neutral of the motors {7 and {9 is taken
through one interrupting finger, while the neutral
of the motor: {8 is taken through another inter- 70
rupting - finger, so that by proper arrangement
the speed of opening or closing of the damper
15 ray be at a different rate than that of the
dampers (4, 16,

It will be seen that the arrangement of Fig. 1 7

is one in which a predetermined substantially
constant superheat temperature and reheat tem-
perature is the desideratum and where each is
controlled relatively independent of each:other
and of load. It may happen, however, the either
the superheat temperature or the reheat tem-
perature would tend to stabilize at a value other
than the desired value, as for example if the
superheat temperature falls enough to cause a
closing of contacts 34 but not a closing of con-
tacts 33. The energized M coil of motor {1 would
cause an intermittent positioning of dampers {4
in an opening direction, which might continue
until the dampers were wide open. Under this
condition the only way to further increase the
hot gas flow through the pass T would be to close
down demper 15, but this is not accomplished
because the superheat temperature has not fallen
to low enough value to close the contacts 33. If
the temperature of the superheat and reheat are
below the desired standard and dampers {4 and
{6 are wide open, then the superheat and reheat
temperature might stay at the low point but not
go any lower. If it did not go any lower it might
not cause an actuation of damper (5. In the
event the temperatures remained at the low point
without starting to close the damper 15, then we
provide a time element which would become ef-
fective after a certain length of time to make a
slight closure of the damper 15 to get the sys-
tem off from its stabilization point.

Referring to Fig. 5, the initial or primary con-
trol of the motors T and 19 is as previously
described through the agency of the Bourdon
tubes 23 and 28 and the related contactors 3i
and 36. - Additionally, however, we provide means
to prevent stabilization at any other temperature
than that desired.  For example, the motors 54,
§8, 56 and 57, when energized, are adapted to
rotate in a predetermined direction and each an-
gularly position & cam adapted to actuate the
contacts 58, 59, 60 or 61 respectively. -The neces-
sary reduction gears are provided between the
motors and their respective cams, as well as a
friction clutch, maximum travel limit, and spring
return. The arrangement is such, taking the
motor 54 as an example, that when the motor 54
is energized for rotation in given direction it
drives the cam associated therewith in predeter-
mined direction and at a speed dependent upon
the reduction gears therebetween. The drive is
through a friction or slip clutch and the cam is
arranged to slowly close the contacts 68 against
the action of & spring. When the maximum limit
of travel of the cam is reached, as determined by
engagement of the contacts 58, a continued ener-
gization of the motor 54 will cause the friction
clutch to slip, whereby the motor is not damaged

and the contacts 58 are retained in closed posi- .

tion. Thus the time length of closure of the
contacts 58 is dependent upon the time energiza~
tion of the motor 54 after the contacts 58 en-
gage. As soon as the motor 64 is deenergized the
spring ‘returns the movable half of contact 58
and the cam to their initial or starting position,
thus breaking the circuit through the contact 58.

It will be observed that the contacts 58, 60 are
connected in parallel to the L coil of the motor
18, while the contacts 59, 61 are connected in
paraliel to the M coil of the motor 8. When-
ever the contact 34 is closed the motor 54 is ener-
gized. Likewise when the contacts 32, 31, 39 are
each closed the respective motors 55, 57, 56 are
energized. A momentary closure of any of the
contacts such as 34 may not necessarily cause a
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closure of the related contacts 58, since the time
length of the closure is not: sufficlent to rotate
the cam to a point where the contacts §8 engage.
-If however a sustained contact (as at 34) would
persist, it would result.in a closure of the con-
tacts 88 and correspondingly. an energization of
the L coil of themotor §8.

It will thus be séen that .the condition pre-
viously mentioned, cf the possibility of stabilizing
at some temperature other than that which is
desired, is obviated through the arrangement as
Proposed in Fig. 5. If too much of the hot gases
are passing through the idle pass 8 and the super-

' heat temperature and. reheat temperature are
‘both low, regardless of the fact. that the dampers
14 and 16 are wide open; then the Bourdon tubes
23, 28 responsive to the low temperatures would

maintain the contacts 34, 38, or either of them,

in a closed condition, and correspondingly the
motors 54, 56 would be energized, resulting in a
closure of the contacts 58, 60, -either or both of
which when closed ‘are arranged-to energize the
L coil of the motor {8. Such an energization in
& closing direction of the damper 15 will tend to
increase the total heat available in the passes ¥
and 8 over the superheater and reheater to bring
the steam temperatures up. . . ‘

Thus, in general, Fig. 5 provides -that if ‘the
dampers {4 and 16 are wide open, and the tem-
peratures are still too low, a timing device will
come into play after a predetermined time in-
terval and make a change in: the position of the
damper 1§ to bring the system off from stabiliza-
tion. . It will be observed that: an interrupting
finger is arranged in the neutral connection of
the motor 18 so that the positiohing of the damp-
er 1§ is by increments whose frequency and dura-
tion may be properly adjusted.to prevent over-
correction. o

It may be that in certain types of installations
or under certain conditions -of .operation it will
be desirable to have a somewhat different super-
heat temperature and/or reheat temperature at
different loads. In Fig. 6 we illustrate an ar-
rangement providing the establishment and
maintenance of superheat temiperature and re-

“heat temperature varying with.rating. To that
end. we provide in the superheated steam outlet

conduit 2¢ an orifice 62 producing a DPressure

differential thereacross in known relation to rate
of steam flow and effective through the pipes 63,
84 upon a flow meter generally indicated at 65.
The flow meter 65 is of a type designed to move
an indicator 86 relative to an index 61 directly
In jncrements of rate of steam flow through the
conduit. 21, Thus we provide a visual indication
of load as represented by rate of superheated
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18 downwardly, closing the contact 78 and ener-
gizing the M winding of the motor 11 to accom-

plish an opening of the dampers (4. Conversely, ‘

if the temperature of the superheated steam is too
high, then the contacts 11 will be closed and the

dampers {4 will be moved in a closing direction
to decrease the flow of hot gases through the

pass T over the superheater (2.

Through the agency of the flow meter 65 and
the linkage 13, 14, 1§ the left-hand end of the
contact beam 12 is positioned upwardly or down-
wardly, thus decreasing the distance between
the contacts 17 .or 18, as the case may be, and re-
sulting in the maintenance of a different super-
heated steam temperature at different rates of
steam. flow. - An adjustment 19 is provided to
vary the effect of the fiow meter movement upon
movement, of the contact bar 12. :

In like manner the flow meter. §8 assists the
Bourdon tube 28 in control of the motor 9 to the

end that the superheat temperature maintained

is in" desirable relation, varying directly or in-
versely or in desired degree, with rate of reheat
steam outflow through the conduit 26.

The motor {8 is under the control of g contact
member 81 jointly positioned by the Bourdon
tubes 23, 28 through the agency of links 76, 80
as have previously been described in connection
with other figures of the drawings. .

It will be evident that with the arrangement
of Fig. 6 we may provide any desired functional
relation between temperature of the superheated
steam and its rate of flow, or between tempera-
ture of the reheated steam and its rate of flow.
In other words, we may arrange to maintain
superheated steam temperatire varying directly
or inversely and in any amount relative -to rate

- of steam flow, or we may arrange that the rela-
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tion between rate of flow and temperature of
the flowing ‘steam may he in any desired curved
relation depending upon the design of the link-
age interconnecting the flow - meter and the
Bourdon tube for jointly positioning the contact
members. ]

In Fig. 7 we have provided an arrangement

- particularly. adapted for emergency conditions,
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such as a sudden loss of logd when the unit has
been operating at a high rating. The flow meter
88 has its pointer §6 connected to one side of the
power source and adapted to cooperate with a
contact segment, 82 extending over approximately
three-quarters of the length of the index 61.
Thus when rate of flow through the conduit ‘21
is above a predetermined minimum, as for ex-
ample 25% of maximum rate, the contact pointer
88 will close circuit with contact segment 82 and

. -‘energize the winding of & relay 83 shown in ener-

steam flow leaving the superheater 12. A similar -

rate of flow meter 88 is responsive to the pressure
differential existing across an orifice 89 in the

reheat steam outflow conduit 26 and is adapted.

to position an indicator 10 relative to an index
Ti directly in terms of rate of flow of reheated
steam leaving the reheater 13,

A freely floating contact bar 12 is positioned
at one end by the flow meter 65 through linkage
13, T4 and 15. From the Bourdon tube 23 is

.plvotally suspended a link 18 to which is pivotally
connected the other end of the'contact bar 712.
A contact carried by the bar 12 is adapted to co-
operate with either the contacts 11, 18 joining
respectively to the L and M windings ¢f the motor
i1. The arrangement is such that in case the
superheated steam temperature is lower than de-
sired, the Bourdon tube 23 will move the link
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gized position in Fig. 7. In normal operation
(as shown in Fig. 7) the neutral of ‘the contact
bars 31, 3§, 81 is connected to one side of the
power source through the lowermost and closed
contact of the relay 83.

If there is & sudden loss of load to below 259
of maximum, the pointer 66 passes beyond the
end of the contact segment 82 and the relay 83
is deenergized. Its consequent movement opens
the circuit to the neutral, thus deenergizing con-
tact arms 31, 36 and §1, and closes circuit through
the L windings of the motors {7 and 19 and the
M winding of the motor {8, whereby the dampers
{4, I8 are immediately positioned in a closing
direction and the damper 1§ is positioned in an

opening direction. 'This action serves.to protect .

the reheater and superheater from excessive tem-~
peratures at a time when they are not cooled by
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the flow of a material amount of steam there-
through. - The opening of the damper 1§ allows

" @ by-passing of a greater portion of the hot gases
.of combustion through the idle pass 8, and until
the boiler operator or automatic equipment has
made the necessary changes in firing rate, sub-
sequent to the sudden decrease in output, where-
by the total volume of heated gases is reduced
below & dangerous value.

The arrangement of Fig. 7 further provides
that upon starting up, and until a certain pre-
determined rate of steam flow is attained, the
damper 15 will be in an open position and the
dampers {4, 18 in a closed position. Thus the
gases will pass through the 1dle pass 8, be cooled
by the economizer (8, and pass through ‘the
damper 15 to the air heater . -This obviates
the possibility of damage to the superheater i2
or the reheater 13 by an excessive flow of hot
gases when there is not a suffictent cooling of the
reheater or superheater by steam flowing there-
through in sufficient quantity.

Under such low load or emergency condition,
- r upon starting up, the energization of motors
11, 18, and {2 is continuous and not through an
interrupting finger, and motor travel will be Um-
ited by the limit switches 20. ‘

It will be realized that we are not necessarily
limited to -electrical arrangements or electric
motors for positioning the dampers.  In Fig.:8
we have illustrated the embodiment of our in-
vention in pneumatic means., Referring to Fig.
8, we show therein that the Bourdon tube 23,
positioned responsive. to the value of superheat-~
ed steam temperature, is arranged to‘axially po-
sition a pilot stem 84 to vary an air loading pres-
sure within the pipes 85, 86, In like manner the
Bourdon tnbe 28 axially positions a pilot valve
81 to control an air loading pressure within the
pipes 88 and 89, The pilot valves 84, 87 are of a
type disclosed and claimed in the patent to John-~
‘son No. 2,054,464 and of & general type wherein
axial movement. resitlts in the establishment of
an air loading pressure bearing a definite and
predetermined relation to such axial movement.
In the present arrangement, an upward move-
ment of the pilot stems 88, 87 causes & propor-
tionate increasing of pressure within the pipes
85, 88 and simultaneous decreasing in pressure
within the pipes 86, 38. :

Pipe 86.is connected to a pneumatic actuator
80 connected to position the dampers {4; while
the pipe 89 leads to a pneumatic actnator 84
adapted to position the damper {6. The actu-
ators 90, 81 are spring loaded sc that the damp-
ers I8, 16 assume positions representative of the
air pressure applied to the actuators through the
pipes 86, 83 respectively. :

If the superheated steam temperature tends
to rise above that desired, then the Bourdon tube
23 moves its free end in counterclockwise direc-
tion, raising the pllot stem 84 and decreasing
pressure within the pipe 88. Such & decrease in
pressure, opposed by the spring of the actuator
90, moves the dampers: {4 in a closing direction
' to throttle the flow of heated gases past the su-
‘perheater 12, Similarly, an increase in tempera-

*ture of the reheated steam causes the Bourdon

tube 28 to raise the pilot stem 87, thus resulting
in-a'decreasing of pressure through the pipe 88
withity the actuator 81, and a positioning of the
damper i6 in a closing direction to decrease the
. heating eifect upon the reheater 3.
For & ¢ontrol of the damper 15 we provide the
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averaging relay 94. Such an averaging relay is .

disclosed and claimed in the patent to Dickey
2,098,913 and is provided in general with iour
chambers 95, 86, T snd 98. Chambers 95 and
96 are separated by a flexible diaphragm. The
chambers 91 and 98 are likewise separated by a
flexitle diaphragm. Chambers 96 and 97 are
separated by a rigid partition. The two dia-
phragms and an opposing spring are connected
together with a stem adapted to position an air

.inlet and outlet valve in the chamber 95. It will
‘be observed from a study of Fig. 8 that the pipe

85 connects with the chamber 98 while the pipe
88 connects with the chamber 96. Thus the’
pressures effective through the pipes 85 and 88
act in the same direction against the spring and
for control of pressure within the chamber 85,
which pressure is effective through the pipe 93
upon the pneumatic actuator 92. If the super-

‘heated steam temperature is too high, then the

Bourdon - tube 23, in positioning the pilot- stem
88 upwardly, causes an increasing pressure ef-
fective through the pipe 85 within the chamber
88. Likewise an increase in temperature of ihe
reheated steam results in an increasing pressure
within the chamber 986. Such increased pres-
sures acting against the opposition of the spring
will cause an opening of the air inlet valve to the
chamber 85, increasing the pressure within the
chamber and within the pneumatic actuator 92,
thus tending to position the damper {3 in an
opening direction whereupon & larger percentage
of the hot gases are passed through the idle pass
8 and away from the superheater and reheater.
The action is somewhat different from those pre-
viously described in connection with the eleciri-
cal embodiments, in that the relay %4 provides
a resultant loading pressure through the pipe 93
which is in effect an algebraic summation of the
pressures within the pipes 85, 88. Thus, if one
of the temperatures is too high and the other is
too ‘low there will be very little, if any, change
in the position of the damper 15, and this is cor-
rect, for the actual change should occur in the
relative positions of the dampers I4 and (6.
However, if both temperatures are too high, or
both temperatures are too low, then in addition
to any changes in the position of the dampers
18, 16, there should be and will be a readjust-
ment of the position of the damper {5 to by-pass
more or les of the gas by the superheater and
reheater. i :

In general, while we have provided an  ar-
rsngement and method of controlling the heat-

. ing of & superheater and of a resuperheater in

connection with @ steam generating boiler, it will
pbe understood that we are not to be limited
thereby as the invention may equally as well be
applicable: to vapor generators in general, or to
furnaces in general, or to combinations of super-
heaters or reheaters other than those specifically
illustrated and described..

What we claim as new, and desire to secure by
Letters Petent ot the United States, is:

1. The combination with a vapor generator
having a furnace, three parallel passes for the
gases leaving the.furnace, a superheater in one
of the passes, & reheater in another of the passes,
the third pass being an idle pass, means sensi-
tive to temperature of vapor leaving the super-
heater adapted normally to vary the gas flow
through the superheater pass in direction to
maintain said temperature at optimum value,
menns gensitive to temperature of vapor leaving

air actuator 92 connected by a pipe 93 to an 78 the reheater adapted normally to vary the gas
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flow through the rehester pass in ‘direction to
maintain said temperature at optimum value,
means. 50 ‘responsive - to hoth said temperature
sensitive. means that that portion of ‘the total

gases flowing from the furnace which do not flow
- .through the superheater and reheater passes will

- flow through the idle pass, and means responsive

to a predetermined minimum rate of fow of
one of the fluids being heated and arranged to
render ineffective the said joint temperature sen-
sitive: means' when ‘there is no flow through the
superhéater -and reheater passes  and ‘direct the
tqtal gas flow throtgh said idle pass.

7

that portion of the total gases flowing from the
furnace which do not flow through the heater

- passes will flow through the idle pass.

10

2.°The combination- with a vapor generator

having three parallel gas passes leaving the fur<
nace, one of the gas passes being an idle pass,
a -superheater in a second pass; a reheater in
the third pass, temperature measuring means for
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the vapor leaving the superheater, temperature -

measuring means for the vapor leaving the re-
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heater; dampers at the exit of each of the passes,

and. control mechanism so responsive to said
measuring -means as- to. so- selectively position
" said dampers to maintain the temperatures eack
at a predetermined optimum value that the
. damper of said idle pass will be in open position

4. The combination with & vapor generator
having a furnace, three parallel ‘passes for the
gases leaving the furnace, & superheater in cne
of the passes, a reheater in-another of the passes,
the third pass an idle pass, means responsive
to temperature of the vapor leaving the super-
heater, means measuring flow of vapor from the
superheater, control means for the heating of
the superheater jointly controlled by said tem-
perature responsive means;and said flow means
in -such direction  and amount as to maintain
the temperature of the vapor leaving the super-
heater at optimum value, means responsive to
temperature of the. vapor leaving the reheater,
means. measuring flow “of vapor from the re-
heater, control means for the heating of the
reheater jointly controlled by said second tem-
perature responsive means and said second flow
means in such direction and amount as to main-

- tain ‘the temperature of the vapor leaving the .
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and the dampers of said superheater and reheater :

pass will be in'closed position when the vapor

generator Is under substantially no load, and the"

dampers of all three. passes will be proportion-
ally in open and closed position when said’ gen-

- erator.is . under load. :

3. The combination with a vapor generator
having a furnace, a vapor.generating tube por-
tion at the gas exit of the furnace, three par-
allel' gas passes leaving the generating tube por-
. tion, a vapor superheater in'one of the passes,
a vapor reheater in a second pass, the third pass
being an idle pass, dampers at the exit of each
of the passes, control means: for each of the sets
of .dampers, means measuring temperature of
the vapor leaving the vapor superheater, means
measuring temperature of the vapor leaving the
vapor reheater, means so-responsive to the super-
heated vapor temperature ‘measuring means as

will so position the dampers in the pass at. the .

- exit of the superheater that the superheated

. vapor temperature will be maintained at an op-
timum value, means responsive to the reheated
vapor temperature mesasuring means ‘for posi-
tioning the dampers in the pass at the exit of
" the reheater to maintain the reheated vapor tem-

reheater at optimum value, and means control-
ling .the flow of gases through the idle pass
responsive to. both 'said temperature sensitive
means, said last-mentioned means being 50 joint-

1y responsive to both measuring means that the
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. & plurality of parallel
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- being so jointly responsive
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perature ai optimum value, and means so jointly -
responsive to both measuring means that the
dampers in the idle pass are 5o positioned that ot

. flow in the idle pass is that portion of the total
"gases flowing from the furnace which do not
" flow through the heater

* the idle pass. .

passes will flow through

& vapor generator having
passes for the gases leav-
ing the furnace, one of .the passes being an idle
pass, a vapor superheater in one pass, & vapor
reheater in another pass, means go sensitive to
the temperature of the vapor leaving the super-
heater as to so control the gas flow through its
pass as to maintain said temperature at optimum
value, means so sensitive to the -temperature
of the vapor leaving the reheater as to so con-
trol the gas flow through fts pass as to ‘maintain
sald temperature at optimum value, and time
delay means coacting with both said temperature
sensitive means in controlling the gas flow
through the idle pass, said last-mentioned means
to both measuring
means that the flow in the idie pass is that por-
tion of the total gases flowing from the fur-
nace which do not flow through the heater pass
will flow through the idle pass. :

L RAYMOND D. JUNKINS.
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5. In combination




