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. The present invention relates to combus--
tion control and espscially to the control of-
combustion for a series of boilers supplying
. vapor'to-a common header, = An application
.5 of the inveption is in connection with stoker-
fired steam boilers and our invention is here--
inafter particularly illustrated and described.
as embodied in 4 system of -control. for such:
boilers.” It is to be understood, however, that-
. 10 this is only by way of example and that the
mvention is not limited necessarily tothis:

- particular application, - -

Tlie object of the in

_ vention -ig to provide'.
an improved system of. control which gives
15 good Tegulation and which automatically
‘takes. care -of .various operating’ conditions
met with, and for a consideration of what we
believe to be-novel and our invention, at-
tention is directed to the accompanying de-
20 scription and the claims appended thereto. -
- Inthe drawing, Fig. 1is a diagrammatic
“view of a combustion control system embody-
ing the invention, and Fig. 2 is a detail view
* < of a ratchet mechanism. -~ .- : . e
25 Referring to the drawing, 1 indicates a
- boiler, for example a steam boiler, having a
-vapor drum 2 from which vapor is conveyed
by a conduit-3 to'a header 4. Header 4 may
‘be a header common to the several boilers of
30 the plant, 5 indicating a conduit conveying
“vapor from the vapor-drum of another boiler
to header 4. 6 indicates'a fiel feeding means
" such as a stoker mechanism for supplying fuel
~ to the furnace of boiler 1, and 7 indicates an
35, electric motor for driving the fuel feeding
. meaiis. The armature of motor 7 is connected
-to a suitable source of electrical energy by
- leads 8 and its field winding 9 is connected
- into a control ¢ircuit as will be explained here--
40 inafter. - The fuel-supplied to the firnace by
the fuel feeding means 6 is proportional to the
-~ speed of the motor 7. 10 indicates a blower
for supplying air.to'the furnace. - It may be
. of any suitable type and is driven by an elee--
45 tric motor 11." 12 indicates the leads for the
~ field of motor 11, ~ They may be connected. to
any suitable source of electrical energy. Con-
nected with_the armature of motor 11 is a
resistance 12" adapted to be cut into and out .
80 of circuit by an arm 13 which travels up and’

L
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-similar gear wheel 16 on the end of the shaft

“a direction to cut resistance out of the arma-

~-driven and thus motor 17 forms a.regulating

. source of electrical energy, in the present in-

N

~
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down a threaded' fod 14, the arm 'cut.ting\the .
resistance ‘into and out of circuit a notch at

a time."On the lower end of rod 14 is-a.

bevel gear wheel -15, which -meshes with a -
55
of a motor, 17.: Motor 17 has two field wind-
ings 18 and 19. When current flows through
‘one of these field windings, the winding 18 in
the present instance, motor 17 is operated in "
60
ture circuit of motor 11 thus effecting an in- -

. crease-in- the speed of motor 11 while when

it flows through the other field winding, i.e.,
winding 19, motor 17 is operated in a direc~
tion to cut resistance'into the armature cir--
cuit ‘of motor 11 thus effecting a decrease in
the speed of motor 11: The volume of air -
supplied to the furnace by blower 10 is pro-- -
portional to the speed at which the blower is

65

70
means whereby the amount of air supplied to .
the furnace may be increased and decreased.
-, 20 and 21 indicate.lead lines of a suitable

stance alternating current, and 22 and 28 in- 75

-dicate lead lines of.a source of electrical en-
.ergy which in the
.of direct current. -

present instance isa source

Connected to conduit 3 is a flow meter M
which effeets the production of electric cur-*
rent which bears a definite relation to the rate
of flow of vapors in.the conduit.. In'the pres- = -
ent instance, it is shown as being a. flow méter -,
of the type disclosed ini the patent to Thomp- .
son and McNairy, No. 1,560,961 patented No-
vember 10, 1925, this being a niow known type'

80

~of flow metér. 24 'indicates a pressure differ-

ence creating device for the flow meter; 25
and 26 the leading and trailing pressure con-

_nections; and 27 a winding which in the.type 90

.of flow meter illustrated, forms the primary .
winding of a transformer, the -secondary
‘winding of which is formed by a mercury
ring in the flow meter casing. One. ter-
minal of winding 27 is connected by a con- 95
‘ductor 28 to line wire 20 ; the other terminal is

~connected to liné wire 21 by way of conductor.

29,solenoid winding 80, conductor 31, solenoid
winding 82, conductor 33, rheostat lever 34,
resistance 35, conductor 36 and ¢onducter 87. 100

85
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 There is thus in this-circuit inclq'ding.sole'-; "géar.WHé'el 64,_the arm being suifably insu-

noid windings 80°'and 32 a flow-of eléctric cur-- Iated ‘fom the shaft.. Also carried-by this - .
- rent which-is a measure of the flow of vapor

‘through ‘conduit ‘8. This circuit may be
‘termed the vapor flow or steam flow circuit.
‘Connected to boiler 1 is anelectric flow meter
N for measuring the amount of air flowing .

- through the furnace. It may be of any suit-

10

able type. ' In the present. instance, there is

indicated an electric. flow. meter of the type -

disclosed in the application of L; W. Thomp-

- son; Sr. No. 742,290, filed Oct. 7, 1924. - It
_ comprises a casing 38 which contains a mov-
..able element which may be in the formof an

15

inverted bell 39, the lower edge of the bell

being sealed in a liquid contained in an an-.
nular chamber 40. 'The opposite sides of bell-

89 are connected by leading and trailing

.20

" of flow of gases through the furnace. Bell.

pressure pipes 41 and 42 to suitable points in

the furnace of such character that there will
be a.drop in pressure between the connections

which will bear a definite relation to the rate

“ 89 is pivotally connected to a lever 43 which

5 at one end is pivoted on a fixed post44. - The

. other end of lever 43 is connected by link 45
" to an armature 46 on which is a closed wind-

30

o

-4

ing47.  In operative relation to armature 46
is a field structure comprising a winding 48.

The flow meter mechanism illustrated serves

to effect oscillating movement of armature 46

‘in response to changes in the rate of flow of |

gas through the boiler and such oscillating
movement, varies the current in the circuit of

field' winding 48 an amount proportional to-

_the thovement, providing therefore a current
“. which.is & measure-of the air passing through
_ the furnace. The electric flow meter heré il-
. lustratedis shown-only diagrammatically and

40

by way of example. It is to be taken as typi-

. cal of any suitable electric flow meter. -Iur-
" thermore, its mode of operation is not ex-

45

50

plained in detail because it is now a known
type of flow meter which may be purchased on
the market.  As already stated, the essential
thing is that it be an instrument capable of
producing  flow of electric current which is a

measure of the air flow through the furnace.’
One terminal of field winding 48 is con-.

nected by & conductor-49 to line wire 20 the

" other terminal being connected to line wire-21

60
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by conductor 50, solenoid winding 51, conduc-

‘tor 52, rheostat arm 53, resistance 54, conduc-

tor 55 and conductor-87.- There thus flows in

3 this circuit and in the solenoid winding 51 an

electric current which is a measure of the air
supplied to the furnace. This circuitmay be
termed the air circuit. . o :

One terminal of field winding 9 of fuel sup-
ply motor 7 is connected by conductors 56 and

57 to line wire 22. 'The other terminal is con-
nected to line wire 23, by conductor 58, rheo-
stat arm 59, resistance 60, conductor 61, con-
ductor 62, and conductor-63. Rheostat arm
59.3s carried by a shaft on which is a bevel

same-shaft is an insulated rheostat arm 65

which ' coopérates with the electri¢al resist-,

“ance 66.. One terminal of electrical resistance 5

_66.1s connected by a conductor 67:to line wire

“wire 21 by rhéostat arm 65, condictor 68,

70

90, the other terminal being connected to line ™

-solenoid winding 69, conductor 70, resistance -

71, rheostat arm 72, conductor 73, rheostat

arm: ¥4, resistance 76, conductor 76 and: con--

75

ductor 37.": Conaected to bevel gear wheel 64 . -

is a bevel gear wheel 77 carried by the shaft
of an“electric. motor 78, “Motor. 78 has:two
- field windings. 79-arid 80. ~ When a circuit is
closed oii one of these windings; it operates

80 .

motor 78.in a direction to move simultane-. - -

‘ously. rheostat arins 59 and 65 in a direction

to increase tlié amount of the resistance 60'in - -

circuit ‘with motor field 9 and decrease the

traced through-solenoid winding 69. On the
other hand, when a circuit is-clod through

“the other of thege field-windings, motor 78 is |, -
90
'of the resistance 60-in circuit with field wind-. ~

operated in a.direction to decrease the amount

85
amount of therésistance 66 in the:circuit just -

ing 9 and increase the.amount of the resist- - -

ance 66 in the circuit including solenoid wind-
ing 69. Resistance 60 serves to regulate the
speed.-of stoker motor 7. ;When the amount

of resistance.60 in circuit with field winding 9-

is iricreased the field is'weakened whereby the
speed of ;the motor is, increased to increase
the amount of fuel supplied to the furnace.
On the other hand, when:the amount of re-
sistance 60 in circuit with the field winding

-9 is decreased, the field is strengthened there-

95

100

by decreasing the speed of the fuel feed motor

7. As will be noted, the arrangement of re-
_sistance 66 is sueh that, when motor 78 oper-

ates in a direction to inérease the speed of the
fuel feed motor, rheostat arm 65 ismoved in

i05

a direction to decrease the amount of resist- . .
ance 66 in circuit and thus increase the cur- -

rent flowing in the circuit of solenoid 69, and
when motor 78 moves rheostat arm 59-in-a di-

110

rection to decrease the speed of fuel feed mo- . -

‘tor 7, then rheostat arm 65 is moved in‘a direc- . .~
tion to increase the amount of resistance 66 in
circuit, thereby decreasing the:amount of ¢ur-

115 -

rent flowing through solenoid 69.. .The &ar- .-

‘rangement is such that the curfent flow/in the.

circuit including resistance- 66. and soleneid

69 bears always a definite relation td the 'Sg ced
ow=
ing through solenoid 69 therefore varies with' .

of the fuel feed motor.7. - The currefit:

and forms a measure of the fuel being sup-
plied to the -furnace.
termed the fuel circuit.

69 are connected, to opposite ends of lever 81
suitably pivoted at its central point. - On one
end of lever 81 is a contact 82 adapted to en-
gage a contact 83 and on the other end of
lever 81 is a contdct 84 adapted to engage a

This circuit may be.

The plungers of solenoid- Windihgs 30 and

120

130



'contact 85 Contact 83 is connected to; one
“terminal of field winding 80 by conductor. §6;
‘switch-arm 87 and conductor:88. and’ contact'.»
+85 8. contiected to one terminal of ﬁeld wind--

‘tor 91. "The other termmals of field Wmdmgs

ing 79 by conductor 89, switch arm 90, conda

. 719 and 80 are connected to line wire 92.by-con=

10

windings 82 and 51 are connected to a lever 95

' plvoted at its.central point and carrying the

15

rheostat arm’ 72, already referred to. ~The
plunger of. solen01d winding 32 is provided
with a dash pot 96 to dampen the movement

" of it.”- The lower’ end of the plunger for sole-

20 ¢

- mnoid winding. 51 is pr0v1ded with apin 97
:adapted upon ‘a certain movement to move a ..

connector 98 away from a pair of contacts 99.
-100 indicates a.pressure responsive device
coringcted to.header 4 by a pipe 101. Its pur-
se'is to effect oscillating movement of a

“shaft 102 in response to changes in pressure
5 in header 4. ' Any suitable arrangement for

effecting osclllatlon of shaft.102 In response

- toand by amounts proportional to changes in

pressure in header 4 may be utilized. In the
present instance, the pressure responsive de-

vice is'shown as being in.the form of a coiled .’

tubular member: havmg one end fixed to -a
shaft 103 -on which 1s . gear. segment 104

- which meshes with a-pinion 105:on 1 shaft 102
. Upon_ an incréase in. pressiire in- header 4
5 the-coiled. tubular member tends to unwind

. Whlch serves to effect movement of shaft 102
" in a clockwise direction as.viewed from* the

left hand end while upon a decrease in pres-

" sure in header 4 the result is to effect a:move-

40

- formed by insulating material so that the two .

ment of shaff 102 in an anti-clockwise direc-

tion. . Fixed on shaft 102 is a contact bridge

106 having at its ends adjustable contacts. 107
and 108: Stops 1084 are  provided for lim-
iting the movement of bridge 106. Loosely
mounted on.shaft 102 is a contact bridge 109

havmg contacts 110 and 111 at its two ends.

The central pottion of bridge 109 may be

- ends of the bridge are insulated. from eéach

50

-other.
109 are spring contact metmbers 112 and 113 .

Carried by the two ends of bridge

. whlch cooperate with metal inséts. 114 and

o
ct

60

-115 in ‘an insulating disk 116 carried by.a
fixed arm.117. When shaft 102 turns’in a

clockwise direction it moves contact 108 into
engagement with contact 111 after which
further ‘movement of: shaft' 102. serves” to
move bridge 109 along .with bridge "106.

- When' thls fakes place spring contact 113 re-

mains in‘engagement with- metal inset 115
while spring contact 112 is moved away from

metal inset 114. When shaft 102 moves-in
an anti-clockwise direction contact 107 en-.

" - gages-contact | 110 after which bridge 109

63

moves. along with bmdge 106 brmgmg sprmg

.. _1’729,701 ) . L ,A . 3 .

ontact 112 mto further engaorement Wlth in--

- s¢t.114 and moving spring contact 113 off . -

inset. 115, - The frictional  engagement of

spring contacts 112 and 113 with tL edge of -
isk 116 1s such that bridge 109 Temains in g

any- posmon to avhich it is'moved. -Bridge

~imember’ 106.is connected to.line wire 22 by
ductor 92, armatiire of motoi 78, conductor.98; -
.and conductor 57. ‘Contacts 82~>and 84 are’
connected to line Wire 23 by ¢onductor 94 and..
.conductor - 63. The - plungers . of solenoid :
.set 114, conductor 125, solenoid’ Wmdmo 126

conductor 118; .condiictor 119, contact 120,
connector 121, contact 122, conductm 193and
conductm 124 Contact 110 1is ‘connected to 75
line wire 23 by spring contact 112, metal in--

and - coriductor. 127 “atid contact 111 is con-
nected to line wire- 23 by spring contact arm -

113, metal inset 115, conductor 128, solenoid gp.

winding 129 and conductor 197, Thus it will -
be seen That when. the pressure in hedder 4 in-

-creases, effecting a turning movement, of shaft

102 in a clockwise direction, a circuit is -
closed throutrh solenoid 129 and that when gs

‘the pressure in header 4 decreases effecting -
"a turning movement of shaft 102.in an anti-

clockwise direction;a cu‘cult is closed throutrh

solenoid ‘winding: 126

I‘1xed on qhai’t 102 1s. a seo'ment 130 hav- 90

~ing a cam surface ¢ on'which Tests a roller 181. -

The central portion of the cam surface is flat .
and‘the two ends project upwardly. Roller-
131 is carried on the underside of an adjust-

able spring arm ‘132 having a contact 133 at g5 '

its free'end. which engages a contact 134 on

the free end of 4 spring arm 135. Movement

of shaft 102 in eithei direction serves to turn -
segment 130 beneath' voller 181... If shaft 102
is turned to-an extent sufficient to bri Ing a cam 100
surface on segment 130 beneath the 1oHe1 it
serves to 1ift spring arm 132.upward, thexeby

-tending to move cont‘tct 133 away from con-

tact 134. "Spring arms 182 and 135 are fixed
at. their outer ends. 136 is‘a threaded pin 105
adapted to adjust the p051t1on ‘of contact 133.

- On the underside of spring atrin 185 is'a leaf
‘spring 187 which engages the end-of a thread-
‘ed pin 138. - By adjusting pin 1 138 in its.fixed'
“support the upward spring pressure on spring 110

arm 135 miay be adjusted. -Spring arm 135 is
engaged by a cam surface 139 on a gear seg-
ment 140.  Meshing with the ‘teeth ori gear

"segment 140 is a pinion 141 carried by a

shaft 142. Shaft 142 is ‘connécted by a ball 11
and ratchet coupling 148 to.a secorid shaft .

134. Coupling 143'may be of sval construc-
‘tion as.is illustrated. in -Fig. 2.

- Loosely
mounted on shaft.144 is:a gear. r wheel 145'and

fixed on such shaft is a disk 146 Whlch forms- 120 -

a part of a magnetic.clutch comprising wind-
ings 147. connected by ‘suitable conductms to
shp rings 148.on shaft 144. Bearing on slip .
ring 148 are contact fingers149 throu«h which
an electric circuit is: connected to Wlndmrr 125
4 - :
Meshing with ‘gear Wheel 14:5 s a gear
wheel 150 which forms a part of:the szu
train of a. magnetic retarding ‘device- 1nd1-

-cated generally by reference numerais 151 1s0



‘The magneti¢ retarding device may be of any

* suitable construction; in the present instance
_being shown as.comprising two. electric mag--
nets 152" connected to asuitable source of
electric ¢urrent and operating on-a disk 153
.. which rotates between .them. On the outer
- end.of shaft 142 is g pinion 154 which meshes
- with a rack 155 onthe upper end of a 'solenoid .
" plunger 156, the lower end ‘6f which carries.
10 connector 121.  The ball and ratchet connec-
tioni 143 is arranged so that solencid plunger
156 may be moved upward freely without
- turning shaft 144. It can thus move upward
- independently of -the ‘magnetic retarding
mechanism 151. On 'its downward move- .
ment however, the ball and ratchet connec-
tion becomes operative to connect shaft 142
to shaft 144 thereby connecting retarding
mechanism 151 to the solenoid plunger, pro-
viding - the - circuit through the magnetic
clutch is closed, so that the magnetic retard-
. ing device is connected to shaft 144. “On the
upper end of rack 158 is a weight 157 which

* tends to move the rack downward. .

%0

- . areconnected into a circuit including contacts
- . 133 and 134 which may be traced as follows :—
- ©- Line wire 23, conductor 158, spring arm

conductor 159, contact fingers 149 and wind-
ings 147, conductor 160, conductor 161, and
conductor 124. As long as contacts 133 and
134 are in engagement this circuit through
windings 147 of the magnetic.clutch is'closed,
this being a normal condition of this circuit.
At 162 is a solenoid winding having one
terminal connected to line wire 23 by conduc-
tor 163 and conductor 127 and the other.ter-
_minal connected to line wire 29 by conductor
164, contact 120, connector 121, contact 1292,

40

* conductor 123 and conductor 124. - Thus it -

will be seen that a circuit is closed through
solenoid winding 162 whenever connector 121
bridges contacts 120 and 122. The plunger
5 of solenoid 162 carries a connector 165 which
bridges a pair of contacts 166 whenever sole-
noid 162 is energized. 167 is a dashpot for
retarding the movement of the plunger for.
solenoid winding 162 in both its up and down
movements.  When solenoid winding 162 is”
energized to bridge contacts 166 a cireuit is
closed on a solenoid winding 168 which co-
operates with plunger 156 and which may be
traced as follows:—Line wire 22, conductor
124, conductor 161, conductor 169, solenoid:
winding 168, .conductor 170, contacts 166,
“conductor 171 and conductor 127 to lirie wire
23.- This serves to energize solengid windirig.
-168 thereby lifting plunger 156 and moving
60 the connector
--and 122. . - ) L .
Solenoid winding 126 has a. plunger .to
which is copnected a bridge member 172
-adapted to bridge contacts 173. When these
65 contacts are bridged a circuit is closed through

o,
[

121 away from contacts 120 .
- 3 " otor 7 and blower motor 11 are supplying -

1,729,701 . .. .

field winding 18 of motor 17 which may be -
traced as follows:—Line. wire 22, conductor = -
174, armature of motor 17, conductor .175,.

field winding 18, conductor 176, switch arm.

177, conductor.178, contacts 99 and connector -
98, conductor 179, contacts 173, and conduc- *
tor-127 to-line wire 23. ~This serves to oper- "
ate motor - 17-in a direction to increase the'
speed of motor 11 and hence the amount of -

_air-being supplied to the furnace. Solenoid 75

winding 129 has a plunger which carries a

‘coiinector180 adapted to bridge a pair of

contacts 181, ‘When contacts 181 are bridged
by connector 180, a circuit is closed through
field winding’ 19 0f motor 17 which may be 80 -

‘traced as follows:—Line wire 22, conductor
174, armature 6f motor 17, conductor 175,

field winding 19, conductor 182, switch arm -
183, conductor 184, contacts 181 and conduc- -
tor 127 to line wire 23. - When this circuit is g5

“closed it serves to operate motor 17 in & di-

- Tection to. decrease the speed of motor 11 and
“hence the amount of air being supplied to the
- . furnace. e R '
- -The windings 147 of the magnetic clutch -

. The. switches comprising switch arms 177 g9 -

‘and 183 and switch arms 87 and 90 are adapt-

ed to be moved into engagement with pairs

‘of contacts 185 and 186 respectively. This
- 182, contacts 138 and 184, spring arm 135, -

serves to‘throw-the control of air.regulating

-motor 17-and fuel regulating motor 78, to two g5 .

manual switches 187 and 188-whereby such
control motors may be manually operated as
is obvious from an inspection ‘of the circuit
connections. ‘At 189 is a manually operated
two-way switch connected directly with the 390

- field windings 79 and.80 of motor 78. . This .

permits of adjustment of the fuel manually - -
while the automatic control is operative. If
desired, a similar switch may be provided for
motor 17 also. - T
The mechanism shown in the dotted square
is mechanism appurtenant to all the boilers:

105

.of the battery of boilers and may be termed.

the air control mechanism. -The mechanism’

at the left of the.drawing is appurtenant to 110
the individual boiler 1 only and operates the -
fuel and air supplies for it. - For each of the
other boilers of the-battery a similar mecha- .
nism is provided and character B at.the right -
hand side of the drawing indicates mecha- 115

nism for a second:boiler. ~“Whenithe air con- -

-trol. mechanism operatgs it effects adjust-
~ment of the air supplying' means for all the
boilers in-the same manner. - The’ operation

will be. described now for the boiler shown, 120
it being understood that the description-ap--

-plies also to the other boilers of the battery

connected to the air control mechanism.
- Assume that boiler 1 is supplying steam at
a certain rate to conduit 3 and that the stoker 125

fuel and air in the quantities required to gen-
erate the steam flowing through conduit. 8 -
and maintain the desired pressure in the -
boiler. Under these circumstances, the cur- 130



' rent flow through solen01d Wmdmg 30 Whlch '

1?729”701" _ .

current is proportlonal to the-steam ﬂow and

*the “current flow through solenoid winding

69, which current is proportional to the fuel

ﬁow, balance each other so-that contacts 82

.. and 84 are out of: engagement with contacts

83 and 85 as shown in the drannO'

* thecurrent ﬁow1n<r through solenoid 1 winding

10

"89 -which current 1s ‘a-measure of the steam

flow and the’ current ﬂow through. solenoid:

' Wlndlnﬂ‘ 51 which ¢urrent is-a measire of the

S

15

20

air ﬂow, balance each other and hold the con-
tact arm 72in a- certam position..

"‘Referring to the air control mechanism, -

contacts 133 and 134 are in engagement with

" -each other, which. means- that the circuit

throutrh the magnetic clutch Wmdmos 147
IS closed and that the magnetic retardlno de-
vice 151 is connected to shaft 144 and i is fune-
tioning ‘to retard downward movemert of
plunger 156, - Connector 121 is shoswn as hav-

“ing just bridged contacts 120 and 122. - This

25

30

has closed the circuit through solenoid wind--

ing 162 and operated its plunver so astobring
‘the connector 165 into engagement with con-

-tacts 166. "This in turn has élosed a circuit:

through solenoid winding 168 by way of line
wite 22, conductor 124, conductor 161, condie-
tor 169 solenoid Wmdmg 168, conductor 170,

contacts 166 and conductors. 171 and 127 to.
line wire 23.". Solenoid 168 is thereupon-en-.-

. ergized - to hft its ‘plunger - 156 thus mov-

ing connector 121 away from contacts 120

. and 122. The, upward movement of plung-

35

er 156 takes place quickly becaidse of. the

fact that ratchet 143. permits shafts 132.

to. turn - independently of the  magnetic

" retarding device 151 which is connected

40

to shaft 144. - During this movement pin-
ion 141 _turns gear wheel 140 so as to move

“cam 139 in the direction indicated by the

45

50

-85

ATTOW. _
from contact with spring arm 135. How-
ever, spring arm’ 135 1is -prevented from

.moving upward by spring arm 132 which lies

above 1t As soon as connector 121 moves

away from contacts 120 and 192, the circuit;

through salenoid 162 is opened buit solenoid’

162 is retarded by dashpot 167 so as to :nain--

tain the circuit through: solenoid 168 closed.
until plunger 156 reaches the top of its move-.
mient, After a predetermine
time, connector 165 moves away from con-.
tacts 166 thereby opening the circuit on sole-
noid 168. Plunger 156 starts then to move
downward slowly against the action of mag-’

_ nete brake 151, the arrangemet ‘being such
" that the bottom of its. movement is reached

60

after a' predetermined interval of time.
When it reaches the lowermost position, con-
nector 121 again bridges contacts 120 and 122

. whereupon ‘the cycle of operation just de-

65

"seribed is repeated again.

gdes on contmuousl)71 but if the pressure in

Also,

This serves to move the cam away -

intefval of’

<v1ewed in the drawing.

This operation -

coniduit' 8 remains at. the: desrre& value, | no.-

regulatma action takes place. -

‘Assume now that'the emand for steam de-
“ creases so thatthere is a decrease in the rate.

of steam flow from boilér 2. This dearease
in steam flow is recorded immediately on
steam flow meter M, the current through the
steam flow meter civ rcuit which includes sole-
noid windings 80-and 82 being reduced to a
value correspondlnor to the decreased rate
of steam flow. The pull of solenoid winding
30 on its plunger is thuas decreased Whereup-

75

“on solenoid. wmdfng 69 moves contact 82 into -

engagement with contact 83. This closes a -

circuit on field winding 80 of motor 78 which

‘circuit'may be traced as follows :—Line wire .

23, conductor 63, conductor 94, lever arm 81,
contacts 82 and 83, conductor 86, switch arm

80

87, conductdr 88, field Winding 80, conductor

.92, armature. of motor 78, conductor 93, con-
ductor 57 to line wire 22. Motor 78 is there- :
_upon operated in'a direction to move contact -
arms 59 and 85 in'a counter-clockwise direc-.
- tion, therebV decreasing thé amount of re-

sistance in the circuiit of field: wmdmor 9 for
motor 7 and increasing the amount of re-

‘sistance 66 in the fuel. circuit which includes

the solenoid winding 69 .and resistance 71.

85

Deécreasing the amount of Tesistance 60 in -

the field circuit of motor 7 serves to strength-

‘en the field and thereby decrease the speed

of motor 7 and hence the.amount-of fuel sup- = -

phed to the furnsce.
creasing the amount of resistance 66, in the
circuit- ‘of selenoid winding 69 serves to de-
creasé the'amount of current flowing in this

At the same t1me in-.

100

circuit Whereupon contact 82'is moved from -
engagement with contidct 83 thus opening the

circuit on'field winding 80. As a result the
rate at which fuel is supphed to the furnace
is brought down to a value corresponding to
the -amount of steam being generated.

The change in current. value through -sole-

‘105

noid wmdmg 32 unbalances also the pull on -

levet 95. However, because of the retarding-

effect of dashpot 96 lever 95 is not moved
immediately.. -

110

The decrease in steam ﬂow which has been

assumed fo have taken place will be accom-
p‘mled by an increase in the steam pressure
1 header'4. " This acts on pressure responsive
dev1ce 100 tending to uncoil it, théreby mov-
ing gear segment 104 toward the right as
“This turns shaft 102
in a ‘clockwise du‘ectlon, thereby bringing

“contact 108 into engagement with contact

115

120

111. At the.same time, cam 130 moves under :

roller 131, but-if the change in presstre is-of
small value roller 131 will not, be lifted be-
cause of the flat central position of the cam.
When solenoid plunger 156 now reaches its,
lowermost position, bringing:connector 121
into erngagement; with contacts 122 and 120,
a circuit is closed .which may be traced as

follows «—Line wire 22 conductor 194, con-

125

13'0
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- ductor 1928, contacts 122 and 120, condiictor

- -conductor: 127 to line wire 23. When 5olenoid -

" .thereby closing a circuit on field winding 19

10

119, conductor 118, bridge 108, contact 108,
contact 111, spring contact arm 113, contact

115, conductor 128, solenoid winding 129, and

winding 129 is energized- connector 180 is
brought into engagement with contacts 181,

which may be traced as follows:—Line wire

o 22, conductor 174, armature of motor 17,
‘conductor 175, field winding 19, conductor b
+ 182, switch arm 183, conductor 184, contacts -
181, and conductor 127 to line.wire 23." This".

-operates motor 17 in.a_ direction to increase:

' 15 the amount of resistance in the armature cir-
" cuit of motor 11, thereby decreasing its speed.

. which results in decreasing the speed of blow-

20

25

30

- contact arm 72 in’'a direction to increase the

er 10 and hence decreasing the amount of air
su%)lied to the furnace. ~ . . . -

-

as just explained; there will not be effected,

under ordinary operating conditions, an un- -
balancing -0f the pull of the two -solenoid -

windings 32-and 51 on'lever arm 95. When
the steam flow decreased it was followed im-
mediately by a decrease in the flow of cur-

rént in the civcuit of flow meter M which in- -
cludes solenoid winding 82. This has a tend: -

ency to unbalance. the pull of solenoid wind-
ings 32 and 51 on lever 95, tending to turn

amount of resistance 71 in the fuel circuit
which includes solenoid winding 69.- How-
ever, retarding device 96 serves to delay this

movement and since the decrease in steam

- flow is followed fairly promptly by a decrease

40

In air flow, then the balance of solenoid wind-
ings 51 and 32 will not be destroyed to-such
an extent as to effect a change in the amount
of resistance 71 in cirexit. o T

When connector 121 bridges’ contacts 120
and 122 to effect adjustment of the air sup-

- ply to the furnace, as just explained, it at the

. 45

50

65

unit.. B o o R
" Inother words, when connector 121 bridges.
- - contacts 120.and 122 at g time when contact
60

same time again closes the circuit on solenoid .

winding 162 whereby causing connector 165

to bridge contacts 166 and again close the cir-

cuit -on. solenoid. winding 168, as explained
above. Dashpot 167 serves to retard the

upward movement of connector 165 so that .

the cireuit through solenoid winding 168 is-
not closed until-after a predetermined. inter-
val of time, siich time interval being sufficient

to permit of or effect the ‘desired adjustment .

of the air supply. For example, the interval
may be of a length suchas to effect an ad-
Justment of resistance 19’ one notch or one

108 1s in engagement with contact 111, two

cireuits are closed, one through solenoid wind- -

© ing 129 and the other through solenoid wind-

65

ing 162. In the case of solenoid winding 129
its plunger is moved to bring connector 180
into contact immediately with contacts 181-

~

“with a comparativel

thus effecting closing of the circuit of motor .
17, while in the case of solenoid winding 162
its plunger is moved slowly under the retard--
ing action of device 167 so ‘as to give motor
17 time ‘to .adjust resistance 127 before it -

.-causes connector165. to bridge contacts 166 70

to-againclose the ciréuit on solenoid wind-
ingl68.. - 7 ... T

" .As soon a5 tlie circuit on solenoid winding -
168 is eompleted, plunger 156 is raised, there-+~
y moving connector 121 away from contacts 70
120 and 122. This opens the circuit on sole- -
noid winding 129 whereupon connector 180
moves away from contacts 181 thus opening
the circuit on air-adjusting motor 17. . Air
adjustments of only a limited amount, there-
fore, take place before the circuit on solénoid
winding 129 is opened, permitting connector

80

_ - -~ 180 to move away from contacts 181.
hen the air flow and steam flow varied, -

.. After plunger 156 reaches the top of its
movement, it again. beginsto descend under
the action- of the reétarding device 151 and
aftera certain predetermined inferval of time-
connector 121 again bridges contacts 120 and
122, "If ‘now contact 108 is in engagemejt
with contact 111, which indicates that the
stean pressure is still above normal and is’
either increasing or at ledst has not started
to decrease, the circuit through solenoid wind-
‘ing 129 will-be completed .- again, effecting a 95
second: adjustment of thé air by a predeter--
mined: amount, _as. already ‘explaimed.  If,.
however, during the period that plunger 156

is descending; the steam pressure has started L
to return toward normal, ‘thereby’ moving ‘100
contact 108 away from contact 111, then an
adjustment of the air will not take place.

‘With' the " above-deseribed arrangement,

-thérefore, it will be seen that air adjustments
are effected in'small steps at predetermined
intervals of time, the adjustments continu-

ot
=
(413

-ing until the tendency of the pressure to in-

crease has been overcome and the pressure
has started to return toward normal.. .

-In connection withi the operation just de- y4-
scribed, it ‘was assumed that the incicase in .
steam pressure in header 4 was of compara-
tively small valueé so thai roller 131 remained
in engagement with the flat portion of the .
cam on segment 130. - ‘Assume now that the 115
increase -in' pressure is tomparatively large
so that the turning movement of shaft 102 is

.suflicient to bring the rising portion of the

cam surface on segment 130 under roller 131 .

80 as to raisg contact arm 132 and move con- 120
tact 133 awsy from contact 134. When con-

~tacts 133 -and 134 are separated, the circuit

through. the windings 147 of the magnetic
~clutch is opened so'that plunger 156 is free
to ‘move indepéndently of the magnetic re- 10
tarding device 151, “As ‘a result therefore,
]y large increase in steam
pressure, the retarding devicé is disconnected .
from' plunger 156" and’ the plunger imme-
diately drops, bringing. connector 121 inte 130

ot
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: _;"enoagemeni: with contacts 120 and 122
- There is thus effected an adjustment of the

‘air in the manner:already described. Also
in' the ‘manner- already .described, plunger .
~156 will be raised again and-if. contacts 133
and contacts 134 are still separated, then it
will drop immediately again to effect a sec-’
ond adjustment of the air providing contact’

108 is still-in engagement with contdct 111..

i0

It follows, therefore, that as long as contacts

138 and 13 4 are out of enoa«ement w1th each

~other, and contdcts 108 ‘and 111 remain in.
- engagement with each other, a series of rapid

15

- adjustments of the air will take placet How-,
‘ever, as soon.as. the pressure starts to.'re-.
‘turn toward normal’ value,:contact 108 will'.

. be'moved away from. contact 111 wheréupon

" no further air adjustments will occur. .
~ In this connection, it is pointed -out that

20

a boiler has considerable heat: stomore ca-

‘ pamty which tends to retard.its response to

- air-and fuel changes so that while a change

925

in air flow may be followed promptly by a’
change in.the rate at.which steam’is being
generated; still the change may not. be rapld,'

~. enough ‘to effect promptly 4 restoration’ of

30

»the:pressure to normal value. :
_ ularly is this true where the pressure change

a5 ever, as soon as the
_crease, then because of the several successive

~And partic-

is of comparatively large value. " Asa result
in case of a. comparatlvely large.increase in’

- steam pressure, the change in the air supply ‘
"+ will not begin-to effect an actual decrease in
‘the steam pressure, until possibly several suc-

cessive adjustments have taken place. How-
ressure begins to de-

. adjustments Which have occurred, the pres-

49

- lated with the lag of the boiler that for any

.sure will continue to decrease untll it reaches

its normal value again. The ar rangement
and adjustment of the mechanism is so cox Te-,

departure of the steam pressure from normal

“value the- ad]ustments which oceur will be
* such ordinarily as to bring the pressure back -
and the successive adjustments follow each 110
‘other comparatively quickly.
‘vary the supply.of air more rapidly to correct

to normal once the point is reached at which
the pressure begms to return toward normal
value. ..

Tn ‘connection with the’ operatlon of ‘the

" device, the cam surface 139 which actson arm

50

135, comes into action to determing the ra-
pldlty with which successive adjustments of
the air will be effected. It.will be seen that

" when plunger 156 is raised, cam 139is moved

- away from. the arm 185 while when the-
5 plunger is lowered the.cam is-moved toward

[
<

GO

arm 135. - This movement of the cam. serves
to permit contact arm- 185 and contact 134
to move toward contact 133 and to be moved
away from contacts 133. Assolenoid plunger

156 moves downward, therefore, cam 139"
-tends to come into action to move contact 134

way from contact 138 and whénever it moves

- ohtact 184 away from contact 183, magnetic

_retarding device 151 is put out of action.due

to the cn'ctut on wmdlngs 147 bema opened

contacts 134 and 183 depends iipon liow much.
‘the ‘cam surface -on segment 130 has lifted.
" contact 133.
.. tively-high, the result of a comparatively -
Jarge increase in pressure in header 4, then

Whlch serves. to dlsconnect shaft 149 from L

"shaft 144, If, for example, cam 139 moves ..
“contact 184 away from contact 133 when. .

plunger- 156 has- descended, one -half of its -
total ‘movement, then it- will be-seen that the 70
magnetic retatding device will-be .in action -

-duuno' the first- han of the movement of the . .
: plunlrer and will not. be in_ actionduring the

second half. As a result, the plun«rer will -
niove from its uppermost pos1t10n to its low- v
ermost.position in one-half. the time required

“shen the retarding device is in action during”

the entire downwird movement. The mstant
‘when cam 139 comes into. actmn to separate .

80

If it has been lifted compara- -

the 1 retarding device will be in action practx— 85‘ _

_cally not at all, pluriger ‘156 falling imme-"
“diately to bring contact 121 into en“avement :
“with. contacts 120 and 192. On the other . -

hand, as first explained, if the increase in
1)1essure is small, then the retarding device
151 is in action dm ing the entire descendmfr
movement of plunne1 156. - Between, these - )
two extremes, there' may be.any degrea of - -
retarding actlon, depending upon the.rela--
tive positions of contacts 133 and 134 Wlth:, 95
relation to cam 139.. . '
“Thus it will be seen that the mterval Be-

90

‘tween successive adjustmients of the air.de-

pends upon the amount of the departure. of

the pressure in he‘mder 4 from normal value. 109

Tt the departure is comparatively small as

first described, then the retarding device is °
in action all the time and the 1nterva1 between
successive adjustments of the-air is compara- .
tively long. -This serves to give the boiler 105
time to reqpond to the first ad3ustment before

a second adjustinent occurs. If the departure

-is comparatively large aslast explained, then

the retarding device is in. action not at all
This serves to

for the large departure of the pressure from
normal. For values of the departure of the
pressure in header 4 from normal between 115
these two. extremes, there will be intervals
between successive adjustments of a dura-
tion depending upon the amount.of the de-
parture, that is, on the.amount which cam
seement 130 has lifted contact 133.

Tn connection witl-the foregoing ‘it - will |
be seen that if at first there is a comparatively
small dep'u ture-of the pressure from normal
but that in spite of the first adjustment or -

12¢

‘adjustments, the departme continues to in< 125
crease in value thenthe time between succes-.-

sive adjustments will decrease’'and will con-

tinue to decrease until such time as the pres- .

sure starts back toward normal value: ;
‘When due to adjustments which' have taken 130°
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place, the steam pressure starts to return

-toward normal, value, that is, starts to de-.
- crease, shaft 102 is turned in a counter- -
- clockwise direction and contact 108 is moved

away_ from contact 111, thereby opening the
circuit-on solenoid windihg 129. 'When this
occurs, contact 107."will be. moved into en-
gagement with contact 110 but:a circuit

' *‘through spring arm 112 and solenoid 126:will
10

not. be closed because of the fact that the

. ‘'spring arm ‘was moved off inset 114 and onto -
*“the insulated portion of disk 116 when bridge -

109 turned in a clockwise direction during the

- former operation of the device.. -

15

20

- windings 30 and 32 being ih¢reased to:a value.

30

When the pressure has returned to normal,

the parts will stand in a position wherein con-

tact 107 is in engagement with contact 110 . : _
- from the boilér, Alsp it will'be seen that air

ment with inset 114.
- Assume now that the déemand for steam in-
creases so that there is an increase in the rate

but wherein contact arm 112 is out of engage-

“of steam flow from boiler 2.. This increasein
steam flow is recorded immediately on steam.
flow meter M, the.current through the steani.

flow’ meter circuit which includes solenoid

coitesponding to the increased rate of steam

flow.» The pull.of solenoid winding 30 on its:

plunger is thus increased whereuponcontact
84 is moved into engagement with-contact 85.
This serves to ¢lose the ¢itcuit throagh field
winding . 79 of motor 78, operating it in a

- direction'to turn contact arms 59 and 65in a

- - clockwise direction. -This serves to increase
35

the amount of resistance 60 in'the fietd wind-
ing 9 of the motor 7, thereby decreasing the
field strength and effecting an increase in the

- 'speed of motor- 7 and. hence an increase in
" the amount of fuel being fed-to the furnace:

1 40

At the same time arm 65 moves in a direction

_to decrease the amount of resistance 66 in the-

cirenit including solenoid winding 69 thereby
effectirig an increase in the full of solenoid 69
on its plunger and a movement of contact 84
away from contact 85. “The fuél flow and

steam flow are thus again brought to the de--

sired relation relatively to each other.
- The increage in steam flow which has been

- assumed to have taken place will be acconi-

- 50

1
[

)

panied by a decrease in the steam pressure in -

header 4, whereupon pressure responsive.de-
vice 100 will effect turning movement of shaft
102 in a counter-clockwise direction. This
will effect turning movement.'of bridges 106

and 109, contacts 107 and 110 being in engage- .

ment and as soon as contact arm 112 engages
contact inset 114, a circuit will be closéd
through solenoid winding 126, whenever
connector 121 again bridges contacts 120 and
122. This operation is similar to and will be
understood from that already described in

connection with solenoid winding 129. When.

* the circuit is closed on winding 126, con-

© .65

nector 172 thereupon bridges contacts 173 -

and‘a circuit is closed on field winding 18 of

8 . E _ _ . 1,729,701

motor 17 wlﬁch may bé' traced ‘as follows :—

Line wire 22, conductor 174, armature of mo--

tor 17, field winding 18, conductor 176, con-

tact arm 177, conductor 178, contacts 99, con- .

ductor 179, contacts 178, and conductor 127 to

line wire 28, This effects-operation of motor
J7.in a direction to decrease the amount of
resistance 12 in'the arinature circuit of motor
11, thereby effecting an increase in the speed
of the motor and therefore in the amount of
air supplied to the furnace. . -

~ With the arrangement. described, it will be
seen that the rate of fuel flow to the furnace

is balanced directly against the rate of steam -

flow .from..the boiler so that:there will be

“supplied to the furnace always an amount of -

fuel sufficient to generate the steam flowing

is supplied to the furnace to effect increase or
decrease in the rate of combustion so as to
maintain -thé steam pressure constant. In
thi§ connection, ‘it ‘will be understood that
when a boilerIs supplying steam to a steam
consumption' device, the uniformity of the

pressure ‘at Wwhich the steam is: supplied to-

the .consumption device is an ‘indication of
hoiw nearly the heat supplied by the furnace

-equals the heat required to generate the steam
‘necessary to:meet the requirements of the-

consumption device.. A: falling steam pres-

sure means that insufficient heat is béing sup-
plied by the furnace to generate the required

.amount of steam, a rising pressure means
that too much heat is being supplied to.gen-

erate the Tequired amount of steam, while a
constant stearmn pressure means that the heas
input is correct for.generating the fequirea
amount of steam. -Adjustment of “the air

'supply irrespective of any immediate change

in’ fuel supply serves promptly to vary the
rate of combustion in the furnace. - By ad-
justing the air supply, therefore, in accord-
ance with the steam pressure so as to main-
tain the steain pressure constant and at the

same time.adjusting the fuel supply to con-.
form always to the amount of steam actually
© being generated, efficient operation of the

‘boiler is obtained. .

. In addjtion to the.foregoing, we provide

also an arrangement for adjusting the rate
of fuel supply so as to maintain a desired

-relation- between- the rate of steam flow and
the rate of fuel supply and the rate of steam -
‘flow and the rate of air supply, the arrange-

ment serving also to maintain a fuel bed of

‘the désired: thickness.and to prevent at any

time the air supply being increased at too
rapid arate.. - ‘ :

If the air flow is too gféat compared to the

amount of steam being generated, solenoid
winding 51 will overbalance the pull of sole-
noid winding 32 on lever 95 and turn lever

95 in a direction to move contact arm 72 to-

ward the right, thereby increasing the amount
of resistance 71 in the fuel circuit which in-

75 .
80
85

90

100
1o§ ,
110
us
120
125

130



e

.- dition again but with a different ratio of fuel

[

cludes solenoid winding 69. This serves to
effect a_decrease in the amount.of current
flowing in the fuel circuit and hence a decrease

in the pull of solenoid winding 69 on the.

right hand end of lever81. As a result con-

‘tact 84 is brought into engagement with con-

tact 85 to ‘effect operation of motor 78.in a

* direction to increase the speed of fuel supply

.:1-0

motor.7 and adjist resistance arm 65 to bring

it to a'position such that the current through

solenoid  winding 69 will be of a value such -
that the pill of solenoid winding 69 will again’

baldnce the pull of solenoid winding 30, con-

. tact 84 being then moved from engagement

- 925

with contacts 85. This gives a balanced con-

flow to air.flow. - On the other hand, if the

air flow is too small compared to the amount .
% . of steam being generated, then solenoid wind-
20

ing 32 will overbalance the pull of solenoid
winding 51 on lever 95 thereby turning lever
72 toward the left and decreasing the amount
of resistarice 71 in the fuel circuit whereupon’
the rate of fuel supply is decreased in a man-
ner similar to that just described. - -

Assume that the boiler is operating and

“.that there occurs an increase in demand for

steam of substantial amount, so that the boiler

. cannot supply it without first building up

© 30

both the fuel supply and the air supply to'a

~considerable -extent. - Under- thege circum-
- stances, the steam pressure may be decreased

by a’considerable amount ‘wheréupon there

. will bea tendency to effect rapid, successive

35
- the fuel supply to the
creased only as fast as the rate of steam flow.
- increases.. In the qperation of a stoker fired
-furnace, there is'a certain amount of lag in

40

" these circumstances, the arrangement -com- .

45

adjustments of the air. On the other hand,

bui’ldini up the fire, it being impossible to in-
crease t i

response from the furnace and boiler. Under
solenoids 82 and 51 serves -to-tem-

prisi )
increase the fuel supply at a rate

porari

- Taster than that indicated by.the rate of steam

flow, the result being that the fuel will be
supplied faster than it is being burned which

~ serves to thicken the "fuel bed, this being a

50

desirable thing upon increase in boiler load.

* . 'This result is'accomplishedv due to the fact

-that the increased air flow causes solenoid

55

winding 51 to overbalance solenoid winding
82, thereby moving contact arm 72 toward the
right to increase the amount of resistamce 71

~in the fuel circuit. _Thisresultsin decreasing
. the currént in the fuel circuit, thereby weak.
. ening'the pull ofsolenoid 69.and permitting
- solenoid30"to hold contact 84 in engagement

60

with contact 85 when otherwise the steam flow

.~ would not be sufficient to effect this result:
. Fuel is thus supplied- to the furnace tem-
-porarily at a rate greater than that Tneces-

65

sary for generating the steam flowing from .

the boiler so that the fuel bed gradually thick-

."1:7.29,701 .

furnace will be in-

efuel and air and obtain immediate:

9
ens. If, as the result of successive adjust-
ments of the steam pressure responsive mech-

anism, the air'flow increases, to a value too -

great as compared with the steam flow, then

pin 97 will engage connector 98 and move it

away from contacts 99. This opens the cir-
cuit ‘of field winding 18 and motor 17 and

70

prevents further adjustment of rheostat 19’

for motor 11 until the fuel supply and the -

steam flow have had an opportunity to build

up. By this arrangement, the air supply is-

75

prevented from building up at a rate so rapid . .

that it might blow the firé full of holes.
- In case theé demand for steam decreases by .

a considerable amount, which means that the

80

rate of fuel supply and the rate of air supply -

should be substantially decreased, then under

these ¢ircumstances, when several successive

noid ‘winding 32 ‘will overcome the pull on

-adjustments of the air have taken place, sole- -

85

solenoid winding 51, thereby moving contaet .

arm 72 toward the left. This serves to reduce.

the amount of resistance in the fuel circuit, -

thereby strengthening the current in the fuel -

circuit and moving contact 82 into enghge-

~ment with contact 83, thereby decreasing the

80

rate at which fuel is being supplied to the .
furnaces; or, on the other hand, if contact 82 -

is in engagement with contact 83 already as -

a result of a decrease in the steam flow, then
the contact 82 will be held in engagement with
contact 83 for a period longer than would be
the case otherwise, so as to continue to reduce:
the rate of fuel supply even after the steam

flow has'reached a value corresponding to the

fuel supply for such steam value. ~ This serves

to temporarily supply fuel to the furnace at
‘a rate slower than it is being burned which
results in a decrease of the thickness of the -

fuel bed. :
- From a consideration of the foregoing, it
‘will be seen that the mechanism operates to

maintain automatically the desired fuel bed -

thickness. - -

-Assume-that the boiler is Operating ata cer-

95

100

105

110

tain load, that everything is in balance, and -

that the quality of ‘the fuel supplied to-the.

furnace improves. This will cause an in- N

‘crease in the steam . pressure in conduit 4
whereupon the pressure responsive device 100
‘will operate to.decrease the amount of air
supplied to the furnace. - Due- to the de-
creased amount of air, solenoids 82 and 51

-will become unbalanced and contact arm™72

will be moved to the left thereby cutting some
of the resistance 71 out of the fuel circuit.
In the manner already described, this will
effect-a decrease in the'amount of fuel sup-

plied to the furnace to bring about a new -

fuel-air ratio of a value economical for the

‘new grade of fuel. On the other hand, if the
quality of the fuel gets poorer then in a &or-
‘responding manner, the supply of fuel will be:

115
120:

125 -

increased and the supply of air decreased to

-again bring-about a new fuel-air ratio which

130
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" will effect-burning of the
© . Tf.the fuel gefs larger in size, the fuel bed -

poorer qual'ifyj of
fuel éeconomically, - A

 resistance decreases whereupon more air will

L~ I

10

flow through it. ‘This:increasé in air flow

will be registered on air flow meter N where--
upon solenoids 82 and 51 will become unbal--
anced in a direction to effect temporarily an_
‘increase in the rate of fuel supply so as to

thicken the fuel bed and bring its resistance
" to air flow to the desired value. Similarly, if .
the fuel bed résistance increases, the air flow -

. will be decreased which will result in tempor-
_arily decreasing the rate of fuel supply until

15

20

;25

the fuel bed is thinned so that the desired
amount of air will flow through it.

- Tf holes occur in the fuel bed, air flow meter
N will register too much air relatively to the
steam flow whereupon the rate of fuel supply-

will be inereased temporarily until the holes
are filled up. Lo -

Should the air flow increase too much rela-
tively to the steam flow, then finger- 97 will
move connector- 98 away. from contacts 99,
thus opening the circuit through conductor
179 and preventing any increase in the air

~ sypply if, due to the holes in the fire bed

30

35

there should occur a drop in the steam pres-
sure. . S - )

Soot or 0
tubes will cause air flow meter N to register
more air than it would if the Boiler tubes were

‘clean even: though no more air is actually
flowing. .This is due to the higher resistance

of the boiler tubes to the air passing over

" them which causes a greater pressure drop
- across the tubés. As a result solenoid. wind-

ings 82 and 51 will become unbalanced in a

- direction to increase the rate of fuel supply

40

45

_brought about by the fact that the decreased -

relatively to the.rate of air supply to make
up. for the slightly lower boiler efficiency due
to the dirty boiler. . L e

Scale on the inside of the boiler means that
for a given quantity of air the steam will not
be generated that-should be which means that
the fuel flow must be increased somewhat rel-

atively to the steam flow. This result is

_ steam flow relatively to the air flow results

60

in an unbalance of solenoid windings 82 and.
51, the pull of solenoid winding 32 being.

slightly weakened, so that solenoid winding
51 pulls contact arm 72 toward the right thus

* cutting more of resistance 71 into circuit and

55

60

so incredsing the rate of fuel supply in the
manner already explained. - o
Any change in operating condition of the
boiler other than demand for steam which
causes a change in steam .pressure acts

through device 100 to effect a change in-the

~air flow thereby unbalancing $olenoid wind-

65

ings 32 and 51, thus effecting a corresponding

adjustment in the rate of fuel flow. = - .
From a consideration of the foregoing, it

will be seen that the balanced relay arrange-

slag on the outside of the boiler
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ment compriéing solerioid windings 32 and 51

operates to maintain-always an economical

ratio between the fuel and air under varying
operating conditions. - For this reason, thé
arrangement may be termed an efficiency de-

éfficient operating conditions. . The adjust-
ments of the fuel required due to changes
which effect an unbalance of solenoid wind-
ings 82 and 51 are not large and under ordi-
nary conditions will not amount to more than'

chosen of a value such that the total changes

in fuel flow which may be effected by itis of . -
-the order of 10%. On.the other hand, resist- «
- ances-60 and-66 must be of values siich that-

70

~vice in that it functions to maintain always -

5
-about’ 10%.. Resistance 71, therefore, is -

80

they may effect change in fuel flow over the -

- entire range of operation of the furnace.

Tn accordance with the provisions of the
patent statute, we have described the prin-

85

ciple of operation of our. invention, together- ,

with the apparatus which wé now consider to.

represent the best embodiment thereof, but

we desire to have it understood:that the appa- -
‘ratis shown is only illustrative and, that the
Ainvention may be carried oiit by othér means.

What we claim as new and desire to secure
by Letters Patent of the United' States, is—
1. The combination with a boiler, of means

for. supplying - combustible thereto, means’

responsive to departure of an operating con-
dition of-the boiler from normal value for
effecting successive  adjustments of the com-

‘bustible supplying means, and means where-

by the length of time between successive ad-

justments 1s governed by the extent of the de- .

parture of the operating condition from. its

normal value. . oo : o
9. The ¢ombination with a boiler, of means

for supplying combustible thereto, means

90

05

1C

U

responsive to departure of an-operating con-. .

dition of the boilér from normal value for
effecting successive adjustments of the com-
bustible supplying means, and means where-

by the time.between successive adjustmnents -

becomes shorter as the operating condition .

departs further from its normal value.,

3. The combination with a boiler, of means

for supplying combustible thereto, means

responsive to departure of an operating con- :

dition of the boiler from normal value for -

combustible supplying means, and means
controlled by the amount which the operat-

ing condition has departed from normal for

determining the time between successive ad-
justments. - .=

_cffecting successive unit adjustments of the :

4. The combinatien with a boiler, of means -

-for supplying combustible thereto, means

including “an- electric: circuit and a circuit -

closer for effecting adjustments of the com-.

bustible supplying means, means operable

upon the departuré of an operating condi-

‘tion. of the boiler from normal value for
rendering said circuit closer operable to effect
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successive unit adjustments of the combus- second circuit closer means, reta"rding means

~ tible supplying means, and means controlled for delaying the closing of said second cir- -
- by the amount which the operating condition cuit closing means, and means responsive to
- has departed from normal for determining the extent of the departure of the operating

=

1(

13

- 20

the time between successive adjustments.

~condition of the boiler from normal value

. +’5. The combination with a boiler, of means

for supplying combustible thereto, means
including .an electric circuit- for effecting
adjustments of the combustible supplying.
means, a circuit closer in said circuit which.
is closed upon a departure of an operafing

-condition of the boiler from normal value,

for determining the period during which said-

retarding means is in operation: o

10. The combination with a boiler, of
means -for supplying combustible thereto,
motor means for adjusting the combustible
supplying means, an electric circuit which

70

75

when closed effects' movement of said ‘motor

intervals. .- : g

a second circuit closer in said circuit which means, a circuit closer means in said circuit
is closed at successive intervals, and means which is closed upon the departure of an
controlled by the amount which the operat- operating condition of ‘the boiler from nor-
ing condition has departed from normal for mal value, a second circuit closer: means in
determining the length of the. successive said circuit, means for effecting - successive
Lo closures of said second circuit closer means,

_6. The combination with a boiler, of means retarding means for delaying the closing of
for supplying combustible  thereto, means
responsive to departure of an operating con- for progressively increasing the period dur-

~ditron of ‘the boiler from normal value for ing whick said retarding means 1s in.opera-

30

effecting successive adjustments of the com- tion as the operating condition departs fur-
bustible supplying means, and means for pro- ther.from normal value. L '

gressively decreasing the interval between  11. The combination with a plurality of

said second circuit-closing means, and means.

80

85

00 -

successive adjustments as the value of the boilers operating in parallel, of means. for "
operating. condition departs further from- supplying combustible to each boiler, means/ _

normal value. . _ : ‘' responsive to an operating condition appur-
7. The combination with'a boiler, of means tenant to all the boilers for effecting succes-
for- supplying ‘combustible thercto, motor sive adjustments of all the combustible sup-

“'means for adjusting the combustible supply- plying means, and means whereby the length
ing means, an electric circuit which when of- time between successive' adjustments is -
. closed effects movement of said motor means, governed by: the extent of the departure of -

35

. condition of the boiler from normal value, a

40

a circuit closer means in said circuit which is the operating condition from ;its - normal
closed upon ‘the departure of an operating value. I

' 12. The combination with- a boiler, of
second circuit-closer means in said circnit, means- for -supplying combustible thereto,

-and means for effecting successive closures means rsponsive to departure of an operating

of said second circuit closer means.: condition of the boiler from normal value
8. The combination with a boiler, of means for effecting stccessive substantially equal
for supplying combustible thereto, motor unitadjustments of said combustible supply-

" means for adjusting the combustible supply- ing means, and means whereby said succes-

ing means, an electric circuit which when sive unit adjustments are caused to occur at
closed effects movement of said motor means, _intervals of predetermined duration., )
a circuit closer means in:said circuit which 13. The combination with ‘a: plurality. of

‘- is closed upon the departure of an operating .boilers operating in parallel, of means for
" condition of the boiler from normal value, supplying combustible to each boiler, means

60

a second circuit closer means in'said circuit, responsive to an operating condition appur-
means for effecting successive closures of said tenant to all the boilers for effecting suc-

_second circuit’ closer means, and means re- cessive unit adjustments of all the combusti-

sponsive to the extent of the departure of blesupplying means, and means whereby said
the operating condition. of the boiler from successive unit adjustments are ‘caused to

. normal value for determining the period of occur at intervals of predetermined duration.

55

60

‘circuit closing means.

14. The combination "with a boiler, of
X meansfor supplying air and fuel thereto,

9: The combination with a boiler, 6f means means comprising an air circuit in which is
for supplying combustible thereto, motor effected a flow of current proportional to the
means for adjusting thq combustible supply- air.supply, means comprising a. fuel ‘circuit
ing means, an electric circuit which when in which is effected a flow of current propor-
closed effects movement of said motor means, tional to the fuel supply, means comprising
a circuit closer means in said circuit which a vapor circuit in which is effected a flow of

time between successive closures of the second

“is closed upon the departure of an operating current preportional to the rate of flow of

condition of the boiler from normal value, 8 vapor from the boiler, and means actuated

second circuit closer means-in said circuit, by the currents in said circuits for adjusting

means for effecting successive closures of said  the fuel supplying means to maintain-a pre-

95

100

110

s

125

150
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d,efet;hined ‘f'elation‘ between the cUrfenf flow-
in the air current and the vapor circuit and

" in the fuel circuit and the vapor circuit. -

10

15

20

-15. The -combination- with - a boiler,’ of

means -for supplying ‘air. and. fuel thereto, -
-Ineans comprising an air circuit in- which is
effected a flow of current proportional to

the air supply, means comprising a fuel cir-
cuit in which is effected a flow of current pro-

“portional to the fuel supply, means compris-
'Ing a vapor circuit in which is.effected a flow.

of current proportional to the Tate of flow of

vapor from the boiler, means responsive to’

departure of an operating .condition of the
boiler from normal value for, effecting ad-
justment of the aif supplying means,. and

means actuated by thie currents in said cir-

cuits for adjusting the fuel supplying means

‘tomaintain a predetermined relation between

the'current flow in the fuel circuit and the

- current flow in the vapor circuit. - -

25

- 16. The combination with- a. boiler, of
means for supplying air and fuel thereto,
Imeéans comprising an air circuit in which is
effected a flow of current proportional to the

air supply, means comprising a fuel circuit-

; in which is effected a flow of current propor-

%0

35

40

45

tional to the fuel supply, means comprising
a*vapor:circuit in which is effected a flow of

current proportional to the rate of flow of -

vapor from the boiler, means responsive t¢

departure of ‘an operating condition: of the.

boiler from normal value for effecting suc-
cessive unit adjustments of the air supplying
means, and means. actuated by the flow of
currents in said circuits for adjusting the fuel
supply in accordance with the flow of vapor
from the boiler. . S A
17. The combination with a boiler,” of
means for supplying air and fuel thereto,
means comprising.an air-circuit in which.is

-effected 3 flow of current proportional to the

air supply, means comprising-a fuel circuit in

~which 1s effected a flow of current propor-

tional to the fuel supply, means comprising a
vapor circuit in which is effected a flow of

. current proportional to the rate of flow of

vapor from the boiler, means responsive to

~departure of an operating condition of the

-. 60

boiler from normal value for effecting suc-
cessive unit adjustments of the air supplying
means, means-whereby the length of time be-

tween successive adjustments is governed by
.. 'the extent the departure of the operating con-
'55 dition from its normal value, aiid means ac-

tuated by the flow of currents in said-circuits

. for adjusting the fuel supply in accordance
- with the flow of vapor from the boiler.

60 -
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18. The combination with a plurality of
boilers operating in parallel, oF means for
supplying fuel and air to each boiler, means
responsive to an operating condition appur-
tenant to all the boilers for effecting succes-
sive unit adjustments of all the air supplying
means, means whereby said successive unit

adjustments are caused to occur at intervals

of predetermined -duration; anid means for -

- effecting adjustment of the fuel supplied to
each boiler in accordance with the-flow of

vapor from such boiler. = 7t
» 19, The' combination”with @ plurality- of

.boilers operating in parallel, of means for-
‘supplying fuel and air to each boiler, means
‘Tesponsive to. an operating condition ap-

purtenant to-a]l the boilers for effecting suc-

cessive unit adjustments of all the air sup-
plying means, means whereby the length of
time between successive unit adjustments is

goverened by the extent of the departure of
the operating .condition "from its normal
value, and means for effecting adjustments of

. the fuel supplied to each boiler in accordance

with the flow of vapor from such boiler. -

20. :The combination with a plurality of.
boilers operating in parallel, of means for

supplying fuel and air to each boiler; means
responsive to an’ operating condition ap-

70
75

80

‘85

purtenant to all the boilers for effecting suc-
cessive unit adjustments of all the air sup- -

plying means, means whereby said successive
unit adjustments are caused to' occur at in-

90

tervals of predetermined duration, and means . -
for maintaining for each boiler a desired ratio :

between. the fuel supplied to and the vapor
flowing from each individual boiler. - .
21. ‘The combination with a boiler having

fuel supplying means, air supplying means,

and means responsive to an operating condi-
tion of the boiler for controlling automati-
cally said supplying means, of means form-
ing a part of said automatic controlling
means for effecting increase and decrease 1n
the fuel bed- thicknéss with increase and de-
crease in the load on.the boiler. :

22. The combination with a boiler having

fuel supplying means and air supplying .

means, of means responsive to the pressure
in the boiler for adjusting the air supplying

‘means only, and means responsive to result-
ing changes in the rate of flow of vapor from

95

100

105

110

the. boiler for adjusting the fuel supplying |

means.

23. The combination with a boiler having -

fuel supplying means and air supplying

means, of means responsive to an operating .

condition of the. boiler for é1diusti_ng the air

supplying means, iegns responsive to the’

rate of flow of vapor from the boiler for, ad-
justing the fuel supplying means, and means
for preventing the ratio of air flow to vapor
flow from exceeding a predetermined value.

24. The combination with a boilér having
fuel supplying means “and air supplying

means, of means responsive to an operating

condition of the boiler for adjusting the air

supplying means, means responsive to the

rate.of flow of vapor from the boiler for ad-

Jjusting the fuel supplying means, and means

for effecting a temporary increase or decrease
in the rate of fuel supply to the boiler when

115

120
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130



 the ratio of vapor flow to air flow passes cer-
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tain limits. : .
.25. The combination with a. battery -of

boilers each having a fuel supplying means .

and an air supplying means, of means re-

sponsive to an. operating condition appur-
tenant to all the boilers for adjusting the air -

supplying means of all the boilers, and means

" responsive to-the rate of flow of generated

10

vapor from each individual boiler for ad:
justing its fuel supplying means. N
26. The combination with a battery of

. boilers each having a fuel supplying means

- 15

- 20

o5

and an'air supplying means, of means respon-
sive to 4n operating condition appurtenant

to all the boilers for adjusting the air sup-

plying means of all the boilers, means respon-
sive to the rate of flow of vapor from each
individual boiler for adjusting its fuel sup-

plying means, and means associated with
each boiler for preventing the ratio of air -
-flow to vapor flow from exceeding a predeter-

mined value.

27. The combination with a boiler, of

means for régulating the rate of air supply
to the boiler 1n accordance with the pressure

- of the vapor flowing from the boiler and

30

means for regulating the rate of fuel supply

to the boiler in accordance with.the rate of °

flow of vapor from the boiler. -
28.. The method of automatically regulat-

ing the supply of fuel and air to a boiler,

* ‘which comprises reﬁ'ulating the air. supply

" only in response to-c

36

40

45

such pressure constant, and regulating the
fuel supply to correspond to the rate of flow
of vapor from the boiler; - -

29. The method of automatically regulat- - -
ing the supply of fuel and. air to a boiler, -
which comprises- regulating the air supply
only in response to changes in pressure of the
vapor flowing from the boiler to maintain
~ such pressure constant, regulating the fuel

supply to correspond to the rate of flow of -
“vapor from the boiler,:and further regulat-

. ing the fuel supply in accordance wit the

50

ratio of vapor flow to air flow. o _
80. The method of operating a boiler which

comprises adjusting the fuel supply in ac-

cordance with the rate of vapor flow zrom the

boiler, and adjusting the air supply solely in

. accordance with the vapor pressure.

_ 60

e

In witness whereof, we have hereunto set’

our hands this 2nd day 6f December, 1926,
’ - FRANK S. BENNETT.
LEONARD R. BIGGS.

anges in pressure of the !
vapor flowing from the boiler to maintain -
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