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1

This invention relates generally to fiuid
pressure controllers and more particularly to a
device for controlling the operation of a mechan-
ically operated fuel burner of the modulating or
full-floating type applied to a steam boiler fur-
nace for the purpose of maintaining a desired
steam pressure in the boiler even though the rate
of steam withdrawal from the boiler may e con-
tinuously varying.

It is a common practice in the art of sieam
generation to equip a steam boiler with a furnace
fired by a continuously operating fuel burner
having a single lever, or other means, the move-
ment of which in one direction will increase the
rate of fuel fiow to the burner and the movement
¢f which in the other direction will decrease the
rate of fuel flow to the burner, and to control
the movement of the regulating lever or other
means from g pressure sensitive pilot device com-
municating with the steam space in the boiler.
Such burners are usually variable in rate of flow
of fuel to the furnace from a maximum taking
full advantage of the boiler capability to 2 mini-
mum less than any operating load likely to be
applied to the boiler. As a safety raeasure the
poiler will be equipped with a second steaint pres-
sure sensitive instrument set at a pressure within
the safe pressure limit of the boiler but higher
than the pressure setting of the coperating control.

1t is the duty of this second pressure instru-
ment or limit control to shut down the fuel supply
means entirely if for any reason the pressure
rises to the pressure sefting of the limit instiu-
ment. Also it is a practical necessity and usuzally
a2 legal requirement that the hoiler be eguipped
with a pressure operated steam release valve set
to discharge steam rapidly from the boiler should
the pressure rise to its setting.

One of the problems met in providing an oper-
ating control for the mocdulating fuel feed type
of burner is caused by the time required for the
various pieces of mechanism to act, and also by
the time required for the effect of the increased
fuel feed to be fell in the change of steam pres-
sure of the boiler. Without some method of com-
pensation of the controller there would he g
continuous cyeling of the burner controller due
to this lack of instantaneous response of the fire
to the demands of the pilot instrument. And
different boiler plant installations will require
different rates of application of compensation
effects. In the pressure controller of the present
invention *“over-shooting” and “under-shooting”
of the fuel supplied to the boiler is prevented by
providing the pilot control with mechanism
which regularly lowers the pressure setting of the
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instrument as the load on the boiler is increased
and, conversely, regularly increases the pressure
setting of the instrument as the load on the
boiler is reduced. In the preseint invention this
mechanism is made adjustable so that the rate of
change of steam pressure setting of the instru-
ment with respect to change of boiler load, or fuel
feed, can be adjusted to suit the reguirements of
the particular steam generation system to which
it is apnlied.

In the prior art, the operating control mech-
anism for a modulating fuel feeder of the class
deseribed has usuzlly been a pneumafic or
hydraulic system of considerable size and cost
angd therefore such eduipment has only been eco-
nomically available to large installations where
its use could be justified.

1t is the nrincipal object of the present inven-
tion to provide a modulating or full flecating con-
troller having such precise operating character-
istics and being of such rugged construction as to
make it desirable for use with even the largest
boilers, and yet being relatively so simple, small
and economical, that it is adapted to use with
medium and small size industrial and commer-
cial boller installations.

A second object has been 1o provide In one umt
an operating controller having the pressure sensi-
tive pilot instrument combined with the drive
mechanism, which in response to the pilot instru-
ment changes the position oif the lever, or other
means, which modulates the fuel supply to the
burner.

A third object has bkeen to provide a drive
mechanism comprising g reversing electric motor
operatively connecied 1¢ a driving arm having a
straight line motion and to so mount the pilot
instrument with respect to the drive mechanism
that the mechanically opzsrated compensating
mechanism ¢of the pilot instrument can be
directly driven by the driving arm of the drive
mechanism.

A fourth cbjiect has been to provide g pressure
responsive pilot instrument of the elecirical con-
tact making and breaking type combined with a
mechanically operated pressure setiing com-
pensator.

A fifth object has been o provide such a pilot
instrument with a compensating mechanism that
is adjustable in its rate of compensation in rela-
tionn {0 compensator movement. |

Low these and other objects are attained will
be made clear by the following description of the
inventicn which refers to the accompanying
drawings, in which:

Fig. 1 is a side elevation of the combined pilot
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instrument and d ive mechanisin c¢f this inven-
tion.

Fig. 2 13 a plan view of the meuhamsm showing

in Fig. 1. |
| g, 3 is 2 fragmentary and enlarged view,
partly in section, of the right hand half of Fig. 1.
~ Fig. 4 is a vertical.section along the line 4—%&
of Fig. 3.
- Fig. 5 is a plan view in partial sectzon along
the line §—% of Fig. 4.
Fig. 6 is an elevation of the mechanism of rlg
| as viewed from the section line 6—=&.

Fig. 7 is a perspective view of one of the limit

switches of the drive mechanism shown also in
PFigs. 2 and 6, but showing also one of the ad-

 justably positioned cams operatively connected

to the drive mechanism to stop the drive motor
at one limit position of the driving arm.
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PFig. 8 is a fragmentary view partially in sec-

tion:showing-the screw .and gear operatively con-
‘necting the:reversing :motor -to-the. driving arm
of thiscontroller. |

Fig; 9:is an elementary schematic showing of
the electric: circuit-of the controller.

‘Referring now to .the drawings there is indi-
cated-at #!-a boiler the steam pressure of which
is-to ‘be controlled and at {2 a lever the move-
ment of ‘which in one direction will increase the
rate of fuel feed to the boiler furnace (not shown)
- .and-the movement of which in the other direc-

tion will decrease the ‘rate of fuel feed to the
furnace. ‘Hollow metallic tubing {3 of any re-
quired length opens at one end to the interior of
boiler 11 ‘and -at:the other -end with the interior
of -sealed bellows 4 enclosed in cup {5 attached
by screws I6 to case (7 of the pilot instrument
18 'of the controller, the driving mechanism of
which is:indicated generally by the numeral (.

Driving:mechanism {9 which is made by others

andincluded here as a necessary part.of the com-
- bination of this invention is well known in the
art and includes generally

screw shaft .22 which engages the internal threads
- of driving arm 23 and as motor 28 is energized
to rotate in one direction arm 23 is -extended
while: if motor 20 is energized to rotate in the
other direction arm-23 is retracted. Limit switch
cams 28 ‘and 28 are adjustably positioned by
screws.26.on a cam shaft (not shown) operatively
connected with screw shaft 22 to rotate as -arm
23 extends or retracts and positions cams 24 and
- 25:in accordance with the extended or retracted
position:of -arm . 23. .Protected by cover 27 and

supported_on: a:base. &§ .secured .to. frame:29-0f ¢

drive inechanisra {9 are single pole, single throw,
limit-switches 28 and 21 .cf the unit switch type
well kriown: in the:art. The. operating stems 32
and .337of limit switches 38 and 3} are biased hy
their respective switch mechanisms to follow the
~ faces of cams 24 and 25 respectively. Arm 23 is

protected and supported as shown in tube 34
ported on frame 2§ by :cap screws 38 through
- flange énd 386 of tube 3%. Drive mechanism 19
is supported: by brackets $7.and 38 on any suit-
able base 39. Lever (2 is engaged by pivot pin
40 to operatively connect lever {2 with driving
arm 23 through screw eye 41 thream;ed -into the
end of arm 23.

Case |1 of pilot instrument {8 is secured by

screws 42 to post £3-clamped to tube 34 by screws
44. "Single pole, single throw operating switches
49 and &6 of pilot instrument (8 are secured by
“screws 47 to bracket 48 held to-case 17 by screws
IB and:-49. - Knife edge bar 58 secured to bracket
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48 by screws ¥1 fulerums gngle lever or hell crank
2 limited in movement by headed stud 938 se-
cured to bracket £8. Pointeqd strut 84 secured o
bellows {4 presses against conical bearing but-
fon 53 inset into bell crark 52 with a pressure
proportional to the pressure of steam in the
koiler #1.

oressure adjusting scraw 8§ threaded . into end
fitting &7 of tension spring 8 has its head bear-

‘ing on washer 5% whose knife edged extensions

6¢ mate with depressed bearing grooves 8i of bell

crank 52 causing calibrated spring 88 to oppose
the rotation of bell erank 52 about pivot bar 58
due-to-ohie steam pressure in seliows 4 acting on

strut.5a.
The basic stealn pressure for which the con-
troller is set is indicated by the graduations on

scale 48 opposite the upper edge of spring end

fitting §57. Adjustment of the steam pressure
setting .is made by turning serew 5% to the right
or left.

Switeh operating resilient blades §2 and 63 each
secured-at one end by one of the screws 68 to
the case of one of the operating switches 45 and
8o are biased away from contact respectively
with switch operating pins 65 but are respectively
constrainad .into position against the respective
pins 6% by contact with resilient calibrating blades
85 and 67 each secured -at one end to bell crank
s2. . The other end of each of the blades 6§ and
67 is hiased. away from bell cr ank 52, its respective
viasing effect being limited by callbratmg SCrews
53-or_£8. In practice calibrating screws. 83.and
69 .are so.adjusted that the.electric circuits of
cotin switches 85 and 45 will be open when the
tension of spring 6 just balances the pressure.of
strut 24 on bell crank 52, but so that a slight
increase in steam pressure will close one of the
switches .or .2 slight decrease in steam pressure
will close .the other of the switches.

secured to the lower end of tension spring 86 is
clevis.end fitting 78 journalled for vertical move-
ment. in-post 43.

Extending through the clevis end of fitting 192
are the mating corapensating bars 71 and 72. At
cne -end bar 12 is hinged to bar 71 by cap screw

s and bar Ti is hinged by cap screw 74 to.one end.
of arm %5 which at iis .other end is secured.to
driving arim 23 by screw T8. The other ends of
bars il and 12 are adjustably spread by cap.screw
1% and lock nut 78 to give pilot instrument {8 the
amount of compensgation found. desirable for the
parvicular installation.

2inned By rocking pin 78 between the forks.of
clevis. i is bearing metal slider 88 which, hearing
against.the under side of bar. 12, ‘maintains spring
48 In tension and varies the tension of spring.58
2s.bars T{ and 72 are moved forward or.backward
with the movement of driving arm-23. Bearing
on the top.of bar 11 is bearing metal.slider: 81
neld upward against case {7 by bar 71 and_ held
against lateral movement by pin 82 extending
into g close fitting hole in case: 1.

One end of each of the reversing windings 83 |
and §4 is connected by wire 85 to-electric supply
line §6. The other supply line 97 is connected
by wire 88 to one terminal of each of the operat-
Ing switches 45 .and- 46. The other- ends of ‘re-
versing windings-83-and %4-are connected respec-
tively.-to one terminal-of limit switches.30 and 31
by wires-89 and 98. The remaining terminals of

limit switch 30 and operating switch 486 are-con-

nected: by the wire 81, -while the remaining ter-
minals of limit switch 3! and operating smtch 45

 are connected by the-wire 92.
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In making an installation of this equipment
the complete controller unit is mounted on brack-
ets 37 and 38 in a convenient position adjacent
the fuel feed control of the burner. A position
of the controller unit is chosen where driving arm
23 is extended to approximately its mid-position
when lever 12 is in approximately its mid-posi-
tion. The electric cireuit of the controller is
then connected to the electric supply line as de-
scribhed above and shown on the drawings. Bel-
Iows (4 of the pilot instrument is connected to
boiler {{ by tubing (3. A separate indicating
pressure gauge on the boiler is referred to, tc
note the steam pressure of the boiler and adjust-
ing screw &6 is turned to bring the upper edge of
fitting BT opposite the graduations on scale §3
corresponding to the known boiler pressure. Cali-
brating screws €8 and §9 are then adjusted
so that neither switches 45 nor 45 are closed but

so that a slight turn of screw 8% in one direction

will close one of the switches and a slight turn
of screw 85 in the other cdirection from its
origingl setting will close the other o©f the
switches. Then with driving arm 22 extending
to approximately its midposition, pin 41 is in-
serted to engage lever {2 and arm 23, thus put-
ting lever 2 under control of arm 23. Steam is
then allowed to discharge from the boiler, thus
reducing the boiler pressure, and pilot instru-
ment 18 will operate to drive mechanism (1§ to
cause arm 23 to move lever 12 toward its full
feed position. When lever 12 has moved t0 a
desired limit in the full feed position the ap-
propriate limit switch cam 24 or 25 is set to cpen
the appropriate limit switeh 3¢ or 3{ to stop
the drive mechanism from further advancing in
that direction. The discharge of steam from the
boiler is then gradually shut off and, as steam
pressure builds up, pilot instrument {8 will start
drive mechanism in the opposite direction to
move lever {2 toward its minimura fuel fesed
position. When the desired minimum fuel feed
position of lever 12 is reached the other Ilimit
switeh cam is set to open the other limit switch
and thus prevent further movement of lever {2
in the fuel feed reducing direction. The boiler
valves are then adjusted to their normal load
positions and the fuel feed will be continuously
modulated in accordance with the steam pres-
sure fuctuation caused by varigtions in ihe
amount of steam discharged by the boiler.
During this installation and adjustment pe-
riod, cap screw 1T has been in approximately its
mid-position of spread of the free ends of com-
pensating bars T and 72. If it is found Dby
observation of the boiler lcad and the opera-
tion of the controller that variations of load are
relatively low in frequency and moderate in rate
of change as indicated by two or more succes-
sive operations of the driving mechanism occur-
ing to move lever {2 in the same direction, then
serew 11 can be adjusted to decrease the spread
of bars Ti and 12 until the controller makes a
more complete response tc & change in boiler
load. If, however, it is found that load fluctua-
tions are rapid and of greater magnitude, then
the coniroller is adiusted to handle as indicated
py frequent reversal of drive mechanism i@ or
by the controller making several consecutive re-
verse operations before settling down after a
load change in one direction, then screw 17 is
adiusted to spread compensating bars 71 and
19 enoueh to overcome this hunting characteristic
of operation. In the usual or average installa-
tion smooth operation will be obtained with the
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controller set for a bhoiler regulation of about 5
per cent or when the compensating bars are
spread enough to cause the steam pressure of the
boiler to be about 5% higher at light load than
at full load.

Having thus described a preferred form of the
mechanism of my invention and explained its
operations, I claim: |

1. A compensated condition responsive electric
clrcuit conibroller comprising a first electric
switch, a second electric switch, means biasing
onie of sald switches towards its closed position
and the othar of sald switches towards its open
position, a conditicn responsive means adapted
0 oppose said biasing means with a force vary-
ing as a function of the value of a condition and
means operable when one of sald switches is
closed {o increase the effect of said biasing means
and to decrease the effecst of saild hiasing means
when the other cf sald switches is closed, sald
cperable means cemprising a first stationary
avutment means, g second abutment means se-
cured to one end of sald hiasing means, a tapered
wedge adanted {¢ engage hoth sald abutment
means whereby the longitudinal movement of
said wedege in one direction will increase the bias
of said biasing means and the longitudinal move~
ment of said wedge in the other direction will
decrease the biag of said biasing means, and a
raversible electric motor operable to move said
wadege longitudinally in one direction when one
of said switches is closed and 0 move said wedge
tongitudinally in the other direction when the
other ¢f said switches is closed.

2. A compensated condifion responsive electric
circuit controller comprising an electric motor, a
first circuit for energizing said motor to rotate in
cne direction, a second circuit for enerzgizing said
motor to rotate in the other direction, a first
electric switch in said first cirecuit, a second elec-
triec switeh in said second circuit, means biasing
one of said switches towards its closed position
and the other of said switches towards its open
position, means responsive to a variable condition
for opposing said biasing means, and means oper-
ably connecting said motor gnd sald biasing
means wherehy the effect of said blasing means
will be increased ag said motor rotates in one
direction and decreased as said motor rotates in
the onposite direction, said operably connecting
means including g first stationary abutment
means, a second abutment means secured to one
end of said biasing means, a tapered wedge
adanted to engage both said abutment means,
and means onerably connecting sgid wedge with
said motor. whereby said wedge will be moved
longitudinally in one direction as ssld motor
rotates in one direction and said wedge will be
moved longitudinally in the other direction as
said motor rotates in the other direction,

3. A comrensated condition responsive electric
circuit controller comprising a normally closed
circuit opening switch, 5 normally open circuit
closing switch, an electric motor, a first circuit
for energizing said motor to rotate in one direc-
tion, a second circuit for energizing said motor to
rotate in the other direction, a first limit switeh,
a, second limit switeh, said first circuit including
said eircuit onening switch and said first limit
switeh, said second circuit including said circuit
closing switch and said second limit switeh,
means biasine said normally closed switch toward
its closed position and said normally open switch
toward its open position, a condition responsive
means adapted to overcome said biasing means to
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open said normally closed switch at one value of
said condition and to close said normally open
switech at another value of said condition, and
means operably connecting said motor and said
biasing means to increase the biasing effect of
sald biasing means as said motor rotates in one
direction and to decrease the biasing effect of

- said blasing means as said motor rotates in the
other direction, said operably connecting means

inc}_uding a first stationary abutment means, a
second abutment means secured to one end of
sald biasing means, a tapered wedge adapited to
engage both said abutment means, and means
operably connecting said wedge w1th said motor
whereby said wedge will be moved longltudlnally
in one direction as said motor rotates in one
dzrectmn, and said wedge will be moved longi-
tudinally in the other direction as said mator
rotates in the other direction.

4, A imechanically comp ~ensated condition con-~

trol comprising a reversible electric motor driven
arm arranged tc advance or retract as the motor
Is rotated in one cor the other direction of rota-
- tion, said arm bemg operatively connected to a
means for varying said condition between maxi-
mum and minimum vaiues determined by a pair
of adjustable limit switches in the circuit of said
motor and operably connected with said arm, an
additional pair of electric switches in the circuit
~ of said movor the closing of one of which switches
- will cause the motor 1o rotate in one direction
while the opening of said one switch and the
closing of the other of which switches will cause
the motor to rotate in the other direction, a coil
spring biasing a bell crank to turn in one direc-
tion about a pivot and close one of said additional
switches, means responsive to said condition
adapted to bias said bell crank to move in the

cther direction and close the other of said addi-

tional switches, means interposed between said
- bell crank and sald spring for adjusting the bias-
ing effect of said spring and thereby adjusting
the values of said condztwn at which said addi-
tional switches will be closed, terminal means for
the end of said spring opposite said bell crank,
and adjustable means operatively connecting said
terminal means with said arm whereby when the
position of said arm is changed by the rotation

on said bell crank will be changed as 2
of sald position of sald arm, said adjustable
means comprising a first stationary abutment
means, a second abutment means formed on said
termnal rnieans, and a tapered wedge adapted to
engage, both said abutment means, said wedee

- heing operatively attached to said alm for longi~

tudmal movement therewﬂ,h
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- of said motor the biasing force of saig spring .
& Iunction -

3..
2. A compensated condltmn responsive electric
mrcult controller comprising: a stationary struc-

ture; a first bar supported on said structure for

axial reciprocation; a reversible electric motor
supported on said structure and means operable
by said reversible motor to reciprocate said bar,
a first limit switch mounted on sald structure, 9.

second limit switch mounted on said structure,
means operable to open sald first limit switch on

movement of said bar to a pre-set position in one
axial direction, and means operable to open said
second limit switech on movement of said bar to
a pre-set position in its other axial direction; a
lever pivotally mounted on said structure, a re-
silient means adapted to bias said lever towards
movement in one direction of rotation, a condi-
tion responsive means adapted to oppose the bias-
ing force of said 1esﬂlent means on said lever,
a first opemtmg switch, g second operatmg'

5 switeh, and means adapted to open sald first op-

erating switch and to close said second operating
switch on movement of said lever in one direc-
tion of rotation and tc close said first operating
switeh and {o open said second operating switeh

5 on movement of said lever in its other direction of

rovation; a source of electric power, a first circuit
means connecting oune of said limit switches and
one of said operating switches in series with said
socurce of power and one directional winding of
said motor, and a second circuit means connect-
ing the other of said limit switches and the other
of said operating switches in series with said
source of power and the other directional wind-
ing of said motor; and means adapted to vary

5 the biasing forces of said resilient means on said

lever as the axial position of said first bar is
varied by the operation of said mofor, said last
mentioned means comprising a second bar con-
connected to said first bar for movement there-
with, a third bar carried on said second bar at an
angle thereto, abutiment means on said structure
adapted to slidbly support said third bar and
abutment means on said resilient means adapted
to be positioned by said second bar in accordance
with the axial position of said first bar.
FREDERICK L. RUNNINGER.
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